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мпπмс h/¢h.9w нлнм 

;ǾƻǊŀ 

/ƻƭŞƎƛƻ 9ǎǇƝǊƛǘƻ {ŀƴǘƻΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ;ǾƻǊŀ 
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9ŘƛǘƻǊƛŀƭ ¢ŜŀƳ 
 

/Şƭƛŀ aΦ !ƴǘǳƴŜǎΣ 9{5IκL/¢κ¦;ǾƻǊŀ 

!ƴŀ wΦ /ƻǎǘŀΣ 9{5IκL/¢κ¦;ǾƻǊŀ 

tŀǘǊƝŎƛŀ tŀƭƳŀΣ L/¢κLt.ŜƧŀ 

/ŀǊƭƻǎ DŀǎǘŀƭƘƻΣ tƘ5 {ǘǳŘŜƴǘκL/¢κ¦;ǾƻǊŀ 

aŀǊƛŀƴŀ aŀǊǉǳŜǎΣ tƘ5 {ǘǳŘŜƴǘκL/¢κ¦;ǾƻǊŀ 

!ƴŀ DŀƭǾŜƛŀǎΣ tƘ5 {ǘǳŘŜƴǘκL/¢κ¦;ǾƻǊŀ 

[ŜƻƴƻǊ /ŀƴŎŜƭŀΣ Ca/.κ//a!wκ!./κ¦!ƭƎ 

aŀƴǳŜƭ !ǳǊŜƭƛŀƴƻΣ //aŀǊκC/¢κ¦!ƭƎ 
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Lƴǎǘƛǘǳǘƛƻƴŀƭ {ǳǇǇƻǊǘ ŀƴŘ {ǇƻƴǎƻǊǎ 
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5ŜŀǊ ··L {t. ǇŀǊǘƛŎƛǇŀƴǘǎΣ 

 

.ƛƻ/ƘŜƳΣ a5tLΣ ǿƛƭƭ ŀŎŎŜǇǘ ǘƘŜ ǎǳōƳƛǎǎƛƻƴ ƻŦ ŀǊǘƛŎƭŜǎ ŦǊƻƳ ǘƘŜ ··L {t. /ƻƴƎǊŜǎǎ ǇŀǊǘƛŎƛǇŀƴǘǎΣ 

ǊŜǾƛŜǿǎΣ ŎƻƴŦŜǊŜƴŎŜ ǇŀǇŜǊǎ ŀƴŘ ƻǘƘŜǊ ƘƛƎƘπǉǳŀƭƛǘȅ ǇŀǇŜǊǎΦ LŦ ŀŎŎŜǇǘŜŘΣ .ƛƻ/ƘŜƳκa5tL ƻŦŦŜǊǎ ŀ млл҈ 

ŘƛǎŎƻǳƴǘ ŦƻǊ ǇŀǇŜǊǎ ǎǳōƳƛǘǘŜŘ ǳǇ ǘƻ омκмнκнлнмΣ рл҈ ŘƛǎŎƻǳƴǘ ǳǇ ǘƻ омκоκнлнн ŀƴŘκƻǊ ƻǘƘŜǊ 

ŘƛǎŎƻǳƴǘǎ ŦƻǊ ǇŀǇŜǊǎ ǎŜƴŘ ǳǇ ǘƻ омκтκнлннΦ 

CƻǊ ǇŀǇŜǊǎ ǎǳōƳƛǎǎƛƻƴΣ ǇƭŜŀǎŜ ǳǎŜ ǘƘŜ ƭƛƴƪΥ 

ƘǘǘǇǎΥκκǿǿǿΦƳŘǇƛΦŎƻƳκƧƻǳǊƴŀƭκōƛƻŎƘŜƳκǎǇŜŎƛŀƭψƛǎǎǳŜǎκ{ŜƭŜŎǘŜŘψtŀǇŜǊǎψŦǊƻƳψ··Lψ{t.ψbŀǘƛƻƴŀƭψ/ƻƴƎǊŜǎǎψ.ƛƻŎƘŜƳƛǎǘǊȅψнлнм 
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hǊƎŀƴƛȊƛƴƎ /ƻƳƳƛǘǘŜŜ 
Ð 

/Şƭƛŀ aΦ !ƴǘǳƴŜǎΣ 9{5IκL/¢κ¦;ǾƻǊŀ 

!ƴŀ wΦ /ƻǎǘŀΣ 9{5IκL/¢κ¦;ǾƻǊŀ 

!ƴǘƽƴƛƻ /ŀƴǘƻΣ 9{5Iκ/v9κ¦;ǾƻǊŀ 

aŀƴǳŜƭ !ǳǊŜƭƛŀƴƻΣ //aŀǊκC/¢κ¦!ƭƎ 

[ŜƻƴƻǊ /ŀƴŎŜƭŀΣ Ca/.κ//a!wκ!./κ¦!ƭƎ 

tŀǘǊƝŎƛŀ tŀƭƳŀΣ L/¢κLt.ŜƧŀ 

Ð 
²ŜϥǊŜ ƎƻƛƴƎ ǘƻ ƘŀǾŜ ǘƻ ǇƻǎǘǇƻƴŜ ǘƘƛǎ ŎƻƴƎǊŜǎǎ ŀƎŀƛƴΧΦ

 
 

bƻ ǿŀȅΣ ƴƻ ǿŀȅΗ [Ŝǘϥǎ Řƻ ƛǘ ƛƴ ƳƛȄŜŘ ŦƻǊƳŀǘΣ ŦǊƻƳ мпπмс hŎǘΗ [Ŝǘϥǎ Řƻ ƛǘΗ
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{ŎƛŜƴǘƛŦƛŎ /ƻƳƳƛǘǘŜŜ 
 

Ana R. Costa, Universidade de Évora 

António Canto, Universidade de Évora 

Cecília Arraiano, Universidade Nova de Lisboa 

Célia M. Antunes, Universidade de Évora 

Cláudio Soares, Universidade Nova de Lisboa 

Francisco Ambrósio, Universidade de Coimbra 

Graça Soveral, Universidade de Lisboa 

João Laranjinha, Universidade de Coimbra 

Jorge Marques da Silva, Universidade de Lisboa 

Leonor Cancela, Universidade do Algarve 

Manuel Aureliano, Universidade do Algarve 

Manuel Santos, Universidade de Aveiro 

Margarida Casal, Universidade do Minho 

Miguel Castanho, Universidade de Lisboa 

Natércia Teixeira, Universidade do Porto 

Nuno Santos, Universidade de Lisboa 

Vítor Costa, Universidade do Porto 
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!ŎƪƴƻǿƭŜŘƎƳŜƴǘǎ 
 

 

.ŜǎƛŘŜǎ ƻǳǊ ǎǇƻƴǎƻǊǎ ǘƘŜ ƻǊƎŀƴƛȊƛƴƎ ŎƻƳƳƛǘǘŜŜ ǿƻǳƭŘ ƭƛƪŜ ǘƻ ǘƘŀƴƪ ǘƘŜ ŦƻƭƭƻǿƛƴƎΥ 

 

 

[hDh 5ŜǎƛƎƴ 

±ŜǊŀ aŀǘƻǎ 

 

{ŜŎǊŜǘŀǊƛŀǘ 

!ƴŀ [ƻǳǊƛŘƻ 

 

{D9κ²9. ǇŀƎŜ 

bŜƭǎƻƴ aŀŘŜƛǊŀ 

 

LƴŦƻǊƳŀǘƛŎǎ {ǳǇǇƻǊǘ 

WƻŀǉǳƛƳ DƻŘƛƴƘƻ 

ałǊƛƻ CƛƭƛǇŜ 

!ƴŀ CƛƭƛǇŜ 

Dƻƴœŀƭƻ /ŀƭƘŀǳ 

[ǳƝǎ tƛŎŀƴœƻ 

 

!ŎŎƻǳƴǘŀōƛƭƛǘȅ 

bǳƴƻ aŀƭǘŀ 

 

{ǘŀŦŦ 

!ƴŀ CǊŜƛǊŜ 

!ƴŀ [ǳƝǎŀ !ƴŘǊŀŘŜ 

!ƴŀ {ƛƭǾŀ 

!ƴǘƽƴƛƻ /ŀǊǊŀǇƛœƻ 

/ŀǊƻƭƛƴŀ aƻǊŀƛǎ  

/Ǌƛǎǘƛƴŀ aŜƴŘŜǎ 

5ŀƴƛŜƭŀ {ǘŜǊƎƘƛǘŜ 

5ƛƻƎƻ aƛƎǳŜƭ aŀǘŀƭƻǘƻ 

CƛƭƛǇŀ {ŀƴǘƻǎ 

Lƴşǎ {ƛƭǾŀ 

[Ŝƻƴł /ƻǊǊŜƛŀ 

aƛƎǳŜƭ {ƛƭǾŞǊƛƻ 

{ƻŦƛŀ hƭƛǾŜƛǊŀ 
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tǊŜŦŀŎŜ 
 

The University of Évora welcomes YOU at the XXI SPB National Congress of Biochemistry 2020 in 14-16 
October 2021 either in person or online! 

Under challenging conditions, due to the COVID-19 pandemic, we have managed to organize the National 
Congress of Biochemistry in a hybrid format, where at least 2/3 of the participants will come to Évora in 
person. With the pandemic under control and we hope to carry out the Congress both successfully as well as 
safely. 

This is the main meeting point for Portuguese Biochemistry Academy, fostering the discussion and 
dissemination of high-quality research in Biochemistry, both fundamental and applied, taking place in 
Portugal. The Scientific Program covers a wide range of issues, from Health and Disease to Environment and 
Drugs development, where Biochemistry is either fundamental or instrumental in the study of complex and 
transdisciplinary problems in the society.  

The Congress is a moment of Science and Innovation in several Biochemistry domains, sharing experiences 
and fostering healthy confraternization. Despite the difficult context, over 160 confirmed registrations and 
>120 abstracts were submitted, involving the whole Portuguese Biochemical community. Moreover, this year 
for the first time the Congress has gone eco-friendly, with ePosters only where short poster presentations 
are encouraged. 

We hope the congress meets your expectations! 

The Organizing Committee, on behalf of the Portuguese Biochemical Society, looks forward meeting you, 
at Colégio do Espírito Santo, University of Évora! 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

/Şƭƛŀ !ƴǘǳƴŜǎΣ /ƘŀƛǊ 
(Department of Health and Medical Sciences, 

School of Health and Human Development 

& ICT) (UEvora) 
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aŜǎǎŀƎŜ ǘƻ {t. aŜƳōŜǊǎ /b.нлнм 
 
 
Dear Members of the Portuguese Biochemical Society (SPB), dear Colleagues and Students,  

On behalf of the Directive Board of SPB, it is my pleasure to welcome you to the XXI National Congress of 
Biochemistry. 

I would like to address a special thanks to Dr. Célia Antunes, Dr. Ana Costa and all the Organizing Committee, 
for accepting the challenge of organizing the Congress of SPB despite the difficult times imposed by the 
COVID-19 pandemic. Although several scientific meetings are being successfully held on virtual mode, the 
advantages of face-to-face communication for presenting research work and networking are unquestionable. 
It is our hope that the hybrid mode adopted for the SPB 2021 Congress will attract a larger number of 
students and senior scientists, helping potentiate networking and generate new synergies and future 
collaborations, to foster the scientific careers of young researchers. 

I would like to highlight the exceƭƭŜƴŎŜ ƻŦ ǘƘŜ {ŎƛŜƴǘƛŦƛŎ tǊƻƎǊŀƳ ǿƛǘƘ ǘƘŜ Ƴƻǘǘƻ ά¢ǳƴƛƴƎ .ƛƻŎƘŜƳƛǎǘǊȅ ǿƛǘƘ 
[ƛŦŜ {ŎƛŜƴŎŜǎ ŀƴŘ {ƻŎƛŜǘȅέ ŎƻǾŜǊƛƴƎ ŀ ōǊƻŀŘ ǊŀƴƎŜ ƻŦ ǘƻǇƛŎǎΣ ŦǊƻƳ ƳƻƭŜŎǳƭŀǊ ƳŜŎƘŀƴƛǎƳǎ ƻŦ ŘƛǎŜŀǎŜ ǘƻ 
environmental toxicology and society challenges, demonstrating the high standards of Portuguese 
Biochemistry. 
Thanks to the contribution of outstanding scientists as Plenary and Symposium speakers and to the close 
collaboration with our partner Societies Brazilian Society of Biochemistry and Molecular Biology (SBBq), 
Spanish Society of Biochemistry and Molecular Biology (SEBBM), and Portuguese Society for Neuroscience 
(SPN) that were crucial for the co-organization of three ssymposia, this Congress presents a great opportunity 
to present and discuss scientific work in an international environment where all participants, researchers, 
students and professionals, can exchange ideas and establish collaborations. 
 
I hope you will enjoy the scientific and friendly environment provided by the University of Évora. 
Thank you all for attending the National Congress of SPB!  
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

DǊŀœŀ {ƻǾŜǊŀƭ 

¢ƘŜ tǊŜǎƛŘŜƴǘΣ tƻǊǘǳƎǳŜǎŜ .ƛƻŎƘŜƳƛŎŀƭ {ƻŎƛŜǘȅ 
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tǊƻƎǊŀƳ 
 

14 October 2021 (Thursday) 

 

моΥллƘ wŜƎƛǎǘǊŀǘƛƻƴ 

мпΥолƘ hǇŜƴƛƴƎ /ŜǊŜƳƻƴȅ 

мрΥллƘ t[9b!w¸ [9/¢¦w9 м 
aŀƎŀƭƛ /ǳŎŎƘƛŀǊƛƴƛΣ {ŀŀǊƭŀƴŘ ¦ƴƛǾŜǊǎƛǘȅ aŜŘƛŎŀƭ /ŜƴǘŜǊ όDŜǊƳŀƴȅύ 
 
ά.ƛƻƳŀǘŜǊƛŀƭπDǳƛŘŜŘ DŜƴŜ ¢ƘŜǊŀǇȅ ŦƻǊ /ŀǊǘƛƭŀƎŜ wŜǇŀƛǊέ 
 
/ƘŀƛǊΥ [ŜƻƴƻǊ /ŀƴŎŜƭŀ ό¦!ƭƎύ 

мсΥллƘ /ƻŦŦŜŜ ōǊŜŀƪ 

π !ǳŘƛǘƻǊƛǳƳ 9{ 
 

!ƳǇƘƛǘƘŜŀǘǊŜ 9{ 

мсΥолƘ {м ς aƻƭŜŎǳƭŀǊ aŜŎƘŀƴƛǎƳǎ ƻŦ 5ƛǎŜŀǎŜ 
 
/ƘŀƛǊǎΥ [ŜƻƴƻǊ /ŀƴŎŜƭŀ όCa/.π¦!ƭƎύΤ  
aŀƎŀƭƛ /ǳŎŎƘƛŀǊƛƴƛ ό{ŀŀǊƭŀƴŘ ¦ƴƛǾŜǊǎƛǘȅύΤ 
aŀƴǳŜƭ !ǳǊŜƭƛŀƴƻ όC/¢π¦!ƭƎύ 

 

{н π tƭŀƴǘ /Ŝƭƭ .ƛƻƭƻƎȅ ŀƴŘ .ƛƻǘŜŎƘƴƻƭƻƎȅ 
 
/ƘŀƛǊǎΥ WƻǊƎŜ aΦ {ƛƭǾŀ όC/¦[ύΤ ¢ŜǊŜǎŀ [ƛƴƻπbŜǘƻ ό¦aƛƴƘƻύ  

 LƴǾƛǘŜŘ ƭŜŎǘǳǊŜǎΥ 
 
L[мΣ aƻƴȊǳǊ aǳǊǎƘŜŘ όaŀŎDƛƭƭ ¦ƴƛǾΦΣ /ŀƴŀŘŀύ  
 
ά¦ƴŘŜǊǎǘŀƴŘƛƴƎ ǘƘŜ ǇŀǘƘƻōƛƻƭƻƎȅ ƻŦ YŜǳǘŜƭ 
{ȅƴŘǊƻƳŜέ   
 
 
L[нΣ #ƭǾŀǊƻ ¢ŀǾŀǊŜǎ ό¦!ƭƎύ 
 
ά/ƻƴǘǊƻƭ ƻŦ ŎŜƭƭ ǇǊƻƭƛŦŜǊŀǘƛƻƴέ 
 

LƴǾƛǘŜŘ ƭŜŎǘǳǊŜǎΥ 
 
L[оΣ 9ƭƛȊŀōŜǘŜ /ŀǊƳƻπ{ƛƭǾŀ ό[ŀƴŎŀǎǘŜǊ ¦ƴƛǾΦΣ ¦Yύ 
 
άwǳōƛǎŎƻ ŀŎǘƛǾŀǎŜ ƛǎƻŦƻǊƳ ŘƛǾŜǊǎƛǘȅ ŀƴŘ ŎǊƻǇ 
ŀŘŀǇǘŀǘƛƻƴ ǘƻ ŘȅƴŀƳƛŎ ŜƴǾƛǊƻƴƳŜƴǘǎέ 
 
 
L[пΣ IŜƭŜƴŀ /ŀǊǾŀƭƘƻ ό¦tύ 
 
ά¦ƴǊŀǾŜƭƭƛƴƎ ǘƘŜ ŦǳƴŎǘƛƻƴ ƻŦ ƎƭǳǘŀƳƛƴŜ ǎȅƴǘƘŜǘŀǎŜ ƻŦ 
ǘƘŜ ǇǊƻƪŀǊȅƻǘƛŎ ǘȅǇŜ όD{LπƭƛƪŜύ ƛƴ ƴƛǘǊƻƎŜƴ ǎƛƎƴŀƭƭƛƴƎ 
ƛƴ aŜŘƛŎŀƎƻ ǘǊǳƴŎŀǘǳƭŀέ 
 

мтΥолƘ hǊŀƭ /ƻƳƳǳƴƛŎŀǘƛƻƴǎ h{мŀ  
όh/мπh/сύ 

hǊŀƭ /ƻƳƳǳƴƛŎŀǘƛƻƴǎ h{н  
όh/тπh/ммύ 

муΥолƘ CƭŀǎƘ ŎƻƳƳǳƴƛŎŀǘƛƻƴǎ t{мŀ  
όC/мπC/уύ 
 
/ƘŀƛǊǎΥ aŀƴǳŜƭ {ŀƴǘƻǎ ό¦!ǾύΤ #ƭǾŀǊƻ ¢ŀǾŀǊŜǎ ό¦!ƭƎύ 

CƭŀǎƘ ŎƻƳƳǳƴƛŎŀǘƛƻƴǎ t{н  
όC/фπC/нмύ 
 
/ƘŀƛǊǎΥ WƻǊƎŜ aΦ {ƛƭǾŀ ό¦[ύΤ IŜƭŜƴŀ /ŀǊǾŀƭƘƻ ό¦tύ 

 

мфΥолƘ ²ŜƭŎƻƳŜ ǊŜŎŜǇǘƛƻƴ 
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15 October 2021 (Friday, morning) 

 
09:00h PLENARY LECTURE 2 

José Maria Manzano, ZAUM, TUM (Germany) 
 
ά9ƴǾƛǊƻƴƳŜƴǘŀƭ ŀƭƭŜǊƎŜƴǎΣ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ŀƴŘ ƘŜŀƭǘƘ ƛƳǇŀŎǘέ 
 
Chair: Célia M Antunes (UÉv) 

10:00h Coffee Break 

 
- 

 
Auditorium ES 

 
Amphitheatre ES 

10:30h S3 - Toxicology and Environmental 
Biochemistry 
 
Chairs: Ana R. Costa (UÉv); José Maria Manzano 
(TUM, Germany) 

S4 - Structural Biology and Molecular Modelling / S7 
ς Membranes and Cell Biophysics 
 
Chairs: Cláudio Soares (ITQB-UNL); Graça Soveral (UL); 
Nuno Santos (FMUL) 

 

 Invited lectures: 
 
IL5, Ana Catarina Sousa (UÉv) 
 
άIƻǊƳƻƴŜǎ ƳŜǎǎŜŘ ǳǇ - a tale of endocrine 
ŘƛǎǊǳǇǘƻǊǎ ƛƴ ǘƘŜ ··L ŎŜƴǘǳǊȅέ 
 
 
IL6, Maria João Bebbiano (UAlg) 
 
ά!ǊŜ ƳƛŎǊƻ ŀƴŘ ƴŀƴƻǇƭŀǎǘƛŎǎ ǘƻȄƛŎΚέ 
 

Invited lectures: 
 
IL7, Ana Luísa Carvalho (UNL) 
 
ά! ƳƻƭŜŎǳƭŀǊ ǾƛŜǿ ƻƴ ǘƘŜ ŎŀǊōƻƘȅŘǊŀǘŜ ǇǊŜŦŜǊŜƴŎŜǎ ƻŦ 
ƘƛƎƘƭȅ ŜŦŦƛŎƛŜƴǘ ŎŜƭƭǳƭƻƭȅǘƛŎ ōŀŎǘŜǊƛŀέ 
 
 
IL8, M. Rosário Domingues (UAv) 
 
The use of lipidomics to study membrane 
ǇƘƻǎǇƘƻƭƛǇƛŘǎέ 
 
 
IL9, Maria João Sarmento (CAS, Czeck Republic) 
 
ά¢ƘŜ ƛƳǇŀŎǘ ƻŦ ǘƘŜ ƎƭȅŎŀƴ ƘŜŀŘƎǊƻǳǇ ƻƴ ǘƘŜ 
ƴŀƴƻǎŎƻǇƛŎ ǎŜƎǊŜƎŀǘƛƻƴ ƻŦ ƎŀƴƎƭƛƻǎƛŘŜǎέ 
 

11:30h Oral Communications OS3 
(OC12-OC16) 

12:00h Oral Communications OS4/S7 
 (0C17-OC19) 
 

12:30h Flash communications PS3  
(FC22-FC30) 
 
Chairs: Maria João Bebbiano (UAlg); Patrícia Palma 
(IPBeja) 

Flash communications PS4/S7 
(FC31-FC40) 
 
Chairs: Cláudio Soares (ITQB NOVA); Graça Soveral (FFUL); 
Nuno Santos (FMUL) 

 

13:00h Lunch 
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15 October 2021 (Friday, afternoon) 
 

14:00h PLENARY LECTURE 3 
João Laranjinha, CNC, FFUC 
 
ά¢ƘŜ ƴŜǳǊƻǾŀǎŎǳƭŀǊ-ƴŜǳǊƻŜƴŜǊƎŜǘƛŎ ŀȄƛǎ ƛƴ ŀƎƛƴƎ ŀƴŘ ƴŜǳǊƻŘŜƎŜƴŜǊŀǘƛƻƴΥ ǘƘŜ ƪŜȅ ǊƻƭŜ ƻŦ ƴƛǘǊƛŎ ƻȄƛŘŜέ 
 
Chairs: Francisco Ambrósio (UC); Vítor Costa (UP) 

15:00h S5 - SPB-SPN: Neurobiology of aging and stress 
 
Chairs: Ana Cristina Rego (UC); João Laranjinha (UC) 

S6 - Functional Genomics and Systems Biology 
 
 
Chairs: Cecília Arraiano (UNL); Sandra Viegas (ITQB-UNL) 

 Invited lectures: 
 
IL10, Tiago Oliveira (UMinho) 
 
ά¢ƘŜ ƛƳǇŀŎǘ ƻŦ ŎƘǊƻƴƛŎ ǎǘǊŜǎǎ ƻƴ ǘƘŜ ōǊŀƛƴ 
lipidome ς implications for mood disorders and 
!ƭȊƘŜƛƳŜǊΩǎ ŘƛǎŜŀǎŜέ 
 
 
IL11, Miguel Castelo Branco (UC) 
 
άLƴ ǾƛǾƻ ŦǳƴŎǘƛƻƴŀƭ ŀƴŘ ƳƻƭŜŎǳƭŀǊ ƛƳŀƎƛƴƎ 
approaches to study ageing and 
neurodegenerative ŘƛǎƻǊŘŜǊǎέ 
 

Invited lectures: 
 
IL12, Cecília Arraiano (UNL) 
 
ά¢ƘŜ 9ȄǇŀƴŘƛƴƎ ¦ƴƛǾŜǊǎŜ ƻŦ wb!ǎέ 
 
 
 
 
IL13, Carmen Jerónimo (UP) 
 
ά5b! ŀƴŘ wb! ƳŜǘƘȅƭŀǘƛƻƴ ƛƴ ǳǊƻƭƻƎƛŎŀƭ ŎŀƴŎŜǊΥ 
ŦǊƻƳ ōƛƻƭƻƎȅ ǘƻ ŎƭƛƴƛŎŀƭ ōƛƻƳŀǊƪŜǊǎέ 

16:00h Oral Communications OS1b/S5  
(OC20-OC24) 

SS1 ς Art, Biochemistry, and Innovation in Life 
Sciences  
 
Chairs: Leonor Cancela (UAlg), Manuel Aureliano (UAlg), 
Célia Antunes (UÉv) 

i) Biochemistry goes to School: inovative 
projects for Biochemistry dissemination 
Á José Bragança (UAlg) 
Á Márcio Simão (UAlg) 

 
ii) Education in Action: Biochemistry olimpiads 
and IDays 

Á Renato Simões, Margarida Quadros (UC) 
Á Carlos Godinho (UÉv) 

 
iii) Biochemisty and Society: Biochemistry in Art 
and Heritage 
Á Cátia Lavrador et al. (UÉv)  
Á Teresa Fernandes & Célia Lopes (UÉv) 

17:00h Coffee Break 

17:30h 
18:30h 

Flash communications PS1b/S5  
(FC41-FC52) 
 
Chairs: Tiago Oliveira (UMin), João Laranjinha (UC) 

Flash communications PS6/S8/S9  
(FC53-FC66) 
 
Chairs: Ricardo Louro (ITQB-UNL), João Ramalho (UC) 

18:30h Guide Trip to the Historical Centre 

20:00h Congress Dinner 
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16 October 2021 (Saturday) 

 
 Auditorium ES Amphitheatre ES 

09:00h S8 - SBBq - Proteins in Health and Environment 
 
Chairs: Miguel Castanho (UL); José Moura (UNL) 

S9 - SEBBM ς Chemical Biology, drug discovery and 
development 
 
Chairs: Carlos Gutierrez-Merino (UEx, Spain); Manuel 
Aureliano (UAlg) 

 

 Invited lectures: 
 
IL14, Ricardo Louro (ITQB-UNL) 
 
άaŜǘŀƭƭƻǇǊƻǘŜƛƴǎ ŦƛƎƘǘƛƴƎ infection and climate 
change: Iron-ŎƻƭŘ ƛǊƻƴΣ ƛǎ ƳŀǎǘŜǊέ 
 
 
IL15, Eduardo Sousa (Federal University of 
Ceará, Brasil) 
 
άhȄȅƎŜƴ ƘŜƳŜ-based sensors in nature and 
ƳŜŘƛŎƛƴŜέ 
 

Invited lectures: 
 
IL16, Ana Mata Duran (UEx , Spain) 
 
ά¢ƘŜ ŜƳŜǊƎƛƴƎ ǊƻƭŜ ƻŦ methylene blue in the 
interplay between PMCA and biomarkers of 
!ƭȊƘŜƛƳŜǊΩǎ ŘƛǎŜŀǎŜΦέ 
 
IL17, João Ramalho Santos (UC) 
 
άL ǿŀƴǘ ŀ ƴŜǿ ŘǊǳƎΥ {ŜŀǊŎƘƛƴƎ ŦƻǊ ƴƻǾŜƭ ƳƻŘǳƭŀǘƻǊǎ 
ƻŦ ǎǇŜǊƳ ŦǳƴŎǘƛƻƴΦέ 
 

10:00h Oral Communications S8 
(OC25-OC30) 

Oral Communications S9 
(OC31-OC34) 

11:00h 
Coffee Break 

11:30h PLENARY LECTURE 4 
José Moura (FCT-UNL) 
 
ά.ƛƻƛƴƻǊƎŀƴƛŎ /ƘŜƳƛǎǘǊȅ ŀƴŘ 5ŜǎƛƎƴ ƻŦ !ǊǘƛŦƛŎƛŀƭ ŜƴȊȅƳŜǎέ 
 
Chair: Manuel Aureliano (UAlg) 

12:30h Best Oral and Poster Communication Award Ceremony 

13:00h Lunch 

14:45h SS2 ς COVID Special Session (PT) 
Chairs: Victor Ramos (Diretor da ESDH, UÉv); Graça Soveral (FFUL, Presidente da SPB) 

Á Carlos Pinto Sá - Presidente da Câmara Municipal de Évora ς Respostas e desafios sociais do 
município; 

Á Ana Costa Freitas, Reitora da U. Évora - Respostas e desafios do Ensino Superior; 

Á Ricardo Mexia, ANMSP ς Desafios ao nível da Saúde Pública: aprendizagens e estratégias de 
prevenção; 

Á Isabel Pita, HESE ς Desafios para a gestão de um Hospital Público/SNS em Pandemia; 

Á Miguel Castanho, FMUL ς Desafios de natureza molecular na compreensão da COVID-19: o papel da 
bioquímica presente e futuro; 

17:00h Closing Ceremony 
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{ȅƳǇƻǎƛŀ 
Symposium 1 ς Molecular Mechanisms of Disease  
Proper functioning of cells requires robust control mechanisms. These ultimately rely on complex signalling pathways 

that mark the crossroads between physiology and pathology. Understanding the events at the molecular level will 

enable the discovery of new targets and development of innovative strategies towards personalised molecular medicine 

in non- communicable diseases. During this session, new findings in above-mentioned control mechanisms and systems 

will be explored and discussed.  

 

Symposium 2 ςPlant Biology and Biotechnology  

With an expected world population of almost 10 billion by 2050, and increasingly harsh conditions to agricultural 

production due to climate change, significant advances in plant sciences are needed to cope with global food security. 

A more comprehensive understanding of the interactions between plant, environmental conditions and cultural 

practices is needed. To achieve this goal, a better integration of knowledge at different levels, from molecular biology 

to whole-plant physiology, is required.  

Within this session, we will get aware on the diversity of current approaches to in plant sciences, from new breeding 

techniques to high-throughput plant phenotyping or plant ecological networks.  

 

Symposium 3 - Toxicology and Environmental Biochemistry  

Toxin-poison and other bioactive substances, whether chemically synthesized or produced by living organisms, such as 

bacterial toxins, mycotoxins, phycotoxins or zootoxins, allergens or environmental pollutants may 

trigger several responses within the biochemical machinery of the organisms, unleashing diverse AOPs. The exposome 

is a determinant key for many undesired outcomes.  

The session will cover several components of the exposome, their target biomolecules, cell responses and biomarkers, 

the development of new detection methods for toxins, allergens, and pollutants as well as the development of 

mitigation strategies.  

 

Symposium 4 - Structural Biology and Molecular Modelling  

/ŜƭƭǳƭŀǊ ŦǳƴŎǘƛƻƴ ƛǎ ǎǳǇǇƻǊǘŜŘ ōȅ ŦƛƴŜƭȅ ƻǊŎƘŜǎǘǊŀǘŜŘ ōƛƻƳƻƭŜŎǳƭŀǊ ƛƴǘŜǊŀŎǘƛƻƴǎΦ aŀŎǊƻƳƻƭŜŎǳƭŀǊ ŀǎǎŜƳōƭƛŜǎ ŎƻƻǊŘƛƴŀǘŜ 

complex biological functions such as transcription, translation, cytoskeleton organization, signalling cascades and 

secretion pathways. To fully grasp the underlying complexity and dynamics of these molecular machines the 

combination of integrative Structural Biology and Molecular Modelling approaches is crucial. During this session, 

experimental and theoretical structural biology studies will be presented revealing the molecular mechanisms of various 

biomolecules with unprecedented atomic detail.  

 

Symposium 5 - SPB-SPN: Neurobiology of aging and stress  

Molecular and physiological changes associated with neurodegenerative diseases are inexorably linked with aging. Age-

related gradual decline of organismal homeostasis, which includes changes in ER and oxidative stress, mitochondrial 

dysfunction, DNA damage, intracellular transport, protein synthesis and turnover, etc., have all been linked with 

formation of pathognomonic protein aggregates. Thus, advances in our understanding of the molecular basis of 

neurodegeneration and healthy aging present an imperative and exciting opportunity to identify novel druggable targets 

and develop more effective interventions.  

 

Symposium 6 - Functional Genomics and Systems Biology  

The structure, regulation and integrity of genome are essential for cell division, organimś development and adaptation 

to environmental stimuli. With Biology entering the digital era, we are immersed in a wealth of information originating 

in high-throughput experiments. These data enable us for the first time to study life at the level unimaginable before 

and understand the entire living systems from molecules to cells, from organisms and communities to ecosystems. This 

session will outline the great diversity in the epigenomics field, DNA regulation and remodeling, DNA and RNA 

methylation, new ways of post-translational modifications, by presenting data from diverse model systems clinical 

research and new insights in clinical research.  

http://www.xxispbcongress2020.uevora.pt/scientific-program/
http://www.xxispbcongress2020.uevora.pt/scientific-program/
http://www.xxispbcongress2020.uevora.pt/scientific-program/
http://www.xxispbcongress2020.uevora.pt/scientific-program/
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Symposium 7 ς Membranes and Cell Biophysics  

Cell membranes are essential to cell function and are crucial for life. ¢ƘŜȅ ŜǎǘŀōƭƛǎƘ ŀƴ ŜȄǘŜǊƴŀƭ ōŀǊǊƛŜǊ ǎŜǇŀǊŀǘƛƴƎ ǘƘŜ 

inner from the outer media and define intracellular compartments (organelles) essential for metabolic processes 

ŀƴŘ ƳƻƭŜŎǳƭŀǊ ǘǊŀŦŦƛŎƪƛƴƎΦ ¢ƘŜ ŎƻƻǊŘƛƴŀǘŜŘ ǊŜƎǳƭŀǘƛƻƴ ƻŦ ƳŜƳōǊŀƴŜ ŎƻƳǇƻƴŜƴǘǎ όƭƛǇƛŘǎ ŀƴŘ ǇǊƻǘŜins) has impact in 

ƳŜƳōǊŀƴŜ ǎŜƭŜŎǘƛǾŜ ǇŜǊƳŜŀōƛƭƛǘȅ ŀƴŘ ƛǎ ŀ ŦŜŀǘǳǊŜ ǇǊƻǾƛŘƛƴƎ ŦƭŜȄƛōƛƭƛǘȅ ŀƴŘ ǊƻōǳǎǘƴŜǎǎ ǘƻ ŀ ǾŀǊƛŜǘȅ ƻŦ ǇƘȅǎƛƻƭƻƎƛŎŀƭ 

ǇǊƻŎŜǎǎŜǎΣ ƛƴŎƭǳŘƛƴƎ ŎŜƭƭ ǎƛƎƴŀƭƭƛƴƎΦ 5ƛǎƻǊŘŜǊǎ ƻŦ ƳŜƳōǊŀƴŜ ƭƛǇƛŘǎΣ ŘȅǎŦǳƴŎǘƛƻƴ ƻŦ ƳŜƳōǊŀƴŜ ǇǊƻǘŜƛƴǎ ŀƴŘ ŘƛǎǊǳǇǘƛƻƴ ƻŦ 

cell compartmentalization have serious consequences for living cells and organ performance and are related with 

ǎŜǾŜǊŀƭ ŘƛǎŜŀǎŜǎΦ {ŜǾŜǊŀƭ ƻŦ ǘƘŜǎŜ ƛǎǎǳŜǎΣ ŦǊƻƳ ǘƘŜ ǎǘǊǳŎǘǳǊŀƭ ǘƻ ǘƘŜ ŦǳƴŎǘƛƻƴŀƭ ƭŜǾŜƭΣ ǿƛƭƭ ōŜ ŀŘŘǊŜǎǎŜŘ ƛƴ ǘƘƛǎ ǎŜǎǎƛƻƴΦ 

 

Symposium 8 - SBBq - Proteins in Health and Environment  

Virtually all the important cellular processes such as cell division, cell motility, organelle remodelling, and intracellular 

trafficking depend on the precise localization of proteins and the dynamics of their interactions. Protein folding and 

trafficking pathways in prokaryotes and eukaryotes are among the most fundamental processes in all of biology. 

Understanding the mechanisms of protein folding and misfolding regulation and protein trafficking is crucial to 

understand the role of proteostasis in physiological and pathological conditions, ranging from metabolic imbalance and 

aging, neurodegeneration, infections, immune disorders, tumorigenesis, and cancer therapy. 

This session will cover the topics of protein localization, structure, and dynamics, by different approaches from 

biophysics to cell biology, including their impact on human disease focusing on their impact on human diseases and 

contribution to diminish the ecological footprint of human activities.  

 

Symposium 9 - SEBBM - Chemical Biology, Drug Discovery, and Development  

aŜŘƛŎƛƴŀƭ ŎƘŜƳƛǎǘǊȅ ƛǎ ŀ ƘƛƎƘƭȅ ƳǳƭǘƛŘƛǎŎƛǇƭƛƴŀǊȅ ŀƴŘ ǊŀǇƛŘƭȅ ŘŜǾŜƭƻǇƛƴƎ ŀǊŜŀ ǘƘŀǘ ŘŜŀƭǎ ǿƛǘƘ ǘƘŜ ǊŜǎŜŀǊŎƘ ƻƴ ōƛƻƭƻƎƛŎŀƭƭȅ 

ŀŎǘƛǾŜ ŎƻƳǇƻǳƴŘǎ ŀƴŘ ǘƘŜƛǊ ƛƴǘŜǊŀŎǘƛƻƴǎ ǿƛǘƘ ōƛƻƭƻƎƛŎŀƭ ǘŀǊƎŜǘǎ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜƛǊ ƳƻŘŜ ƻŦ ŀŎǘƛƻƴ ŀǘ ǘƘŜ ƳƻƭŜŎǳƭŀǊ 

level, and how they can be included in clinically relevant formulations. This session will provide insights into recent 

ŀŘǾŀƴŎŜǎ ƻƴ ŘƛŦŦŜǊŜƴǘ ǘŜŎƘƴƛǉǳŜǎ ŦƻǊ ŘŜǎƛƎƴ ŀƴŘ ǇǊŜǇŀǊŀǘƛƻƴ ƻŦ ƴŜǿ ŘǊǳƎ ƭŜŀŘǎ ƛƴ ŀƴǘƛǾƛǊŀƭΣ antimicrobial, and anticancer 

chemotherapy, as well as new drǳƎ ŎŀƴŘƛŘŀǘŜǎ ŦƻǊ ŎƻƴǘǊŀŎŜǇǘƛƻƴΣ ƴŜǳǊƻŘŜƎŜƴŜǊŀǘƛǾŜ ŀƴŘ 

ƛƴŦƭŀƳƳŀǘƻǊȅ ŘƛǎŜŀǎŜǎΦ 9ƳǇƘŀǎƛǎ ǿƛƭƭ ōŜ ŦƻŎǳǎŜŘ ƻƴ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ƻŦ ƳǳƭǘƛǘŀǊƎŜǘ-directed small molecules as innovative 

ǘƘŜǊŀǇŜǳǘƛŎ ǘƻƻƭǎΣ ŀƴŘ ōŜǎǘ ŀŘƳƛƴƛǎǘǊŀǘƛƻƴ ǊƻǳǘŜǎΦ aŜŎƘŀƴƛǎƳ ƻŦ ŀŎǘƛƻƴ ŀƴŘ ǎǘǊǳŎǘureςactivity relationship studies, 

including elucidation of target enzyme/protein-drug interaction and metabolic pathways will be discussed.  

 

Special Session 1  

In the last years Science and Art have been merging to create innovative views into the world. New paradigms where 

science, art and intervention strategies interlace fostering and innovation projects in:  

1. Biochemistry goes to School: innovative projects for Biochemistry dissemination. 

2. Education in Action: Biochemistry Olympiads and iDays; 

3. Biochemistry and Society: Biochemistry in Art and HeritageΦ 

 

{ǇŜŎƛŀƭ {Ŝǎǎƛƻƴ н 

¢ƘŜ /h±L5πмф ǇŀƴŘŜƳƛŎ Ƙŀǎ ŎƘŀƭƭŜƴƎŜŘ ǘƘŜ ŎƻƳƳǳƴƛǘȅ ƎƭƻōŀƭƭȅΣ ǇǊƻŦƻǳƴŘƭȅ ŘŜŦȅƛƴƎ ƻǳǊ ǿŀȅ ƻŦ ƭƛǾƛƴƎΦ  

¢ƘŜ ƻōƧŜŎǘƛǾŜ ƻŦ ǘƘƛǎ ǎŜǎǎƛƻƴ ƛǎ ǘƻ ǇǊŜǎŜƴǘ ǘƘŜ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ ǘƘƛǎ ǇŀƴŘŜƳƛŎ ŀƴŘ ŘƛǎŎǳǎǎ ǘƘŜ ŎƘŀƭƭŜƴƎŜǎ ŦŀŎƛƴƎ 

ƎƻǾŜǊƴƳŜƴǘ ŜƴǘƛǘƛŜǎΣ ƛƴǎǘƛǘǳǘƛƻƴǎΣ ǘƘŜ ǎŎƛŜƴǘƛŦƛŎ ŎƻƳƳǳƴƛǘȅΣ ŀƴŘ ǘƘŜ ǇǳōƭƛŎΦ Lǘ ŀƭǎƻ ƛƴǘŜƴŘǎ ǘƻ ŎƻƴǘǊƛōǳǘŜ ǘƻ ǘƘŜ 

ŎƻƴǎǘǊǳŎǘƛƻƴ ƻŦ ƴŜǿ ǇŜǊǎǇŜŎǘƛǾŜǎΣ ŜƴƘŀƴŎƛƴƎ ƛƴǘŜǊŘƛǎŎƛǇƭƛƴŀǊȅ ŀǇǇǊƻŀŎƘŜǎ ƛƴ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ ƛƴǘŜǊǾŜƴǘƛƻƴǎ ƛƴ tǳōƭƛŎ IŜŀƭǘƘΦ 
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aŀƎŀƭƛ /ǳŎŎƘƛŀǊƛƴƛ 
/ŜƴǘŜǊ ƻŦ 9ȄǇŜǊƛƳŜƴǘŀƭ hǊǘƘƻǇŀŜŘƛŎǎΣ 

{ŀŀǊƭŀƴŘ ¦ƴƛǾŜǊǎƛǘȅ ŀƴŘ {ŀŀǊƭŀƴŘ ¦ƴƛǾŜǊǎƛǘȅ 
aŜŘƛŎŀƭ /ŜƴǘŜǊΣ YƛǊǊōŜǊƎŜǊǎǘǊ 

 
.ƛƻƳŀǘŜǊƛŀƭπDǳƛŘŜŘ DŜƴŜ ¢ƘŜǊŀǇȅ ŦƻǊ /ŀǊǘƛƭŀƎŜ wŜǇŀƛǊ 

WƻǎŞ aŀǊƛŀ aŀȅŀ aŀƴȊŀƴƻ 
/ŜƴǘŜǊ ŦƻǊ !ƭƭŜǊƎȅ ŀƴŘ 9ƴǾƛǊƻƴƳŜƴǘ ό½!¦aύΣ 
¢ŜŎƘƴƛŎŀƭ ¦ƴƛǾŜǊǎƛǘȅ ŀƴŘ IŜƭƳƘƻƭǘȊ /ŜƴǘŜǊ 

aǳƴƛŎƘΣ DŜǊƳŀƴȅΦ 

 
9ƴǾƛǊƻƴƳŜƴǘŀƭ ŀƭƭŜǊƎŜƴǎΣ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ŀƴŘ ƘŜŀƭǘƘ 
ƛƳǇŀŎǘ 

Wƻńƻ [ŀǊŀƴƧƛƴƘŀ 
CŀŎǳƭǘȅ ƻŦ tƘŀǊƳŀŎȅ ŀƴŘ /ŜƴǘŜǊ ŦƻǊ 

bŜǳǊƻǎŎƛŜƴŎŜǎ ŀƴŘ /Ŝƭƭ .ƛƻƭƻƎȅΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ 
/ƻƛƳōǊŀΣ tƻǊǘǳƎŀƭ 

 
¢ƘŜ ƴŜǳǊƻǾŀǎŎǳƭŀǊπƴŜǳǊƻŜƴŜǊƎŜǘƛŎ ŀȄƛǎ ƛƴ ŀƎƛƴƎ ŀƴŘ 
ƴŜǳǊƻŘŜƎŜƴŜǊŀǘƛƻƴΥ ǘƘŜ ƪŜȅ ǊƻƭŜ ƻŦ ƴƛǘǊƛŎ ƻȄƛŘŜ  
 

WƻǎŞ WΦ DΦ aƻǳǊŀ 
[!v±Σ w9v¦La¢9Σ bƻǾŀ {ŎƘƻƻƭ ƻŦ {ŎƛŜƴŎŜ 
ŀƴŘ ¢ŜŎƘƴƻƭƻƎȅ όC/¢ bh±!ύΣ /ŀǇŀǊƛŎŀΣ 

tƻǊǘǳƎŀƭ 

 
.ƛƻƛƴƻǊƎŀƴƛŎ /ƘŜƳƛǎǘǊȅ ŀƴŘ 5ŜǎƛƎƴ ƻŦ !ǊǘƛŦƛŎƛŀƭ ŜƴȊȅƳŜǎ 

 
 
 
 
 
 
 
/ƘŀƛǊǎΥ [ŜƻƴƻǊ /ŀƴŎŜƭŀ ό¦!ƭƎύΤ /Şƭƛŀ aΦ !ƴǘǳƴŜǎ ό¦;ǾύΤ CǊŀƴǎŎƛǎŎƻ !ƳōǊƽǎƛƻ ό¦/ύΤ ±ƛǘƻǊ /ƻǎǘŀ ό¦tύΤ aŀƴǳŜƭ 
!ǳǊŜƭƛŀƴƻ ό¦!ƭƎύ
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t[м π .ƛƻƳŀǘŜǊƛŀƭπDǳƛŘŜŘ DŜƴŜ ¢ƘŜǊŀǇȅ ŦƻǊ /ŀǊǘƛƭŀƎŜ wŜǇŀƛǊ 
 

 

 

/ǳŎŎƘƛŀǊƛƴƛ aΦ 

 

/ŜƴǘŜǊ ƻŦ 9ȄǇŜǊƛƳŜƴǘŀƭ hǊǘƘƻǇŀŜŘƛŎǎΣ {ŀŀǊƭŀƴŘ ¦ƴƛǾŜǊǎƛǘȅ ŀƴŘ {ŀŀǊƭŀƴŘ ¦ƴƛǾŜǊǎƛǘȅ aŜŘƛŎŀƭ /ŜƴǘŜǊΣ 

YƛǊǊōŜǊƎŜǊǎǘǊΦ .ƭŘƎ отΣ 5πсспнм IƻƳōǳǊƎκ{ŀŀǊΣ DŜǊƳŀƴȅ 

 

9ƳŀƛƭΥ ƳƳŎǳŎŎƘƛŀǊƛƴƛϪƘƻǘƳŀƛƭΦŎƻƳ 

 

 

 

 
Background. Articular cartilage defects have a limited self-ability to fully heal and may evolve to irreversible 

osteoarthritis if left untreated. While a number of options are available in the clinics to treat such defects in 

patients, none of them satisfactorily and definitely address the problem of incurable cartilage damage. 

Biomaterial-guided cartilage gene therapy is an emerging, highly promising field of research to durably and 

safely manage cartilage degeneration via the spatial and temporal delivery of reparative gene sequences 

using vectors transferred to sites of cartilage injury via biocompatible materials including hydrogels, solid 

scaffolds, and hybrid compounds. This work will present the most up-to-date findings in the field of scaffold-

assisted cartilage gene therapy with a focus on recent findings in clinically relevant animal models of cartilage 

injury in vivo as a future off-the-shelf, non-invasive tool to treat affected individuals in clinical protocols.  
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t[н π 9ƴǾƛǊƻƴƳŜƴǘŀƭ ŀƭƭŜǊƎŜƴǎΣ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ŀƴŘ ƘŜŀƭǘƘ ƛƳǇŀŎǘ 
 

 

José María Maya Manzano1  

 
Center for Allergy and Environment (ZAUM), Technical University and Helmholtz Center 

Munich, Germany. 
 
 

Email address: jose.manzano@tum.de 

 
Background. Environmental allergens outdoors (as those contained into the pollen grains from anemophilous 

plants or spores from fungi) and indoors (originated from house dust mites and pets) are studied by 

Aerobiology. This multidisciplinary science comprehends a vast (and often unknown) number of applications 

benefiting medical doctors, allergy patients, urban planners and stakeholders. Moreover, it aims to have a 

deeper understanding of how environmental processes are controlling or limiting the presence of allergens 

and specifically for pollen, also their Pollen Allergen Potency (PAP). In addition, we should consider that plants 

producing allergenic pollen also change their distribution along the time both locally and regionally, which 

represents a major concern for all the scientists involved in the allergens´ study. 

Methods. When aeroallergens are studied, their sampling usually involve cascade impactors, varying the 

model depending on the target environment. Other recent techniques, as air filtration, also work to remove 

allergens and help to mitigate allergy symptoms in those scenarios that hardly can be improved in other ways 

(exposure to allergens in indoor environments). Also, the creation of risk maps showing potential exposure 

to allergens is another tool of interest. Finally, by using diverse modelling techniques integrating future 

possible scenarios, it has been possible to predict how the exposure to Betula pollen grains (and thus their 

allergens) in the future of Bavaria (Germany) will be. 

Results. Here are shown the results of some studies regarding different aspects of allergens and their sources, 

their distribution along the pollen season, its distribution for each size fraction, how it varies for each place 

and some drivers that control their presence in the environment. Moreover, and in higher time scale, in 

Bavaria the climate change is expected to increase the birch pollen load in short-term, but, due to the future 

reduction in birch trees also provoked by their effects, the airborne birch pollen concentrations will finally 

decrease at lower altitudes. On the contrary, areas with higher altitude will have an increase in the surface 

occupied by birch trees and subsequent it will lead in higher airborne birch pollen concentrations in the 

future. Regarding indoor allergens, portable air filtration devices can be effective in reducing exposure to 

airborne indoor allergens and particle matter, which might be beneficial to breathing troubled patients. 

Conclusions. The findings presented here can be used by allergists to optimize allergy treatments depending 

on the PAP, the risk of exposure or future changes in species distribution provoked by climate change effects. 

Also informs about the presence of possible solutions to deal with airborne indoor allergens. To understand 

the complexity for all factors affecting the allergen concentrations and how it varies with time and space (and 

their implications) are key in order to help allergy patients to prevent unnecessary exposure and for scientist 

to get ready to face future and unexpected challenges.  

 

 

 

mailto:jose.manzano@tum.de


··L {t. /ƻƴƎǊŜǎǎ .ƻƻƪ                                                 ¢ǳƴƛƴƎ .ƛƻŎƘŜƳƛǎǘǊȅ ǿƛǘƘ [ƛŦŜ {ŎƛŜƴŎŜǎ ŀƴŘ {ƻŎƛŜǘȅ 

6 

 

 

 
 
 

t[о π ¢ƘŜ ƴŜǳǊƻǾŀǎŎǳƭŀǊπƴŜǳǊƻŜƴŜǊƎŜǘƛŎ ŀȄƛǎ ƛƴ ŀƎƛƴƎ ŀƴŘ 
ƴŜǳǊƻŘŜƎŜƴŜǊŀǘƛƻƴΥ ǘƘŜ ƪŜȅ ǊƻƭŜ ƻŦ ƴƛǘǊƛŎ ƻȄƛŘŜ 

 
 

Wƻńƻ [ŀǊŀƴƧƛƴƘŀмΣнΣ /łǘƛŀ [ƻǳǊŜƴœƻнΣ !ƴŀ [ŜŘƻмΣнΣ /ŀǊƭŀ bǳƴŜǎнΣ wƛŎŀǊŘƻ CŜǊǊŜƛǊŀнΣ /ŃƴŘƛŘŀ 5ƛŀǎнΣ  
Wƻńƻ DƻƴœŀƭǾŜǎн ŀƴŘ wǳƛ .ŀǊōƻǎŀмΣн 

 
мCŀŎǳƭǘȅ ƻŦ tƘŀǊƳŀŎȅ ŀƴŘ н/ŜƴǘŜǊ ŦƻǊ bŜǳǊƻǎŎƛŜƴŎŜǎ ŀƴŘ /Ŝƭƭ .ƛƻƭƻƎȅΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ /ƻƛƳōǊŀΣ 

tƻǊǘǳƎŀƭ 
 

9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ƭŀǊŀƴƧƛƴϪŎƛΦǳŎΦǇǘ 

 
 

Background. Owing to its high energy needs, the brain is endowed with fine mechanisms for a precise spatial 
and temporal control of cerebral blood flow (CBF) according to neural activity, the neurovascular coupling 
(NVC) also referred to as functional hyperemia. Failure at any part of the NVC pathway could cause disrupted 
CBF resulting in catastrophic depletion of oxygenation and energy supply. The search for modulators of NVC 
has been a challenge over the years. By developing innovative tools for in vivo assessment of NVC we have 
described neuronal nitric oxide (NO), along the NMDAreceptor-nNOS-NO pathway, as direct mediator of the 
communication between neurons and local microvessels (Lourenço et al 2014). Paradoxically, local increases 
of NO upon neuronal activation sets the stage for its competition with oxygen for reversible binding to 
mitochondrial cytochrome c oxidase. Thus, NO is central to the regulation of the neurovascular-
neuroenergetic coupling axis in the brain (Lourenço et al 2017b). The functionality of NVC is key for cognitive 
performance and becomes impaired during aging and age-associated neurodegeneration, notably 
Alzheimer´s disease (Lourenço et al. 2017a). In addition, we have come to conjecture that the redox and 
functional interplay of nitric oxide with ascorbate and nitrite would modulate the functionality of 
glutamatergic synapses in terms of NVC. As such, this might be an operative mechanism in the brain 
maintaining and enhancing cognitive performance in aged individuals.  

Methods. We have used a multimodal approach, comprising microarrays for stereotaxic insertion in the brain 
of living rodents, consisting of microinjection pipettes, laser Doppler blood flow probes and selective 
microelectrodes, behavior and biochemical approaches to probe the dynamics and functional impact of O2, 
glucose, NO, ascorbate and CBF in vivo in terms of NVC in animal models of aging and AD disease. 

Results and conclusions. Data in vivo in rodents support that (1) neuronal-derived NO acts as a direct 
mediator of neurovascular coupling, (2) neurovascular coupling is impaired in Alzheimer´s and aging due to 
vascular dysfunction, 3) the redox interaction of nitrite/ascorbate/NO functionally coupled to neuronal 
activation supports neurovascular coupling, 4) rescue from impaired neurovascular coupling results in 
enhancement of cognitive performance. 

Overall, cognitive impairment might be averted by sustaining the bioavailability of NO, the critical messenger 
coupling neuronal activity with CBF increases. 

References 
Lourenço et al (2014) Neurovascular coupling in hippocampus is mediated via diffusion by neuronal-derived nitric oxide. 
Free Radical Biology and Medicine 73, 421-429. 

Lourenço et al. (2017a) Neurovascular uncoupling in the triple transgenic model of Alzheimer´s disease: impaired 
cerebral blood flow response to neuronal-derived nitric oxide signaling. Experimental Neurology 291, 36-43. 

Lourenço et al (2017b) Neurovascular-neuroenergetic coupling axis in the brain: master regulation by nitric oxide and 
consequences in aging and neurodegeneration. Free Radical Biology and Medicine 108, 668-682. 
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t[п π .ƛƻƛƴƻǊƎŀƴƛŎ /ƘŜƳƛǎǘǊȅ ŀƴŘ 5ŜǎƛƎƴ ƻŦ !ǊǘƛŦƛŎƛŀƭ ŜƴȊȅƳŜǎ 
 

 

José J. G. Moura 

 

LAQV, REQUIMTE, Nova School of Science and Technology (FCT NOVA), Caparica, Portugal 

Email: jose.moura@fct.unl.pt  

 

 

 

Enzymes are complex molecules that carried on chemical transformations with amazing selectivity and at 

high rates. Metalloproteins and metal-containing enzymes are well known to be essential to life. The 

elucidation of structural and functional aspects of metal sites in enzymes has been a goal of model studies 

bringing together Inorganic Chemistry and Synthetic Biochemistry related to the developing area of artificial 

enzymes. In particular, synthetic peptides and small proteins involving rich sulfur coordination sites have 

been extensively promising and used, such as Rubredoxins (Rds) and analogues. The four-Cysteine metal 

coordination motif, available in Rds, has the possibility of coordinating a wide variety of transition metals (Fe, 

Ni, Cu, Mo and W), with particular interest in modelling complex metalloproteins most relevant in energy, 

environment, agriculture and health topics. 
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{¸ath{L¦a м ς ah[9/¦[!w a9/I!bL{a{ hC 5L{9!{9 
 
 
Proper functioning of cells requires robust control mechanisms. These ultimately rely on complex 

signalling pathways that mark the crossroads between physiology and pathology. Understanding 

the events at the molecular level will enable the discovery of new targets and development of 

innovative strategies towards personalised molecular medicine in non- communicable diseases. 

During this session, new findings in above-mentioned control mechanisms and systems will be 

explored and discussed. 

 
 
 
 
 

 
 
 
 
 

 
 
 
 

 
 
L[м 

aƻƴȊǳǊ aǳǊǎƘŜŘ όaŀŎDƛƭƭ ¦ƴƛǾŜǊǎƛǘȅύ 
 

 
 
 

 
 
L[н 

#ƭǾŀǊƻ ¢ŀǾŀǊŜǎ ό¦!ƭƎύ 
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Lb±L¢95 [9/¢¦w9{ {м 
 

(IL1-IL2) 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

/ƘŀƛǊǎΥ [ŜƻƴƻǊ /ŀƴŎŜƭŀ όCa/.ψ¦!ƭƎύΤ aŀƎŀƭƛ /ǳŎŎƘƛŀǊƛƴƛ ό{ŀŀǊƭŀƴŘ ¦ƴƛǾŜǊǎƛǘȅύΤ aŀƴǳŜƭ !ǳǊŜƭƛŀƴƻ 
όC/¢π¦!ƭƎύ   

 
  

Monzur Murshed 
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¦ƴŘŜǊǎǘŀƴŘƛƴƎ ǘƘŜ ǇŀǘƘƻōƛƻƭƻƎȅ ƻŦ YŜǳǘŜƭ {ȅƴŘǊƻƳŜ 

 

!ƭǾŀǊƻ ¢ŀǾŀǊŜǎ 
Department of Biomedical Sciences and 

Medicine, University of Algarve, Portugal 

 
/ƻƴǘǊƻƭ ƻŦ ŎŜƭƭ ǇǊƻƭƛŦŜǊŀǘƛƻƴ 
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L[м π ¦ƴŘŜǊǎǘŀƴŘƛƴƎ ǘƘŜ ǇŀǘƘƻōƛƻƭƻƎȅ ƻŦ YŜǳǘŜƭ {ȅƴŘǊƻƳŜ 
 

aƻƴȊǳǊ aǳǊǎƘŜŘΣ tƘ5 
 

tǊƻŦŜǎǎƻǊΣ 5ŜǇŀǊǘƳŜƴǘ ƻŦ aŜŘƛŎƛƴŜ ŀƴŘ CŀŎǳƭǘȅ ƻŦ 5ŜƴǘƛǎǘǊȅΣ aŎDƛƭƭ ¦ƴƛǾŜǊǎƛǘȅΣ aƻƴǘǊŜŀƭΣ /ŀƴŀŘŀ 
wŜǎŜŀǊŎƘŜǊΣ {ƘǊƛƴŜǊǎ IƻǎǇƛǘŀƭ ŦƻǊ /ƘƛƭŘǊŜƴΣ aƻƴǘǊŜŀƭΣ /ŀƴŀŘŀ 

9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ƳƻƴȊǳǊΦƳǳǊǎƘŜŘϪƳŎƎƛƭƭΦŎŀ 

 
MGP is a small extracellular matrix protein which acts as a ǎǘǊƻƴƎ ƛƴƘƛōƛǘƻǊ ƻŦ ŀōƴƻǊƳŀƭ ΨǎƻŦǘΩ ǘƛǎǎǳŜ 
calcification, particularly in the cartilaginous and vascular tissues. MGP deficiency in humans leads to a rare 
autosomal recessive disorder known as Keutel Syndrome (KS). These patients show mineralization of all 
cartilaginous tissues, including the nasal septum, growth plates and the trachea, leading to abnormal skeletal 
development and respiratory ailments. In addition, vascular calcification has been reported in a small number 
of KS patients. Our group has used genetically modified mouse models to understand the pathobiology of KS. 
We have shown that midface hypoplasia in MGP-deficient mice is associated with nasal septum calcification, 
apoptosis of the septal chondrocytes and premature closure of the spheno-occipital synchondrosis. In a 
separate study, we demonstrated that the severity of vascular calcification in MGP-deficient mice depends 
ƻƴ ǘƘŜ ŀƳƻǳƴǘ ƻŦ Ŝƭŀǎǘƛƴ ǇǊŜǎŜƴǘ ƛƴ ǘƘŜ ŀǊǘŜǊƛŀƭ ǿŀƭƭǎΦ ²Ŝ ŦǳǊǘƘŜǊ ǎƘƻǿŜŘ ǘƘŀǘ aDtΩǎ ǘǿƻ Ǉƻǎǘ ǘǊŀƴǎƭŀǘƛƻƴŀƭ 
modifications ς phosphorylation of three conserved serine residues, and carboxylation of 4 conserved 
ƎƭǳǘŀƳƛŎ ŀŎƛŘ ǊŜǎƛŘǳŜǎ ŎƻƴǘǊƛōǳǘŜ ǘƻ aDtΩǎ ŀƴǘƛ-mineralization function in vivo. 

 

 

L[н π /ƻƴǘǊƻƭ ƻŦ ŎŜƭƭ ǇǊƻƭƛŦŜǊŀǘƛƻƴ 

 

{ŀƴǘƻǎ LΦ.ΦмΣнΣ DŀǊǊƛŘƻπaŀǊŀǾŜǊΣ WΦмΣн ŀƴŘ ¢ŀǾŀǊŜǎΣ !!мΣн 
 

м 5ŜǇŀǊǘƳŜƴǘ ƻŦ .ƛƻƳŜŘƛŎŀƭ {ŎƛŜƴŎŜǎ ŀƴŘ aŜŘƛŎƛƴŜΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ !ƭƎŀǊǾŜΣ tƻǊǘǳƎŀƭΦ н /ŜƴǘǊŜ ŦƻǊ .ƛƻƳŜŘƛŎŀƭ wŜǎŜŀǊŎƘ 
ό/.awύΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ !ƭƎŀǊǾŜΣ tƻǊǘǳƎŀƭ 
9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ŀŀǘŀǾŀǊŜǎϪǳŀƭƎΦǇǘ 

 

The regulation of growth through signaling pathways plays a critical role in maintaining tissue homeostasis 
through the regulation of key cellular processes like cell proliferation and cell death. Signaling pathways 
comprise of cascade of regulatory proteins that respond to stimulators like growth factors, and influence 
changes in gene expression that control differentiation, cell migration, cellςcell interaction, immunity, 
polarity, and metabolism. 
Disruption of signaling pathways causes an imbalance in the regulation of such mechanisms and leads to 
diseases such as neuro/muscular degeneration, cancer, diabetes, etc. The Hippo Pathway is a prime example 
of an important growth regulatory pathway that coordinately controls cell proliferation and survival to 
regulate organ size.  
Hippo pathway was initially identified through genetic screens for genes regulating organ size in fruitflies. 
Hippo pathway is comprised of genes that act as tumor suppressor genes like hippo (hpo),  warts (wts) and 
Mob1, and oncogenes like yorkie (yki). YAP and TAZ are two related mammalian homologs of Drosophila Yki 
that act as effectors of the Hippo pathway. Hippo signaling deficiency can cause YAP- or TAZ-dependent 
oncogene addiction for cancer cells. YAP and TAZ are often activated in human malignant cancers. These 
transcriptional regulators may initiate tumorigenic changes in solid tumors by inducing cancer stem cells and 
proliferation, culminating in metastasis and chemo-resistance. Given the complex mechanisms (e.g., of the 
cancer microenvironment, and the extrinsic and intrinsic cues) that overpower YAP/TAZ inhibition, the 
molecular roles of the Hippo pathway in tumor growth and progression remain poorly defined.  
I will sumarize our recent findings from studies in whole animal model organism (Drosophila) and human 
cultured cells on the role of Mob-like proteins regarding their interaction with the Hippo signaling pathway 
and their connection to tumor formation and progression.  
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/ƘŀƛǊǎΥ [ŜƻƴƻǊ /ŀƴŎŜƭŀ όCa/.ψ¦!ƭƎύΤ aŀƎŀƭƛ /ǳŎŎƘƛŀǊƛƴƛ ό{ŀŀǊƭŀƴŘ ¦ƴƛǾŜǊǎƛǘȅύΤ aŀƴǳŜƭ !ǳǊŜƭƛŀƴƻ όC/¢π¦!ƭƎύ 

 

 
 
  

h/м aŀǊƛŀ .Ǌƛǘƻ .ǊŜŀǎǘ ŎŀƴŎŜǊ ōǊŀƛƴ ƳŜǘŀǎǘŀǎŜǎΥ ƳƻƭŜŎǳƭŀǊ ƳŜŎƘŀƴƛǎƳǎΣ ŎŜƭƭǳƭŀǊ 
ƛƴǘŜǊǇƭŀȅ ŀƴŘ ǇŜǊƛǇƘŜǊŀƭ ōƛƻƳŀǊƪŜǊǎ 

h/н aŀƴǳŜƭ 
!ǳǊŜƭƛŀƴƻ  

/ƻƳǇŀǊƛǎƻƴ ƻŦ {9w/! ŀƴŘ ta/! ƛƴƘƛōƛǘƛƻƴ ǇƻǘŜƴǘƛŀƭ ƻŦ 
ǇƻƭȅƻȄƻǘǳƴƎǎǘŀǘŜǎ 

h/о wǳƛ 5ƛƴƛǎ LŘŜƴǘƛŦƛŎŀǘƛƻƴ ƻŦ ƎŜǊƳƭƛƴŜ Ƴǳǘŀǘƛƻƴǎ ƛƴ ǇŀǘƛŜƴǘǎ ǿƛǘƘ ōǊŜŀǎǘ ŀƴŘ 
ŘƛŦǳǎŜ ƎŀǎǘǊƛŎ ŎŀƴŎŜǊ ƛƴ !ƭŜƴǘŜƧƻ 

h/п Lƴşǎ ±Φ Řŀ {ƛƭǾŀ tŜǊƻȄƛǇƻǊƛƴǎ ŀƴŘ ǇŀƴŎǊŜŀǘƛŎ ŎŀƴŎŜǊΥ ƴŜǿ ǊƻƭŜǎ ŦƻǊ ŀǉǳŀǇƻǊƛƴπо 
ŀƴŘ ŀǉǳŀǇƻǊƛƴπр ƛƴ ǘǳƳƻǊ ōƛƻƭƻƎȅ 

h/р !ƴŀ vǳŜƴŘŜǊŀ ¢ƘŜ wb!πōƛƴŘƛƴƎ ǇǊƻǘŜƛƴ tbtŀǎŜ ƛǎ ŀ ƴƻǾŜƭ ǊŜƎǳƭŀǘƻǊ ƻŦ ōƛƻŦƛƭƳ 
ŦƻǊƳŀǘƛƻƴ ŀƴŘ ǾƛǊǳƭŜƴŎŜ ƛƴ [ƛǎǘŜǊƛŀ ƳƻƴƻŎȅǘƻƎŜƴŜǎ 

h/с aŀŦŀƭŘŀ 
aƛƎǳŜƛǎ 

¢ƘŜ ǊƻƭŜ ƻŦ ǎŀŎǎƛƴ ƛƴ ǘƘŜ ǇŀǘƘƻƭƻƎƛŎŀƭ ŀƎƎǊŜƎŀǘƛƻƴ ƻŦ ƛƴǘŜǊƳŜŘƛŀǘŜ 
ŦƛƭŀƳŜƴǘǎ 
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OC1 - Breast cancer brain metastases: molecular mechanisms, cellular 

interplay and peripheral biomarkers 
 

 

CƛƎǳŜƛǊŀ LмΣнΣ DƻŘƛƴƘƻπtŜǊŜƛǊŀ WмΣоΣ /ǳǎǘƽŘƛƻπ{ŀƴǘƻǎ ¢мΣ DŀƭŜƎƻ {мΣ aŀƛŀ WпΣрΣ Iŀǎƪƽ WсΣ aƻƭƴłǊ Y сΣ aŀƭƘƽ wтΣ 

/ƻǎǘŀπ{ƛƭǾŀ .пΣ ²ƛƭƘŜƭƳ LсΣуΣ YǊƛȊōŀƛ L!сΣу ŀƴŘ .Ǌƛǘƻ a!мΣо 
 

мwŜǎŜŀǊŎƘ LƴǎǘƛǘǳǘŜ ŦƻǊ aŜŘƛŎƛƴŜǎ όƛaŜŘΦ¦[ƛǎōƻŀύΣ CŀŎǳƭǘȅ ƻŦ tƘŀǊƳŀŎȅΣ ¦ƴƛǾŜǊǎƛŘŀŘŜ ŘŜ [ƛǎōƻŀΣ tƻǊǘǳƎŀƭΤ нCŀǊƳπL5 ς !ǎǎƻŎƛŀœńƻ Řŀ 

CŀŎǳƭŘŀŘŜ ŘŜ CŀǊƳłŎƛŀ ǇŀǊŀ ŀ LƴǾŜǎǘƛƎŀœńƻ Ŝ 5ŜǎŜƴǾƻƭǾƛƳŜƴǘƻΣ [ƛǎōƻƴΣ tƻǊǘǳƎŀƭΤ оCŀŎǳƭǘȅ ƻŦ tƘŀǊƳŀŎȅΣ ¦ƴƛǾŜǊǎƛŘŀŘŜ ŘŜ [ƛǎōƻŀΣ 

tƻǊǘǳƎŀƭΤ п/ƘŀƳǇŀƭƛƳŀǳŘ /ŜƴǘǊŜ ŦƻǊ ǘƘŜ ¦ƴƪƴƻǿƴΣ [ƛǎōƻƴΣ tƻǊǘǳƎŀƭΤ рDǊŀŘǳŀǘŜ tǊƻƎǊŀƳ ƛƴ !ǊŜŀǎ ƻŦ .ŀǎƛŎ ŀƴŘ !ǇǇƭƛŜŘ .ƛƻƭƻƎȅΣ 

¦ƴƛǾŜǊǎƛŘŀŘŜ Řƻ tƻǊǘƻΣ tƻǊǘǳƎŀƭΤ сLƴǎǘƛǘǳǘŜ ƻŦ .ƛƻǇƘȅǎƛŎǎΣ .ƛƻƭƻƎƛŎŀƭ wŜǎŜŀǊŎƘ /ŜƴǘǊŜΣ 9ǀǘǾǀǎ [ƻǊłƴŘ wŜǎŜŀǊŎƘ bŜǘǿƻǊƪ ό9[YIύΣ 

{ȊŜƎŜŘΣ IǳƴƎŀǊȅΤ т.ƛƻL{LΣ .ƛƻ{ȅǎǘŜƳǎ ŀƴŘ LƴǘŜƎǊŀǘƛǾŜ {ŎƛŜƴŎŜǎ LƴǎǘƛǘǳǘŜΣ CŀŎǳƭǘȅ ƻŦ {ŎƛŜƴŎŜǎΣ ¦ƴƛǾŜǊǎƛŘŀŘŜ ŘŜ [ƛǎōƻŀΣ tƻǊǘǳƎŀƭΤ 
уLƴǎǘƛǘǳǘŜ ƻŦ [ƛŦŜ {ŎƛŜƴŎŜǎΣ ±ŀǎƛƭŜ DƻƭŘƛǎ ²ŜǎǘŜǊƴ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ !ǊŀŘΣ wƻƳŀƴƛŀ 

 

9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ŀōǊƛǘƻϪŦŦΦǳƭƛǎōƻŀΦǇǘ 

 

Background. Patients with triple negative breast cancer (BC) are prone to develop brain metastases, a 

condition with severe prognosis. To this fact, accounts the poor understanding of the mechanisms underlying 

brain metastases formation, which precludes the development of targeted therapies, and the absence of 

peripheral biomarkers that disqualifies timely disease detection. Here, we dissected BC cells and blood-brain 

barrier (BBB) endothelial cells molecular signatures and interplay along BC cells migration across brain 

microvasculature and brain colonization to uncover the players involved, searched for extracellular vesicles 

(EVs) and microRNAs (miRNAs) in plasma as biomarkers of the brain metastatic process, and analysed the 

brain expression of the deregulated circulating miRNAs to establish their brain origin. 

Methods. Mouse were inoculated with triple negative BC cells in the carotid artery to induce preferential 

formation of metastases in the brain, and brain and plasma samples were examined along metastases 

development. Brain sections were examined by histologic, immunohistochemical and immunofluorescence 

analysis, as well as by in situ hybridization, and plasma samples were inspected by RT-qPCR, nanoparticle 

tracking analysis and flow cytometry.  

Results. We observed an increasing presence of brain metastasis from 7 days onwards, with BC cells 

exhibiting an initial mesenchymal phenotype and migratory pattern, while epithelial markers increased along 

time, reflecting a mesenchymal-epithelial transition. They also presented proliferative features and 

expressed platelet-derived growth factor-.Σ ʲп-integrin and focal adhesion kinase, suggesting autocrine 

and/or paracrine regulation with adhesion signaling activation. Intercellular communication via gap junctions 

was clear among BC cells, and between BC and endothelial cells. Endothelial cells exhibited junctional and 

vesicular proteins alterations that, together with thrombin accumulation, reflect BBB compromise, whereas 

overexpression of pericyte markers indicates murŀƭ ŎŜƭƭǎΩ ŀŎǘƛǾŀǘƛƻƴΦ !ǳƎƳŜƴǘŜŘ 9±ǎΣ ǇŀǊǘƛŎǳƭŀǊƭȅ ƻŦ ... 

origin, were associated with established metastases; contrarily, deregulated miRNAs in circulation were 

observed prior to brain metastases detection, and matched brain alterations, indicating their brain origin. 

Conclusions. Our results provide in-depth understanding of BC brain metastasis formation, disclosing novel 

therapeutic targets. Moreover, they highlight miRNAs and EVs as biomarkers of metastases formation in early 

and advanced stages, respectively. 

Work supported by FCT and the Champalimaud Foundation (Portugal), NKFIH (Hungary), and UEFISCDI 

(Romania).  
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OC2 - Comparison of SERCA and PMCA inhibition potential of 
polyoxotungstates 

 

!ǳǊŜƭƛŀƴƻΣ aΦΣмΣнϝ CǊŀǉǳŜȊŀΣ DΦΣ нΣо DǳƳŜǊƻǾŀΣ bΦ LΦΣ п wƻƳǇŜƭΣ !Φ п /ƻǊŘƻōŀπDǊŀƴŀŘƻǎΣ WΦWΦΣр .ŜǊǊƻŎŀƭΣ aΦ р ŀƴŘ 

aŀǘŀΣ !Φ aΦ р 
 

мC/¢Σ ¦ƴƛǾŜǊǎƛŘŀŘŜ Řƻ !ƭƎŀǊǾŜΣ уллрπмоф CŀǊƻΣ tƻǊǘǳƎŀƭΤ н//aŀǊΣ C/¢Σ ¦ƴƛǾŜǊǎƛŘŀŘŜ Řƻ !ƭƎŀǊǾŜΣ уллрπмоф CŀǊƻΣ 

tƻǊǘǳƎŀƭΤ оL{9Σ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ !ƭƎŀǊǾŜΣ уллрπмоф CŀǊƻΣ tƻǊǘǳƎŀƭΤ п ¦ƴƛǾŜǊǎƛǘŅǘ ²ƛŜƴΣ CŀƪǳƭǘŅǘ ŦǸǊ /ƘŜƳƛŜΣ Lƴǎǘƛǘǳǘ ŦǸǊ 

.ƛƻǇƘȅǎƛƪŀƭƛǎŎƘŜ /ƘŜƳƛŜΣ млфл ±ƛŜƴƴŀΣ !ǳǎǘǊƛŀΤ р5ŜǇŀǊǘŀƳŜƴǘƻ ŘŜ .ƛƻǉǳƝƳƛŎŀ ȅ .ƛƻƭƻƎƝŀ aƻƭŜŎǳƭŀǊ ȅ DŜƴŞǘƛŎŀΣ 

CŀŎǳƭǘŀŘ ŘŜ /ƛŜƴŎƛŀǎΣ ¦ƴƛǾŜǊǎƛŘŀŘ ŘŜ 9ȄǘǊŜƳŀŘǳǊŀ ŀƴŘ Lƴǎǘƛǘǳǘƻ ŘŜ .ƛƻƳŀǊŎŀŘƻǊŜǎ ŘŜ tŀǘƻƭƻƎƝŀǎ aƻƭŜŎǳƭŀǊŜǎΣ 

¦ƴƛǾŜǊǎƛŘŀŘ ŘŜ 9ȄǘǊŜƳŀŘǳǊŀΣ лсллс .ŀŘŀƧƻȊΣ {Ǉŀƛƴ 

 

ϝ/ƻǊǊŜǎǇƻƴŘŜƴŎŜΥ ƳŀŀƭǾŜǎϪǳŀƭƎΦǇǘ 

Background. The sarco(endo)plasmic reticulum Ca2+-ATPase (SERCA) and plasma membrane Ca2+-ATPase 
(PMCA) are active Ca2+ transporters involved in several neurological diseases related to intracellular calcium 

dysregulation. Polyoxometalates (POMs) are well-known inhibitors of quite a few enzymes including SERCA 

and the Na+/K+-ATPase [1]. Herein, we compare for the first time the ability of several polyoxotungstates 

(POTs), for instance the mono-lacunary Wells-Dawson anion [P2W17O61]10- (P2W17) and the Preyssler anion 

[NaP5W30O110]14- (P5W30), to inhibit SERCA and PMCA pumps. 

Methods. Polyoxometalates Na12ώ-hP2W15V3O56]·24H2O (P2W15V3), K10[P2W17O61]·20H2O (P2W17) and 

(NH4)14[NaP5W30O110]·31H2O (P5W30) were synthesized according to the published procedures and their purity 

was confirmed by IR and 31P NMR spectroscopy. SERCA and PMCA activities were measured 

ǎǇŜŎǘǊƻǇƘƻǘƻƳŜǘǊƛŎŀƭƭȅ ŀǘ от ɕ/ ǳǎƛƴƎ ǘƘŜ ŎƻǳǇƭŜŘ ŜƴȊȅƳŜ ǇȅǊǳǾŀǘŜ ƪƛƴŀǎŜκƭŀŎǘŀǘŜ ŘŜƘȅŘǊƻƎŜƴŀǎŜ ŀǎǎŀȅΣ ŀǎ 

described elsewhere [1,2]. SH-SY5Y neuroblastoma cell cultures and treatments were performed as described 

in [3]. 

Results. The tested POTs strongly inhibited SERCA Ca2+-ATPase activity, with the Preyssler being the most 

potent one, with an IC50 value of 0.4 µM. For Wells-Dawson POTs higher IC50 values were determined: 0.7 

and 1 µM, respectively, P2W17 and P2W15V3. A mixed type of SERCA inhibition was observed for all POTs. The 

studied POTs showed to be stronger inhibitors of PMCA activity, compared to SERCA, once lower IC50 values 

where obtained for P2W17, P5W30 and P2W15V3, respectively, 0.1 (7 fold lower), 0.18 (2 fold lower) and 0.23 µM 

(4 fold lower) in comparion with SERCA. Besides, these compounds do not affect SH-SY5Y neuroblastoma 

cells viability at the IC50 values.   

Conclusions. In sum, three POTs were tested as SERCA and PMCA inhibitors and showed higher activity 

against PMCA compared to SERCA. These POTs do not affect neuroblastoma cells. Therefore, this is 

interesting from the therapeutic point of view because they could be used to inhibits their targets (SERCA or 

PMCA) without affecting neuroblastoma cell survival. 

References. 

[1] Gumerova et al., Metallomics, 2018,10, 287-295 

[2] Salvador and Mata, Biochem. J., 1996, 315, 183-187 

[3] Berrocal et al., Int. J. Mol. Sci., 2019, 20, 3521 

This research was funded by Grants from Fundação para a Ciência e a Tecnologia (FCT) project UIDB/04326/2020 (MA) 

and from the Spanish Ministerio de Economia y Competitividad (BFU2017-85723-P) to AM. 
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OC3 - Identification of germline mutations in patients with breast and 
difuse gastric cancer in Alentejo 

 

wǳƛ 5ƛƴƛǎмΣ [Ŝƻƴł /ƻǊǊŜƛŀнΣ /Şƭƛŀ aΦ !ƴǘǳƴŜǎо 

 
м{ŜǊǾƛœƻ ŘŜ hƴŎƻƭƻƎƛŀΣ IƻǎǇƛǘŀƭ Řƻ 9ǎǇƝǊƛǘƻ {ŀƴǘƻ ŘŜ ;ǾƻǊŀΣ ;ǾƻǊŀΣ tƻǊǘǳƎŀƭΤ н5ŜǇŀǊǘƳŜƴǘƻ ŘŜ vǳƝƳƛŎŀΣ 9ǎŎƻƭŀ ŘŜ 

/ƛşƴŎƛŀǎ Ŝ ¢ŜƴƻƭƻƎƛŀΣ ¦ƴƛǾŜǊǎƛŘŀŘŜ ŘŜ ;ǾƻǊŀΣ ;ǾƻǊŀΣ tƻǊǘǳƎŀƭΤ о5ŜǇŀǊǘƳŜƴǘƻ ŘŜ /ƛşƴŎƛŀǎ aŞŘƛŎŀǎ Ŝ Řŀ {ŀǵŘŜΣ 9ǎŎƻƭŀ ŘŜ 

{ŀǵŘŜ Ŝ 5ŜǎŜƴǾƻƭǾƛƳŜƴǘƻ IǳƳŀƴƻΣ ¦ƴƛǾŜǊǎƛŘŀŘŜ ŘŜ ;ǾƻǊŀΣ ;ǾƻǊŀΣ tƻǊǘǳƎŀƭΤ 

 

9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ǊǳƛŘƛƴƛϪƎƳŀƛƭΦŎƻƳ 

 

Background. Breast cancer and gastric cancer are defined as a serious public health problem, due to their 

high incidence and mortality. (1) The incidence of these diseases is influenced by both hereditary and 

environmental factors and are frequently underdiagnosed in the clinical practice. (2, 3). The objectives of this 

work were to identify the population carrying germline mutations of high penetrance genes for ductal, 

lobular and other breast cancer and CDH1 mutation in diffuse gastric cancer from the Oncology Service, HESE 

(Hospital do Espírito Santo de Évora, EPE), and to identify relevant germline mutations without high 

penetrance genes for breast cancer and the CDH1 gene in diffuse gastric cancer and lobular breast carcinoma. 

Methods. The cohort was composed by women with triple negative breast cancer, HER2 positive or under 

50 years of age, patients from the HESE and meeting NCCN criteria. Collection of data from clinical records: 

age, family history, histological classification of the tumor, degree of differentiation, mitotic index, staging, 

type of treatment and relapse status. DNA extraction from peripheral blood and identification of germline 

mutations was performed by NGS (cancer panel 4013). 

Results. Of the 92 breast cancer patients, 14% had pathogenic germline mutations distributed among BRCA1, 

BRCA2, MUTYH, PTEN e PALB2, the majority being of BRCA2 (46%). The cohort of patients with BRCA 1 and 

BRCA2 mutations were on average 5 years younger (45 years vs 49 years), and more aggressive characteristics 

of the disease, characterized by a more advanced stage (majority stage II) compared to the group without 

mutations (majority stage I). In the 9 cases of diffuse gastric cancer, no pathogenic variants in the CDH1 gene 

were found. 

Conclusions. In summary, hereditary breast cancer in this cohort is highly associated with BRCA2 mutations, 

concurring with others (4) and no pathogenic variants in the CDH1 gene were found, but the panel used did 

not contemplate for the CTNNA1 gene, recently associated with diffuse gastric cancer syndrome (5). In 

conclusion, this work may contribute to optimize the criteria used for the screening and early diagnostics. 

References 
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(5) Clark, D.F., Michalski, S.T., Tondon, R. et al. Loss-of-function variants in CTNNA1 detected on multigene panel testing 

in individuals with gastric or breast cancer. Genet Med 22, 840ς846 (2020). https://doi.org/10.1038/s41436-020-

0753-1 

 
  

https://doi.org/10.1038/s41436-020-0753-1
https://doi.org/10.1038/s41436-020-0753-1


··L {t. /ƻƴƎǊŜǎǎ .ƻƻƪ                                                 ¢ǳƴƛƴƎ .ƛƻŎƘŜƳƛǎǘǊȅ ǿƛǘƘ [ƛŦŜ {ŎƛŜƴŎŜǎ ŀƴŘ {ƻŎƛŜǘȅ 

16 

 

 

 

OC4 - Peroxiporins and pancreatic cancer: new roles for aquaporin-3 and 
aquaporin-5 in tumor biology 

 
Lƴşǎ ±Φ Řŀ {ƛƭǾŀмΣ tŀǘǊƝŎƛŀ aΦ {ƛƭǾŀнΣ bǳƴƻ /Φ {ŀƴǘƻǎнΣ DǊŀœŀ {ƻǾŜǊŀƭм 

 

мwŜǎŜŀǊŎƘ LƴǎǘƛǘǳǘŜ ŦƻǊ aŜŘƛŎƛƴŜǎ όƛaŜŘΦ¦[ƛǎōƻŀύΣ CŀŎǳƭǘȅ ƻŦ tƘŀǊƳŀŎȅΣ ¦ƴƛǾŜǊǎƛŘŀŘŜ ŘŜ [ƛǎōƻŀΣ [ƛǎōƻƴΣ tƻǊǘǳƎŀƭΣ 
нLƴǎǘƛǘǳǘƻ ŘŜ aŜŘƛŎƛƴŀ aƻƭŜŎǳƭŀǊΣ CŀŎǳƭŘŀŘŜ ŘŜ aŜŘƛŎƛƴŀΣ ¦ƴƛǾŜǊǎƛŘŀŘŜ ŘŜ [ƛǎōƻŀΣ [ƛǎōƻƴΣ tƻǊǘǳƎŀƭ  

 

9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ƛƳǎƛƭǾŀмϪŎŀƳǇǳǎΦǳƭΦǇǘ 

 

.ŀŎƪƎǊƻǳƴŘΦ !ǉǳŀǇƻǊƛƴǎ ό!vtǎύ ŀǊŜ ǘǊŀƴǎƳŜƳōǊŀƴŜ ǇǊƻǘŜƛƴ ŎƘŀƴƴŜƭǎ ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ ǘƘŜ ōƛŘƛǊŜŎǘƛƻƴŀƭ 

ǘǊŀƴǎŦŜǊ ƻŦ ǿŀǘŜǊ ŀƴŘ ǎƳŀƭƭ ǎƻƭǳǘŜǎ ŀŎǊƻǎǎ ŎŜƭƭ ƳŜƳōǊŀƴŜǎΦ .ŜƛƴƎ ƛƴǾƻƭǾŜŘ ƛƴ ŀ ǿƛŘŜ ǊŀƴƎŜ ƻŦ ǇƘȅǎƛƻƭƻƎƛŎŀƭ 

ŦǳƴŎǘƛƻƴǎ ŀƴŘ ŘƛǎŜŀǎŜǎ ώмϐΣ !vtǎ ƘŀǾŜ ƎǊŜŀǘ ǇƻǘŜƴǘƛŀƭ ŦƻǊ ǇƘŀǊƳŀŎƻƭƻƎƛŎ ǘŀǊƎŜǘƛƴƎ ŀƴŘ ŘǊǳƎ ŘƛǎŎƻǾŜǊȅΦ wŜŎŜƴǘ 

ǎǘǳŘƛŜǎ ǎƘƻǿŜŘ ǘƘŀǘ ǘƘŜ ŀƭǘŜǊŜŘ ŜȄǇǊŜǎǎƛƻƴ ƻŦ ǎŜǾŜǊŀƭ !vtǎ ƛǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǾŀǊƛƻǳǎ ŎŀƴŎŜǊǎΣ ǘƘƻǳƎƘ ǘƘŜ 

ǳƴŘŜǊƭȅƛƴƎ ƳƻƭŜŎǳƭŀǊ ƳŜŎƘŀƴƛǎƳ ǊŜƳŀƛƴǎ ǳƴŎƭŜŀǊΦ ¢ƘŜ ƻǾŜǊŜȄǇǊŜǎǎƛƻƴ ƻŦ !vtо ŀƴŘ !vtр ǿŀǎ ŘŜǘŜŎǘŜŘ ƛƴ 

ǇŀƴŎǊŜŀǘƛŎ ŘǳŎǘŀƭ ŀŘŜƴƻŎŀǊŎƛƴƻƳŀ ŎŜƭƭǎ ώнϐΣ ōŜƛƴƎ ǇƻǎǘǳƭŀǘŜŘ ǘƘŜƛǊ ŀǎǎƻŎƛŀǘƛƻƴ ǿƛǘƘ ŎŜƭƭ ƳƛƎǊŀǘƛƻƴ ŀƴŘ 

ǇǊƻƭƛŦŜǊŀǘƛƻƴΣ ŀƴƎƛƻƎŜƴŜǎƛǎ ŀƴŘ ƻǾŜǊŀƭƭ ǘǳƳƻǊ ŦƻǊƳŀǘƛƻƴ ώоϐΦ  

aŜǘƘƻŘǎΦ Lƴ ǘƘƛǎ ǿƻǊƪΣ ǿŜ ŀƛƳŜŘ ŀǘ ŜǾŀƭǳŀǘƛƴƎ ǘƘŜ ŎƻƴǘǊƛōǳǘƛƻƴ ƻŦ !vtо ŀƴŘ !vtр ŀǎ ǿŀǘŜǊΣ ƎƭȅŎŜǊƻƭ ŀƴŘκƻǊ 

ƘȅŘǊƻƎŜƴ ǇŜǊƻȄƛŘŜ ŎƘŀƴƴŜƭǎ ǘƻ ǘƘŜ ǎŜǘǘƛƴƎǎ ƻŦ ǘǳƳƻǊ ŦƻǊƳŀǘƛƻƴ ŀƴŘ ŘŜǾŜƭƻǇƳŜƴǘ ǳǎƛƴƎ ŀ ƭƻǎǎπƻŦπŦǳƴŎǘƛƻƴ 

ǎǘǊŀǘŜƎȅΦ .Ȅt/о ŎŜƭƭǎΣ ŀƴ ƛƴ ǾƛǘǊƻ ƳƻŘŜƭ ƻŦ ǇŀƴŎǊŜŀǘƛŎ ŘǳŎǘŀƭ ŀŘŜƴƻŎŀǊŎƛƴƻƳŀ ǘƘŀǘ ŜȄǇǊŜǎǎŜǎ ƘƛƎƘ ƭŜǾŜƭǎ ƻŦ 

!vtо ŀƴŘ !vtрΣ ǿŜǊŜ ǎƛƭŜƴŎŜŘ ŦƻǊ !vtо ŀƴŘκƻǊ !vtр ŜȄǇǊŜǎǎƛƻƴΦ {ƛƭŜƴŎŜŘ ŎŜƭƭǎ ǿŜǊŜ ŜǾŀƭǳŀǘŜŘ ŦƻǊ ǘƘŜƛǊ 

!vtо ŀƴŘ !vtр ŜȄǇǊŜǎǎƛƻƴ ƭŜǾŜƭǎΣ ƳŜƳōǊŀƴŜ ǇŜǊƳŜŀōƛƭƛǘȅ ŦƻǊ ǿŀǘŜǊΣ ƎƭȅŎŜǊƻƭ ŀƴŘ ƘȅŘǊƻƎŜƴ ǇŜǊƻȄƛŘŜΣ ƛƳǇŀŎǘ 

ƻƴ ŎŜƭƭ ƳƛƎǊŀǘƛƻƴΣ ŀǎ ǿŜƭƭ ŀǎ ŜŦŦŜŎǘ ƻƴ ǎŜǾŜǊŀƭ ƳŀǊƪŜǊǎ ƻŦ ǘǳƳƻǊ ό9wYмκнΣ 9DCwΣ ŎπCƻǎΣ ŎπWǳƴΣύ ŀƴŘ ŎŜƭƭ 

ŘƛŦŦŜǊŜƴǘƛŀǘƛƻƴ ό9ŎŀŘ ŀƴŘ ±ƛƳύΦ 

wŜǎǳƭǘǎΦ hǳǊ ǊŜǎǳƭǘǎ ŎƻƴŦƛǊƳŜŘ ǘƘŀǘ !vtо ŀƴŘ !vtр ƘŀǾŜ ƛƳǇŀŎǘ ƻƴ ŎŜƭƭ ƳŜƳōǊŀƴŜ ǇŜǊƳŜŀōƛƭƛǘȅ ǘƻ ƎƭȅŎŜǊƻƭ 

ŀƴŘ ƘȅŘǊƻƎŜƴ ǇŜǊƻȄƛŘŜΣ ǿƘƛŎƘ ŎƻǊǊƻōƻǊŀǘŜǎ ǘƘŜƛǊ ŀŎǘƛǾƛǘȅ ŀǎ ŀǉǳŀƎƭȅŎŜǊƻǇƻǊƛƴ ό!vtоύ ŀƴŘ ǇŜǊƻȄƛǇƻǊƛƴǎ ό!vtо 

ŀƴŘ !vtрύΦ !vtо ŀƴŘ !vtрπǎƛƭŜƴŎŜŘ ŎŜƭƭǎ ǎƘƻǿŜŘ ǎƭƻǿŜǊ ǊŜŎƻǾŜǊ ƻŦ ǘƘŜ ǿƻǳƴŘŜŘ ŀǊŜŀ όŀǊƻǳƴŘ мл҈ ŀƴŘ мр҈Σ 

ǊŜǎǇŜŎǘƛǾŜƭȅΣ ŎƻƳǇŀǊƛƴƎ ǘƻ ŎƻƴǘǊƻƭǎύ ŜǾƛŘŜƴŎƛƴƎ ǘƘŜ ŀǎǎƻŎƛŀǘƛƻƴ ōŜǘǿŜŜƴ ǘƘŜǎŜ ƛǎƻŦƻǊƳǎ ŀƴŘ ŎŜƭƭ ƳƛƎǊŀǘƛƻƴΦ 

aƻǊŜƻǾŜǊΣ !vtо ŀƴŘ !vtрπǎƛƭŜƴŎŜŘ ŎŜƭƭǎ ŜȄǇǊŜǎǎ ƭƻǿŜǊ ƭŜǾŜƭǎ ƻŦ 9wYм όлΦрπ ŀƴŘ лΦтπŦƻƭŘǎΣ ǊŜǎǇŜŎǘƛǾŜƭȅύΣ 9wYн 

όлΦпπ ŀƴŘ лΦуπŦƻƭŘǎύ 9DCw όлΦсπŦƻƭŘǎ ŦƻǊ !vtоύΣ ŎπCƻǎ όлΦоπ ŀƴŘ лΦрπŦƻƭŘǎύ ŀƴŘ ŎπWǳƴ όлΦмπ ŀƴŘ лΦтπŦƻƭŘǎύΣ ŀǎ ǿŜƭƭ 

ŀǎ 9πŎŀŘ όлΦсπŦƻƭŘǎ ŦƻǊ !vtоύ ŀƴŘ ±ƛƳ όлΦнπ ŀƴŘ лΦсπŦƻƭŘǎύΦ  

/ƻƴŎƭǳǎƛƻƴǎΦ hǳǊ ǊŜǎǳƭǘǎ ǊŜǾŜŀƭ ŀ ŎƻǊǊŜƭŀǘƛƻƴ ōŜǘǿŜŜƴ !vtо ŀƴŘ !vtр ŜȄǇǊŜǎǎƛƻƴ ŀƴŘ ǘƘŜ ƛƴŘǳŎǘƛƻƴ ƻŦ ƪŜȅ 

ǇƭŀȅŜǊǎ ƻŦ ǘƘŜ 9DCwκ9wYκǇоу a!tY ǎƛƎƴŀƭƭƛƴƎ ǇŀǘƘǿŀȅ ŀƴŘ ŜǇƛǘƘŜƭƛŀƭ ƳŜǎŜƴŎƘȅƳŀƭ ǘǊŀƴǎƛǘƛƻƴ ό9a¢ύΣ 

ǎǳƎƎŜǎǘƛƴƎ ǘƘŜ ƛƴǾƻƭǾŜƳŜƴǘ ƻŦ ǇŜǊƻȄƛǇƻǊƛƴǎ ƛƴ ŎŀƴŎŜǊ ƛƴƛǘƛŀǘƛƻƴ ŀƴŘ ǇǊƻƎǊŜǎǎƛƻƴΣ ŀƴŘ ƘƛƎƘƭƛƎƘǘƛƴƎ ǘƘŜƛǊ 

ƛƳǇƻǊǘŀƴŎŜ ƛƴ ǘǳƳƻǊ ōƛƻƭƻƎȅΦ ¢ƘŜǎŜ ŦƛƴŘƛƴƎǎ Ƴŀȅ ŦƻǎǘŜǊ ƴŜǿ ǎǘǊŀǘŜƎƛŜǎ ǘƻǿŀǊŘǎ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ 

ŀƴǘƛǘǳƳƻǊŀƭ ǘƘŜǊŀǇƛŜǎΦ 

wŜŦŜǊŜƴŎŜǎΦ  

ώмϐ {ƻǾŜǊŀƭ DΣ bƛŜƭǎŜƴ {Σ /ŀǎƛƴƛ !Φ ό9ŘǎύΦ όнлмсύ !ǉǳŀǇƻǊƛƴǎ ƛƴ IŜŀƭǘƘ ŀƴŘ 5ƛǎŜŀǎŜΥ bŜǿ aƻƭŜŎǳƭŀǊ ¢ŀǊƎŜǘǎ ŦƻǊ 

5ǊǳƎ 5ƛǎŎƻǾŜǊȅΦ .ƻŎŀ wŀǘƻƴΤ [ƻƴŘƻƴΤ bŜǿ ¸ƻǊƪΥ /w/ tǊŜǎǎΣ ¢ŀȅƭƻǊ ϧ CǊŀƴŎƛǎ DǊƻǳǇΦ  

ώнϐ 5ƛǊŜƛǘƻ LΣ tŀǳƭƛƴƻ WΣ ±ƛƎƛŀ 9Σ .Ǌƛǘƻ a!Σ {ƻǾŜǊŀƭ DΦ όнлмтύ 5ƛŦŦŜǊŜƴǘƛŀƭ ŜȄǇǊŜǎǎƛƻƴ ƻŦ ŀǉǳŀǇƻǊƛƴπо ŀƴŘ 

ŀǉǳŀǇƻǊƛƴπр ƛƴ ǇŀƴŎǊŜŀǘƛŎ ŘǳŎǘŀƭ ŀŘŜƴƻŎŀǊŎƛƴƻƳŀΦ W {ǳǊƎ hƴŎƻƭΦ ммрόуύΥфулπффсΦ 

ώоϐ aŀǊƛƻǎ /Φ tŀǇŀŘƻǇƻǳƭƻǎΣ {ŀƳƛǊŀ {ŀŀŘƻǳƴ όнлмрύ YŜȅ ǊƻƭŜǎ ƻŦ ŀǉǳŀǇƻǊƛƴǎ ƛƴ ǘǳƳƻǊ ōƛƻƭƻƎȅΣ ..!Φ 

мупуόмлύΥнртсπнруоΦ 
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OC5 - The RNA-binding protein PNPase is a novel regulator of biofilm 

formation and virulence in Listeria monocytogenes 
 

Quendera, A.P.1, Pinto, S.N.2, Antunes, W.3, Arraiano, C.M.1 and Andrade, J.M.1 

 

1Instituto de Tecnologia Química e Biológica António Xavier, Universidade Nova de Lisboa (ITQB NOVA), Avenida da 

República 2780-901, Oeiras, Portugal. 2Institute for Bioengineering and Biosciences (IBB) and Associate Laboratory - 

Institute for Health and Bioeconomy (i4HB), Instituto Superior Técnico, Universidade de Lisboa, Av. Rovisco Pais, 1049-

001 Lisboa, Portugal. 3Laboratório de Imagem, Nanomorfologia e Espectroscopia de Raios-X (Linx) da Unidade Militar 

Laboratorial de Defesa Biológica e Química (UMLDBQ), Instituto Universitário Militar, Centro de Investigação, 

Inovação e Desenvolvimento da Academia Militar, Av. Dr Alfredo Bensaúde, 1100-471 Lisboa, Portugal. 

Presenting author: aquendera@itqb.unl.pt 

 

Background. Bacterial biofilms provide a stress-enduring environment that makes bacteria more resilient to 

both the immune system and antibiotics. Accordingly, biofilm-related diseases are typically persistent 

infections, and a challenge for medical treatment. The knowledge of novel biofilm regulators may contribute 

to develop new strategies to fight microbial infections. 

Methods. We used biochemical, biophysical, and microbiology tools to study the role of the RNA-binding 

protein polynucleotide phosphorylase (PNPase), a well-known RNA nucleolytic enzyme, in the human 

pathogen Listeria monocytogenes. Biofilms from the mutant and wild-type strains were characterized by 

biomass production, followed by extraction and quantification of the matrix composition, and analysis by 

confocal laser scanning microscopy (CLSM) and scanning electron microscopy (SEM) techniques. Moreover, 

we analysed the requirement of PNPase in the infection of human cell lines. 

Results. Here we show that inactivation of Listeria PNPase leads to strong defects in biofilm production, and 

strikingly, affects biofilm morphology. 

1. We demonstrate that PNPase is a previously unrecognized regulator of biofilm matrix composition, greatly 

affecting the levels of proteins, sugars, and extracellular DNA. The reduction in all these components of the 

extracellular polymeric substance (EPS) correlates with a less thick biofilm found in PNPase-deficient bacteria, 

as confirmed by different microscopy analysis. 

2. As result, we found that the less stable and less resistant biofilm produced in the PNPase mutant is more 

susceptible to antibiotic treatment, which contributes for a more efficient biofilm eradication. 

3. Furthermore, infection assays in different eukaryotic cell lines confirmed that PNPase deletion leads to the 

severe attenuation of Listeria monocytogenes pathogenicity. 

Conclusions. Overall, our results show that PNPase is a novel regulator of biofilm formation and human 

cellular invasion of a bacterial pathogen. This work presents PNPase as a new and attractive target for the 

control of bacterial infection and highlights the expanding role of RNA-binding proteins as critical players in 

pathogenicity. 
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OC6 - The role of sacsin in the pathological aggregation of intermediate 
filaments 

 
Migueis M1, Murtinheira F2, Rodrigues MS3, Vitorino M4, Herrera F5 

1Laboratório de estrutura e dinâmica celular, Faculdade de Ciências, Universidade de Lisboa, 1749-016, Lisboa, 

Portugal; 2BioISI ς Biosystems & Integrative Sciences Institute, Faculdade de Ciências, Universidade de Lisboa, 1749-

016, Lisboa, Portugal. 

Email address: mafalda.migueis1998@gmail.com 

Background. Sacsin is a very large protein encoded in humans by the SACS gene. Loss-of-function mutations 

in this gene cause autosomal recessive spastic ataxia of Charlevoix-Saguenay (ARSACS), a rare ataxia 

characterized by atrophy of the anterior cerebellar vermis associated with Purkinje cell death. Its clinical 

phenotype is characterized by increased muscle tone, difficulty coordinating movements, distal muscle 

wasting, involuntary eye movement and speech difficulties. Currently, there is no available therapy for 

ARSACS. Moreover, the loss of sacsin causes alterations in the expression and distribution of intermediate 

filaments in neurons, which change the architecture and mechanical properties of cells and tissues. However, 

it was observed in our laboratory that glial cells also express sacsin, and its removal in astroglial-like cells 

caused alterations in intermediate filaments. This observation suggests a possible role of glial cells in ARSACS 

and would explain non-neural features of this disorder. Therefore, we are interested in elucidating the 

mechanisms by which sacsin loss leads to IF collapse and agregation in N9 microglial cells. 

Methods. We deleted sacsin from N9 rat microglial cells by means of a CRISPR/Cas9 approach, isolated sacsin 

knockout cell lines with Flow Cytometry-assisted Cell Sorting (FACS), and analyzed the effects of sacsin loss 

in the expression and distribution of the intermediate filament network and other cellular structures and 

functions. The intermediate filament expression and distribution profile of sacsin-/ - N9 microglial cells was 

characterized by means of immunocytochemistry, western blotting, widefield and confocal fluorescence 

microscopy, and atomic force microscopy (AFM). This last method was used to detect the alterations of 

mechanical and viscoelastic properties of knockout cells, caused by the disorganization of the cytoskeleton. 

We are currently doing a tentative screening on the possible mechanisms regulating sacsin functions or 

preventing the consequences of its loss of function in ARSACS. This screening is based on other cellular 

parameters changes, such as basal oxidative stress, resistance to exogenous stress and toxins, mitochondrial 

activity, and ATP levels. 

Results. Rat microglia expressed vimentin and nestin, and high levels of sacsin. Removal of sacsin caused 

alterations in the structure of intermediate filament networks similar to those found in astroglial-like cells. 

By AFM, N9 knockout cells had their viscoelastic and mechanical proprieties affected. It was necessary to 

apply a weaker force to deform the knockout cells in comparison to the control cells, since their cytoskeleton 

was already disarrayed. 

Conclusions. We acquired a better understanding of the mechanisms involved in sacsin functions, with 

especial focus on its effect on intermediate filaments. Being sacsin a protein that regulates neuronal 

intermediate filament assembly and intracellular distribution, the knockout of this protein in the cell will lead 

to the collapse of intermediate filaments and the consequent cytoskeleton disorganization, studied in 

previous experiments. This hypothesis was observed in our results, where sacsin-/ - N9 microglial cells had 

alterations in their intermediate filament profile and mechanical properties. Our results could be relevant for 

the treatment of ARSACS, but also for a wide spectrum of human pathologies caused by disruption of the 

intermediate filament networks.  
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With an expected world population of almost 10 billion by 2050, and increasingly harsh conditions 

to agricultural production due to climate change, significant advances in plant sciences are needed 

to cope with global food security. A more comprehensive understanding of the interactions 

between plant, environmental conditions and cultural practices is needed. To achieve this goal, a 

better integration of knowledge at different levels, from molecular biology to whole-plant 

physiology, is required. Within this session, we will get aware on the diversity of current approaches 

to in plant sciences, from new breeding techniques to high-throughput plant phenotyping or plant 

ecological networks. 
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L[о π wǳōƛǎŎƻ ŀŎǘƛǾŀǎŜ ƛǎƻŦƻǊƳ ŘƛǾŜǊǎƛǘȅ ŀƴŘ ŎǊƻǇ ŀŘŀǇǘŀǘƛƻƴ ǘƻ ŘȅƴŀƳƛŎ 
ŜƴǾƛǊƻƴƳŜƴǘǎ 

Elizabete Carmo-Silva 

Lancaster Environment Centre, Lancaster University, Lancaster, LA1 4YQ, UK 

Email address: e.carmosilva@lancaster.ac.uk 

Rubisco plays a central role in photosynthesis. It is an essential, yet imperfect enzyme, and frequently limits 
carbon assimilation in crops. Regulation of Rubisco activity in plants depends on interaction with multiple 
cellular components and is continuously adjusted in response to environmental fluctuations. Rubisco is prone 
to inhibition by the tight-binding of sugar-phosphate derivatives to catalytic sites. ATP-dependent removal 
of such inhibitors by Rubisco activase (Rca) is regulated in response to changes in light and temperature. 

 

 

L[п π ¦ƴǊŀǾŜƭƭƛƴƎ ǘƘŜ CǳƴŎǘƛƻƴ ƻŦ DƭǳǘŀƳƛƴŜ {ȅƴǘƘŜǘŀǎŜ ƻŦ ǘƘŜ tǊƻƪŀǊȅƻǘƛŎ ¢ȅǇŜ 
όD{LπƭƛƪŜύ ƛƴ bƛǘǊƻƎŜƴ {ƛƎƴŀƭƭƛƴƎ ƛƴ aŜŘƛŎŀƎƻ ǘǊǳƴŎŀǘǳƭŀ 

Seabra A1, Silva L1, Carvalho H1* 

1University of Porto - Research Center in Biodiversity and Genetic Resources (CIBIO-InBio), Rua Padre Armando 
Quintas, nº 7.4485-661, Vairão. Portugal 

ϝ9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ƘŜƭŜƴŀŎŀǊǾŀƭƘƻϪŎƛōƛƻΦǳǇΦǇǘ 

Nitrogen (N) is a key element for plant growth and development, but also a metabolic signal that is sensed 
and transduced by plants. The identification of the molecular players of the N-mediated signalling events in 
plants is absolutely necessary to fully understand the N-regulatory networks, and ultimately to provide the 
knowledge necessary to improve N-use efficiency (NUE). We have recently identified novel class of molecular 
players (GSI-like proteins) in Medicago truncatula and obtained strong evidence pointing to an involvement 
of these molecules in nitrogen-signalling pathways known to influence developmental processes such as 
lateral root and root nodule formation. This presentation is intended to provide an overview of the 
distribution of genes encoding glutamine synthetase of the prokaryotic type (GSI-like) across the plant 
kingdom and focus on the characterization of the entire M. truncatula GSI-like gene family and its encoded 
proteins.  

Although GSI-like genes are widespread in plants, its exact function remains unidentified. In the great 
majority of plants, these genes encode a fusion protein, referred to as NodGS, composed of a C-terminal GSI-
like domain and an N-terminal amidohydrolase domain homologous to nodulin 6. However, genes encoding 
proteins with a single GSI-like domain are exceptionally found in Medicago truncatula and few other plant 
species. The genome of M. truncatula contains three genes encoding single-domain GSI-like proteins 
(MtGSIa, MtGSIb and MtGSIc), and two additional genes encoding NodGS proteins (MtNodGSa and 
MtNodGSb). The genes are expressed in planta, but none of the M. truncatula GSI-like proteins retain GS 
activity and thus its function is not related to glutamine synthesis. However, the conservation of GSI-like 
genes across all plant species suggests an important, but yet unknown function for the encoded proteins. We 
characterized the entire GSI-like gene family of M. truncatula, localized the expression of the individual genes 
using promotor-gusA fusions in the homologous transgenic system, studied the responses to nitrogen and 
hormone signals, produced recombinant proteins in E. coli and investigated the functionality of the purified 
proteins. Taken together, our results indicate a function related to nitrogen signalling, but the two classes of 
GSI-like proteins (GSI and NodGS) appear to perform different physiological functions. During this 
presentation we will provide evidence supporting these assumptions and will discuss the possible role of GSI-
like proteins within the N-signalling networks in M. truncatula. 
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h/т wƛǘŀ 
!ōǊŀƴŎƘŜǎ 

9ȄǇǊŜǎǎƛƻƴ ƻŦ ǊŜŎƻƳōƛƴŀƴǘ ŎŀǊŘƻǎƛƴ . ƛƴ ǘƻōŀŎŎƻ .¸н ŎŜƭƭǎΥ ŀƴ ŀƭǘŜǊƴŀǘƛǾŜ 
ǎȅǎǘŜƳ ŦƻǊ ǘƘŜ ǇǊƻŘǳŎǘƛƻƴ ƻŦ ŀŎǘƛǾŜ Ƴƛƭƪ ŎƭƻǘǘƛƴƎ ŜƴȊȅƳŜǎ 

h/у !ƴŀ wƛǘŀ 
/ŀǾŀŎƻ 

Cŀǘǘȅ ŀŎƛŘ ǇǊƻŦƛƭƛƴƎ ŀǎ ŀ ŎƘŜƳƻǘŀȄƻƴƻƳƛŎ ǘƻƻƭ ŀƴŘ ōƛƻƳŀǊƪŜǊ ŦƻǊ 
ƎǊŀǇŜǾƛƴŜ ǘƻƭŜǊŀƴŎŜκǎǳǎŎŜǇǘƛōƛƭƛǘȅ ǘƻ tƭŀǎƳƻǇŀǊŀ ǾƛǘƛŎƻƭŀ 

h/ф tŜŘǊƻ 
/ƻǊǊŜƛŀ 

IƛƎƘπǘƘǊƻǳƎƘǇǳǘ ǇƘŜƴƻǘȅǇƛƴƎ ƻŦ ǿƘŜŀǘ ǇƘȅǎƛƻƭƻƎƛŎŀƭ ŀƴŘ ƳŜǘŀōƻƭƛŎ 
ǊŜǎǇƻƴǎŜǎ ǘƻ ƘƛƎƘ ǘŜƳǇŜǊŀǘǳǊŜ ŀƴŘ ŘǊƻǳƎƘǘ 

h/мл Wƻŀƴŀ 
CƛƎǳŜƛǊŜŘƻ 

LƴǎƛŘŜ ǇǊƻǘŜƻƳƛŎǎΥ ǳƴŎƻǾŜǊƛƴƎ ŎǳƭǘƛǾŀǊ ǎǇŜŎƛŦƛŎ ƎǊŀǇŜǾƛƴŜ ŀǇƻǇƭŀǎǘ 
ŘȅƴŀƳƛŎǎ 

h/мм aŀǊƛǎŀ 
aŀƛŀ 

¢ƘŜ ǎŜŀǊŎƘ ŦƻǊ ƎǊŀǇŜǾƛƴŜ ŘƛǎŜŀǎŜπŀǎǎƻŎƛŀǘŜŘ ōƛƻƳŀǊƪŜǊǎΥ ŎƻƳōƛƴƛƴƎ 
ƳŜǘŀōƻƭƻƳƛŎǎ ǿƛǘƘ ǘŀǊƎŜǘŜŘ ƎŜƴŜ ŜȄǇǊŜǎǎƛƻƴ 
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OC7 - Expression of recombinant cardosin B in tobacco BY2 cells: an 
alternative system for the production of active milk clotting enzymes 

 
!ƴŘǊŞ CƻƭƎŀŘƻмΣ wƛǘŀ !ōǊŀƴŎƘŜǎм 

 
мtƭŀƴǘ /Ŝƭƭ .ƛƻƭƻƎȅ [ŀōƻǊŀǘƻǊȅΣ Lƴǎǘƛǘǳǘƻ ŘŜ ¢ŜŎƴƻƭƻƎƛŀ vǳƝƳƛŎŀ Ŝ .ƛƻƭƽƎƛŎŀ !ƴǘƽƴƛƻ ·ŀǾƛŜǊΣ L¢v. 

bh±!Σ ¦ƴƛǾŜǊǎƛŘŀŘŜ bƻǾŀ ŘŜ [ƛǎōƻŀΣ нтулπмрт hŜƛǊŀǎΣ tƻǊǘǳƎŀƭ 
 

9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ǊƛǘŀŀϪƛǘǉōΦǳƴƭΦǇǘ 
 

Background: Cynara cardunculus L. or cardoon is a plant that is used as a source of milk clotting enzymes 

during traditional cheese manufacturing. This clotting activity is due to aspartic proteases (APs) found in the 

cardoon flower, named cyprosins and cardosins. APs from cardoon flowers display a great degree of 

heterogeneity, resulting in variable milk clotting activities and directly influencing the final product. 

Producing these APs using alternative platforms such as bacteria or yeast has proven challenging, which is 

hampering their implementation on an industrial scale. 

Methods: We have generated transgenic tobacco BY2 cell lines producing cardosin B from C. cardunculus, 

including a line in which the recombinant Cardosin B is fused to a red fluorescent protein.  

Results: These cultures successfully produced active cardosin B and a downstream purification process 

pipeline was developed to obtain pure cardosin B. The purified enzyme displayed proteolytic activity towards 

milk caseins and milk clotting activity under standard cheese manufacturing conditions. We also identified 

an unprocessed form of cardosin B and further investigated its activation process. The use of protease-

specific inhibitors during the activation process suggested a possible role of a cysteine protease in cardosin 

B processing. Mass spectrometry analysis identified three cysteine proteases containing a granulin-domain 

as candidates for cardosin B processing. 

Conclusions: Our findings suggest a possible interaction between aspartic and cysteine proteases and 

contribute to expand the understanding of the mechanisms underlying the regulation and processing of plant 

APs. This work also paves the way for the use of tobacco BY2 cells as an alternative production system for 

active cardosins and represents an important advancement towards the industrial production of cardoon 

APs. 

References: Folgado A, Abranches R. (2021). Tobacco BY2 cells expressing recombinant cardosin B as an 

alternative for production of active milk clotting enzymes. Scientific Reports 11, 14501. 
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OC8 - Fatty acid profiling as a chemotaxonomic tool and biomarker for 
grapevine tolerance/susceptibility to Plasmopara viticola  

 

/ŀǾŀŎƻ !wмΣ [ŀǳǊŜŀƴƻ DмΣ aŀǘƻǎ !wмΣ CƛƎǳŜƛǊŜŘƻ !м 

 
м.ƛƻǎȅǎǘŜƳǎ ŀƴŘ LƴǘŜƎǊŀǘƛǾŜ {ŎƛŜƴŎŜǎ LƴǎǘƛǘǳǘŜ ό.ƛƻL{LύΣ CŀŎǳƭǘȅ ƻŦ {ŎƛŜƴŎŜΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ [ƛǎōƻƴΣ [ƛǎōƻŀΣ tƻǊǘǳƎŀƭ 

 
9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ŀǊŎŀǾŀŎƻϪŦŎΦǳƭΦǇǘ 

 

Background. Grapevine (Vitis vinifera L.) is one of the most valuable crops worldwide. Wine industry plays a 

key role in many countries economy, where Portugal is within the top ten producers. V. vinifera premium 

cultivars used for wine and table grape production are prone to several diseases, being downy mildew, 

caused by Plasmopara viticola, one of the greatest threats to modern viticulture. In most vineyards, disease 

control strategies rely on the application of high fungicide amounts every year throughout the entire 

grapevine developing process, raising concerns at environmental, economic and human health levels. 

¢ƘŜǊŜŦƻǊŜΣ ǘƘŜ Ƴŀƛƴ ǇǊƛƻǊƛǘȅ ƛƴ ǘƻŘŀȅΩǎ ŀƎǊƛŎǳƭǘǳǊŜ ƛǎ ǊŜŘǳŎƛƴƎ ǇƘȅǘƻŎƘŜƳƛŎŀƭǎ ǳǎŀƎŜΦ Lƴ ƻǊŘŜǊ ǘƻ ǳƴŎƻǾŜǊ ŀƴŘ 

promote sustainable disease control strategies, identifying molecular mechanisms of resistance and 

biomarkers is vital. Lipids and fatty acids play crucial roles in plant immunity, which have been highlighted 

over the past few decades. An increasing number of studies show that these molecules are pivotal in the 

interaction with pathogens. The roles played by plant lipids fit in a wide spectrum from the first physical 

barrier against pathogens, the cutin, to the signaling pathways that trigger different immune responses and 

defense related genes. Hence, the basal levels of these molecules may be crucial to distinguish tolerant and 

susceptible grapevine varieties and species. 

Methods. Several field grown grapevine genotypes displaying different tolerance degrees to pathogens were 

analysed. Leaf fatty acid contents and composition was analyzed by gas chromatography. Moreover, a 

separation and analysis of the different classes of lipids was also performed by thin layer chromatography 

followed by gas chromatography. Since membrane fluidity is affected by its lipid composition, namely the 

unsaturation degree of their fatty acids, expression analysis of fatty acid desaturase genes was also 

conducted by quantitative real time PCR. 

ResultsΦ ! ŎƭŜŀǊ ǎŜǇŀǊŀǘƛƻƴ ōŜǘǿŜŜƴ ǘƻƭŜǊŀƴǘ ŀƴŘ ǎǳǎŎŜǇǘƛōƭŜ ŀŎŎŜǎǎƛƻƴǎ ǿŀǎ ƻōǎŜǊǾŜŘΦ ! ƘƛƎƘŜǊ ʰ-linolenic 

to linoleic acids ratio was found in the tolerant genotypes, while the double bond index was higher in 

susceptible cultivars. The lipid analyses of four selected accessions, two susceptible and two tolerant to P. 

viticola, shows that monogalactosyldiacylglycerol and neutral lipids allow a discrimination between the two 

groups. A principal component analysis of the levels of these lipids indicates that 

monogalactosyldiacylglycerol may be a biomarker for susceptibility to P. viticola, while higher levels of neural 

lipids (such as di- and triacylglycerols) may be a marker for tolerance. 

Conclusions. Our results highlight for the first time fatty acid ratios and lipid class relative abundances as 

chemotaxonomic candidates to assess susceptibility and tolerance of V. vinifera cultivars and Vitis species. 

The observed differences in fatty acid profiles are mainly associated to membrane fluidity characteristics, 

which arise as the core differentiating feature between tolerance and susceptibility. The obtained data 

indicates a promising path leading to an early screening for tolerance biomarkers in grapevine breeding 

programs. 
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OC9 - High-throughput phenotyping of wheat physiological and metabolic 
responses to high temperature and drought 

 
Pedro M. P. Correia1, Jesper Cairo Westergaard2, Gemma Molero4, Anabela Bernardes da Silva1, Thomas 

Roitsch2,3, Elizabete Carmo-Silva5, Jorge Marques da Silva1 

м¦ƴƛǾŜǊǎƛŘŀŘŜ ŘŜ [ƛǎōƻŀΣ .ƛƻL{LΣ tƻǊǘǳƎŀƭΣ н/ƻǇŜƴƘŀƎŜƴ ¦ƴƛǾŜǊǎƛǘȅΣ 5ŜƴƳŀǊƪΣ оDƭƻōŀƭ /ƘŀƴƎŜ wŜǎŜŀǊŎƘ LƴǎǘƛǘǳǘŜΣ /ȊŜŎƘ 
wŜǇǳōƭƛŎΣ п/Laa¸¢Σ aŜȄƛŎƻΣ п¦ƴƛǾŜǊǎƛǘȅ ƻŦ [ŀƴŎŀǎǘŜǊΣ [9/Σ ¦ƴƛǘŜŘ YƛƴƎŘƻƳ 

 
9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ǇƳǇŎƻǊǊŜƛŀϪŦŎΦǳƭΦǇǘ 

 

Nearly 40% of the global wheat yield fluctuations are explained by climatic variation, being heatwaves and 

drought among the top stressors. This work aimed to optimise high-throughput methods to phenotype wheat 

plants under drought and heat stress; identify phenotypic traits that reflect stress responses; characterise 

and classify 10 wheat genotypes by growth dynamics, and ultimately understand the regulatory mechanisms 

on the primary carbohydrate metabolism under these stress conditions. Wheat plants were grown in a fully 

automated plant facility under 25/18ºC day/night for 25 days, and then the temperature was increased for 

seven days (38/31ºC day/night) while maintaining half of the plants well irrigated and half at 30% field 

capacity.  Multispectral (10 discrete bands in the range 365-970 nm) and thermal images, and pot weights 

were registered twice daily. At the end of the experiment, the main carbohydrates and the activity of key 

carbohydrate enzymes were quantified. Regression machine learning models were successfully established 

to predict plant biomass by image-extracted parameters. Leaf temperature and evapotranspiration traits 

expressed significant genotype-environment interactions (GxE) at the end of the experiment. Adaptation to 

these stresses included changes in the carbohydrate metabolism, particularly in the sucrolytic and the 

glycolytic pathways. The observed genetic differences in sensitivity to high temperature and extended 

drought can be exploited to improve wheat resilience to climate change. 

!ŎƪƴƻǿƭŜŘƎŜƳŜƴǘǎΥ CƛƴŀƴŎƛŀƭ ǎǳǇǇƻǊǘ ōȅ ¦L5.κлплпсκнлнл ŀƴŘ ¦L5tκлплпсκнлнл /ŜƴǘǊŜ ƎǊŀƴǘǎ ŦǊƻƳ C/¢ ό.ƛƻL{LύΣ C/¢ 

ǊŜǎŜŀǊŎƘ ǇǊƻƧŜŎǘ Lb¢9wtI9bh όt¢5/κ!{tπt[!κнутнсκнлмтύ ŀƴŘ !ŎŎŜǎǎ ǘƻ wŜǎŜŀǊŎƘ LƴŦǊŀǎǘǊǳŎǘǳǊŜǎ ŀŎǘƛǾƛǘȅ ƛƴ ǘƘŜ 

IƻǊƛȊƻƴнлнл tǊƻƎǊŀƳƳŜ ƻŦ ǘƘŜ 9¦ ό9ttbнлнл DǊŀƴǘ !ƎǊŜŜƳŜƴǘ томлмоύ ƛǎ ƎǊŀǘŜŦǳƭƭȅ ŀŎƪƴƻǿƭŜŘƎŜŘΦ tŜŘǊƻ /ƻǊǊŜƛŀ 

ŀŎƪƴƻǿƭŜŘƎŜǎ C/¢όtƻǊǘǳƎŀƭύ ŦƻǊ ǘƘŜ ŦƛƴŀƴŎƛŀƭ ǎǳǇǇƻǊǘ Ǿƛŀ ŀ ŦŜƭƭƻǿǎƘƛǇ ŦǊƻƳ .ƛƻ{ȅǎ tƘ5 ǇǊƻƎǊŀƳ t5срπнлмн όwŜŦ 

{CwIκt5κ.5κмолфтоκнлмтύΦ 
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OC10 - Inside proteomics: uncovering cultivar specific grapevine apoplast 
dynamics 

 

Figueiredo J. 1,2,3, Cavaco A.R. 1, Guerra-Guimarães L. 4,5, Leclercq C.C. 6, Santos R.B. 1, Silva M.C. 4,5, Renaut J. 
6, Sousa Silva M. 2,3, Figueiredo A. 1 

1BioISI ς Biosystems & Integrative Sciences Institute, Faculty of Sciences, University of Lisboa, Portugal; 2Laboratório 
de FTICR e Espectrometria de Massa Estrutural, Faculdade de Ciências da Universidade de Lisboa, Portugal; 

3Departamento de Química e Bioquímica, Faculdade de Ciências da Universidade de Lisboa, Portugal; 4Centro de 
Investigação das Ferrugens do Cafeeiro, Instituto Superior de Agronomia, Universidade de Lisboa, Portugal; 5Linking 
Landscape, Environment, Agriculture and Food, Instituto Superior de Agronomia, Universidade de Lisboa, Portugal; 

6Luxembourg Institute of Science and Technology, Belvaux, Luxembourg 

Email address: jffigueiredo@fc.ul.pt 

Background. Plant apoplast, the cellular compartment external to the plasma membrane including the cell 

wall, is particularly demanding to analyse. Despite our knowledge on apoplast involvement on several 

biological processes, its composition and dynamics is still poorly known due to the lack of efficient extraction 

processes, particularly considering woody plants as grapevine. Grapevine (Vitis vinifera L.) is among the most 

important fruit crops worldwide, with an enormous economic impact. V. vinifera premium cultivars are highly 

susceptible to pathogens, particularly to fungi and oomycete. The apoplast is considered as the first 

battlefield in plant-pathogen interactions and a deeper knowledge of its composition is crucial to understand 

the different dynamics of tolerant and susceptible genotypes. In a first approach to grapevine apoplast, we 

have developed an optimized vacuum-infiltration-centrifugation (VIC) method that allows a simultaneous 

extraction of grapevine apoplastic proteins and metabolites. This methodology was applied to study two 

grapevine cultivars with different tolerance to pathogens, namely to Plasmopara viticola (downy mildew 

disease). 

Methods. V. vinifera ŎǾΦ Ψ¢ǊƛƴŎŀŘŜƛǊŀΩ ŀƴŘ ΨwŜƎŜƴǘΩΣ ǘǿƻ ƎǊŀǇŜǾƛƴŜ ŎǳƭǘƛǾŀǊǎ ǿƛǘƘ ŘƛŦŦŜǊŜƴǘ ǇƘŜƴƻƭƻƎƛŎŀƭ 

characteristics and tolerances to P. viticola were used for APF proteome characterization. APF proteins were 

extracted through a VIC-based optimized method and its quality was accessed by MDH activity. APF 

proteome was further analysed by nanoLC-MS/MS [1]. 

Results. At a constitutive level, 721 proteins were detected being common to both grapevine cultivars. 

Around 90% of the identified APF proteins were further validated as secreted proteins by several 

bioinformatic tools (using the classical or unconventional secretory pathway). A functional categorization of 

these proteins indicated that they are mostly involved in cell wall metabolism, protein metabolism and 

response to stress.  

Conclusions. The proposed methodology opens new insights for global characterization of grapevine APF, 

searching compartment complexity and paving the way to uncover signalling networks and interactions 

within a systems biology approach. Further APF analysis during grapevine-P. viticola interaction will allow a 

deeper understanding of the molecular mechanisms involved in the direct communication between both 

plant and pathogen, and uncover the plant defence and the pathogen infection strategies. 

References: [1] Figueiredo, J., et al. (2020) An apoplastic fluid extraction method for the characterization of 

grapevine leaves proteome and metabolome from a single sample. Physiologia Plantarum. 

doi.org/10.1111/ppl.13198 
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OC11 - The search for grapevine disease-associated biomarkers: 
combining metabolomics with targeted gene expression 
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9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ƳǊƳŀƛŀϪŦŎΦǳƭΦǇǘ 

 

Background. Vitis vinifera, one of the most cultivated fruit crops, is susceptible to several diseases particularly 

caused by fungal and oomycete pathogens. In contrast, other Vitis species (American and Asian) display 

different degrees of tolerance/resistance to these pathogens, being widely used in breeding programs to 

introgress resistance traits in elite V. vinifera cultivars. Secondary metabolites are important players in plant 

defense responses. The characterization of the metabolic profiles associated with disease resistance and 

susceptibility traits in grapevine is a promising approach to identify trait-related biomarkers. A combined 

approach based on untargeted metabolomics and targeted gene expression analysis was used to identify 

putative biomarkers in susceptible and resistant/tolerant genotypes. 

Methods. Eleven Vitis genotypes with different resistance degrees to pathogens were analyzed. Metabolite 

extraction was performed as previously described
1
 and the extracts were analyzed by direct infusion on a FT-

L/w Ƴŀǎǎ ǎǇŜŎǘǊƻƳŜǘŜǊΦ {ǇŜŎǘǊŀ ǿŜǊŜ ŀŎǉǳƛǊŜŘ ƛƴ ōƻǘƘ ŜƭŜŎǘǊƻǎǇǊŀȅ ƛƻƴƛȊŀǘƛƻƴ ƳƻŘŜǎ ό9{LҌ ŀƴŘ 9{LҍύΦ 

Statistical analysis was applied to investigate the metabolic profile similarities between Vitis samples. 

Discriminatory peaks were annotated and mapped into metabolic pathways. Genes encoding biosynthetic or 

catabolic enzymes related to discriminatory metabolites were selected and their expression was evaluated 

by qPCR. For qPCR normalization, reference genes (RGs) for the constitutive analysis of grapevine genotypes 

were established for the first time. 

Results. A separation trend between wild Vitis and V. vinifera cultivars metabolomes was observed. 190 

unique masses with significant variation between our comparison groups were putatively annotated. 

Compounds were mapped into metabolic pathways being flavonoid biosynthesis and flavone and flavonol 

biosynthesis the most discriminatory pathways. 7 genes were selected for expression analysis and 3 RGs were 

defined and used for gene expression normalization. LAR2 (involved in catechin biosynthetic pathways) 

presented a higher expression in the susceptible plants group, in agreement with catechin accumulation. 

Conclusions. The leaf metabolome of 11 Vitis genotypes was characterized and several compounds were 

selected as promising biomarkers. We propose that both catechin/epicatechin and LAR2 may be putative 

biomarkers of susceptibility to fungal and oomycete pathogens
2
. 
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9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ŀŎǎƻǳǎŀϪǳŜǾƻǊŀΦǇǘ 

 

The last century was a stage for a dramatic change in population growth, economic development, 

environmental degradation and climate change, with great implications for human health. The extensive 

advances in the prevention and treatment of disease lead to a marked decrease in child mortality and 

transmissible diseases and to an increase in longevity. However, such accomplishments were followed by a 

marked increase in the incidence of non-communicable diseases (NCDs) which are now the leading cause of 

death globally, killing more people each year than all other causes combined. The prevalence of NCDs 

alongside with an ageing population creates an urgency to implement effective prevention strategies; if not, 

the future costs with healthcare systems will be unaffordable. However, in order to implement prevention 

programs, it is mandatory to clearly understand which factors are affecting human health.  

Today there are no doubts that human health and particularly NCDs, are associated with the increasing 

exposure to environmental contaminants. Some of these contaminants have the ability to mimic or 

antagonize the action of hormones, thus affecting the normal functioning of organisms leading to widespread 

effects in humans and wildlife. These chemicals, defined as endocrine disruptors (EDCs) are ubiquitous in the 

environment. Considering the amount of these compounds released into the environment and present in 

everyday modern life, namely in consumer products, wildlife and humans are constantly exposed and, 

therefore, subjected to their deleterious effects. Available studies from animal models, human clinical 

observations, and epidemiological studies converge to implicate EDCs as a significant concern to public and 

ecosystems health. Growing evidence suggests that EDCs are involved in several cancer types, autoimmune 

diseases and allergies, infertility and malformations of newborn male genitalia, neurodevelopmental 

diseases, type 2 diabetes and other metabolic disorders. Some of these pathologies as, for example, obesity, 

are of major concern in modern societies being already classified as epidemics. 

In this presentation, an overview of the most relevant endocrine disruptors will be provided alongside with 

the characterization of exposure sources and pathways, so that measures to prevent exposure can be 

implemented. Particular emphasis will be given to the studies reporting EDCs levels in Portugal. 
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Plastic contamination in the marine environment has been a cause of concern all over the world, representing 

the majority (around 80%) of marine litter. Marine litter comes from land-based and ocean sources. From 

land-based sources, plastics result from poor waste management practices and is estimated that every year 

one million tons of plastic enter the ocean from rivers. In the ocean, the main sources are maritime transport, 

industrial exploration and, abandoned or otherwise discarded fishing gears. The majority is found in coastal 

areas but also in ocean gyres where they can be found in shallow waters to the deep-ocean. Primary 

microplastics enter the ocean as micro or nanoplastics while secondary microplastics and nanoplastics result 

from the weathering of single-use plastics. One of the major concerns of the presence of micro and 

nanoplastics in the marine environment is the possibility of these plastic particles being able to adsorb other 

stressors such as metals and organic compounds and become a source of these stressors to marine species. 

The aim of this presentation is to show the impact of the presence of microplastics in several species from 

the South Coast of Portugal and highlight the effects of virgin micro and nanoplastics in marine bivalves as 

well as their effects when organic contaminants are adsorbed. 
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h/мр Wƻńƻ [ƻǇŜǎ 5ƛŦŦŜǊŜƴǘƛŀƭ ŜŦŦŜŎǘ ƻŦ !.¢{ ƻƴ ǘƘŜ ƭŀŎŎŀǎŜ ŀƴŘ ǇŜǊƻȄƛŘŀǎŜπŎŀǘŀƭȅȊŜŘ 
ŘŜƎǊŀŘŀǘƛƻƴ ƻŦ ƻǊƎŀƴƛŎ Ǉƻƭƭǳǘŀƴǘǎ 

h/мс wŀƳƛǊƻ 
tŀǎǘƻǊƛƴƘƻ 

{ǳǎǇŜƴǎƛƻƴ ŀƴŘ ŘŜǇƻǎƛǘƛƻƴ ǇŀǘǘŜǊƴǎ ƻŦ ƳƛŎǊƻǇƭŀǎǘƛŎǎ ŦǊƻƳ ŀ о5 
ǇǊƛƴǘƛƴƎ ǎƻǳǊŎŜ 
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OC12 - Effects of cannabidiol and delta-9-tetrahydrocannabinol on 
placental extravillous trophoblast cells migration 
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9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ patriciaalves.95@hotmail.com 
 

Background. The use of medical cannabis and cannabinoid-based products has been increasing in the last 

years. It is known that cannabidiol (CBD), a non-psychotropic cannabinoid from Cannabis sativa, impairs 

placental drug transport. Moreover, we have already reported that CBD interferes in endometrial cells 

decidualization and that delta-9-tetrahydrocannabinol (THC), the main phytocannabinoid, induces apoptosis 

and disrupts endocrine function of placental trophoblast cells. However, there is still much to unveil 

concerning the impact of cannabinoid mixtures on reproductive health. Thus, the aim of this work was to 

evaluate the impact of CBD, THC and of the combination of CBD plus THC (1:1), in trophoblast function, 

namely in the migration of extravillous trophoblast cells (EVTs), using the HTR-8/SVneo cell line, a widely 

used in vitro model obtained from first trimester placenta. 

Methods. HTR-8/SVneo cells (ATCC, USA) were treated with CBD, THC and CBD+THC (1:1), at 2 µM, for 24 

and 48 h. Their effects on cell migration were studied through Wound healing assay and by assessing MMP-

2, MMP-9, TIMP-1 and TIMP-2 mRNA levels (qRT-PCR). The activity levels of MMP-2 and -9 were evaluated 

by Gelatin zymography. Alterations on the activation of ERK 1/2 signalling pathway were assessed by Western 

blotting.  

Results. CBD alone induced a significant (p < 0.01) reduction of wound closure percentage, which was 

enhanced by the combination of CBD plus THC (p < 0.001), when compared with the control. CBD significantly 

increased the expression of MMP-2, MMP-9 (p < 0.001), TIMP-1 (p < 0.05) and TIMP-2 (p < 0.01) genes, which 

was also observed in CBD+THC combination for MMP-2, MMP-9 (p < 0.001) and TIMP-2 (p < 0.05) genes. CBD 

increased MMP-2 (p < 0.05) and MMP-9 (p < 0.001) activity, whilst the combination decreased it. THC alone 

had no effects. CBD also increased the activation of ERK signalling pathway (p < 0.05), which was not observed 

in THC treated cells with or without CBD. 

Conclusions. This work demonstrates that the consumption of cannabinoid-based products containing either 

CBD alone or combined with THC during pregnancy interferes in EVTs migration. Therefore, this crucial phase 

of placental development may be affected, compromising pregnancy success. 

Acknowledgments. The authors thank to Fundação para a Ciência e Tecnologia (FCT) for P. Alves PhD Grant 

(UI/BD/151312/2021) and C. Amaral contract (DL 57/2016 Norma Transitória; Post-doc grant 

SFRH/BPD/98304/2013), and for the funds in the scope of the project UIDP/04378/2020 and 
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OC14 - Identification of the acarological distribution using household dust 

collected in Coastal regions of Portugal: Aveiro as a case study 
 

{ƛƭǾŀΣ !ΦмΣ tŜƴƘŀΣ !ΦaΦнΣоΣ ±ƛŜƛǊŀΣ !ΦмΣ !ƴǘǳƴŜǎΣ /ΦнΣпΣ {ƻǳǎŀΣ !Φ/Φ пΣсΣ tŀǎǘƻǊƛƴƘƻΣ aΦwΦнΣс 

м5ŜǇŀǊǘƳŜƴǘ ƻŦ /ƘŜƳƛǎǘǊȅΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ;ǾƻǊŀΣ tƻǊǘǳƎŀƭΤ нLƴǎǘƛǘǳǘŜ ƻŦ 9ŀǊǘƘ {ŎƛŜƴŎŜǎπL/¢Σ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ;ǾƻǊŀΣ tƻǊǘǳƎŀƭΤ 
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Background. The agglomeration of house dust generates the accumulation of a series of potential allergenic 

agents, including dust mites. These constitute a problem for human health, as they contact individuals 

through a set of exposure routes, causing allergic diseases. This work aimed to identify which dust mite 

species were present in house-dust samples in four different houses from Aveiro. 

The importance of this study was because there are some species more allergenic than others, which way of 

controlling is distinct. Thus, by knowing which species are predominant in a humid zone of continental 

Portugal, it is possible to find effective methods to mitigate the allergies caused, consequently minimizing 

possible health problems caused by their accumulation. This work is also of great importance once the 

current acarological map of Portugal, published in 2009, is outdated, mainly due to the climate changes, 

which, by interfering with the fundamental parameters that manage the life cycle of these species (e.g., 

humidity, temperature), directly influence the geographical distribution of mite species. 

Methods. House dust samples were obtained from vacuum bags and deposits with approximately one month 

of collection. Samples were sieved (4 meshes) and 4 fractions obtained: 500 ς 250 µm; 250 - 125 µm; 125 ς 

63 µm; and <63 µm. Isolation of specimens was performed by flotation (5M NaCl).  

These different fractions were first analysed under a microscope and then by molecular techniques based on 

genomic analysis, using appropriate primers and amplification using RT-PCR (Real-Time Polymerase Chain 

Reaction), followed by agarose gel electrophoresis for RT-PCR confirmation.  

Results. Through microscopic analysis it was not possible to identify the individuals in all fractionated 

samples, given the almost complete loss of their phenotypic characteristics. However, by analysing the results 

obtained by RT-PCR, it was possible to identify the presence of Dermatophagoides pteronyssinus, considered 

as the dominant specie, in three of the fractions (i.e. 500 ς 250 µm; 250 - 125 µm; 125 ς 63 µm). The species 

D. farinae was not detected in any of the studied fractions. 

Conclusions. The results obtained showed that the analysis of household dust samples with the aim of 

identifying the species of dust mites present by microscopic observation is not feasible due to the extreme 

fractionation presented by the individuals, resulting in the almost complete loss of phenotypic 

characteristics. On the other hand, it is possible to verify that the detection of the species using RT-PCR of 

the finest fraction obtained (<63 µm) is also not feasible, particularly when there is a small amount of sample. 

This study allowed us to verify the presence of dust mites in household dust samples, as well as the presence 

of the species D. pteronyssinus, the most common species of dust mites found in household dust. It also 

allowed determining which of the fractions used were the most appropriate for the identification of the 

target species by RT-PCR.  
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OC15 - Differential effect of ABTS on the laccase and peroxidase-catalyzed 

degradation of organic pollutants 
 
Wƻńƻ [ƻǇŜǎмΣнΣ 5ƻǊƛƴŘŀ aŀǊǉǳŜǎπŘŀπ{ƛƭǾŀмΣоΣ WƻŀǉǳƛƳ wǳƛ wƻŘǊƛƎǳŜǎмΣоΣ tŀǳƭŀ ±ƛŘŜƛǊŀнΣпΣ wƛŎŀǊŘƻ [ŀƎƻŀмΣн 

 
м9{¢DπtƻƭȅǘŜŎƘƴƛŎ LƴǎǘƛǘǳǘŜ ƻŦ [ŜƛǊƛŀΣ н¦/L.Lhπbh±! ¦ƴƛǾŜǊǎƛǘȅ ƻŦ [ƛǎōƻƴΣ о!ǎǎƻŎƛŀǘŜ [ŀōƻǊŀǘƻǊȅ [{w9π[/aπtƻƭȅǘŜŎƘƴƛŎ LƴǎǘƛǘǳǘŜ ƻŦ 

[ŜƛǊƛŀΣ п!ǎǎƻŎƛŀǘŜ [ŀōƻǊŀǘƻǊȅ ƛпI.πbh±! ¦ƴƛǾŜǊǎƛǘȅ ƻŦ [ƛǎōƻƴΣ tƻǊǘǳƎŀƭ 
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Background. Laccases and peroxidase enzymes can be applied to catalyze the degradation of important 

organic pollutants, including of polycyclic aromatic carbons (PAHs), dyes and others. Several strategies, from 

protein engineering to process design, have been investigated to develop efficient and robust environmental 

ǘŜŎƘƴƻƭƻƎƛŜǎ ōŀǎŜŘ ƻƴ ǘƘŜǎŜ ŜƴȊȅƳŜǎΦ ¢ƘŜ ǳǎŜ ƻŦ ǊŜŘƻȄ ƳŜŘƛŀǘƻǊǎΣ ǎǳŎƘ ŀǎ !.¢{ όнΣн-azino-bis(3-

ethylbenzothiazoline-6-sulfonate)), is known to improve the catalytic capacities of laccases (laccase-mediator 

systems), by acting as electron carriers between enzyme and the target compounds. However, the addition 

of this synthetic mediator to the remediation processes also presents disadvantages and must be optimized. 

Concerning peroxidases, the effect of ABTS on their ability to oxidize organic pollutants or other molecules 

has not been studied before. 

Methods. Commercially available and commonly used enzymes were adopted for the study: laccase from 

Trametes versicolor and the horseradish peroxidase (HRP). Anthracene and methyl orange were employed 

as models of environmentally relevant PAHs and organic dyes, respectively. The enzyme-catalyzed oxidation 

of anthracene, initially at a concentration of 1 mg/L, was determined in degradation assays lasting 24 hours, 

after which the reaction mixtures were analyzed by HPLC. Methyl orange decolorization was followed in 

spectrophotometric kinetic assays, starting with initial dye concentrations of 10 mg/L. All assays were carried 

at pH 5, with laccase 0.1 mg/mL or HRP 0.2 mg/L (100 µM H2O2). These concentrations of laccase and HRP 

corresponded to 85 and 93 mU/mL, respectively, of ABTS oxidizing activity. 

Results. Both laccase and HRP without ABTS (enzyme alone) were unable to oxidize anthracene, but could 

transform the azo dye, although with very different efficiencies. The presence of ABTS in the reaction media 

assisted the enzyme-catalyzed oxidation of anthracene. Importantly, low micromolar concentrations of ABTS 

were enough to significantly mediate laccase activity: ABTS 5 µM provided 15±10 and 50 µM 69±4 % 

degradation of anthracene. Using HRP, at a concentration with similar ABTS oxidizing activity, 50 µM of ABTS 

provided only 17±7% degradation of anthracene. Methyl orange decolorization by laccase alone was very 

slow, but addition of ABTS into the reaction media greatly accelerated the dye transformation. ABTS 

concentrations up to 10 µM could increase one order of magnitude the decolorization rate catalyzed by 

laccase, in accordance to the results obtained for anthracene. In contrast, HRP transformed methyl orange 

efficiently and the presence of ABTS showed no beneficial effect.  

Conclusions. The present study indicates that low concentrations of ABTS can be used in laccase-mediator 

systems to balance process efficiency and drawbacks like mediator cost or toxicity. Peroxidase-type enzymes 

have potential for the degradation of environmental pollutants, but the use of redox mediators requires 

careful evaluation. 
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OC16 - Suspension and deposition patterns of microplastics from a 3D 

printing source  
 

!ƴŀ aŀǘƛŀǎмΣ !ǊŀǵƧƻΣ aΦaΦнΣ /Şƭƛŀ !ƴǘǳƴŜǎоΣпΣ aΦ wŀƳƛǊƻ tŀǎǘƻǊƛƴƘƻоΣр 
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;ǾƻǊŀΤ о5ŜǇŀǊǘƳŜƴǘ ƻŦ aŜŘƛŎŀƭ ŀƴŘ IŜŀƭǘƘ {ŎƛŜƴŎŜǎΣ {ŎƘƻƻƭ ƻŦ IŜŀƭǘƘ ŀƴŘ IǳƳŀƴ 5ŜǾŜƭƻǇƳŜƴǘΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ;ǾƻǊŀΣ tƻǊǘǳƎŀƭΤ п 
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tƻǊǘǳƎŀƭ 
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Background. Plastics are ubiquitous, being used in virtually any human activity. Micro (<5 mm) and 

nanoplastics (<100 nm) result from the degradation of macroplastics or from direct commercial application. 

Inhalation, dermal contact or ingestion of these hazardous particles can result in risk for humans, with the 

smaller fractions being translocated to the circulatory and lymphatic systems and being systemically 

distributed to organs and tissues. The use of 3D printing has been gaining popularity, but 3D printers are a 

potential source of micro-nanoplastics as they use temperature to model thermoplastic filaments into 3D 

structures. Very few investigations were performed until now regarding emissions. The objective of the study 

was to detect the emission and quantify micro-nanoplastic particles (P) and propose mitigation strategies for 

the printer users. 

Methods. Samples were obtained by passive and active methods in order perform calculations of suspended 

and deposited particles. The passive method consisted of 36 petri dishes (18 glass + 18 polystyrene), at 2 

different distances from the printer, that were recovered at a rate of 6/week along 6 weeks. Active samples 

were obtained using an air sampler (Coriolis) while the printer was working. Samples were processed 

following a pre-established protocol, colored with Nile Red and observed under a fluorescence microscope. 

Suspended (/m3) and deposited (/m2) particle numbers were calculated.  

Results. Microplastics were detected in all samples obtained, both for suspended (13.3±16.4 

particles/m3/hour) and deposited particles (23.9±11.4 particles/m2/week), both parameters varied but the 

latter suffered wider variation in absolute numbers. The amount (finer particles more abundant further away: 

24.5 vs 5.0 particles/m2 on average), shape (irregular close to, spherical away from the printer) and size 

(bigger close to the printer: 100.7 vs 52.7 µm on average) of the particles varied with distance to the printer. 

Also, the petri dish material influenced these parameters in a nonlinear fashion. Microplastics <10 µm were 

ubiquitously present in the samples, which lead us to believe that nanoplastics were also present, but were 

ƴƻǘ ƻōǎŜǊǾŜŘ ŘǳŜ ǘƻ ǘƘŜ ƳƛŎǊƻǎŎƻǇŜΩǎ ƭƛƳƛǘ ƻŦ ǊŜǎƻƭǳǘƛƻƴΦ  

Conclusions. This work showed that 3D printing is a source of microplastics and a potential source of 

nanoplastics. Moreover, parameters like distance from the printer and the composition of the surface they 

land into, can influence the characteristics of the available particle, thus creating a very complex pattern of 

exposure. 3D printers should be located in well ventilated spaces, and workers should vacate the premises 

during operation hours, since there is direct evidence of inhalable microplastics (<10 µm) and indirect 

evidence of the emission of highly hazardous nanoplastics (<100 nm).  

Acknowledgments.This work is supported by national funding awarded by FCT - Foundation for Science and Technology, 

I.P., projects UIDB/04683/2020 and UIDP/04683/2020.  

 

  

mailto:rpastorinho@uevora.pt


··L {t. /ƻƴƎǊŜǎǎ .ƻƻƪ                                                 ¢ǳƴƛƴƎ .ƛƻŎƘŜƳƛǎǘǊȅ ǿƛǘƘ [ƛŦŜ {ŎƛŜƴŎŜǎ ŀƴŘ {ƻŎƛŜǘȅ 

37 

 

 

 

{п π {¢w¦/¢¦w![ .Lh[hD¸ !b5 ah[9/¦[!w ah59[[LbD 
κ {т ς a9a.w!b9{ !b5 /9[[ .LhtI¸{L/{ 

 
 

S4 - Cellular function is supported by finely orchestrated biomolecular interactions. Macromolecular 
assemblies coordinate complex biological functions such as transcription, translation, cytoskeleton 
organization, signalling cascades and secretion pathways. To fully grasp the underlying complexity 
and dynamics of these molecular machines the combination of integrative Structural Biology and 
Molecular Modelling approaches is crucial. During this session, experimental and theoretical 
structural biology studies will be presented revealing the molecular mechanisms of various 
biomolecules with unprecedented atomic detail. 

S7 - Cell membranes are essential to cell function and are crucial for life. They establish an external 
barrier separating the inner from the outer media and define intracellular compartments 
(organelles) essential for metabolic processes and molecular trafficking. The coordinated regulation 
of membrane components (lipids and proteins) has impact in membrane selective permeability and 
is a feature providing flexibility and robustness to a variety of physiological processes, including cell 
signalling. Disorders of membrane lipids, dysfunction of membrane proteins and disruption of cell 
compartmentalization have serious consequences for living cells and organ performance and are 
related with several diseases. Several of these issues, from the structural to the functional level, will 
be addressed in this session. 

 

 

 
   

L[т 
!ƴŀ [ǳƝǎŀ /ŀǊǾŀƭƘƻ ό¦b[ύ 

L[у 
aΦ wƻǎłǊƛƻ 5ƻƳƛƴƎǳŜǎ 

ό¦!Ǿύ 

L[ф 
aŀǊƛŀ Wƻńƻ {ŀǊƳŜƴǘƻ ό/!{Σ 

/ȊŜŎƪ wŜǇǳōƭƛŎύ 
 
 
 
  



··L {t. /ƻƴƎǊŜǎǎ .ƻƻƪ                                                 ¢ǳƴƛƴƎ .ƛƻŎƘŜƳƛǎǘǊȅ ǿƛǘƘ [ƛŦŜ {ŎƛŜƴŎŜǎ ŀƴŘ {ƻŎƛŜǘȅ 

38 

 

 

 
 

Lb±L¢95 [9/¢¦w9{ {пκ{т 
 

(IL7-IL9) 
 
 
 
 
 
 
 
 
 

Ana Luísa Carvalho 
Associate Laboratory i4HB - Institute for Health 
and Bioeconomy, NOVA School of Science and 

Technology; UCIBIO ς Applied Molecular 
Biosciences Unit, Department of Chemistry, 

NOVA School of Science and Technology 

! ƳƻƭŜŎǳƭŀǊ ǾƛŜǿ ƻƴ ǘƘŜ ŎŀǊōƻƘȅŘǊŀǘŜ ǇǊŜŦŜǊŜƴŎŜǎ ƻŦ 
ƘƛƎƘƭȅ ŜŦŦƛŎƛŜƴǘ ŎŜƭƭǳƭƻƭȅǘƛŎ ōŀŎǘŜǊƛŀ 

wƻǎłǊƛƻ 5ƻƳƛƴƎǳŜǎ 
CESAM and Mass Spectrometry Center, University 

of Aveiro 

¢ƘŜ ǳǎŜ ƻŦ ƭƛǇƛŘƻƳƛŎǎ ǘƻ ǎǘǳŘȅ ƳŜƳōǊŀƴŜ ǇƘƻǎǇƘƻƭƛǇƛŘǎ 

aŀǊƛŀ Wƻńƻ {ŀǊƳŜƴǘƻ 
IŜȅǊƻǾǎƪȇ LƴǎǘƛǘǳǘŜ ƻŦ tƘȅǎƛŎŀƭ /ƘŜƳƛǎǘǊȅ ƻŦ ǘƘŜ 

/ȊŜŎƘ !ŎŀŘŜƳȅ ƻŦ {ŎƛŜƴŎŜǎΣ tǊŀƎǳŜΣ /ȊŜŎƘ 
wŜǇǳōƭƛŎ 

¢ƘŜ ƛƳǇŀŎǘ ƻŦ ǘƘŜ ƎƭȅŎŀƴ ƘŜŀŘƎǊƻǳǇ ƻƴ ǘƘŜ ƴŀƴƻǎŎƻǇƛŎ 
ǎŜƎǊŜƎŀǘƛƻƴ ƻŦ ƎŀƴƎƭƛƻǎƛŘŜǎ 
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L[т π ! ƳƻƭŜŎǳƭŀǊ ǾƛŜǿ ƻƴ ǘƘŜ ŎŀǊōƻƘȅŘǊŀǘŜ ǇǊŜŦŜǊŜƴŎŜǎ ƻŦ ƘƛƎƘƭȅ ŜŦŦƛŎƛŜƴǘ 
ŎŜƭƭǳƭƻƭȅǘƛŎ ōŀŎǘŞǊƛŀ 

 
wƛōŜƛǊƻ 5hмΣнΣ /ƻǎǘŀ wмΣнΣ ±ƛŜƎŀǎ !мΣнΣ tƛƴƘŜƛǊƻ .мΣнΣ tƛǊŜǎ ±awоΣ /Ƙŀƛ ²пΣ CŜƛȊƛ ¢пΣ CƛƭƛǇŜ {мΣнΣ .Ǌłǎ bрΣ CƻƴǘŜǎ 

/aD!оΣсΣ tŀƭƳŀ !{мΣнΣпΣ /ŀǊǾŀƭƘƻ ![мΣн 

 
м!ǎǎƻŎƛŀǘŜ [ŀōƻǊŀǘƻǊȅ ƛпI. π LƴǎǘƛǘǳǘŜ ŦƻǊ IŜŀƭǘƘ ŀƴŘ .ƛƻŜŎƻƴƻƳȅΣ bh±! {ŎƘƻƻƭ ƻŦ {ŎƛŜƴŎŜ ŀƴŘ ¢ŜŎƘƴƻƭƻƎȅΣ bh±! 
¦ƴƛǾŜǊǎƛǘȅ [ƛǎōƻƴΣ нумфπрмс /ŀǇŀǊƛŎŀΣ tƻǊǘǳƎŀƭΣ н¦/L.Lh ς !ǇǇƭƛŜŘ aƻƭŜŎǳƭŀǊ .ƛƻǎŎƛŜƴŎŜǎ ¦ƴƛǘΣ 5ŜǇŀǊǘƳŜƴǘ ƻŦ 
/ƘŜƳƛǎǘǊȅΣ bh±! {ŎƘƻƻƭ ƻŦ {ŎƛŜƴŎŜ ŀƴŘ ¢ŜŎƘƴƻƭƻƎȅΣ bh±! ¦ƴƛǾŜǊǎƛǘȅ [ƛǎōƻƴΣ  нумфπрмс /ŀǇŀǊƛŎŀΣ tƻǊǘǳƎŀƭΣ о/LL{!Σ 
CŀŎǳƭǘȅ ƻŦ ±ŜǘŜǊƛƴŀǊȅ aŜŘƛŎƛƴŜΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ [ƛǎōƻƴΣ моллπптт [ƛǎōƻƴΣ tƻǊǘǳƎŀƭΣ пDƭȅŎƻǎŎƛŜƴŎŜǎ [ŀōƻǊŀǘƻǊȅΣ CŀŎǳƭǘȅ ƻŦ 
aŜŘƛŎƛƴŜΣ LƳǇŜǊƛŀƭ /ƻƭƭŜƎŜ [ƻƴŘƻƴΣ [ƻƴŘƻƴ ²мн лbbΣ ¦YΣ р[!v±πw9v¦La¢9Σ 5ŜǇŀǊǘƳŜƴǘ ƻŦ /ƘŜƳƛǎǘǊȅ ŀƴŘ 

.ƛƻŎƘŜƳƛǎǘǊȅΣ CŀŎǳƭǘȅ ƻŦ {ŎƛŜƴŎŜǎΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ tƻǊǘƻΣ пмсфπллт tƻǊǘƻΣ tƻǊǘǳƎŀƭΣ сb½¸¢ŜŎƘ DŜƴŜǎ ϧ 9ƴȊȅƳŜǎΣ /ŀƳǇǳǎ 
Řƻ [ǳƳƛŀǊΣ мспфπлоу [ƛǎōƻƴΣ tƻǊǘǳƎŀƭ 

 
9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ŀƭƳŎϪŦŎǘΦǳƴƭΦǇǘ 

 

The plant cell wall is, in its majority, constituted by complex and structurally diverse polysaccharides that are 

valuable resources for industrial and biotechnological applications. Anaerobic microbial organisms are highly 

efficient for plant cell wall polysaccharide biodegradation and have evolved a multi-enzyme complex system, 

the Cellulosome, where catalytic enzymes have appended non-catalytic Carbohydrate Binding Modules 

ό/.aǎύ ǘƘŀǘ ƘƛƎƘƭȅ ǇƻǘŜƴǘƛŀǘŜ ǘƘŜ ŜƴȊȅƳŜǎΩ ŎŀǘŀƭȅǘƛŎ ŜŦŦƛŎƛŜƴŎȅΦ 5ŜŎƛǇƘŜǊƛƴƎ ŀǘ Ƴƻlecular level the 

mechanisms underlying plant cell wall carbohydrate recognition and deconstruction by different cellulolytic 

bacteria is crucial to elucidate these complex biological systems, as well as to further promote novel potential 

applications. The here reported work is focused on a unique approach combining carbohydrate microarrays 

with X-ray crystallography, to uncover carbohydrate ligands for CBMs and to structurally characterize novel 

CBM-carbohydrate interactions of two anaerobic bacteria that reside in different ecological niches: 

Clostridium thermocellum, found in soils, and Ruminococcus flavefaciens FD-1, present in the rumen of 

herbivores. Overall, the two bacteria differentially expressed CBM families with different carbohydrate-

binding specificities, which may reflect adaptation to substrate availability in their specific ecological niche 

or the complexity of their Cellulosome. Using the information derived from the high-throughput microarray 

analysis, and according to their biotechnological relevance or novelty, CBMs and the respective ligands were 

selected for further biochemical and structural studies, which will be presented.  
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L[у π ¢ƘŜ ǳǎŜ ƻŦ ƭƛǇƛŘƻƳƛŎǎ ǘƻ ǎǘǳŘȅ ƳŜƳōǊŀƴŜ ǇƘƻǎǇƘƻƭƛǇƛŘǎ 
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Background. Phospholipids are main components of cell membranes and also important signaling molecules. 

Alteration of the lipidome may be associate with alteration in membrane properties, like curvature and 

fluidity, can cause disfunction of membrane proteins and impair cell signaling, and utmost induce cell 

malfunction or even cell death. 

The cellular and membrane phospholipidome is highly regulated through a set of specific enzymes. 

Interestingly, membrane phospholipdimoe is quite specific of each type of cell and organelle. The 

identification of these typical lipidome is still a challenges addressed by modern mass spectrometry based 

approaches, that aims to address the correlation of lipidome plasticity with health and disease conditions. 

Methods. Combined approaches using Chromatography and mass spectrometry techniques have been used 

to decipher the specific phospholipidome signature of cell membranes.   Traditionally thin layer 

chromatography (TLC) can give information at class level, and more recently liquid chromatography coupled 

with mass spectrometry (LC-MS) allowed to obtain detailed information and class and lipid molecular specie 

levels, giving a more broad identification of the phospholipdome of biological samples. 

Results. Using lipidomics approaches it was possible to identify the specific lipidome of different type of cell, 

exemplified here for dendritic cell and cardiomyocytes and also for organelles, like mitochondria. Results 

illustrate also the deviation of the phospholipidome in disease conditions. 

Conclusions. Overall, phopholipidomics can provide new information to unravel membrane properties and 

funtion, and indication of modified metabolic pathways that can be useful for new therapeutic strategies and 

to pinpoint new lipid biomarkers of disease. 
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L[ф π ¢ƘŜ ƛƳǇŀŎǘ ƻŦ ǘƘŜ ƎƭȅŎŀƴ ƘŜŀŘƎǊƻǳǇ ƻƴ ǘƘŜ ƴŀƴƻǎŎƻǇƛŎ ǎŜƎǊŜƎŀǘƛƻƴ ƻŦ 
ƎŀƴƎƭƛƻǎƛŘŜǎ 

 
{ŀǊƳŜƴǘƻ aWмΣ hǿŜƴ a/нΣоΣ wƛŎŀǊŘƻ W/мΣ /ƘƳŜƭƻǾł .мΣ 5ŀǾƛŘƻǾƛŏ 5мΣ aƛƪƘŀƭȅƻǾ LпΣ DǊŜǘǎƪŀȅŀ bпΣ IƻŦ aмΣ 

!ƳŀǊƻ aмΣ ±łŎƘŀ wнΣ ~ŀŎƘƭ wм 
мWΦ IŜȅǊƻǾǎƪȇ LƴǎǘƛǘǳǘŜ ƻŦ tƘȅǎƛŎŀƭ /ƘŜƳƛǎǘǊȅ ƻŦ ǘƘŜ /ȊŜŎƘ !ŎŀŘŜƳȅ ƻŦ {ŎƛŜƴŎŜǎΣ tǊŀƎǳŜΣ /ȊŜŎƘ wŜǇǳōƭƛŎΦ н/9L¢9/ ς 

/ŜƴǘǊŀƭ 9ǳǊƻǇŜŀƴ LƴǎǘƛǘǳǘŜ ƻŦ ¢ŜŎƘƴƻƭƻƎȅΣ aŀǎŀǊȅƪ ¦ƴƛǾŜǊǎƛǘȅΣ .ǊƴƻΣ /ȊŜŎƘ wŜǇǳōƭƛŎΦ 
оLƴǎǘƛǘǳǘŜ ƻŦ /ƘŜƳƛǎǘǊȅΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ aƛǎƪƻƭŎΣ aƛǎƪƻƭŎπ9ƎȅŜǘŜƳǾłǊƻǎΣ IǳƴƎŀǊȅΦ 

п{ƘŜƳȅŀƪƛƴπhǾŎƘƛƴƴƛƪƻǾ LƴǎǘƛǘǳǘŜ ƻŦ .ƛƻƻǊƎŀƴƛŎ /ƘŜƳƛǎǘǊȅ ƻŦ ǘƘŜ wǳǎǎƛŀƴ !ŎŀŘŜƳȅ ƻŦ {ŎƛŜƴŎŜΣ aƻǎŎƻǿΣ wǳǎǎƛŀ 
 

9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ƳŀǊƛŀΦǎŀǊƳŜƴǘƻϪƳŜŘƛŎƛƴŀΦǳƭƛǎōƻŀΦǇǘ 

 

Background. Gangliosides form an important class of lipids whose large oligosaccharide headgroup and 

ability to self-organize within lipid membranes results in the formation of nanoscopic platforms. To this day, 

the molecular reasons for the nanoscopic segregation of gangliosides are not clear. 

Methods. To investigate the role of the headgroup in the clustering of gangliosides, we analyzed the ability 

of gangliosides GM1, GM2 and GM3 to spontaneously self-organize into such nanodomains. To reach 

ƴŀƴƻǎŎƻǇƛŎ ǊŜǎƻƭǳǘƛƻƴ ŀƴŘ ǘƻ ƛŘŜƴǘƛŦȅ ƳƻƭŜŎǳƭŀǊ ŦƻǊŎŜǎ ǘƘŀǘ ŘǊƛǾŜ ǘƘŜ ƎŀƴƎƭƛƻǎƛŘŜΩǎ ǎŜƎǊŜƎŀǘƛƻƴΣ ǿŜ ŎƻƳōƛƴŜŘ 

a novel experimental technique MC-FRET (Förster Resonance Energy Transfer analyzed by Monte-Carlo 

simulations) with atomistic molecular dynamic (MD) simulations. 

Results. We found that these domains range from 7 to 120 nm in radius, are inter-leaflet coupled, and are 

majorly composed of DOPC and, if present, also by Chol and SM, with the relatively fewer gangliosides. The 

interactions between gangliosides are dominated by hydrogen bonding network between the headgroups. 

The corresponding interaction energies decrease by reducing the number of sugar units in the 

oligosaccharide chain (i.e., from GM1 to GM3). The N-acetylgalactosamine sugar moiety of GM2, however, 

impairs the stability of GM2 nanodomains by disrupting hydrogen bonding of neighboring sugars, which is 

reflected in broad radial distribution functions g(r) for GM2 and a broad size distribution of GM2 driven 

nanodomains. MD simulations suggest the formation of nanodomains to expose the sialic acid by orientating 

its COO- group facing upwards. 

Conclusions. Overall, we provide a comprehensive study that identifies the key factors that drive nanoscopic 

segregation of gangliosides. 
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hw![ /haa¦bL/!¢Lhb{ {пκ{т 
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h/мт Wƻńƻ !ƭǾŜǎ /ƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ƻŦ /ȅōŜǊƭƛƴŘƴŜǊŀ ƧŀŘƛƴƛƛ ŎŀǊōƻȄȅƭŀǘŜ ǘǊŀƴǎǇƻǊǘŜǊǎ ŦƻǊ 
ǘƘŜ ƛƳǇǊƻǾŜƳŜƴǘ ƻŦ ƳƛŎǊƻōƛŀƭ ŎŜƭƭ ŦŀŎǘƻǊƛŜǎ 

h/му IŜƴǊƛǉǳŜ 
CŜǊƴŀƴŘŜǎ 

¢ƘŜ bƛǘǊŀǘŜ ŀƴŘ bƛǘǊƛǘŜ wŜŘǳŎǘŀǎŜ !ŎǘƛǾƛǘȅ ƻŦ ·ŀƴǘƘƛƴŜ hȄƛŘŀǎŜΥ ŀ 
/ƻƳǇǳǘŀǘƛƻƴŀƭ {ǘǳŘȅ 

h/мф tŀǳƭŀ 
!ƭŜȄŀƴŘǊŀ 
[ƻǇŜǎ 

5ƻǿƴǊŜƎǳƭŀǘƛƻƴ ƻŦ ŀǉǳŀǇƻǊƛƴǎ ƎŜƴŜ ŜȄǇǊŜǎǎƛƻƴ ōȅ ƎƭǳǘŀƳƛƴŜ ƻǊ 
ŎȅǎǘƛƴŜπŜƴǊƛŎƘŜŘ ŘƛŜǘǎ ƛƴ ǘƘŜ ǎƳŀƭƭ ƛƴǘŜǎǘƛƴŜ ƻŦ ǇƛƎƭŜǘǎ 
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OC17 - Characterization of Cyberlindnera jadinii carboxylate transporters 

for the improvement of microbial cell factories 

 
aŀǊƛŀ {ƻǳǎŀπ{ƛƭǾŀмΣнϝΣ Wƻńƻ !ƭǾŜǎмΣнΣ 5ŀƴƛŜƭ ±ƛŜƛǊŀмΣнΣ tŜŘǊƻ {ƻŀǊŜǎмΣнΣ aŀǊƎŀǊƛŘŀ /ŀǎŀƭмΣн ϧ LǎŀōŜƭ {ƻŀǊŜǎπ

{ƛƭǾŀмΣн 

 
мLƴǎǘƛǘǳǘŜ ƻŦ {ŎƛŜƴŎŜ ŀƴŘ LƴƴƻǾŀǘƛƻƴ ŦƻǊ .ƛƻπ{ǳǎǘŀƛƴŀōƛƭƛǘȅ όL.π{ύΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ aƛƴƘƻΣ tƻǊǘǳƎŀƭ 

н/ŜƴǘǊŜ ƻŦ aƻƭŜŎǳƭŀǊ ŀƴŘ 9ƴǾƛǊƻƴƳŜƴǘŀƭ .ƛƻƭƻƎȅ ό/.a!ύΣ 5ŜǇŀǊǘƳŜƴǘ ƻŦ .ƛƻƭƻƎȅΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ aƛƴƘƻΣ /ŀƳǇǳǎ ŘŜ 
DǳŀƭǘŀǊΣ птмлπлрт .ǊŀƎŀΣ tƻǊǘǳƎŀƭ 

 
9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ƛŘфлнмϪŀƭǳƴƻǎΦǳƳƛƴƘƻΦǇǘ 

 

Background. Organic acids display great applicability since these are used as platform chemicals in several 

industries. The expression of carboxylate transporters in microbial cell factories is crucial for organic acid 

export and consequently its efficient and cost-effective bioproduction. Herein, we identified and 

characterized novel carboxylate transporters from the Cyberlindnera jadinii yeast. 

Methods. The C. jadinii transportome was analysed using two approaches, i) identification of C. jadinii genes 

homologous to the carboxylate transporters Jen1 and Ato1, where ten putative transporters were 

heterologously expressed in the Saccharomyces cerevisiae W303-1A jen1ɲ ato1ɲ ǎǘǊŀƛƴ ŦƻǊ ŦǳƴŎǘƛƻƴŀƭ 

characterization, ii) development of a bioinformatics approach where the C. jadinii NRRL-1542 proteome was 

downloaded from the NCBI database and explored to determine its predicted transportome. A software tool 

was designed to retrieve data from an established local database that contains a single representative 

genome on the species level. Thus, multiple matches within species directly reflect the presence of homologs 

within the same genome [1]. Genes selected using this tool were expressed in the S. cerevisiae IMX1000 

strain [2]. In both strategies, transporter activity was evaluated by growth on different carbon sources and 

measurement of the uptake of radiolabelled carboxylic acids.  

Results. In C. jadinii, 6 genes homologous to ScJEN1, 5 genes homologous to ScATO1, and 5 putative 

carboxylic acid transporters were identified. All proteins were expressed and localized at the plasma 

membrane. Characterization of newly identified C. jadinii transporters is currently underway including 

phylogenic analysis, transporter specificity, and molecular docking studies. 

Conclusions .In this work, we functionally characterized 16 C. jadinii carboxylate transporters by 

heterologous expression in S. cerevisiae. These transporters present different specificities for mono, di, and 

tricarboxylic acids.  
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OC18 - The Nitrate and Nitrite Reductase Activity of Xanthine Oxidase: a 

Computational Study 
 
 

IŜƴǊƛǉǳŜ {Φ CŜǊƴŀƴŘŜǎмΣнΣ {ŞǊƎƛƻ CΦ {ƻǳǎŀмΣнΣ WƻǎŞ WΦDΦ aƻǳǊŀоΣ [ǳƝǎŀ .Φ aŀƛŀоΣ ŀƴŘ bǳƴƻ aΦCΦ{Φ!Φ /ŜǊǉǳŜƛǊŀмΣн 
 

м!ǎǎƻŎƛŀǘŜ [ŀōƻǊŀǘƻǊȅ ƛпI. π LƴǎǘƛǘǳǘŜ ŦƻǊ IŜŀƭǘƘ ŀƴŘ .ƛƻŜŎƻƴƻƳȅΣ CŀŎǳƭŘŀŘŜ ŘŜ aŜŘƛŎƛƴŀΣ ¦ƴƛǾŜǊǎƛŘŀŘŜ Řƻ tƻǊǘƻΣ 
пнллπомф tƻǊǘƻΣ tƻǊǘǳƎŀƭΤ н¦/L.Lh ς !ǇǇƭƛŜŘ aƻƭŜŎǳƭŀǊ .ƛƻǎŎƛŜƴŎŜǎ ¦ƴƛǘΣ .ƛƻ{La π 5ŜǇŀǊǘŀƳŜƴǘƻ ŘŜ .ƛƻƳŜŘƛŎƛƴŀΣ 
CŀŎǳƭŘŀŘŜ ŘŜ aŜŘƛŎƛƴŀΣ ¦ƴƛǾŜǊǎƛŘŀŘŜ Řƻ tƻǊǘƻΣ пнллπомф tƻǊǘƻΣ tƻǊǘǳƎŀƭΤ о[!v±Ϫw9v¦La¢9Σ C/¢ bh±!Σ /ŀƳǇǳǎ ŘŜ 

/ŀǇŀǊƛŎŀΣ нунфπрмс /ŀǇŀǊƛŎŀΣ tƻǊǘǳƎŀƭ 
 

9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ƘŦŜǊƴŀƴŘŜǎϪƳŜŘΦǳǇΦǇǘ 

 

Background. Xanthine Oxidase (XO, EC 1.17.3.2) is a molybdenum-containing enzyme that under hypoxic 

conditions can catalyze the reduction of NO3
- to NO2

- and of NO2
- to ωNO. [1] ωNO is an important signaling 

molecule and its deficiency in humans has been associated with some disease conditions such as myocardial 

infarction, systemic and pulmonary hypertension and gastric ulceration. [2] In this work, the reaction 

mechanism of XO-catalyzed NO3- and NO2
- reduction to ωNO was studied, with an atomic level of detail, using 

a computational approach. 

Methods. The ONIOM QM/MM methodology was employed to characterize all the minima and transition-

state structures using the B3LYP/6-31G(d,p):ff99SB scheme with the LanL2dz as pseudo-potential for 

molybdenum. molUP [3] plugin for VMD was used to prepare all the input files and analyze the results. All 

the calculations were performed on Gaussian 09. 

Results. The results obtained support the ωNO-forming nitrate and nitrite reductase activities of XO observed 

experimentally. [1] The reaction mechanism of NO3
- reduction involves three-sequential steps: NO3- binding 

to the molybdenum ion (at the enzyme active site); heterolytic cleavage of N-O bond; and the enzymatic 

turnover. In this process, the metal is oxidized from Mo(IV) to Mo(VI), making it ready to start a new catalytic 

cycle. The reduction of NO2- follows the same type of mechanism, but the N-O bond undergoes a homolytic 

cleavage. Consequently, the metal is oxidized to Mo(V) in the first cycle and then, a new NO2
- molecule is 

reduced to ωNO leading to oxidation of the metal to Mo(VI), thus closing the enzymatic turnover. 

Conclusions. These results go in line with the experimental data regarding the catalytic ability of XO to 

produce ωNO from NO3- and NO2
- reduction. Moreover, the Gibbs free energy profile computed in this work 

shows that the reduction of nitrate and nitrite are irreversible. These simulations together with the available 

experimental knowledge about XO provide new insights about the relevance of this enzyme in the ωNO 

production in vivo. 
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OC19 - Downregulation of aquaporins gene expression by glutamine or 

cystine-enriched diets in the small intestine of piglets 
 
 

tŀǳƭŀ !Φ [ƻǇŜǎмϝΣ Lƴşǎ ±ƛŜƛǊŀ Řŀ {ƛƭǾŀнΣ .łǊōŀǊŀ tΦ {ƻŀǊŜǎнΣ /ŀǘŀǊƛƴŀ tƛƳǇńƻнΣ wǳƛ aΦ !Φ tƛƴǘƻнΣ WƻǎŞ !Φ aΦ 
tǊŀǘŜǎмΣ DǊŀœŀ {ƻǾŜǊŀƭн 

 
м/LL{! π /ŜƴǘǊƻ ŘŜ LƴǾŜǎǘƛƎŀœńƻ LƴǘŜǊŘƛǎŎƛǇƭƛƴŀǊ ŜƳ {ŀƴƛŘŀŘŜ !ƴƛƳŀƭΣ CŀŎǳƭŘŀŘŜ ŘŜ aŜŘƛŎƛƴŀ ±ŜǘŜǊƛƴłǊƛŀΣ ¦ƴƛǾŜǊǎƛŘŀŘŜ 
ŘŜ [ƛǎōƻŀΣ !ǾΦ Řŀ ¦ƴƛǾŜǊǎƛŘŀŘŜ ¢ŞŎƴƛŎŀΣ tƽƭƻ ¦ƴƛǾŜǊǎƛǘłǊƛƻ Řƻ !ƭǘƻ Řŀ !ƧǳŘŀΣ моллπптт [ƛǎōƻŀΣ tƻǊǘǳƎŀƭΤ нwŜǎŜŀǊŎƘ 
LƴǎǘƛǘǳǘŜ ŦƻǊ aŜŘƛŎƛƴŜǎ όƛaŜŘΦ¦[ƛǎōƻŀύΣ CŀŎǳƭŘŀŘŜ ŘŜ CŀǊƳłŎƛŀΣ ¦ƴƛǾŜǊǎƛŘŀŘŜ ŘŜ [ƛǎōƻŀΣ !ǾΦ tǊƻŦŜǎǎƻǊ DŀƳŀ tƛƴǘƻΣ 

мспфπлло [ƛǎōƻŀΣ tƻǊǘǳƎŀƭΤ  
 

9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ŀƳǇŀƭƻǇŜǎϪŦƳǾΦǳƭƛǎōƻŀΦǇǘ 
 

.ŀŎƪƎǊƻǳƴŘΥ ¢ƘŜ ǊŜƎǳƭŀǘƛƻƴ ƻŦ ƎƭȅŎŜǊƻƭ ǇŜǊƳŜŀōƛƭƛǘȅ ƛƴ ǘƘŜ ƎŀǎǘǊƻƛƴǘŜǎǘƛƴŀƭ ǘǊŀŎǘ ƛǎ ŎǊǳŎƛŀƭ ǘƻ ŎƻƴǘǊƻƭ Ŧŀǘ 

ŘŜǇƻǎƛǘƛƻƴΣ ƭƛǇƻƭȅǎƛǎ ŀƴŘ ƎƭǳŎƻƴŜƻƎŜƴŜǎƛǎΦ YƴƻǿƛƴƎ ǘƘŀǘ ǘƘŜ ŀƳƛƴƻ ŀŎƛŘ ƎƭǳǘŀƳƛƴŜ ƛǎ ŀ ǇƘȅǎƛƻƭƻƎƛŎŀƭ ǊŜƎǳƭŀǘƻǊ 

ƻŦ ƎƭǳŎƻƴŜƻƎŜƴŜǎƛǎΣ ǿƘŜǊŜŀǎ ŎȅǎǘƛƴŜ ǇǊƻƳƻǘŜǎ ŀŘƛǇƻǎƛǘȅΣ ƘŜǊŜƛƴ ǿŜ ƛƴǾŜǎǘƛƎŀǘŜŘ ǘƘŜ ŜŦŦŜŎǘǎ ƻŦ ŘƛŜǘŀǊȅ 

ǎǳǇǇƭŜƳŜƴǘŀǘƛƻƴ ǿƛǘƘ ƎƭǳǘŀƳƛƴŜ ŀƴŘ ŎȅǎǘƛƴŜ ƻƴ ǘƘŜ ǘǊŀƴǎŎǊƛǇǘƛƻƴŀƭ ǇǊƻŦƛƭŜ ƻŦ ƳŜƳōǊŀƴŜ ǿŀǘŜǊ ŀƴŘ ƎƭȅŎŜǊƻƭ 

ŎƘŀƴƴŜƭǎ ŀǉǳŀǇƻǊƛƴǎ ό!vtǎύ ƛƴ ǘƘŜ ƛƭŜǳƳ ǇƻǊǘƛƻƴ ƻŦ ǘƘŜ ǎƳŀƭƭ ƛƴǘŜǎǘƛƴŜ ŀƴŘ ƛǘǎ ƛƳǇŀŎǘ ƻƴ ƛƴǘŜǎǘƛƴŀƭ 

ǇŜǊƳŜŀōƛƭƛǘȅΦ 

aŜǘƘƻŘǎΥ ¢ǿŜƴǘȅ ƳŀƭŜ ǇƛƎƭŜǘǎ ǿƛǘƘ ŀƴ ƛƴƛǘƛŀƭ ōƻŘȅ ǿŜƛƎƘǘ ƻŦ уΦу ҕ лΦуф ƪƎ όƳŜŀƴ  {5ύ ǿŜǊŜ ǊŀƴŘƻƳƭȅ 

ŀƭƭƻŎŀǘŜŘ ǘƻ ŦƻǳǊ ŘƛŜǘŀǊȅ ǘǊŜŀǘƳŜƴǘǎ ǿƛǘƘ ŦƛǾŜ ŀƴƛƳŀƭǎ ŜŀŎƘ ŀƴŘ ǊŜŎŜƛǾŜŘΣ ŘǳǊƛƴƎ ŀ ŦƻǳǊ ǿŜŜƪπǇŜǊƛƻŘΣ ŀ ōŀǎŀƭ 

ŘƛŜǘ ǿƛǘƘƻǳǘ ǎǳǇǇƭŜƳŜƴǘŀǘƛƻƴ όŎƻƴǘǊƻƭύ ƻǊ ǎǳǇǇƭŜƳŜƴǘŜŘ ǿƛǘƘ у ƪƎκǘƻƴ ƻŦ ƎƭǳǘŀƳƛƴŜ όDƭƴύΣ ŎȅǎǘƛƴŜ ό/ȅǎύ ƻǊ 

ǘƘŜ ŎƻƳōƛƴŀǘƛƻƴ ƻŦ ǘƘŜ ǘǿƻ ŀƳƛƴƻ ŀŎƛŘǎ ƛƴ Ŝǉǳŀƭ ǇǊƻǇƻǊǘƛƻƴǎ όDƭƴ Ҍ /ȅǎύΦ  

wŜǎǳƭǘǎΥ bƻ ǾŀǊƛŀǘƛƻƴǎ ǿŜǊŜ ŦƻǳƴŘ ŦƻǊ ǇƛƎƭŜǘǎΩ Ŧƛƴŀƭ ōƻŘȅ ǿŜƛƎƘǘ όǇҔлΦлрύ ŀǎ ǿŜƭƭ ŀǎ ŦŜŜŘ ƛƴǘŀƪŜ όǇҔлΦлрύΦ aƻǎǘ 

ōƛƻŎƘŜƳƛŎŀƭ ǇŀǊŀƳŜǘŜǊǎ όŀǘ ƭŜŀǎǘ ǇғлΦлрύ ǿŜǊŜ ŦƻǳƴŘ ƛƳǇǊƻǾŜŘ ƛƴ ǇƛƎƭŜǘǎ ŦŜŘ ǘƘŜ ŎƻƳōƛƴŀǘƛƻƴ ƻŦ Dƭƴ ŀƴŘ /ȅǎΦ 

¢ƘŜ ǊŜŘƻȄ ǎǘŀǘǳǎΣ ǘƘǊƻǳƎƘ ǘƘŜ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ǘƻǘŀƭ ŀƴǘƛƻȄƛŘŀƴǘ ŎŀǇŀŎƛǘȅ όǇҐлΦмпсύ ŀƴŘ ƎƭǳǘŀǘƘƛƻƴŜ ǇŜǊƻȄƛŘŀǎŜ 

ŜƴȊȅƳŜ ŀŎǘƛǾƛǘȅ όǇҐлΦуоуύ ǿŀǎ ǳƴŎƘŀƴƎŜŘ ŀŎǊƻǎǎ ŘƛŜǘŀǊȅ ǘǊŜŀǘƳŜƴǘǎΦ !vtо Ƴwb! ƭŜǾŜƭǎ ǿŜǊŜ ŦƻǳƴŘ 

ǇǊŜŘƻƳƛƴŀƴǘ ƻǾŜǊ ǘƘŜ ƻǘƘŜǊǎ ό!vtо Ҕ !vtм Ҕ !vtт Ҕ !vtмл Ҕ !vtфύΣ ǊŜƎŀǊŘƭŜǎǎ ǘƘŜ ŀŘŘƛǘƛƻƴ ƻŦ ŀƳƛƴƻ ŀŎƛŘǎΦ 

! ŎƭŜŀǊ ǇŀǘǘŜǊƴ ƻŦ ŘƻǿƴǊŜƎǳƭŀǘƛƻƴ ƻŦ !vtм όǇғлΦллмύΣ !vtт όǇҐлΦллмύ ŀƴŘ !vtмл όǇғлΦллмύ ƎŜƴŜ ŜȄǇǊŜǎǎƛƻƴ 

ǿŀǎ ŦƻǳƴŘ ƛƴ ǇƛƎƭŜǘǎ ŦŜŘ ŘƛŜǘǎ ŜƴǊƛŎƘŜŘ ƛƴ ƎƭǳǘŀƳƛƴŜ ŀƴŘ ŎȅǎǘƛƴŜΣ ƛƴŘƛǾƛŘǳŀƭƭȅ ƻǊ ŎƻƳōƛƴŜŘΣ ǊŜƭŀǘƛǾŜ ǘƻ ǘƘŜ 

ŎƻƴǘǊƻƭ ǿƛǘƘƻǳǘ ƛƳǇŀŎǘƛƴƎ ƻƴ ǿŀǘŜǊ όǇҔлΦлрύ ƻǊ ƎƭȅŎŜǊƻƭ ǇŜǊƳŜŀōƛƭƛǘȅ όǇҔлΦлрύ ŎƻŜŦŦƛŎƛŜƴǘǎΦ ¢ƘŜ ǎŀƳŜ ǘǊŜƴŘ 

ǿŀǎ ǾŜǊƛŦƛŜŘ ŦƻǊ !vtф Ƴwb! ƭŜǾŜƭǎΣ ŀƭǘƘƻǳƎƘ ƴƻǘ ǊŜŀŎƘƛƴƎ ǎǘŀǘƛǎǘƛŎŀƭ ǎƛƎƴƛŦƛŎŀƴŎŜ όǇҐлΦлфлύΦ /ƻƴǾŜǊǎŜƭȅΣ /ȅǎ 

ŜƴǊƛŎƘŜŘ ŘƛŜǘ ǳǇǊŜƎǳƭŀǘŜŘ !vtо ŀƴŘ ŘƻǿƴǊŜƎǳƭŀǘŜŘ ƎƭȅŎŜǊƻƭ ƪƛƴŀǎŜ όDYύΣ ǿƛǘƘƻǳǘ ŀŦŦŜŎǘƛƴƎ ƎƭȅŎŜǊƻƭ 

ǇŜǊƳŜŀōƛƭƛǘȅ όǇҔлΦлрύΦ ¢ƘŜ ƎŜƴŜ ŜȄǇǊŜǎǎƛƻƴ ƭŜǾŜƭǎ ƻŦ Ƴ¢hw όǇҐлΦнлсύ ŀƴŘ tLоY/D όǇҐлΦммфύ ǿŜǊŜ ƪŜǇǘ 

ǳƴŎƘŀƴƎŜŘ ōȅ ŀƳƛƴƻ ŀŎƛŘπŜƴǊƛŎƘŜŘ ŘƛŜǘǎΦ  

/ƻƴŎƭǳǎƛƻƴǎΥ ! ŎƭŜŀǊ ƛƴŦƭǳŜƴŎŜ ƻƴ ǘƘŜ ǘǊŀƴǎŎǊƛǇǘƛƻƴŀƭ ǇǊƻŦƛƭŜ ƻŦ ǘƘŜ ǿŀǘŜǊ ŎƘŀƴƴŜƭ !vtм ŀƴŘ 

ŀǉǳŀƎƭȅŎŜǊƻǇƻǊƛƴǎ !vtоΣ !vtт ŀƴŘ !vtмл ōȅ ƎƭǳǘŀƳƛƴŜ ŀƴŘ ŎȅǎǘƛƴŜΣ ƛƴŘƛǾƛŘǳŀƭƭȅ ƻǊ ŎƻƳōƛƴŜŘΣ ǿŀǎ ƻōǎŜǊǾŜŘΣ 

ōǳǘ ȅŜǘ ŎƻǳƴǘŜǊōŀƭŀƴŎŜŘ ōȅ ǘƘŜ ƭƛǇƛŘ ōƛƭŀȅŜǊ ŘƛŦŦǳǎƛƻƴ ƛƴ ǿƘŀǘ ŎƻƴŎŜǊƴǎ ǿŀǘŜǊ ǇŜǊƳŜŀǘƛƻƴΣ ŀƴŘ ōȅ ǘƘŜ ƛƴǘŜǊǇƭŀȅ 

ƻŦ ǎŜǾŜǊŀƭ !vtǎ ƛǎƻŦƻǊƳǎ ƛƴ ǿƘŀǘ ŎƻƴŎŜǊƴǎ ƎƭȅŎŜǊƻƭ ǇŜǊƳŜŀǘƛƻƴΣ ǘƘǳǎ ŀǎǎǳǊƛƴƎ ōƻǘƘ ǾƻƭǳƳŜ ŀƴŘ ŜƴŜǊƎŜǘƛŎ 

ƘƻƳŜƻǎǘŀǎƛǎΦ 5ǳŜ ǘƻ ǎƛƳƛƭŀǊƛǘƛŜǎ ōŜǘǿŜŜƴ ǇƛƎǎ ŀƴŘ ƘǳƳŀƴǎΣ ǘƘƛǎ ǎǘǳŘȅ ƘƛƴŘŜǊǎ ǘƘŜ ǘǊŀƴǎƭŀǘƛƻƴ ƻŦ ǇƻǊŎƛƴŜ Řŀǘŀ 

ǘƻ ƘǳƳŀƴǎ ŀƴŘ ǿŀǊǊŀƴǘǎ ŦǳǊǘƘŜǊ ǊŜǎŜŀǊŎƘ ǘƻ ǾŀƭƛŘŀǘŜ ƛǘǎ ŦƛƴŘƛƴƎǎΦ 

¢Ƙƛǎ ǎǘǳŘȅ ǿŀǎ ŦǳƴŘŜŘ ōȅ !ƧƛƴƻƳƻǘƻ !ƴƛƳŀƭ bǳǘǊƛǘƛƻƴ 9ǳǊƻǇŜΣ LƴŘǳƪŜǊƴ tƻǊǘǳƎŀƭΣ [ŘŀΦΣ ŀƴŘ CǳƴŘŀœńƻ ǇŀǊŀ ŀ /ƛşƴŎƛŀ Ŝ ŀ 

¢ŜŎƴƻƭƻƎƛŀ όC/¢Σ [ƛǎōƻƴΣ tƻǊǘǳƎŀƭύ ǘƘǊƻǳƎƘ ǇǊƻƧŜŎǘǎ ¦L5.κллнтсκнлнл ǘƻ /LL{!Σ ŀƴŘ t¢5/κ.¢aπ{![κнуфттκнлмт ŀƴŘ 

¦L5κ5¢tκлпмоуκнлмф ǘƻ ƛaŜŘΦ¦[ƛǎōƻŀΦ Lǘ ƛǎ ŀƭǎƻ ŦƛƴŀƴŎƛŀƭ ǎǳǇǇƻǊǘŜŘ ōȅ C/¢ {ǘƛƳǳƭǳǎ ƻŦ {ŎƛŜƴǘƛŦƛŎ 9ƳǇƭƻȅƳŜƴǘ tǊƻƎǊŀƳ 

ǘƻ tΦ !Φ [Φ ό5[ртκнлмсκ/tмпоуκ/¢лллтύΦ   
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SYMPOSIUM 5 - SPB-SPN: NEUROBIOLOGY OF 
AGING AND STRESS 

 

Molecular and physiological changes associated with neurodegenerative diseases are 

inexorably linked with aging. Age-related gradual decline of organismal homeostasis, 

which includes changes in ER and oxidative stress, mitochondrial dysfunction, DNA 

damage, intracellular transport, protein synthesis and turnover, etc., have all been 

linked with formation of pathognomonic protein aggregates. Thus, advances in our 

understanding of the molecular basis of neurodegeneration and healthy aging 

present an imperative and exciting opportunity to identify novel druggable targets 

and develop more effective interventions. 
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affects the functioning of the hippocampus, a brain region relevant for learning and memory and emotional 

response. Since the brain is mainly composed of lipids, and since these molecules are relevant for various key 

cellular processes, these are likely altered in conditions that lead to brain regional dysfunction. Importantly, 

recent mass-spectrometry approaches allow the identification of functional and dysfunctional lipidomic 

signatures, and we have used these strategies to study the effects of chronic stress in the brain. Moreover, 

we studied the hippocampus at the subregional level along its longitudinal axis, since it was previously shown 

that the dorsal and ventral poles, in rodents, contribute differentially to stress and emotional responses. 

These lipidomic signatures allow the identification of candidate lipid signaling pathways and we are currently 

testing the impact of modulating these pathways with genetic rodent models at biochemical, functional and 

behavioural levels. Overall, the goal of these projects is to identify lipid pathways relevant for brain function 

and dysfunction with potential implications for the treatment and diagnosis of brain disorders, such as 
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OC20 - Impact of SAPAP3 on mitochondrial function in Huntingtonôs 
disease 
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Background: Huntington's disease (HD) is a neurodegenerative disorder caused by a CAG repeat expansion 

at the HTT gene, also characterized by motor and cognitive impairment and early psychiatric disturbances 

(e.g. obsessive-compulsive disorder - OCD). Mutant huntingtin (mHTT) affects striatal GABAergic neurons and 

glutamatergic cortico-striatal synapses and causes, among other hallmarks, mitochondrial dysfunction. 

Previous studies demonstrated that the postsynaptic scaffold protein SAPAP3, mainly located in striatum, is 

an important player in OCD, and preliminary data indicate that this protein has several mitochondrial 

interactors. Therefore, striatal dysfunction linked to early mitochondrial deregulation may involve changes 

in SAPAP3, and potentially explain HD-related psychiatric disturbances.  

Methods: In this work we analyzed SAPAP3 protein and mitochondrial levels in pre-symptomatic (3 m.o.) and 

symptomatic (6, 10-12 m.o.) YAC128 transgenic (expressing full-length mutant HTT) versus WT mice, primary 

striatal and cortical cultures (13 DIV) from YAC128 versus WT mice, and immortalized mouse mutant striatal 

cells derived from HD knock-in mice (STHdhQ111/Q111) versus WT (STHdhQ7/Q7) cells by immunocytochemistry 

and western blotting. Moreover, we studied SAPAP3 involvement on mitochondrial function and dynamics, 

by both silencing and overexpressing SAPAP3.  

Results: Our results showed reduced SAPAP3 total and mitochondrial levels in symptomatic YAC128 mice, 

mature primary neurons from YAC128 mice and STHdhQ111/Q111 cells, when compared to the respective 

controls. Interestingly, in YAC128 primary striatal and cortical neurons, SAPAP3 diminished levels were more 

pronounced at distal neurites, pointing towards a postsynaptic deregulation in HD. Accordingly, 

colocalization between SAPAP3 and an important scaffold protein, PSD-95, demonstrated decreased puncta 

number and area, as well as altered SAPAP3 levels. Of relevance, SAPAP3 was shown to be involved in normal 

mitochondrial function. Silencing of SAPAP3 impaired mitochondrial morphology (e.g. increased roundness), 

neurite mitochondrial movement and function, and generated higher levels of reactive oxygen species, 

whereas SAPAP3 overexpression ameliorated all these mitochondrial phenotypes in HD cells.  

Conclusions: Our data indicate that SAPAP3 levels control mitochondrial function and that targeting this 

protein might have a neuroprotective role in HD. 

This work was supported by European Huntington Disease Network (EHDN) and by European Regional Development 

Fund (ERDF), through Centro 2020 Regional Operational Programme: project CENTRO-01-0145-FEDER-000012-

HealthyAging2020, the COMPETE 2020-Operational Programme for Competitiveness and Internationalisation and 

Portuguese national funds via FCT ς Fundação para a Ciência e a Tecnologia, I.P.: project POCI-01-0145-FEDER-007440, 

and UIDB/04539/2020. 
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Background. An extended polyglutamine (polyQ) tract >35 glutamines in the first exon of huntingtin (HttEx1) 

is the cause of Huntington disease (HD), which major histopathological feature is the presence of huntingtin 

inclusions in the striatum. HttEx1 is an intrinsically disordered region with a strong tendency to aggregate. In 

vitro, in the absence of the cellular machinery, the classic amyloidogenesis view has prevailed to describe the 

process of Httex1 aggregation. However, in the crowded and dynamic intracellular environment, HttEx1 

forms an aggresome in the perinuclear region of cells and liquid-like condensates by liquid-liquid phase 

separation (LLPS), as a previous step to the formation of amyloid-like fibrils. In this study, we investigate the 

effect of the polyQ tract length and the phosphorylation of HttEx1 on the kinetics of aggresome formation 

and liquid-liquid phase separation. 

Methods. We used Biofluorescence Complementation (BiFC) assays to image the formation of aggresome 

and liquid condensates of HttEx1 in HeLa cells. We measured the kinetics of aggresome formation and 

produced phase diagrams using time-lapse quantitative fluorescence microscopy in live cells in combination 

with Super-resolution radial fluctuations. The interplay between aggresome formation and the cytoskeleton 

of cells was further characterized in both live and fixed cells. 

Results. A single mutation mimicking phosphorylation on serine 13 (S13D) confers the condensates with a 

different phase separation regime that resembles a spinodal decomposition. This phenomenon is 

independent of the polyQ length since a wild type variant also shows this behavior. On the other hand, the 

PolyQ length has a great effect on the kinetics of aggresome formation. Wild-type HttEx1 do not form 

aggresomes, and a variant with 47Q shows slower kinetics of formation compared with a variant containing 

97Q (97QHttEx1). Phosphomutant variants show a less variability on the kinetics of aggresome formation 

compared with a non-mutant form of 97QHttEx1, indicating that electrostatic interactions on the N17 region 

are playing a relevant role on this cellular phenomenon. 

Conclusions. We found that the length of the polyQ tract has a significant influence on aggresome formation, 

a phenomenon that is driven by the quality control system of the cell. In contrast, phosphorylation on the 

N17 region of HttEx1 has a greater effect on liquid-liquid phase separation and dynamics of the condensates. 

Our results show that different structural factors of the protein can drive the diverse processes of Httex1 

aggregation in live cells.  
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Umbilical cord mesenchymal stem cells (UC-MSCs) exhibit great therapeutic potential due to their homing 

ability, differentiation capacity and immunomodulatory properties. Nevertheless, the success of UC-MSC 

based therapies is still limited by the in vitro expansion outside their natural physiological environment 

(ranging from 1-5% of O2). Previous reports on MSCs state that moderate hypoxia increases function and 

proliferation rate, yet in this study we hypothesize that UC-MSCs exposed to specific O2 levels can also 

achieve cellular quiescence that, by minimizing cell activity and energetic demand, improves cell survival, 

stemness and therapeutic function. 

UC-MSCs were cultured under <1%, 5% and 21% O2 and treated with different concentrations of the hypoxia 

mimicking agent Cobalt Chloride (CoCl2). While cell viability was not affected by hypoxia, experimental 

conditions generate different effects: as expected, UC-MSCs cultured under 5% O2 displayed higher 

population doubling than cells cultured in 21% O2. Contrary to what was formerly described, however, culture 

under <1% or with 250µM CoCl2 led to a significant decrease in proliferation, comparable to that of MSCs 

treated with INK-128, a known mTOR inhibitor. Concomitantly, protein analysis showed that the mTOR 

effectors 4EBP1 and S6K1 were particularly downregulated in cells exposed to severe hypoxia suggesting a 

decrease in protein biogenesis. In contrast, phosphorylation of the mTOR target Akt was upregulated in MSCs 

cultured in <1% O2 compared to 5% O2, suggesting a decrase in cell vulnerability. In addition to HIF-1a, AMPK, 

a known mTOR inhibitor, was upregulated in every hypoxic condition, including CoCl2, suggesting that this 

compound might affect MSCs and mTOR in a HIF-independent manner. A switch to anaerobiotic glycolysis 

and inhibition of mitochondrial respiration is implied by the rise of LDHA phosphorylation in each condition, 

yet downregulation of COX IV was only observed in cell lines treated under severe hypoxia and CoCl2. 

Regarding stemness, <1% O2 caused an increase in the osteogenic marker osteocalcin in MEM medium, 

suggesting that near anoxia might favor UC-MSC differentiation into osteogenic cell lines.  

In this study, we expect to provide valuable information on the effects of CoCl2 and different hypoxic settings 

on the therapeutic value of UC-MSCs.    

This work was funded by the Fundação para a Ciência e a Tecnologia under the project STEM@REST (CENTRO-

01-0145-FEDER-028871). 
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OC23 - Protein complementation on NKX6-2 truncated proteins associated 

with spastic ataxia 8 

 

CŜǊǊŜƛǊŀπtŜǊŀƭǘŀ tΦмΣнΣ [ŜǘǊŀπ±ƛƭŜƭŀ wΦмΣнΣоΣ DŀƳŀπ/ŀǊǾŀƭƘƻ aΦнΣ wƻƳńƻ [ΦпΣ IŜǊǊŜǊŀ CΦмΣнΣо 
 

м/Ŝƭƭ {ǘǊǳŎǘǳǊŜ ŀƴŘ 5ȅƴŀƳƛŎǎ [ŀōƻǊŀǘƻǊȅΣ CŀŎǳƭŘŀŘŜ ŘŜ /ƛşƴŎƛŀǎΣ ¦ƴƛǾŜǊǎƛŘŀŘŜ ŘŜ [ƛǎōƻŀΣ мтпфπлмсΣ [ƛǎōƻŀΣ tƻǊǘǳƎŀƭΣ  
н.ƛƻL{L ς .ƛƻǎȅǎǘŜƳǎ ϧ LƴǘŜƎǊŀǘƛǾŜ {ŎƛŜƴŎŜǎ LƴǎǘƛǘǳǘŜΣ CŀŎǳƭŘŀŘŜ ŘŜ /ƛşƴŎƛŀǎΣ ¦ƴƛǾŜǊǎƛŘŀŘŜ ŘŜ [ƛǎōƻŀΣ мтпфπлмсΣ [ƛǎōƻŀΣ 
tƻǊǘǳƎŀƭΤ оah{¢aL/wh wŜǎŜŀǊŎƘ ¦ƴƛǘΣ Lƴǎǘƛǘǳǘƻ ŘŜ ¢ŜŎƴƻƭƻƎƛŀ vǳƝƳƛŎŀ Ŝ .ƛƻƭƽƎƛŎŀ όL¢v.πbh±!ύΣ ¦ƴƛǾŜǊǎƛŘŀŘŜ bƻǾŀ ŘŜ 
[ƛǎōƻŀΣ hŜƛǊŀǎΣ tƻǊǘǳƎŀƭΤ п/ŜƴǘǊƻ ŘŜ DŜƴŞǘƛŎŀ IǳƳŀƴŀΣ Lƴǎǘƛǘǳǘƻ bŀŎƛƻƴŀƭ ŘŜ {ŀǵŘŜ 5ǊΦ wƛŎŀǊŘƻ WƻǊƎŜΣ мспфπлмс [ƛǎōƻŀΣ 

tƻǊǘǳƎŀƭΦ 

 
9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ  tŜŘǊƻtŜǊŀƭǘŀϪŦŎΦǳƭΦǇǘ 

 
Background. NKX6-2 is a transcriptional repressor involved in the regulation of various genes associated with 

cell fate determination of neurons, oligodendrocytes, or pancreatic beta cells, as well as glucagon production, 

among other phenomena. Loss-of-function mutations in NKX6-2 are the cause of Spastic Ataxia 8 (SPAX8), a 

rare recessive hereditary disease, that leads to an early onset hypomyelinating leukodystrophy due to the 

lack of oligodendrocyte maturation. The most common disease-associated NKX6-2 mutations involve the 

formation of premature termination codons (PTCs). This study focuses on 5 SPAX8-associated PTCs that are 

the result of single nucleotide substitutions or frameshifts. These PTCs will render the nascent mRNA a 

potential target for degradation via non-mediated mRNA decay (NMD). The small fraction of mRNA that 

survives NMD and is eventually translated to protein will produce truncated, non-functional NKX6-2 proteins. 

We aim to overcome these two issues to lay the groundwork for the development of new therapies for 

SPAX8. 

Methods. Using site-directed mutagenesis, we were able to recreate SPAX8-related mutations on a NKX6-

2+Venus fusion protein. We inserted the DNA response element for the NKX6-2 protein in a pRL miniTK-

luciferase system, enabling an easy measurement of NKX6-2 activity as a transcriptional repressor. A 

complementary NKX6-2+Flagtag+P2A+T2A+mCherry fusion protein was used for protein complementation 

assay. The effect was verified by microscopy assay, western blot, and in the future luciferase activity assay. 

Results. SPAX8-causing mutations in NKX6-2 lead to an even distribution around the cell, signaling the loss 

of the nuclear localization signal, and in some cases protein aggregation. Constitutive expression of NKX6-2 

brings about a conformation change in the cells. Protein complementation shows an increase of truncated 

NKX6-н ƛƴ ǘƘŜ ƴǳŎƭŜǳǎΣ ƘƻǿŜǾŜǊΣ ǘƘŜǊŜ ǿŀǎƴΩǘ ŀ Ŧǳƭƭ ǊŜŎƻǾŜǊȅ ƻŦ ǇǊƻǘŜƛƴ ǘǊŀƴǎƭƻŎŀǘƛƻƴ ǘƻ ǘƘŜ ƴǳŎƭŜǳǎΦ {ƻƻƴΣ 

we will begin the luciferase activity assay, to verify the recovery effect of protein complementation. 

Conclusions. We have confirmed some of the problems caused by SPAX8-causing mutations in NKX6-2 at the 

cellular level while bringing the possibility of using protein complementation to solve this issue. This study 

progresses towards the verification of function recovery, as well as, the effect of NMD on the SPAX8-causing 

mutations. While our approach is currently restricted to NKX6-2/SPAX8, this proof-of-concept could be 

applied to other genetic disorders involving PTCs, which are associated to one-third of inherited human 

diseases. 
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OC24 - Aerobic Glycolysis in the Hippocampus Sustains Extracellular 

Lactate to Support Neuronal Oxidative Metabolism 

 
5ƛŀǎΣ /ΦмΣнΣ CŜǊƴŀƴŘŜǎΣ 9ΦмΣ .ŀǊōƻǎŀΣ wΦ aΦмΣнΣ [ŀǊŀƴƧƛƴƘŀΣ WΦмΣнΣ [ŜŘƻΣ !ΦмΣн 

 
мCŀŎǳƭǘȅ ƻŦ tƘŀǊƳŀŎȅΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ /ƻƛƳōǊŀΣ tƻǊǘǳƎŀƭΣ н/ŜƴǘŜǊ ŦƻǊ bŜǳǊƻǎŎƛŜƴŎŜ ŀƴŘ /Ŝƭƭ .ƛƻƭƻƎȅΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ 

/ƻƛƳōǊŀΣ tƻǊǘǳƎŀƭ 

 
9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ŎŀƴŘƛŘŀΦŘƛŀǎϪŎƴŎΦǳŎΦǇǘ 

 

Background. The concept of neurometabolic coupling is tightly bond to that of aerobic glycolysis. Robust 

evidence suggests that neural cells display complimentary energy metabolism profiles: while neurons are 

markedly oxidative, astrocytes appear to rely more on the glycolytic pathway. Here, pyruvate is converted to 

lactate even when O2 is readily available ς aerobic glycolysis ς and the latter is readily used by neurons to 

fuel oxidative phosphorylation. This is the basis of the Astrocyte-to-Neuron Lactate Shuttle. Herein we 

investigated the interplay between glucose and lactate usage in supporting oxidative metabolism in 

hippocampal slices, a model that preserves the functional interaction between neurons and glia. 

Methods. A multimodal approach was used, combining high resolution respirometry and microbiosensor 

technology to study the role of lactate as a metabolic substrate in the hippocampus on a dynamic and 

quantitative basis. The slice oxidative metabolism was evaluated through high resolution respirometry, 

measuring whole slice oxygen consumption rates (O2 flux). Additionally, extracellular lactate dynamics were 

evaluated by amperometry using carbon fiber microelectrode-based lactate biosensors. These were 

evaluated under resting and stimulated conditions and by changing the composition of the slice bathing 

medium in glucose and lactate content. 

Results. We found that tissue basal O2 flux increased as a function of the glucose concentration (0.1-15 mM), 

reaching a maximum at 10 mM. Furthermore, addition of exogenous lactate further increased O2 flux by ~9% 

while inhibition of neuronal lactate uptake decreased O2 flux, indicating that neurons uptake and metabolize 

lactate under non-stimulated conditions. Measurement of extracellular lactate in hippocampal slices using 

amperometric biosensors revealed lactate is continuously produced from glucose and released into the 

extracellular space at rest, with an average [lactate]ECS of 0.37 ± 0.06 mM observed for glucose concentrations 

above 5 mM. Stimulation of hippocampal slices with KCl (60 mM) led to a significant increase in O2 flux 

(~200%) and a transient decrease in extracellular [lactate] (355 µM), indicative of an increase in net lactate 

consumption by the tissue. Both measured responses were significantly decreased by inhibition of lactate 

uptake by neurons, corroborating the hypothesis that, when stimulated, neurons uptake extracellular lactate 

to support oxidative metabolism.  

Conclusions. This work supports the notion that glucose is continuously converted to lactate, which is 

released into the extracellular space in hippocampal tissue and that neurons uptake this lactate as an 

oxidative fuel under both resting and stimulated conditions. 

Acknowledgments. This work was financed by the European Regional Development Fund (ERDF), through 

the COMPETE 2020 - Operational Programme for Competitiveness and Internationalisation and Portuguese 

national funds via FCT ς Fundação para a Ciência e a Tecnologia, under projects POCI-01-0145-FEDER-029099, 

POCI-01-0145-FEDER-028261, and UIDB/04539/2020. CD acknowledges PD/BD/114371/2016.  
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SYMPOSIUM 6 - FUNCTIONAL GENOMICS AND 
SYSTEMS BIOLOGY 

 

The structure, regulation and integrity of genome are essential for cell division, organims´ 

development and adaptation to environmental stimuli. With Biology entering the digital era, we are 

immersed in a wealth of information originating in high-throughput experiments. These data enable 

us for the first time to study life at the level unimaginable before and understand the entire living 

systems from molecules to cells, from organisms and communities to ecosystems. 

This session will outline the great diversity in the epigenomics field, DNA regulation and remodeling, 

DNA and RNA methylation, new ways of post-translational modifications, by presenting data from 

diverse model systems clinical research and new insights in clinical research. 
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Cecília Maria Arraiano 

Instituto de Tecnologia Química e Biológica António Xavier,  

Universidade Nova de Lisboa, 2780-157 Oeiras, Portugal 

cecilia@itqb.unl.pt 

 
Biological processes can not be fully understood without a deep understanding of RNA metabolism. In 2006 
and 2009 Nobel prizes were dedicated to research in the field of RNA and more recently the power of small 
RNAs and CRISPr technology has given a new perspective to Molecular Biology and led to another Nobel in 
2020. Recently, RNA based vaccines against SARS-CoV2 RNA virus, have been successful in holding the COVID-
19 pandemic crisis, and this brought new interest on RNA in the media. 

Our laboratory has been focused in the study of RNA degradation mechanisms and the characterization of 
enzymes and RNA chaperones that mediate RNA decay. Namely we have studied RNase II family of 
ribonucleases in the maturation, degradation, and quality control of mRNAs and functional non-coding small 
RNAs, and we have extended our research to eukaryotes to further understand the role of RNases in global 
regulation and Disease. Our studies have been also applied to areas of Biotechnological interest and Health, 
and we have been involved in European Projects on Synthetic Biology to reprogram bacteria for 
biotechnology use. Recently we have characterized the mechanism of action of the two SARS-CoV2 
ribonucleases which have shown to be prominent targets for the development of novel antiviral drugs. 

A plethora of new RNAs is emerging every month, RNAs are shown to be Important for Intra and Inter species 
ŎƻƳƳǳƴƛŎŀǘƛƻƴΣ ƴƻǾŜƭ ǊƻƭŜǎ ŀǊŜ ōŜƛƴƎ ŀǘǘǊƛōǳǘŜŘ ǘƻ ŦǳƴŎǘƛƻƴŀƭ wb!ǎΣ ŀƴŘ ƳƻǊŜ ǎǳǊǇǊƛǎŜǎ ŀǊŜ ȅŜǘ ǘƻ ŎƻƳŜΧ  

The intent of this talk will be to refresh your knowledge on RNA and to encourage you to learn more about 
the The Expanding Universe of RNAs! 

 

 
L[мо π 5b! ŀƴŘ wb! ƳŜǘƘȅƭŀǘƛƻƴ ƛƴ ǳǊƻƭƻƎƛŎŀƭ ŎŀƴŎŜǊΥ ŦǊƻƳ ōƛƻƭƻƎȅ ǘƻ ŎƭƛƴƛŎŀƭ 

ōƛƻƳŀǊƪŜǊǎ 

Carmen Jerónimo, Ph.D. 

Head of Cancer Biology & Epigenetics Group - Research Center & Biobankof the Department of Pathology; Portuguese 
Oncology Institute of Porto (IPO Porto) & Invited Full Professor at the Department of Pathology and Molecular 

Genetics Abel Salazar Biomedical Sciences Institute (ICBAS), University of Porto, Portugal 

 

Epigenetic mechanisms are well established drivers of malignant transformation. Among these, aberrant 
DNA methylation is, by far, the most widely studied. Importantly, these DNA modifications and proteins that 
recognize them gave rise to novel cancer biomarkers, intended for early detection and diagnosis, assessment 
of prognosis, and prediction of response to therapy. Importantly, the first FDA approved drugs that exploit 
the gained knowledge has been widely used to combat some cancers. In addition to those DNA modifications, 
nucleotide modifications in RNA (epitranscriptomics) can change the coding of messenger (mRNAs) and 
noncoding (ncRNAs) RNAs, being recently implicated in several pathologies including cancer. Moreover, 
similar to the findings of epigenetics in DNA, groups of proteins have been identified that specifically 
recogƴƛȊŜ ŀƴŘ ōƛƴŘ ƳƻŘƛŦƛŜŘ ƴǳŎƭŜƻǘƛŘŜǎ ǘƘŜǊŜōȅ ŀŦŦŜŎǘƛƴƎ wb!Ωǎ ŦŀǘŜΣ ŀƴŘ ŎŜƭƭǳƭŀǊ ŘƛŦŦŜǊŜƴǘƛŀǘƛƻƴ ŀƴŘΣ 
ultimately tumorigenesis. 

In my talk, I will focus on the major recent findings obtained by our research team regarding DNA and RNA 
epigenetic mechanisms implicated in urological cancers, as well as the potential usefulness as biomarkers for 
detection and prognostication in these malignancies.  
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SYMPOSIUM 8 - SBBQ - PROTEINS IN HEALTH AND 
ENVIRONMENT 

 
Virtually all the important cellular processes such as cell division, cell motility, organelle remodelling 

and intracellular trafficking depend on the precise localization of proteins and the dynamics of their 

interactions. Protein folding and trafficking pathways in prokaryotes and eukaryotes are among the 

most fundamental processes in all of biology. Understanding the mechanisms of protein folding and 

misfolding regulation and protein trafficking is crucial to understand the role of proteostasis in 

physiological and pathological conditions, ranging from metabolic imbalance and aging, 

neurodegeneration, infections, immune disorders, tumorigenesis and cancer therapy. 

This session will cover the topics of protein localization, structure and dynamics, by different 

approaches from biophysics to cell biology, including their impact on human disease focusing on 

their impact on human diseases and contribution to diminish the ecological footprint of human 

activities. 
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L[мп π aŜǘŀƭƭƻǇǊƻǘŜƛƴǎ ŦƛƎƘǘƛƴƎ ƛƴŦŜŎǘƛƻƴ ŀƴŘ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΥ Iron-cold iron, is 
master of them all 

Ricardo O. Louro 
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Background. Microbe-mineral interactions underpin numerous biogeochemical cycles of the elements that 

are essential for sustaining life in the vast majority of ecological niches. Photoferrotrophism and anaerobic 

respiration of metallic minerals (e.g., iron oxides) are two of the most ancient metabolisms still present on 

Earth. Photoferrotrophism has been singled out as a key metabolism for the deposition of Banded Iron 

Formations that predate the Great Oxidation Event, since in this metabolism, bacteria use ferrous iron as 

electron source for photosynthesis. Microorganisms performing both kinds of metabolism, collecting 

electrons from solids or delivering them to solids can colonize bioelectrochemical devices. In these, 

microorganisms growing on the anode can generate electrical current using carbon sources as cheap as 

wastewater, whereas microorganisms growing on the cathode can synthesize compounds of industrial 

interest by capturing CO2 and collecting the current from the electrical circuit. These systems enable 

simultaneous wastewater treatment with the production of valuable commodities but using a process that 

is CO2 negative, contributing to averting catastrophic climate change. Both photoferrotrosphim and 

anaerobic respiration of metallic minerals requires numerous iron proteins in particular multiheme 

cytochromes and iron-sulfur proteins. Given that iron is insoluble in aerobic conditions this is a limiting factor 

for microbial growth in environments as diverse as the open ocean or within eukaryotic hosts of pathogens. 

This heavy burden on iron scavenging from the environment is overcome using siderophores, small molecules 

that have some of the highest affinities for ferric iron, allowing its solubilization and cellular uptake. 

Stimulation of productivity of the open ocean with the concomitant capture of atmospheric CO2 is an 

endeavor of sufficient magnitude to impact the current trajectory of global warming. Also, interfering with 

the iron-scavenging strategies of pathogens provides a strategy for infection control. Thus, at this point of 

iron scavenging and capture lies a nexus where research can have an impact both in averting catastrophic 

climate change and in manipulating host-pathogen interactions.  

Methods: A combination of methods was involved in the exploration of these metabolic processes. NMR 

spectroscopy for the structural and functional characterization of (metallo)proteins and their interactions, X-

ray crystallography for structural characterization of the proteins, bioelectrochemistry and stopped-flow for 

the study of redox reactions.  

Results. We achieved the structural and functional characterization of multiheme cytochromes and HIPIPs 

involved in photoferrotrophism and mineral respiration and identified their roles in these processes. We also 

determined the structural and functional characterization of key iron scavenging (metallo)-proteins from 

oceanic organisms and from opportunistic pathogens and their physiological impact. 

Conclusions. The characterization of the pathways, used by microorganisms for exchanging electrons with 

extracellular solids revealed targets for domesticating these microorganisms to achieve optimal performance 

in bioelectrochemical technologies. The structural and functional characterization of iron scavenging proteins 

opens the opportunity of a rational design of strategies that interfere with their activity and tune the 

microbial access to iron in biotechnological applications or in infection control. 
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L[мр π hȄȅƎŜƴ ƘŜƳŜπōŀǎŜŘ ǎŜƴǎƻǊǎ ƛƴ ƴŀǘǳǊŜ ŀƴŘ ƳŜŘƛŎƛƴŜ 

 

Eduardo H. S. Sousa 

 

Universidade Federal do Ceará, Brazil 

 

Heme-based sensor are found in all kingdom of nature, involved in a myriad of physiological processes such 

as symbiosis, RNA degradation, vasodilation, biofilm regulation, virulence, dormancy, among others. These 

usual multi-domain proteins sense and respond to diatomic gaseous molecules (e.g., O2, CO, NO). Many 

oxygen sensors have been discovered and their molecular mechanism of functioning have been unfolded, 

which has illustrated their diversity. FixL is a prototype of an oxygen heme-based sensor involved in the 

regulation of symbiosis in Rhizobia, which has helped to a better understanding of this family of proteins. 

Indeed, this protein sensor shares some similarities to DevS (DosS) and DosT, two other oxygen sensors found 

in Mycobacterium tuberculosis (Mtb). These latter sensors are involved in the process of Mtb dormancy. 

During the last decade, a series of studies carried out by our lab and others have unfolded how these Mtb 

proteins work, making clearer that an even more complex network of signaling may be involved. The Mtb 

dormancy process is very important and has been associated to the lengthy treatment of tuberculosis (at 

least 6 months), including the lack of expectation for eradication of this disease. By understanding these 

systems along with other associated processes (e.g. nitrate/nitrite fate in dormant Mtb), there is a potential 

to development new anti-TB therapy as well. This talk is going to describe some advances on oxygen heme-

based sensors, mainly on DevS, and current perspectives. 
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h/нр !ƴŀƝǎŀ /ƻŜƭƘƻ hƴŜ ǿŀȅ ƻǊ ŀƴƻǘƘŜǊΥ ²Ƙŀǘ ƭƛŜǎ ōŜƘƛƴŘ ŎȅǘƻŎƘǊƻƳŜǎ 
ōŜƭƻƴƎƛƴƎ ǘƻ ǘƘŜ bŀǇ/κbƛǊ¢ ŦŀƳƛƭȅ ǿƛǘƘ ƻǇǇƻǎƛǘŜ ŜƭŜŎǘǊƻƴ 
ǘǊŀƴǎŦŜǊ ŘƛǊŜŎǘƛƻƴŀƭƛǘȅΚ 

h/нс aŀǊƎŀǊƛŘŀ 
{ŀǊŀƳŀƎƻ 

¢ŀǊƎŜǘƛƴƎ {!w{π/ƻ±πн ǊƛōƻƴǳŎƭŜŀǎŜǎ ǘƻ ŎƻƳōŀǘ /h±L5πмф 

h/нт Wƻŀƴŀ wƛǘŀ 
{ƻǳǎŀ 

tǊƻǘŜƻƳƛŎ ǇǊƻŦƛƭƛƴƎ ƻŦ {ǘǊŜǇǘƻƳȅŎŜǎ ŀŎǳƭŜƻƭŀǘǳǎΥ ǇǊƻǘŜƛƴ 
ƳŀǊƪŜǊǎ ƛƴǾƻƭǾŜŘ ƛƴ ǘƘŜ ōƛƻǎȅƴǘƘŜǎƛǎ ƻŦ ōƛƻŀŎǘƛǾŜ 
ƳŜǘŀōƻƭƛǘŜǎ 

h/ну !ƴŀ /ƭłǳŘƛŀ 
[ŜƛǘŜ 

/Ŝƭƭ ŎȅŎƭŜπŘŜǇŜƴŘŜƴǘ ǊŜƎǳƭŀǘƛƻƴ ƻŦ !¢t ǎȅƴǘƘŀǎŜ ōŜǘŀ 
ǎǳōǳƴƛǘ 

h/нф [ŀǳǊŀ /ŀǊǊŜƛǊŀ /ƘŀƴƎŜǎ ƛƴ ǎŀƭƛǾŀǊȅ ǇǊƻǘŜƻƳŜ ƛƴ ǇŀǘƛŜƴǘǎ ǿƛǘƘ ŘǊȅ ƳƻǳǘƘ 
ǎȅƴŘǊƻƳŜπ ǘƘŜ ŜŦŦŜŎǘ ƻŦ ǇƛƭƻŎŀǊǇƛƴŜ ǘƘŜǊŀǇȅ 

h/ол wƛŎŀǊŘƻ {ƻŀǊŜǎ 9ȄǇƭƻǊŀǘƛƻƴ ƻŦ ǘƘŜ 5ŜǎǳƭŦǳǊƻƳƻƴŀŘŀƭŜǎ άŎȅǘƻŎƘǊƻƳƻƳŜέΦ 
tǳǊƛŦƛŎŀǘƛƻƴ ƻŦ ƳǳƭǘƛƘŜƳŜ ŎȅǘƻŎƘǊƻƳŜǎ ƛƴǾƻƭǾŜŘ ƛƴ ǘƘŜ 
ŜȄǘǊŀŎŜƭƭǳƭŀǊ ǊŜǎǇƛǊŀǘƛƻƴ ƻŦ 5ŜǎǳƭŦǳǊƻƳƻƴŀǎ ŀŎŜǘƻȄƛŘŀƴǎ 
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OC25 - One way or another: What lies behind cytochromes belonging to 
the NapC/NirT family with opposite electron transfer directionality? 

 

!ƴŀƝǎŀ /ƻŜƭƘƻмΣ !ōƘƛƴŜȅ WŀƛƴнΣ Wƻŀƴŀ aŀŘƧŀǊƻǾмΣ wƛŎŀǊŘƻ hΦ [ƻǳǊƻмΣ WŜŦŦǊŜȅ !Φ DǊŀƭƴƛŎƪнΣ /ŀǘŀǊƛƴŀ aΦ 
tŀǉǳŜǘŜм 

мLƴƻǊƎŀƴƛŎ .ƛƻŎƘŜƳƛǎǘǊȅ ŀƴŘ baw ƭŀōƻǊŀǘƻǊȅΣ Lƴǎǘƛǘǳǘƻ ŘŜ ¢ŜŎƴƻƭƻƎƛŀ vǳƝƳƛŎŀ Ŝ .ƛƻƭƽƎƛŎŀ !ƴǘƽƴƛƻ ·ŀǾƛŜǊΣ ¦ƴƛǾŜǊǎƛŘŀŘŜ 
bƻǾŀ ŘŜ [ƛǎōƻŀΣ tƻǊǘǳƎŀƭΣ н.ƛƻ¢ŜŎƘƴƻƭƻƎȅ LƴǎǘƛǘǳǘŜ ŀƴŘ 5ŜǇŀǊǘƳŜƴǘ ƻŦ tƭŀƴǘ ŀƴŘ aƛŎǊƻōƛŀƭ .ƛƻƭƻƎȅΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ 

aƛƴƴŜǎƻǘŀΣ ¦{! 

9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ŀƴŀƛǎŀƴŎƻŜƭƘƻϪƛǘǉōΦǳƴƭΦǇǘ 

 

Background. Electroactive microorganisms have attracted significant interest for the development of novel 

biotechnological systems for the sustainable production of energy and added-value products. These 

organisms perform extracellular electron transfer which has been demonstrated to be performed by 

numerous multiheme c-type cytochromes. One of these proteins is the membrane-bound tetraheme 

cytochrome c, CymA, a member of the NapC/NirT family of quinol dehydrogenases. It has been proposed 

that in Shewanella oneidensis MR-1 CymA acts as a hub for electron transfer to multiple periplasmic partners, 

namely STC and FccA, functioning as a quinol oxidase during Fe(III) reduction. Interestingly, the freshwater 

chemolithoautotroph Sideroxydans lithotrophicus ES-1 also contains a NapC/NirT family tetraheme 

cyctochrome containing a protein encoded by Slit_2495 that has been proposed to function as the quinone 

reductase during Fe(II) oxidation based on its sequence similarity with CymA. Therefore, the characterization 

of these two proteins belonging to the NapC/NirT family regarding its biochemical and electrochemical 

properties is of great interest to obtain insights regarding the physiological function of these molecules, and 

understand their mode of action. 

Methods. Slit_2495 was produced by recombinant expression in Escherichia coli using the accessory plasmid 

pEC86, purified using affinity chromatography and characterized biochemically by UV-visible spectroscopy, 

Mass-spectrometry, Resonance Raman spectroscopy, Cyclic Voltammetry, and NMR spectroscopy. The 

bioelectrochemical experiments were performed in anaerobic conditions and the bacterial growth profile 

were monitored for approximately 40 h in simple bioelectrochemical reactors with a three-electrode setup. 

NMR spectroscopy was used to investigate the interaction between Slit_2495 and STC and FccA from S. 

oneidensis MR-1. 

Results. The 1H-1D-NMR spectrum of Slit_2495 in the oxidized state exhibits the typical features of a 

cytochrome with low-spin hemes that are axially coordinated by strong-field ligands. Cyclic voltammetry 

showed that CymA and Slit_2495 have similar redox properties. The differences detected in the growth of 

the S. oneidensis strains carrying Slit_2495 and CymA are almost insignificant indicating that Slit_2495 can 

replace CymA in S. oneidensis MR-1. By NMR spectroscopy it is possible to observe an interaction between 

Slit_2495 and STC and FccA from S. oneidensis MR-1. 

Conclusions. Our preliminary data have revealed differences in the redox behavior and in the NMR spectra 

of CymA and Slit_2495. Our bioelectrochemical experiments revealed that Slit_2495 can replace CymA, 

demonstrating that Slit 2495 functions as a quinol oxidase in S. oneidensis MR-1. This information is the first 

step in the complete elucidation of the mode of action of Slit_2495, a knowledge that is still lacking and is 

crucial to use and improve this organism towards practical biotechnological applications. 

 

  

mailto:anaisancoelho@itqb.unl.pt


··L {t. /ƻƴƎǊŜǎǎ .ƻƻƪ                                                 ¢ǳƴƛƴƎ .ƛƻŎƘŜƳƛǎǘǊȅ ǿƛǘƘ [ƛŦŜ {ŎƛŜƴŎŜǎ ŀƴŘ {ƻŎƛŜǘȅ 

65 

 

 

 
OC26 - Targeting SARS-CoV-2 ribonucleases to combat COVID-19 

 
Saramago M, Bárria C, Costa V, Souza CS, Viegas SC, Domingues S, Lousa D, Soares CM, Arraiano CM, Matos 

RG 

Instituto de Tecnologia Química e Biológica António Xavier, Universidade Nova de Lisboa, Apartado 127, 2781-901 

Oeiras, Portugal 

Email address: margaridasaramago@itqb.unl.pt 

 
Background. We are facing a global pandemic triggered by SARS-CoV-2, with devastating consequences for 

healthcare and social-economic systems. The understanding of fundamental aspects of this virus is of 

extreme importance. We have focused our attention on the RNase nsp14, a multifunctional protein that 

harbors two distinct activities, an N-ǘŜǊƳƛƴŀƭ оΩ-to-рΩ ŜȄƻǊƛōƻƴǳŎƭŜŀǎŜ ό9Ȅƻbύ ŀƴŘ ŀ /-terminal N7-

methyltransferase (N7-MTase), both with critical roles in Coronavirus (CoV) life cycle. The ExoN activity is 

crucial for the proofreading activity during viral replication, while the N7-MTtase activity is essential for the 

ŦƻǊƳŀǘƛƻƴ ƻŦ ŀ ŦǳƴŎǘƛƻƴŀƭ рΩ wb! ŎŀǇ ǎǘǊǳŎǘǳǊŜΣ ŎǊƛǘƛŎŀƭ ŦƻǊ ǎǘŀōƛƭƛǘȅ ŀƴŘ ǘǊŀƴǎƭŀǘƛƻƴ ƻŦ /ƻ± Ƴwb!ǎΦ 9Ȅƻb 

knockout mutants of SARS-CoV-2 are non-viable, showing up as a prominent target for the development of 

antiviral drugs. Nsp14 ExoN activity is stimulated through the interaction with the nsp10 protein, whose role 

is also reinforced by its pleiotropic function during viral replication. Nsp10 acts as a cofactor that also boosts 

ƴǎǇмс нΩ-O-MTase activity, constituting a key regulator of viral RNA synthesis and degradation. Due to its 

central role, nsp10 is also a promising target for anti-coronavirus therapy. 

Methods. In this work, we have purified both nsp10 and nsp14 proteins, and performed the first biochemical 

characterization of the complex nsp14-nsp10 from SARS-CoV-2. We have also modelled this complex based 

on the 3D structure of the complex from SARS-CoV (PDB ID 5C8S). 

Results. Here, we confirm thŜ оΩ-рΩ ŜȄƻǊƛōƻƴǳŎƭŜŀǎŜ ŀƴŘ a¢ŀǎŜ ŀŎǘƛǾƛǘƛŜǎ ƻŦ {!w{-CoV-2 nsp14, and the 

critical role of nsp10 in upregulating the ExoN activity in vitro. Mutation of conserved residues on the nsp10 

surface, highlighted on our 3D model of the nsp14-nsp10 complex, are shown to have a strong impact on 

ExoN activity. We have managed to map key nsp10 residues involved in its interaction with nsp14, all of which 

are also shown to be essential for stimulation of the ExoN activity by nsp10. This reinforces the idea that a 

stable interaction between nsp10 and nsp14 is strictly required for the nsp14-mediated ExoN activity of SARS-

CoV-2.  

We have also studied the role of conserved DEDD catalytic residues of SARS-CoV-2 nsp14 ExoN. Our results 

show that motif I of ExoN domain is essential for the nsp14 function revealing some striking differences in 

the functionality of nsp14 on SARS-CoV-2, which can have implications to viral pathogenesis. 

Conclusions. The nsp10-nsp14 interface is a recognized attractive target for antivirals against SARS-CoV-2 

and also other Coronaviruses. Additionally, some nsp10 residues can be targeted to inhibit also nsp16-nsp10 

complex ŦƻǊƳŀǘƛƻƴΣ ƭŜŀŘƛƴƎ ǎƛƳǳƭǘŀƴŜƻǳǎƭȅ ǘƻ ƛƴƘƛōƛǘƛƻƴ ƻŦ ƴǎǇмп 9Ȅƻb ŀƴŘ ƴǎǇмс нΩ-O-MTase activities. This 

work is a basis for discovering inhibitors targeting the specific amino acids here reported in order to disrupt 

the assembly of this(ese) complexe(s), potentially interfering with CoVs replication. 
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OC27 - Proteomic profiling of Streptomyces aculeolatus: protein markers 
involved in the biosynthesis of bioactive metabolites 

 

{ƻǳǎŀ WΦ wΦмΣ CŜǊƴŀƴŘŜǎ !ΦмΣ /ƻǎǘŀ [ΦмΣ DŀǳŘşƴŎƛƻ {ΦtΦмΣ !ƭƳŜƛŘŀ aΦDΦмΣн 

м¦/L.Lh π !ǇǇƭƛŜŘ aƻƭŜŎǳƭŀǊ .ƛƻǎŎƛŜƴŎŜǎ ¦ƴƛǘΣ bh±! {ŎƘƻƻƭ ƻŦ {ŎƛŜƴŎŜ ŀƴŘ ¢ŜŎƘƴƻƭƻƎȅΣ tƻǊǘǳƎŀƭΦΣ н/ƛƛ9a π Lƴǎǘƛǘǳǘƻ 
¦ƴƛǾŜǊǎƛǘłǊƛƻ 9Ǝŀǎ aƻƴƛȊΣ /ŀƳǇǳǎ ¦ƴƛǾŜǊǎƛǘłǊƛƻΣ tƻǊǘǳƎŀƭΦ 

 
9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ƧǊƭΦǎƻǳǎŀϪŎŀƳǇǳǎΦŦŎǘΦǳƴƭΦǇǘ 

 

Background. Actinomycetes Streptomyces aculeolatus belong to the MAR4 streptomycete lineage and are 

known for producing secondary metabolites, mainly hybrid isoprenoids (HI) [1]. These compounds have great 

potential as antibacterial, antifungal, and anticancer agents, which makes them attractive to the 

pharmaceutical industry [1,2]. In previous works, a total of 400 actinomycetes were isolated from marine 

sediments collected from the Madeira Archipelago, six of which belong to the S. aculeolatus species, as 

determined by a phylogenetic analysis based on the sequencing of the 16S rRNA gene [3]. These strains were 

able to produce HI with distinct bioactivities. In this context, we aim at characterizing the proteins involved 

in the synthesis of the main bioactive compounds generated by the strains PTM-29, PTM-129, PTM-346 and 

PTM-398. To achieve this goal, we performed a differential proteomic analysis based on two-dimensional 

electrophoresis (2DE). 

Methods. S. aculeolatus cells from three individual growths were isolated and purified from marine 

sediments samples and grown in a starch, yeast extract, peptone and seawater based medium. Cells were 

harvested and lysed in a French-Press, followed by a centrifugation to eliminate the cell debris. The total 

protein extract was analyzed by 2DE. The 1st dimension (isoelectric focusing) was performed in IPG strips (11 

cm) with a 4-7 pH gradient, using the Ettan IPGphor 3 system. The 2nd dimension (SDS-PAGE) was carried out 

in 12,5% polyacrylamide gels, which were stained with colloidal Coomassie Blue. The statistical image analysis 

and quantification of relative protein abundances (ANOVA p-value 0.05) was performed using the Melanie 

7.0.6 software.  

Results. A preliminary analysis of the 2D gels enabled the identification of 691, 694, 740 and 866 protein 

spots for the strains PTM-29, PTM-129, PTM-346 and PTM-398 respectively. The overall proteome of strains 

PTM-29, PTM-129 and PTM-398 was similar, revealing numerous proteins with identical pI and high 

molecular weight. Interestingly, the 2D gels of strain 346 showed many differences in comparison with those 

from the three other strains, indicating the presence of new proteins, aside a differential expression of 

common peptides. Upon gel matching (two-by-two) and statistical validation of the relative abundance of 

protein spots in the gel ( > 2 fold), we found 82 and 113 spots differentially expressed between the PTM-29 

and PTM-129 gels and between the PTM-346 and PTM-398 gels, respectively. 

Conclusions. The preliminary analysis of the S. aculeolatus (strains PTM-29, PTM-129, PTM-346, PTM-398) 

2D gels suggests that there are important differences in the protein profiles obtained in the same growth 

conditions. Noteworthy, the proteome of strain PTM-129, considered as a control (i.e. no biological activity), 

was more similar to those from other strains, than the proteome of strain PTM-346, which shows several 

biological activities. Unidentified differences at the genome level, and distinct biosynthetic efficiencies might 

be responsible for such diversity. The complete analysis of the gels is underway. Next, we intend to identify 

the differentially expressed proteins by mass spectrometry (MS) techniques.  

References  

[1] Gallagher KA, Jensen PR. BMC Genomics, 2015;16 (960): 1-13; [2] Bin Cheng Y, et al. W. European J. Org. Chem., 

2013: 3751ς57. [3] Prieto-Davó A, et al. Front Microbiol, 2016; 7: 1-12.  

mailto:jrl.sousa@campus.fct.unl.pt


··L {t. /ƻƴƎǊŜǎǎ .ƻƻƪ                                                 ¢ǳƴƛƴƎ .ƛƻŎƘŜƳƛǎǘǊȅ ǿƛǘƘ [ƛŦŜ {ŎƛŜƴŎŜǎ ŀƴŘ {ƻŎƛŜǘȅ 

67 

 

 

OC28 - Cell cycle-dependent regulation of ATP synthase beta subunit  
 

[ŜƛǘŜ !Φ/ΦмΣнΣоΣ aŀǊǘƛƴǎ ¢Φ{ΦмΣнΣоΣ /ƻǎǘŀ ±ΦмΣнΣоΣ tŜǊŜƛǊŀ /ΦмΣн 

мƛо{ Lƴǎǘƛǘǳǘƻ ŘŜ LƴǾŜǎǘƛƎŀœńƻ Ŝ LƴƻǾŀœńƻ ŜƳ {ŀǵŘŜΣ ¦ƴƛǾŜǊǎƛŘŀŘŜ Řƻ tƻǊǘƻΣ tƻǊǘƻΣ tƻǊǘǳƎŀƭΤ нL.a/  Lƴǎǘƛǘǳǘƻ ŘŜ .ƛƻƭƻƎƛŀ 
/ŜƭǳƭŀǊ Ŝ aƻƭŜŎǳƭŀǊΣ ¦ƴƛǾŜǊǎƛŘŀŘŜ Řƻ tƻǊǘƻΣ tƻǊǘƻΣ tƻǊǘǳƎŀƭΤ оLƴǎǘƛǘǳǘƻ ŘŜ /ƛşƴŎƛŀǎ .ƛƻƳŞŘƛŎŀǎ !ōŜƭ {ŀƭŀȊŀǊΣ 

¦ƴƛǾŜǊǎƛŘŀŘŜ Řƻ tƻǊǘƻΣ tƻǊǘƻΣ tƻǊǘǳƎŀƭ 
 

9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ŀƴŀΦƭŜƛǘŜϪƛоǎΦǳǇΦǇǘ 
 

Background. Mitochondrial ATP synthase is an enzyme complex that generates ATP and is a key determinant 

of mitochondrial function. Previously, we showed that the 2Alike protein phosphatase Sit4 promotes the 

dephosphorylation of ATP synthase catalytic beta subunit (Atp2 in yeast) at Thr124/317. Phosphorylation at 

Thr124/317 upregulates Atp2 levels, leading to an increase in ATP synthase activity and ATP production [1]. 

Using in silico analysis, four kinases were predicted as potential Atp2 regulators, namely Pkc1, Ipl1, Cdc5 and 

Hrr25. Likewise the phosphatase Sit4, these four kinases play prominent roles in cell cycle regulation 

suggesting the idea that Atp2 phosphoregulation may be cell cycle related. Here, we set out to investigate if 

Atp2 phosphorylation is cell cycle-dependent and if it contributes to cell cycle progression. 

Methods. Cells were synchronized in different phases of the cell cycle using -factor peptide (G1 arrest), 

hydroxyurea (S arrest) and nocodazole (G2/M arrest). Cell cycle arrest or progression upon -factor release 

were confirmed by analyzing DNA content by flow cytometry. The Atp2p levels were analyzed by western 

blot. The mitochondrial respiration was evaluated throughout cell cycle by measuring the oxygen 

consumption in a Clark electrode.  

Results. We found Atp2p levels vary in accordance with cell cycle phases, with an increase at G1 and at G2/M. 

The increase in Atp2 protein levels at G2/M correlates with an increase in mitochondrial respiration, both 

reduced using an Atp2-T124A/T317A phosphoresistant mutant, indicating Atp2 phosphorylation plays a role 

in mitochondrial function at G2/M.  

Since the two Atp2 phophosites lie within consensus motifs typically recognized by APC/C, an ubiquitin ligase 

with a role in cell cycle progression, we investigated if the phosphorylation increases Atp2p levels by 

preventing APC/C recognition. However, when mutating the putative APC/C recognition motifs, Atp2p levels 

did not increase. In addition, overexpression of both APC/C regulators, Cdh1 or Cdc20, did not decrease 

Atp2p levels, suggesting Atp2 is not an APC/C substrate. In addition, Atp2p levels were also not stabilized in 

a proteasome-deficient strain, suggesting Atp2 phosphorylation may contribute to Atp2 import/stabilization 

at the mitochondria.   

To investigate if Atp2 phosphorylation plays a role in cell cycle progression, we monitored cell cycle kinetics 

in synchronized cells and found cell cycle progresses similarly in the Atp2-T124A/T317A mutant until G2/M 

when the transition to G1 is delayed. This effect is also observed by monitoring optical density during cell 

cycle. 

Conclusions. Our results showed that Atp2 phosphorylation is associated with cell cycle, leading to increased 

mitochondrial respiratory activity at G2/M, which contributes for the cell cycle progression at this phase. 

These data suggest that Atp2 phosphorylation contributes to meet the energetic demands of cell cycle 

progression.  

References. [1] Pereira C et al. (2018) Biochim Biophys Acta Bioenerg 1859, 591601 

This work was supported by FCT - Fundaœńo para a Cişncia e Tecnologia, I.P., under the project UIDB/04293/2020, and 

through PhD grants attributed to ACL (SFRH/BD/135921/2018) and TSM (SFRH/BD/136996/2018) and FCT investigator 

grant attributed to CP (IF/00889/2015).   
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OC29 - Changes in salivary proteome in patients with dry mouth 

syndrome- the effect of pilocarpine therapy  

 
/ŀǊǊŜƛǊŀΦ [мΣ пΣ ½ŀƳƻǊŀΦ WнΣ bǳƴŜǎΦWнΣ /ƻǊƻƳƛƴŀΦ WнΣ /ƻǊŘŜƛǊƻΦ/оΣ [ŀƳȅΣ 9п 

 
м.ƛƻŎƘŜƳƛǎǘǊȅ tƘ5 ǎǘǳŘŜƴǘΣ /ƘŜƳƛǎǘǊȅ ŘŜǇŀǊǘƳŜƴǘΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ;ǾƻǊŀΣ тллнπррп tƻǊǘǳƎŀƭΣ н 5Ǌȅ ƳƻǳǘƘ ƛƴǎǘƛǘǳǘŜΣ 
¢Ŝƪƴƻƴ IƻǎǇƛǘŀƭΣ лулнн {ǇŀƛƴΤ оC¢πLw/ ŀƴŘ {ǘǊǳŎǘǳǊŀƭ aŀǎǎ {ǇŜŎǘǊƻƳŜǘǊȅ [ŀōƻǊŀǘƻǊȅΣ CŀŎǳƭǘȅ ƻŦ {ŎƛŜƴŎŜΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ 
[ƛǎōƻƴΣ /ŀƳǇƻ DǊŀƴŘŜ мтпфπлмсΣ [ƛǎōƻƴΣ tƻǊǘǳƎŀƭΤ пa95π aŜŘƛǘŜǊǊŀƴŜŀƴ LƴǎǘƛǘǳǘŜ ŦƻǊ !ƎǊƛŎǳƭǘǳǊŜΣ 9ƴǾƛǊƻƴƳŜƴǘ ŀƴŘ 

5ŜǾŜƭƻǇƳŜƴǘΤ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ;ǾƻǊŀΣ тллнπррп tƻǊǘǳƎŀƭ 
 

9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ŘптмнуϪŀƭǳƴƻǎΦǳŜǾƻǊŀΦǇǘ 

 

Background. Saliva is a biological fluid, mainly consisting of water, electrolytes, metabolites and proteins. Its 

function is coating and protecting surfaces of oral cavity, defending and lubricating them, facilitating bolus 

formation and swallowing. It is known that volume changes (e.g. hyposalivation) can cause dry mouth feeling, 

however, saliva composition changes cannot be excluded. Dry mouth syndrome, also called xerostomia, is a 

pathology characterized by a subjective dry mouth sensation. This syndrome can have variable origins, being 

the most common autoimmune diseases (e.g. {ƧƻƎǊŜƴǎΩ ǎȅƴŘǊƻƳŜύΣ Ǉƻƭȅ-medicated patients, radiotherapy 

in the head and neck area or even idiopathic. Dry mouth causes oral discomfort, burning sensation, loss of 

taste, difficulties in chewing, among others. Existent treatments consist in strategies that improve symptoms, 

like topical medications, such as pilocarpine, the one focused in this study. Despite being known that 

pilocarpine induces increases in the flow of water and electrolytes to saliva, the aim of this pilot work was to 

access the effect of pilocarpine treatment in the salivary proteome of dry mouth syndrome patients. 

To achieve this objective, protein quantification followed by electrophoretic separation was used. Saliva 

samples were collected to patients with Dry mouth syndrome attending the consultation of Instituto de la 

boca seca, Barcelona (N=7). Collections were made in two different days: 1) control situation, before 

treatment, when attending the first consult; 2) after a period of 3 to 9 months with pilocarpine treatment, 

through the administration of Salagen 5mg, three to five times a day, according to the severity of each patient 

symptoms. In all cases, saliva was collected by the passive droll method, to a tube maintained on ice and 

immediately frozen after collection, until laboratory analysis. 

Methods. After assessing saliva protein concentration, through Bradford method, using bovine serum 

albumin as standard, saliva proteins were separated by SDS-PAGE, in 14% polyacrylamide mini-gels. Protein 

profiles of saliva obtained before and after pilocarpine treatment were compared.  

Results. With this preliminary study we realized that the treatment with pilocarpine in continuous for a long 

period, result in changes in the protein profile. In fact, some of the protein bands presented differences in 

the expression levels, induced by pilocarpine treatment. These results will be presented and discussed in this 

presentation and suggest that, in opposition to some thoughts about pilocarpine as a drug inducing only 

changes in flow rate, this treatment also changes the protein composition of this fluid.  

Conclusions. This potential association of the pathology with salivary proteome, reinforces the relevance 

continuing to explore saliva composition for a better understanding and treatment of this pathology. 
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OC30 - Exploration of the Desulfuromonadales ñcytochromomeò. 
Purification of multiheme cytochromes involved in the extracellular 

respiration of Desulfuromonas acetoxidans 

 

Ricardo M. Soares1,2*, Catarina M. Paquete1 and Ricardo O. Louro1 

1 Instituto de Tecnologia Química e Biológica António Xavier, Universidade Nova de Lisboa, Portugal, 2 
Instituto Nacional de Investigação Agrária e Veterinária, Portugal 

*Email address: ricardosoares@itqb.unl.pt 

 

Background. The Desulfuromonadales order is composed by strict anaerobic bacteria, most with a great 

plasticity for respiration of soluble and insoluble electron acceptors. Apart from mesophiles and neutrophiles 

it also comprises thermophiles, halophiles and alkaliphiles. Some members of this order are also electroactive 

microorganisms (EM) that interact with electrical devices by transferring electrons to anodes when respiring 

anaerobically. Their power output and biofilm thickness in bioanodes are typically high when compared to 

other EM (e.g. Shewanella spp.). This has called the attention for their implementation in bioelectrochemical 

systems (BES), in particular for sustainable energy production, water desalination and bioremediation. Even 

though diversified bacteria compose the Desulfuromonadales order, only Geobacter sulfurreducens has been 

extensively studied and applied in this context. Since this bacterium was isolated from fresh water 

environments, power output in BES devices is greatly limited by the electrolyte (internal) resistance. For this 

matter, it is hypothesize that halophilic EM can enable an increase in conductivity in BES devices without 

affecting the physiology of the EM. Moreover, certain BES applications may imply the use of halophilic EM, 

e.g. water desalination. Here we aim to study the evolutionary patterns of the Desulfuromonadales with 

special emphasis on multiheme cytochromes c (MHC) and to unravel the extracellular electron transfer (EET) 

mechanisms of the marine bacterium Desulfuromonas acetoxidans. 

Methods. To study the evolutionary patterns within the Desulfuromonadales, pan-genome analysis was 

performed by retrieving proteomes from NCBI and identifying c-type cytochromes with InterProScan. To test 

D. acetoxidans ability to grow in different conditions, growth curves were performed with different salt 

concentrations. EET under different salt concentrations was also assessed using methyl orange reduction 

colorimetric assays. MHC involved in EET were identified by homology with characterized MHC from EM. 

Their genes were amplified and cloned in appropriate expression vectors to be heterologously expressed in 

Escherichia coli. These proteins were purified by affinity chromatography and characterized biochemically.  

Results. Pan-genome analysis revealed that Geobacter spp. contain the largest amount of coding sequences 

for MHC, while Pelobacter spp. the least. Desulfuromonas spp. genomes possess MHC coding sequences with 

the highest number of putative heme binding motifs per polypeptide.  The best growth conditions of D. 

acetoxidans was achieved with 2% of NaCl, while the reduction of methyl orange was faster with 3% of NaCl. 

A putative EET pathway composed by MHC in D. acetoxidans was identified and purified. This proposed 

pathway is homologous to G. sulfurreducens EET pathway, being composed by homologues of CbcL, (inner 

membrane), cytochrome c7 (periplasmic) and OmbacB (outer membrane cytochrome-porin complex). 

Conclusions. Altogether, this work paves the way to study and apply new alternative EM that are able to 

power BES devices with high ionic strength conditions.  
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SYMPOSIUM 9 - SEBBM - CHEMICAL BIOLOGY, DRUG 
DISCOVERY AND DEVELOPMENT 

 

Medicinal chemistry is a highly multidisciplinary and rapidly developing area that deals with 

the research on biologically active compounds and their interactions with biological targets to 

understand their mode of action at the molecular level, and how they can be included in clinically-

relevant formulations. This session will provide insights into recent advances on different 

techniques for design and preparation of new drug leads in antiviral, antimicrobial and anticancer 

chemotherapy, as well as new drug candidates for contraception, neurodegenerative and 

inflammatory diseases. 

Emphasis will be focused on identification of multitarget-directed small molecules as innovative 

therapeutic tools, and best administration routes. Mechanism of action and structureςactivity 

relationship studies, including elucidation of target enzyme/protein-drug interaction and metabolic 

pathways will be discussed. 

 

 
 

 
 

L[мс 
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L[мт 
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5ŜǇŀǊǘƳŜƴǘ ƻŦ .ƛƻŎƘŜƳƛǎǘǊȅ ŀƴŘ aƻƭŜŎǳƭŀǊ 
.ƛƻƭƻƎȅΣ CŀŎǳƭǘȅ ƻŦ {ŎƛŜƴŎŜǎ ŀƴŘ LƴǎǘƛǘǳǘŜ ƻŦ 

aƻƭŜŎǳƭŀǊ tŀǘƘƻƭƻƎȅ .ƛƻƳŀǊƪŜǊǎΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ 
9ȄǘǊŜƳŀŘǳǊŀΣ .ŀŘŀƧƻȊΣ {ǇŀƛƴΦ 

¢ƘŜ ŜƳŜǊƎƛƴƎ ǊƻƭŜ ƻŦ ƳŜǘƘȅƭŜƴŜ ōƭǳŜ ƛƴ ǘƘŜ ƛƴǘŜǊǇƭŀȅ 
ōŜǘǿŜŜƴ ta/! ŀƴŘ ōƛƻƳŀǊƪŜǊǎ ƻŦ !ƭȊƘŜƛƳŜǊΩǎ ŘƛǎŜŀǎŜ 

Wƻńƻ wŀƳŀƭƘƻπ{ŀƴǘƻǎ 
Department of Life Sciences, University of 

Coimbra, Portugal & Center for Neuroscience and 
Cell Biology, University of Coimbra 

L ǿŀƴǘ ŀ ƴŜǿ ŘǊǳƎΥ {ŜŀǊŎƘƛƴƎ ŦƻǊ ƴƻǾŜƭ ƳƻŘǳƭŀǘƻǊǎ ƻŦ 
ǎǇŜǊƳ ŦǳƴŎǘƛƻƴ 
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L[мс ς ¢ƘŜ ŜƳŜǊƎƛƴƎ ǊƻƭŜ ƻŦ ƳŜǘƘȅƭŜƴŜ ōƭǳŜ ƛƴ ǘƘŜ ƛƴǘŜǊǇƭŀȅ ōŜǘǿŜŜƴ ta/! 
ŀƴŘ ōƛƻƳŀǊƪŜǊǎ ƻŦ !ƭȊƘŜƛƳŜǊΩǎ ŘƛǎŜŀǎŜ 

 

!ƴŀ aΦ aŀǘŀ 

 

5ŜǇŀǊǘƳŜƴǘ ƻŦ .ƛƻŎƘŜƳƛǎǘǊȅ ŀƴŘ aƻƭŜŎǳƭŀǊ .ƛƻƭƻƎȅΣ CŀŎǳƭǘȅ ƻŦ {ŎƛŜƴŎŜǎ ŀƴŘ LƴǎǘƛǘǳǘŜ ƻŦ aƻƭŜŎǳƭŀǊ tŀǘƘƻƭƻƎȅ 

.ƛƻƳŀǊƪŜǊǎΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ 9ȄǘǊŜƳŀŘǳǊŀΣ .ŀŘŀƧƻȊΣ {ǇŀƛƴΦ 

 

9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ŀƴŀƳϪǳƴŜȄΦŜǎ 

 

/ŀƭŎƛǳƳ ό/ŀнҌύ ƛǎ ŀ ƳŀƧƻǊ ǎƛƎƴŀƭƭƛƴƎ ƛƻƴ ǿƘƛŎƘ ǊŜƎǳƭŀǘŜǎ Ƴŀƴȅ ŎŜƭƭǳƭŀǊ ŦǳƴŎǘƛƻƴǎΦ ¢ƘŜǊŜŦƻǊŜΣ ǘƘŜ ƭƻǿ ǊŜǎǘƛƴƎ 

ƛƴǘǊŀŎŜƭƭǳƭŀǊ /ŀнҌ ŎƻƴŎŜƴǘǊŀǘƛƻƴ ŀƴŘ ǘƘŜ /ŀнҌ ǎƛƎƴŀƭ ƘŀǾŜ ǘƻ ōŜ ǎǘǊƛŎǘƭȅ ǊŜƎǳƭŀǘŜŘΦ !ƳƻƴƎ ŀƭƭ ǎȅǎǘŜƳǎ ƛƴǾƻƭǾŜŘΣ 

ǘƘŜ ǇƭŀǎƳŀ ƳŜƳōǊŀƴŜ /ŀнҌπ!¢tŀǎŜ όta/!ύ ƛǎ ŀ ƘƛƎƘπŀŦŦƛƴƛǘȅ ŀŎǘƛǾŜ /ŀнҌ ǘǊŀƴǎǇƻǊǘŜǊ ǿƘƛŎƘ ŜȄǘǊǳŘŜǎ ǘƘŜ ŜȄŎŜǎǎ 

ƻŦ ƛƴǘǊŀŎŜƭƭǳƭŀǊ /ŀнҌ ƻǳǘ ƻŦ ǘƘŜ ŎŜƭƭΦ 5ȅǎǊŜƎǳƭŀǘƛƻƴ ƻŦ ƛƴǘǊŀŎŜƭƭǳƭŀǊ /ŀнҌ ƘƻƳŜƻǎǘŀǎƛǎ ƛǎ ŀ ƪŜȅ ŦŀŎǘƻǊ ƛƴ ōǊŀƛƴ ŀƎƛƴƎ 

ŀƴŘ ŀƎƛƴƎπŀǎǎƻŎƛŀǘŜŘ ƴŜǳǊƻŘŜƎŜƴŜǊŀǘƛǾŜ ŘƛǎŜŀǎŜǎΣ ǎǳŎƘ ŀǎ !ƭȊƘŜƛƳŜǊȰǎ ŘƛǎŜŀǎŜ ό!5ύΦ ¢Ƙƛǎ ŘƛǎŜŀǎŜ ƛǎ 

ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ŀƳȅƭƻƛŘ ǇƭŀǉǳŜǎ ŎƻƳǇƻǎŜŘ ƻŦ ŀƳȅƭƻƛŘ π̡ǇŜǇǘƛŘŜ ό!ύ̡ ŀƴŘ ƴŜǳǊƻŦƛōǊƛƭƭŀǊȅ 

ǘŀƴƎƭŜǎ ƻŦ ŀōƴƻǊƳŀƭ ǘŀǳ ǇǊƻǘŜƛƴΦ ²Ŝ ƘŀǾŜ ǎƘƻǿƴ ǘƘŀǘ ta/! ŀŎǘƛǾƛǘȅ ƛǎ ƛƴƘƛōƛǘŜŘ ōȅ ! ̡ŀƴŘ ǘŀǳΣ ŀƴŘ ǿŜ ƘŀǾŜ 

ŎƘŀǊŀŎǘŜǊƛȊŜŘ ƛƴ ŘŜǘŀƛƭ ǘƘŜ ƛƴƘƛōƛǘƻǊȅ ƳŜŎƘŀƴƛǎƳǎΦ Lƴ ƻǊŘŜǊ ǘƻ ƭƻƻƪ ŦƻǊ ŎƻƳǇƻǳƴŘǎ ǘƘŀǘ ŎƻǳƭŘ ōƭƻŎƪ ǘƘƻǎŜ 

ƛƴƘƛōƛǘƛƻƴǎ ǿŜ ƘŀǾŜ ŀƴŀƭȅȊŜŘ ǘƘŜ ŜŦŦŜŎǘǎ ƻŦ ƳŜǘƘȅƭŜƴŜ ōƭǳŜΣ ŀ ǇƘŜƴƻǘƘƛŀȊƛƴŜ ǿƘƛŎƘ ƘŀǾŜ ōŜŜƴ ǊŜǇƻǊǘŜŘ ǘƻ 

ŀƳŜƭƛƻǊŀǘŜ ƳƛƭŘ ŎƻƎƴƛǘƛǾŜ ƛƳǇŀƛǊƳŜƴǘ ŀƴŘ ƳƛƭŘ !5Φ hǳǊ ǊŜǎǳƭǘǎ ƛƴŘƛŎŀǘŜ ǘƘŀǘ ƳŜǘƘȅƭŜƴŜ ōƭǳŜ ǇǊŜǾŜƴǘǎ ŀƴŘ 

ŜǾŜƴ ōƭƻŎƪǎ ǘƘŜ ƛƴƘƛōƛǘƛƻƴ ƻŦ ta/! ŀŎǘƛǾƛǘȅ ōȅ ! ̡ŀƴŘ ǘŀǳΣ ǘƘǊƻǳƎƘ ƛƴǘŜǊŀŎǘƛƻƴǎ ǿƛǘƘ ǘƘŜ ǇǳƳǇ ŀƴŘ ŀƭǎƻ ǿƛǘƘ 

ǘƘŜ ƛƴƘƛōƛǘƻǊǎΦ .ŀǎŜŘ ƻƴ ǘƘŜǎŜ ǊŜǎǳƭǘǎ ǿŜ ǎǳƎƎŜǎǘ ǘƘŀǘ ƻƴŜ ƻŦ ǘƘŜ ƳƻƭŜŎǳƭŀǊ ƳŜŎƘŀƴƛǎƳǎ ǳƴŘŜǊƭȅƛƴƎ ŀ 

ǇƻǘŜƴǘƛŀƭ ǘƘŜǊŀǇŜǳǘƛŎ ŜŦŦŜŎǘ ƻŦ ƳŜǘƘȅƭŜƴŜ ōƭǳŜ ƛƴ !5 Ƴŀȅ ƛƴǾƻƭǾŜ ǘƘŜ ǊŜƎǳƭŀǘƛƻƴ ƻŦ ƛƴǘǊŀŎŜƭƭǳƭŀǊ /ŀнҌ ƭŜǾŜƭǎ ōȅ 

ƛǘǎ ƛƴǘŜǊŀŎǘƛƻƴ ǿƛǘƘ ta/!Σ ! ̡ŀƴŘ ǘŀǳ ŀƴŘ ǿƛǘƘ ǘƘŜ ŎƻƳǇƭŜȄ ta/!π!̡ ŀƴŘ ta/!πǘŀǳΦ  

CǳƴŘƛƴƎΥ {ǳǇǇƻǊǘŜŘ ōȅ {ǇŀƴƛǎƘ ƎǊŀƴǘǎ ŦǊƻƳ aƛƴƛǎǘŜǊƛƻ ŘŜ 9ŎƻƴƻƳƝŀ ȅ /ƻƳǇŜǘƛǘƛǾƛŘŀŘ όaLb9/hΣ 

.C¦нлмтуртноtύ ŀƴŘ Wǳƴǘŀ ŘŜ 9ȄǘǊŜƳŀŘǳǊŀ όDwмуммуύΣ ŎƻŦƛƴŀƴŎŜŘ ōȅ C959w ŦǳƴŘǎΦ 
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Mammalian sperm function is a complex process that involves many different pathways and aspects, not 

only related to the obvious readout related to motility, but also in terms of other processes needed for the 

sperm to correctly fertilize an oocyte, and that go well beyond merely reaching the female gamete. 

Systematically studying these events can ultimately provide clues to manipulate sperm production and 

functionality, although one must consider that a mature sperm cell is devoid of many of the main features 

relevant for somatic cell function, and its manipulation using strategies normally applied to other cells may 

be therefore prove technically demanding. Besides invasive strategies related to modulating sperm 

production in the testis, this leaves biochemical modulation of the male gamete itself. 

Manipulating human sperm function may serve two distinct purposes. On one hand, potentiating sperm 

activity in some cases of male subfertility/subfertility may render cells more amenable to natural conception 

or for certain Assistance Reproduction techniques. On the other hand, impairing sperm function may be 

relevant in developing novel male-tailored contraception strategies. In the latter case the specificity of 

whatever compounds proposed to be employed solely towards sperm, as well as lack of unspecific toxicity 

of these same compounds to the female reproductive tract are the main concerns and need to be carefully 

controlled. The talk will review several strategies related to the biochemical manipulation of human sperm 

with relevance towards contraception and Assisted Reproduction. 
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h/ом Wƻńƻ bǳƴŜǎ .ƛƻŎƻƳǇŀǘƛōƛƭƛǘȅ ŀƴŘ ōƛƻǎŀŦŜǘȅ ŀƴŀƭȅǎƛǎ ƻŦ ŎƘƛǘƻǎŀƴ ƘȅŘǊƻƎŜƭǎ 
ǳǎƛƴƎ ƻǊƎŀƴƻǘȅǇƛŎ ŜǇƛŘŜǊƳŀƭ ƳƻŘŜƭǎ 

h/он !ƴŀ {ŀƭƻƳŞ 
±ŜƛƎŀ 

!ƴǘƛπIL±πм ŀŎǘƛǾƛǘȅ ŀƴŘ ƳƻŘŜ ƻŦ ŀŎǘƛƻƴ ƻŦ ǇŜǇwCмΣ ŀ ǾƛǊŀƭπ
ŘŜǊƛǾŜŘ /·/wп ŀƴǘŀƎƻƴƛǎǘ 

h/оо ±ŜǊŀ bŜǾŜǎ 5ŜǾŜƭƻǇƳŜƴǘ ƻŦ ŀ .ƭƻƻŘ .Ǌŀƛƴ .ŀǊǊƛŜǊ tŜǇǘƛŘŜ {ƘǳǘǘƭŜ ŀƴŘ ƛǘǎ 
ŎƻƴƧǳƎŀǘƛƻƴ ǘƻ ŀƴ CŎ ŘƻƳŀƛƴ ŦƻǊ ōǊŀƛƴ ŘŜƭƛǾŜǊȅ ƻŦ ǘƘŜǊŀǇŜǳǘƛŎ 
ōƛƻƳƻƭŜŎǳƭŜǎ 

h/оп !ƴŘǊŜƛŀ ±Ŝƭƻǎƻ 5ŜǾŜƭƻǇƳŜƴǘ ƻŦ ŀ ƘƛƎƘƭȅ ƘȅŘǊƻǇƘƛƭƛŎ ŎŀǊōƻƴ {h5πƴŀƴƻȊȅƳŜ 
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OC31 - Biocompatibility and biosafety analysis of chitosan hydrogels 
using organotypic epidermal models 

bǳƴŜǎ WΦмΣ aŀǊǉǳŜǎ aΦнΣ {ǘŜǊƎƘƛǘŜ 5нΦΣ .ǊŀƴŎƻ {ΦоΣпΣ aŀǊǘƛƴǎ [ΦоΣпΣ {ƛƭǾŀ aΦрΣ /ŀƳǇƻǎπDƻƴœŀƭǾŜǎ LΦр {ƻǳȊŀ 9ΦCрΣ 
CƛƭƘƻ /ΦaΦ/ΦрΣ /ǊŀǾŜƛǊƻ !Φ/ΦрΣ !ƭǇƛȊŀǊπWŀǊŀ wΦсΣтΣ .ǳǊƪŜ !ΦWΦмΣуΣ /ƻǎǘŀ !ΦwΦнΣфΣ !ƴǘǳƴŜǎ /ΦaΦнΣф 

м5ŜǇŀǊǘƳŜƴǘ ƻŦ /ƘŜƳƛǎǘǊȅΣ {ŎƘƻƻƭ ƻŦ {ŎƛŜƴŎŜǎ ŀƴŘ ¢ŜŎƘƴƻƭƻƎȅΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ;ǾƻǊŀΣ tƻǊǘǳƎŀƭΤ нLƴǎǘƛǘǳǘŜ ƻŦ 9ŀǊǘƘ 
{ŎƛŜƴŎŜǎ ς L/¢Τ оaŜŘƛǘŜǊǊŀƴŜŀƴ LƴǎǘƛǘǳǘŜ ŦƻǊ !ƎǊƛŎǳƭǘǳǊŜΣ 9ƴǾƛǊƻƴƳŜƴǘ ŀƴŘ 5ŜǾŜƭƻǇƳŜƴǘ ς a95Τ п5ŜǇŀǊǘƳŜƴǘ ƻŦ 
±ŜǘŜǊƛƴŀǊȅ aŜŘƛŎƛƴŜΣ {ŎƘƻƻƭ ƻŦ {ŎƛŜƴŎŜǎ ŀƴŘ ¢ŜŎƘƴƻƭƻƎȅΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ;ǾƻǊŀΣ tƻǊǘǳƎŀƭΤ р.wƛƴƻǾŀ .ƛƻŎƘŜƳƛǎǘǊȅ [ŘŀΦΣ 
;ǾƻǊŀΣ tƻǊǘǳƎŀƭΤ сwŜǎŜŀǊŎƘ /ŜƴǘŜǊ ƛƴ aŀǘƘŜƳŀǘƛŎǎ ŀƴŘ !ǇǇƭƛŎŀǘƛƻƴǎ ς /La!Τ т5ŜǇŀǊǘƳŜƴǘ ƻŦ aŀǘƘŜƳŀǘƛŎǎΣ {ŎƘƻƻƭ ƻŦ 
{ŎƛŜƴŎŜǎ ŀƴŘ ¢ŜŎƘƴƻƭƻƎȅΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ;ǾƻǊŀΣ tƻǊǘǳƎŀƭΤ уLƴǎǘƛǘǳǘŜ ŦƻǊ wŜǎŜŀǊŎƘ ŀƴŘ !ŘǾŀƴŎŜŘ [ŜŀǊƴƛƴƎ ς [!v±Τ 

ф5ŜǇŀǊǘƳŜƴǘ ƻŦ IŜŀƭǘƘ ŀƴŘ aŜŘƛŎŀƭ {ŎƛŜƴŎŜǎΣ {ŎƘƻƻƭ ƻŦ IŜŀƭǘƘ ŀƴŘ IǳƳŀƴ 5ŜǾŜƭƻǇƳŜƴǘΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ;ǾƻǊŀΣ tƻǊǘǳƎŀƭΦ 

9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ƧǇŜŘǊƻǇƴǳƴŜǎϪƎƳŀƛƭΦŎƻƳ 

Background: Frequent dog consultations are due to skin wounds (Holland, 2019), with different trauma causes, like 
bites, burns and others. The majority of  these wounds are not fatal,  but cause long-lasting discomfort, demanding 
frequent medical care which may affect owners financially (Fahie & Shettko, 2007). Despite several pharmaceuticals 
available for dog wound treatment, new antibiotic-free efficient options, also more ecological are needed. Chitosan 
hydrogels offer a promising solution. Besides, being very ecological and biodegradable, chitosan hydrogels allow the 
maintenance of a moist environment that assists the exchange of fluids, essential for wound healing, and can also 
incorporate agents to avoid the development of infectious agents (Stashak, Farstvedt, & Othic, 2004). The aim of this 
study was to screen chitosan-based hydrogels for veterinary applications, supplied by the company BrInova 
Biochemistry as part of a collaborative project (NAQUIBIO DPSA). Screening was based on toxicity, biosafety, and 
ŜŦŦƛŎŀŎȅ άƛƴ ǾƛǘǊƻέ tests, using organotypic epidermal models. 

Methods: Epidermal canine keratinocytes and human fibroblasts primary cells (supplied by CELLnTEC) were seeded in 
flasks and incubated to reach a desired level of growth, as indicated by the supplier. For toxicity evaluation, both cell 
lines were used. Viability tests were performed in 96 wells cell-culture plaques. Culture media and Triton X-100 was 
used as negative and positive controls, respectively. Firstly, hydrogels and potentially useful additives were tested 
individually, in several concentrations. Nontoxic components and doses were used in the production of several 
hydrogel-based composites, subsequentially tested. Viability was accessed by dehydrogenase activity (CCK-8, Sigma-
Aldrich). For the efficacy of the hydrogel-based composites a wound scratch (WS) cellular assay was used, applied to 
both cell lines. For biosafety tests, a 3D keratinocyte culture was prepared, and irritation, corrosion, and sensitization 
protocols (adapted of EPISKINTM) were used.  

Results: Toxicity testes allowed the selection of 4 hydrogels, 2 nanoparticles and 2 plant essential oils to use in hydrogel-
based composites, as well as the suitable concentrations range for each. Based on that information, 16 composites were 
prepared by other members of the NAQUIBIO team, and their toxicity was also evaluated, allowing the selection of 6 
hydrogel-based composites. Those composites were evaluated for efficacy by a WS assay and the best compounds were 
those that could induce a fast closure of the scratch gap. The intersection of the toxicity and efficacy results allowed the 
selection of one hydrogel-based composite as the most promising one, whose biosafety was later evaluated. This proved 
to be non-corrosive, non-toxic and non-sensitizing. This compound was selected to proceed to the animal testing phase, 
in accordance with the goals of the NAQUIBIO project.  

Conclusions: As initially planned, we were able to select a mixture of hydrogels with essential oils and nanoparticles, to 
be further in vivo evaluated in dogs, or more specifically we have in advanced development a new wound dressing for 
veterinary use, capable of accelerating and creating better conditions for wound healing. 

References. Fahie, M. A., & Shettko, D. (2007). Evidence-Based Wound Management: A Systematic Review of 

Therapeutic Agents to Enhance Granulation and Epithelialization. Veterinary Clinics of North America - Small Animal 
Practice, 37(3), 559ς577. https://doi.org/10.1016/j.cvsm.2007.02.001;   
Holland, K. E. (2019). Acquiring a pet dog: A review of factors affecting the decision-making of prospective dog owners. 
Animals, 9(4), 1ς18. https://doi.org/10.3390/ani9040124;  
Stashak, T. S., Farstvedt, E., & Othic, A. (2004). Update on wound dressings: Indications and best use. Clinical Techniques 
in Equine Practice, 3(2 SPEC. ISS.), 148ς163. https://doi.org/10.1053/j.ctep.2004.08.006 
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OC32 - Anti-HIV1 activity and mode of action of pepRF1, a viral-derived 
CXCR4 antagonist 

 
/ŀŘƛƳŀπ/ƻǳǘƻ LΦмΣ ¢ŀǳȊƛƴ !ΦнΣ CǊŜƛǊŜ WΦaΦмΣ CƛƎǳŜƛǊŀ ¢ΦbΦмΣ {ƛƭǾŀ wΦ5ΦaΦоΣ tŞǊŜȊπtŜƛƴŀŘƻ /ΦпΣ /ǳƴƘŀπ{ŀƴǘƻǎ /ΦрΣ 
.łǊǘƻƭƻ LΦрΣ ¢ŀǾŜƛǊŀ bΦрΣсΣ Dŀƴƻ [ΦоΣ /ƻǊǊŜƛŀ WΦ5ΦDΦоΣ DƻƴŎŀƭǾŜǎ WΦрΣ aŀƳƳŀƴƻ CΦнΣ !ƴŘǊŜǳ 5ΦпΣ /ŀǎǘŀƴƘƻ 

aΦ!ΦwΦ.ΦмΣ ±ŜƛƎŀ !Φ{Φм 
 

мLƴǎǘƛǘǳǘƻ ŘŜ aŜŘƛŎƛƴŀ aƻƭŜŎǳƭŀǊΣ CŀŎǳƭŘŀŘŜ ŘŜ aŜŘƛŎƛƴŀΣ ¦ƴƛǾŜǊǎƛŘŀŘŜ ŘŜ [ƛǎōƻŀΣ [ƛǎōƻŀΣ tƻǊǘǳƎŀƭΤΤ нLb{9wa ¦aw 
ммнпΣ ¦ƴƛǾŜǊǎƛǘŞ ŘŜ tŀǊƛǎΣ tŀǊƛǎΣ CǊŀƴŎŜΤ о/ŜƴǘǊƻ ŘŜ /ƛşƴŎƛŀǎ Ŝ ¢ŜŎƴƻƭƻƎƛŀǎ bǳŎƭŜŀǊŜǎ ŀƴŘ 5ŜǇŀǊǘŀƳŜƴǘƻ ŘŜ 9ƴƎŜƴƘŀǊƛŀ 

Ŝ /ƛşƴŎƛŀǎ bǳŎƭŜŀǊŜǎΣ Lƴǎǘƛǘǳǘƻ {ǳǇŜǊƛƻǊ ¢ŞŎƴƛŎƻΣ ¦ƴƛǾŜǊǎƛŘŀŘŜ ŘŜ [ƛǎōƻŀΣ [ƻǳǊŜǎΣ tƻǊǘǳƎŀƭΤ п5ŜǇŀǊǘƳŜƴǘ ƻŦ 
9ȄǇŜǊƛƳŜƴǘŀƭ ŀƴŘ IŜŀƭǘƘ {ŎƛŜƴŎŜǎΣ ¦ƴƛǾŜǊǎƛǘŀǘ tƻƳǇŜǳ CŀōǊŀΣ .ŀǊŎŜƭƻƴŀΣ {ǇŀƛƴΤ рwŜǎŜŀǊŎƘ LƴǎǘƛǘǳǘŜ ŦƻǊ aŜŘƛŎƛƴŜǎ 
όƛaŜŘΦ¦[ƛǎōƻŀύΣ CŀŎǳƭŘŀŘŜ ŘŜ CŀǊƳłŎƛŀΣ ¦ƴƛǾŜǊǎƛŘŀŘŜ ŘŜ [ƛǎōƻŀΣ [ƛǎōƻŀΣ tƻǊǘǳƎŀƭΤ с/ŜƴǘǊƻ ŘŜ LƴǾŜǎǘƛƎŀœńƻ 
LƴǘŜǊŘƛǎŎƛǇƭƛƴŀǊ 9Ǝŀǎ aƻƴƛȊ ό/ƛƛ9aύΣ Lƴǎǘƛǘǳǘƻ ¦ƴƛǾŜǊǎƛǘłǊƛƻ 9Ǝŀǎ aƻƴƛȊΣ aƻƴǘŜ ŘŜ /ŀǇŀǊƛŎŀΣ tƻǊǘǳƎŀƭ 

 
9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ŀǾŜƛƎŀϪƳŜŘƛŎƛƴŀΦǳƭƛǎōƻŀΦǇǘ 

 

Background. There is an urgent need for the development of new anti-HIV drugs that can complement 

existing medicines to be used against resistant strains. Here, we report the anti-HIV-1 peptide pepRF1, a 

human serum-resistant peptide derived from the Dengue virus capsid protein. 

Methods. Infectivity and virus-cell fusion assays using lab-adapted HIV-1 strains, patient-derived viruses, and 

a T20-resistant virus, were used to study the anti-HIV activity of the pepRF1. Flow cytometry- and 

fluorescence-based assays were used to investigate the mechanism of action of the peptide. 

Results. In vitro, pepRF1 shows a 50% inhibitory concentration (IC50) of 1.5 nM with a potential therapeutic 

window higher than 53,000. This peptide is specific for CXCR4-tropic HIV-1 strains, preventing viral entry into 

target cells by binding to the viral co-receptor CXCR4. Upon binding, neither internalization nor intracellular 

Ca2+ influx are triggered, showing that pepRF1 is an antagonist of this chemokine receptor. pepRF1 is more 

effective than T20, the only peptide-based HIV-1 entry inhibitor approved by FDA for clinical use, and excels 

in inhibiting an HIV-1 strain resistant to T20 (HIV-1NL4.3 DIM) with an IC50 of 2.8 nM. 

Conclusions. Overall, our study led to the discovery of a peptide highly active against HIV-1 that acts as a 

CXCR4 antagonist. Potentially, pepRF1 can be used alone or in combination with other anti-HIV drugs to fight 

AIDS. Furthermore, one can also envisage its use as a novel therapeutic strategy for other CXCR4-related 

diseases. 
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OC33 - Development of a Blood Brain Barrier Peptide Shuttle and its 
conjugation to an Fc domain for brain delivery of therapeutic 

biomolecules  

 
/ŀǾŀŎƻΣ aΦмΣнΣ CǊǳǘƻǎΣ {ΦоΣ hƭƛŜǘŜΣ tΦоΣ ±ŀƭƭŜΣ WΦнΣ !ƴŘǊŜǳΣ 5ΦнΣ /ŀǎǘŀƴƘƻΣ aΦ !Φ wΦ .Φ мΣ ±ƛƭŀπtŜǊŜƭƭƽΣ aΦоΣ ŀƴŘ 

bŜǾŜǎΣ ±ΦмΦ 
 

мLƴǎǘƛǘǳǘƻ ŘŜ aŜŘƛŎƛƴŀ aƻƭŜŎǳƭŀǊ Wƻńƻ [ƻōƻ !ƴǘǳƴŜǎΣ CŀŎǳƭŘŀŘŜ ŘŜ aŜŘƛŎƛƴŀΣ ¦ƴƛǾŜǊǎƛŘŀŘŜ ŘŜ [ƛǎōƻŀΣ !ǾΦ tǊƻŦ 9Ǝŀǎ 
aƻƴƛȊΣ мспф ς лну [ƛǎōƻŀΣ tƻǊǘǳƎŀƭΤ нtǊƻǘŜƻƳƛŎǎ ŀƴŘ tǊƻǘŜƛƴ /ƘŜƳƛǎǘǊȅ ¦ƴƛǘΣ 5ŜǇŀǊǘƳŜƴǘ ƻŦ 9ȄǇŜǊƛƳŜƴǘŀƭ ŀƴŘ IŜŀƭǘƘ 
{ŎƛŜƴŎŜǎΣ tƻƳǇŜǳ CŀōǊŀ ¦ƴƛǾŜǊǎƛǘȅΣ 5ǊΦ !ƛƎǳŀŘŜǊ ууΣ .ŀǊŎŜƭƻƴŀ .ƛƻƳŜŘƛŎŀƭ wŜǎŜŀǊŎƘ tŀǊƪΣ лулло .ŀǊŎŜƭƻƴŀΣ {ǇŀƛƴΤ 

о{ǇƭƛŎŜ.ƛƻ {Φ[ΦΣ .ŀƭŘƛǊƛ wŜƛȄŀŎ мл ς мнΣ лулну .ŀǊŎŜƭƻƴŀΣ {ǇŀƛƴΤ 
 

9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ǾŜǊŀƴŜǾŜǎϪƳŜŘƛŎƛƴŀΦǳƭƛǎōƻŀΦǇǘ 
 

The frequency of brain diseases has increased significantly in the past years. After diagnosis, therapeutic 

options are usually limited, which demands the development of innovative therapeutic strategies. The use 

of antibody-drug conjugates (ADCs) is promising but highly limited by the existence of the blood-brain barrier 

(BBB) [1]. To overcome the impermeability of this barrier, antibody fragments can be engineered to contain 

a BBB peptide shuttle (BBBpS), capable of brain penetration. PepH3, a seven-residue sequence derived from 

ǘƘŜ ʰ-helical domain of the dengue virus type-2 capsid protein, and its enantiomer D-PepH3, efficiently 

translocate across the BBB using a receptor-free mechanism [2]. In addition, these BBBpS presents very low 

toxicity and stability (D-PepH3). Here, we linked PepH3, to the IgG fragment crystallizable (Fc) domain using 

streamlined expressed protein ligation (SEPL) method. With this strategy, we obtained an Fc-PepH3 scaffold 

that can carry different payloads. Fc-PepH3 was shown to be non-toxic to brain endothelial cells and red 

blood cells (RBCs). Fc-PepH3 is capable of crossing an in vitro cellular BBB model, with a percentage of 

translocation 2.4-fold higher than unconjugated Fc. In addition, Fc-PepH3 binds to neonatal Fc receptor 

(FcRn), which is responsible for antibodies long half-life (t1/2) at pH 6.0. The determined binding affinity was 

95.4±9.21 nM for Fc-PepH3, which is comparable to unconjutated Fc (89.6±8.78 nM). Overall, we 

demonstrated the potential of Fc-PepH3 as a versatile platform readily adaptable to diverse drugs to treat 

different brain conditions. 
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h/оп π 5ŜǾŜƭƻǇƳŜƴǘ ƻŦ ŀ ƘƛƎƘƭȅ ƘȅŘǊƻǇƘƛƭƛŎ ŎŀǊōƻƴ {h5πƴŀƴƻȊȅƳŜ 
 

±Ŝƭƻǎƻ !Φ 5ΦмΣ hƭƛǾŜƛǊŀΣ aΦ /ΦмΣ ±ƛŘŜƛǊŀ wΦ !н 

 
м /vπ±w Ŝ 5ŜǇŀǊǘŀƳŜƴǘƻ ŘŜ vǳƝƳƛŎŀΣ ¦ƴƛǾŜǊǎƛŘŀŘŜ ŘŜ ¢ǊłǎπƻǎπaƻƴǘŜǎ Ŝ !ƭǘƻ 5ƻǳǊƻΣ ±ƛƭŀ wŜŀƭΣ tƻǊǘǳƎŀƭΤ 

нw9v¦La¢9κ[!v±Σ [ŀōƻǊŀǘƽǊƛƻ ŘŜ CŀǊƳŀŎƻƎƴƻǎƛŀΣ 5ŜǇŀǊǘŀƳŜƴǘƻ ŘŜ vǳƝƳƛŎŀΣ CŀŎǳƭŘŀŘŜ ŘŜ CŀǊƳłŎƛŀΣ ¦ƴƛǾŜǊǎƛŘŀŘŜ Řƻ 
tƻǊǘƻΣ tƻǊǘƻΣ tƻǊǘǳƎŀƭ 

 
9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ŀƴŘǊŜƛŀǾŜƭƻǎƻуϪƘƻǘƳŀƛƭΦŎƻƳ 

 

Superoxide dismutases (SODs), a family of metalloenzymes that catalyze the dismutation of superoxide anion 

radical into molecular oxygen and hydrogen peroxide, are key players in the regulation of the cellular redox 

balance and cell signaling cascades. SOD deficiencies/anomalies have been associated with disparate human 

diseases, which exhibit oxidative damage and chronic inflammation as common pathological hallmarks. Thus, 

the development of nanomaterials with catalytic activity similar to native enzymes to overcame SOD 

deficiencies became a great challenge of nanomedicine. To address this challenge, we propose a water-

soluble carbon-based nanomaterial produced galvanostatically from graphite in a phosphate buffer 

(EHC@phosphate). EHC@phosphate exhibits a structure dominated by sp² carbons in a non-order carbon 

network formed by small clusters (< 2 nm) of carbonaceous material with many oxygen-based functional 

groups, including quinone, epoxide, and hydroxyl groups. Using cyclic voltammetry, it was shown that 

EHC@phosphate displays a reversible redox pair with a formal potential at -0.05 V (vs Ag/AgCl) and an 

irreversible reduction peak at -0.550 V (vs Ag/AgCl). The EHC@phosphate reversible redox pair is close to the 

reduction potentials exhibited by the native catalytic centers of the different isozyme forms of SOD, 

suggesting the potential to promote reversibly both half-reactions of the superoxide anion radical 

dismutation. The SOD-like activity was evaluated using the hypoxanthine-xanthine oxidase system as the 

generator of superoxide anion radical and the reduction of nitro blue tetrazolium chloride (NBT) as detector 

system. The kinetics of the reduction of the superoxide anion radical detection was characterized as a 

function of the EHC@phosphate nanomaterial concentration, and results compared with commercially 

available graphene quantum dots (GQDs) and graphene oxide (GO) as well as with a native SOD enzyme. In 

opposition to GQDs and GO that do not exhibit SOD-like activity under physiological-like conditions, the 

EHC@phosphate nanomaterial (0-15 ug/mL) exhibits a remarkable SOD-like activity. A mechanism for the 

dismutation of superoxide anion radical by the EHC@phosphate nanomaterial is proposed considering cyclic 

redox changes compatible with nanomaterial functional groups and structural features. Preliminary cell 

viability studies showed that EHC@phosphate nanomaterial displays no toxicity for human neuronal SH-SY5Y 

cells. Thus, EHC@phosphate emerges as a new SOD-mimic nanomaterial with the potential to be considered 

for therapeutic applications development. 
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{м ς ah[9/¦[!w a9/I!bL{a{ hC 5L{9!{9 
 
 
 
 

C/м !ƴŘǊŞ {ŜƛȄŀǎ ¢ƘŜ ƻȄƛŘŀǘƛǾŜ ǎǘǊŜǎǎ ǊŜǎǇƻƴǎŜ ƻŦ [ƛǎǘŜǊƛŀ ƳƻƴƻŎȅǘƻƎŜƴŜǎ ƛǎ ƳŜŘƛŀǘŜŘ 
ōȅ ǘƘŜ wb! ŎƘŀǇŜǊƻƴŜ IŦǉ 

C/н /ŀǊƻƭƛƴŀ aŀǘƻǎ 5ŜǾŜƭƻǇƳŜƴǘ ƻŦ ŀƴǘƛōƻŘƛŜǎ ǘŀǊƎŜǘƛƴƎ ǘƘŜ bƻǘŎƘ ƭƛƎŀƴŘ W!Dм ǿƛǘƘ 
ǇƻǘŜƴǘƛŀƭ ŜŦŦƛŎŀŎȅ ŀƎŀƛƴǎǘ ŀƎƎǊŜǎǎƛǾŜ ŎŀƴŎŜǊǎ 

C/о aŀǊƛŀ CƛǊƳƛƴƻ ¦ƴǊŀǾŜƭƛƴƎ ƎŜƴŜǘƛŎ ŀƴŘ ǇŀǘƘƻƎŜƴƛŎ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ ƛƴŦŜŎǘƛƻǳǎ 
{ƘŜǿŀƴŜƭƭŀ 

C/п .łǊōŀǊŀ aŀǘƻǎ /ƘǊƻƴƛŎ ŜȄŜǊŎƛǎŜ ǘǊŀƛƴƛƴƎ ŀǘǘŜƴǳŀǘŜǎ ǇǊƻǎǘŀǘŜ ŎŀƴŎŜǊπƛƴŘǳŎŜŘ 
ƳƻƭŜŎǳƭŀǊ ǊŜƳƻŘŜƭƭƛƴƎ ƛƴ ǘƘŜ ǘŜǎǘƛǎ 

C/р ¢ŀǘƛŀƴŀ ±ŀǊŜƭŀ /ƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ƻŦ ȊŜōǊŀŦƛǎƘ ŎŘƪƭр ƪƴƻŎƪŘƻǿƴ ǳǎƛƴƎ ŀ ƳƻǊǇƘƻƭƛƴƻ 
ŀǇǇǊƻŀŎƘ 

C/с .ŀǊōŀǊŀ wƻŎƘŀ LƴƻǊƎŀƴƛŎ ƴƛǘǊŀǘŜ ǇǊŜǾŜƴǘǎ ǘƘŜ ƭƻǎǎ ƻŦ ƛƴǘŜǎǘƛƴŀƭ ŎƭŀǳŘƛƴπр ƛƴŘǳŎŜŘ ōȅ 
ōǊƻŀŘπǎǇŜŎǘǊǳƳ ŀƴǘƛōƛƻǘƛŎǎ ōǳǘ Ƙŀǎ ŀ ƳƛƭŘ ƛƳǇŀŎǘ ƻƴ Ǝǳǘ ƳƛŎǊƻōƛƻƳŜ 
ŘƛǾŜǊǎƛǘȅΥ Ƴŀȅ ƴƛǘǊŀǘŜ ōŜ ŦǳŜƭƛƴƎ ōŀŎǘŜǊƛŀƭ ƳŜǘŀōƻƭƛǎƳΚ 

C/т /ŀǘŀǊƛƴŀ {ƻǳǎŀ 
[ƻǇŜǎ 

/ƘŀƴƎŜǎ ƻƴ ŦƛōǊƛƴƻƎŜƴπŜǊȅǘƘǊƻŎȅǘŜ ōƛƴŘƛƴƎ ƛƴ ŎŀǊƻǘƛŘ ŀǊǘŜǊȅ ŘƛǎŜŀǎŜ 

C/у ¢ŜƭƳŀ aŀǊǘƛƴǎ ±ŀŎǳƻƭŀǊ ƳŜƳōǊŀƴŜ ǇǊƻǘŜƻƳŜ ŀƴŘ ǊƻƭŜ ƻŦ ŀƳƛƴƻ ŀŎƛŘǎ ƛƴ ǘƘŜ ƭƛŦŜǎǇŀƴ 
ƻŦ ŀ bƛŜƳŀƴƴπtƛŎƪ ǘȅǇŜ /м ȅŜŀǎǘ ƳƻŘŜƭ 
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C/м π ¢ƘŜ ƻȄƛŘŀǘƛǾŜ ǎǘǊŜǎǎ ǊŜǎǇƻƴǎŜ ƻŦ [ƛǎǘŜǊƛŀ ƳƻƴƻŎȅǘƻƎŜƴŜǎ ƛǎ 
ƳŜŘƛŀǘŜŘ ōȅ ǘƘŜ wb! ŎƘŀǇŜǊƻƴŜ IŦǉ 

 
{ŜƛȄŀǎΣ !ΦΣ {ƛƭǾŀΣ !ΦΣ !ǊǊŀƛŀƴƻΣ /ΦaΦ ŀƴŘ !ƴŘǊŀŘŜΣ WΦaΦ 

 
Lƴǎǘƛǘǳǘƻ ŘŜ ¢ŜŎƴƻƭƻƎƛŀ vǳƝƳƛŎŀ Ŝ .ƛƻƭƽƎƛŎŀ !ƴǘƽƴƛƻ ·ŀǾƛŜǊΣ ¦ƴƛǾŜǊǎƛŘŀŘŜ bƻǾŀ ŘŜ [ƛǎōƻŀ όL¢v. bh±!ύΣ !ǾŜƴƛŘŀ Řŀ 

wŜǇǵōƭƛŎŀ нтулπфлмΣ hŜƛǊŀǎΣ tƻǊǘǳƎŀƭΦ 
 

tǊŜǎŜƴǘƛƴƎ ŀǳǘƘƻǊΥ ŀƴŘǊŜΦǎŜƛȄŀǎϪƛǘǉōΦǳƴƭΦǇǘ 
 

Background. The RNA chaperone Hfq is an important bacterial post-transcriptional regulator. In Gram-

negative bacteria like E. coli and Salmonella, it is widely known to promote the base-pairing between non-

coding small RNA and mRNA. However, in Gram-positive bacteria like Listeria monocytogenes, Hfq main role 

remains elusive as this protein seems to be expendable for this interaction. 

Methods. To investigate the role of Hfq in the human pathogen Listeria monocytogenes, we used a combined 

approach using microbiology and biochemistry tools. We tested the requirement of Hfq facing an array of 

stressors in rich culture medium. Through an enzymatic activity assay, we prove that Hfq affects catalase 

activity in crude extracts. RNA analysis techniques (qPCR and Northern blot) confirmed that Hfq is a new 

regulator of catalase expression. 

Results. We found that Hfq is essential for the oxidative stress response of Listeria, with disruption of the hfq 

gene resulting in a hypersensitive phenotype to hydrogen peroxide (H2O2). 

1. Using a sub-inhibitory concentration of H2O2, the growth of the wild-type strain was barely affected and 

recovered immediately upon addition of the oxidative stressor. However, the hfq null-mutant culture could 

not resume growth. This growth inhibition after stress was further confirmed in solid medium, with the hfq 

mutant showing reduced viability upon exposure to H2O2 when compared to the wild-type strain. 

2. H2O2 is one of the several reactive oxygen species (ROS) found inside cells, and H2O2 decomposition is 

mainly mediated by catalase. An enzymatic activity assay demonstrated that catalase is significantly less 

active in the absence of Hfq when compared to the wild type. 

3. We further demonstrate that Hfq is a novel regulator of catalase expression, by regulating catalase mRNA 

levels, specifically under oxidative stress conditions. 

4. In addition, an infection biology assay revealed that the hfq mutant is more susceptible to the action of 

macrophages, whose primary source of defence is the production of ROS species. 

Conclusions. The results obtained here associates, for the first time, Hfq and the way Listeria copes with 

oxidative stress. This may contribute to understand novel regulatory pathways controlling the oxidative 

stress response of bacterial pathogens and uncover novel strategies to fight ROS species in the infection 

process of intracellular bacteria. 
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C/нπ5ŜǾŜƭƻǇƳŜƴǘ ƻŦ ŀƴǘƛōƻŘƛŜǎ ǘŀǊƎŜǘƛƴƎ ǘƘŜ bƻǘŎƘ ƭƛƎŀƴŘ W!Dм ǿƛǘƘ 

ǇƻǘŜƴǘƛŀƭ ŜŦŦƛŎŀŎȅ ŀƎŀƛƴǎǘ ŀƎƎǊŜǎǎƛǾŜ ŎŀƴŎŜǊǎ 
 
/ŀǊƻƭƛƴŀ aŀǘƻǎмΣ Dƻƴœŀƭƻ aŀǊǉǳŜǎмΣ wǳǘŜ 9ƭŜǳǘŞǊƛƻмΣ YƘǊȅǎǘȅƴŀ YǳŎƘŜǊȅŀǾŀмΣ !ƴŀ wΦ [ŜƳƻǎмΣнΣ !ƴŀ .ŀǊōŀǎмΣоΣ 

tŜŘǊƻ aΦ CΦ {ƻǳǎŀмΣнΣ wǳǘŜ /ŀǎǘǊƻмΣ DŀōǊƛŜƭŀ {ƛƭǾŀм 

 
мƛ.9¢Σ Lƴǎǘƛǘǳǘƻ ŘŜ .ƛƻƭƻƎƛŀ 9ȄǇŜǊƛƳŜƴǘŀƭ Ŝ ¢ŜŎƴƻƭƽƎƛŎŀΣ tƻǊǘǳƎŀƭΦ нLƴǎǘƛǘǳǘƻ ŘŜ ¢ŜŎƴƻƭƻƎƛŀ vǳƝƳƛŎŀ Ŝ .ƛƻƭƽƎƛŎŀ !ƴǘƽƴƛƻ 

·ŀǾƛŜǊΣ tƻǊǘǳƎŀƭΦо .ŀȅŜǊ tƻǊǘǳƎŀƭΣ tƻǊǘǳƎŀƭΦ  
 

9πƳŀƛƭ ŀŘŘǊŜǎǎΥ ŎŀǊƻƭƛƴŀΦƳŀǘƻǎϪƛōŜǘΦǇǘ 

 

Background. The Notch signaling ligand JAG1 is a key oncogene in subsets of aggressive breast, ovarian, 

prostate, pancreatic, and stomach cancers and correlates with poor clinical prognosis. JAG1 overexpression 

in these tumors contributes to tumor growth, metastasis, recurrence and drug resistance by promoting 

cancer cell survival, proliferation, migration, invasion, cancer stem cell function, tumor angiogenesis and anti-

tumor immunity (1, 2). These multiple roles of JAG1 in tumor biology support the development of specific 

anti-JAG1 therapies for the treatment of aggressive tumors, which constitute a major health concern. JAG1-

targeting therapeutics are expected to provide clinical benefit as monotherapy and in combination with 

chemotherapy by impairing therapy-enriched cancer stem cells, reducing metastasis and relapse. Antibodies 

(Abs) are an important component in the arsenal of cancer therapeutics (3). In this study we aim to develop 

an anti-JAG1 Ab with anti-tumor efficacy. 

Methods. Antibody fragments against human JAG1 were selected by phage display technology using 

recombinant human JAG1 protein (rhJAG1) as antigen. Unique fragments specifically binding to rhJAG1 were 

converted to complete Ab molecules by cloning their variable heavy and light regions in two distinct 

mammalian expression vectors encoding the human IgG1 constant regions for light chain (LC) and heavy 

chain (HC). To produce anti-JAG1 Abs, HEK293E6 suspension cells were transfected with the respective LC 

and HC plasmids. Secreted Abs were purified from culture media in endotoxin-free conditions using protein-

A affinity and size exclusion chromatography. Binding ability and specificity of anti-JAG1 Abs were tested by 

ELISA, surface plasmon resonance, and flow cytometry. 

Results.1- Seven unique JAG1 Ab fragments were selected and converted into 7 anti-JAG1 Abs. 2- Purified 

Abs have the expected size, purity >95% and low endotoxin content. 3- Two Abs bind rhJAG1 with low 

nanomolar affinities while 3 Abs showed moderate binding and 2 Abs low binding. 4- All Abs are specific for 

JAG1 since they do not bind to the other human Notch ligands. 5- JAG1 Abs bind JAG1-overexpressing cells 

and different cancer cells endogenously expressing JAG1 but not to cells without JAG1 surface expression. 6- 

Specific binding of anti-JAG1 Abs to cell surface JAG1 was confirmed using a JAG1 knockout cell line we 

generated using the CRISPR/CAS9 system. 

Conclusions. We were able to select specific anti-JAG1 Abs, 2 of them with good kinetic affinities that 

specifically bind to cellular JAG1. Cellular assays are warranted to explore their anti-tumor efficacy. 
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C/оπ¦ƴǊŀǾŜƭƛƴƎ ƎŜƴŜǘƛŎ ŀƴŘ ǇŀǘƘƻƎŜƴƛŎ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ ƛƴŦŜŎǘƛƻǳǎ 

{ƘŜǿŀƴŜƭƭŀ 

CƛǊƳƛƴƻΣ aΦ hΦмΣнΣ {ƛƭǾŀΣ !Φ±ΦмΣ [ƻǳǊƻΣ wΦhΦмΣ wŀƳƛǊŜȊΣ aΦнΣ tŀǉǳŜǘŜΣ /Φ aΦм 

мLƴǎǘƛǘǳǘƻ ŘŜ ¢ŜŎƴƻƭƻƎƛŀ vǳƝƳƛŎŀ Ŝ .ƛƻƭƽƎƛŎŀ !ƴǘƽƴƛƻ ·ŀǾƛŜǊΣ ¦ƴƛǾŜǊǎƛŘŀŘŜ bƻǾŀ ŘŜ [ƛǎōƻŀΣ !ǾΦ 5ŀ wŜǇǵōƭƛŎŀ ς 9!bΣ 
нтул ς мрт hŜƛǊŀǎΣ tƻǊǘǳƎŀƭ мΣ нLƴǎǘƛǘǳǘƻ ŘŜ aƛŎǊƻōƛƻƭƻƎƛŀ Řŀ CŀŎǳƭŘŀŘŜ ŘŜ aŜŘƛŎƛƴŀ Řŀ ¦ƴƛǾŜǊǎƛŘŀŘŜ ŘŜ [ƛǎōƻŀΣ 

!ǾŜƴƛŘŀ tǊƻŦΦ 9Ǝŀǎ aƻƴƛȊΣ tπмспфπлну [ƛǎōƻŀΦ 

9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ƳŦƛǊƳƛƴƻϪƛǘǉōΦǳƴƭΦǇǘ 

Background Shewanella spp. are ubiquitous bacteria, commonly used in biotechnology1. Although this genus 

is usually isolated from non-human sources, it has recently been identified as an emerging opportunistic 

pathogen1,2. Reported cases of Shewanella putrefaciens infections are increasing, mostly skin and soft tissue 

infections, but also meningitis, otitis media and bacteraemia3. The mis-identification of Shewanella species 

is common, when using the conventional identification systems available in routine clinical microbiology 

laboratories4. By genomic analysis, this work aims to confirm the identification of S. putrefaciens of isolates 

responsible for infection, genes potentially encoding virulence factors and to evaluate their role in 

pathogenesis in an animal model. 

Methods To achieve this, the first step was the sequencing of S. putrefaciens DSM 9451, isolated from a 

human infection, using high throughput sequencing (Illumina NextSeq). The genome was de novo assembled 

and annotated using the INNUCA pipeline and genes of interest were identified using relevant databases, 

such as VFBD and Resfinder.  

Results The analysis of the genome strongly suggests a misclassification of this isolate and the existence of a 

novel species. Other strains isolated from infection and for which HTS data is available also seem to belong 

to this novel species. Moreover, genome analysis showed the presence of genes considered to be involved 

in virulence, such as flip and luxS, as well as genes that are responsible for antibiotic resistance, such as 

blaOXA-436 and tet(G). Other genes, such as bolA, responsible for biofilm formation5, and sip and fsr, 

important for iron scavenging6, are also considered to encode virulence factors5,6, and present in the genome 

of DSM 9451. To test the importance of these genes in the pathogenic process, phenotypic and infections 

studies in an animal model using knock-out strains7 are being conducted.  

Conclusions S. putrefaciens causing human infections seem to represent a novel genomovar which can 

potentially be considered a novel species. These isolates carry several potential virulence genes being present 

in these isolates. 
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.ŀŎƪƎǊƻǳƴŘΦ tǊƻǎǘŀǘŜ ŎŀƴŎŜǊ όt/ŀύ ƛǎ ŀ ŘƛǎǉǳƛŜǘƛƴƎ ŎŀǳǎŜ ƻŦ ŎŀƴŎŜǊ ŘŜŀǘƘ ǿƻǊƭŘǿƛŘŜ ŀƴŘΣ ƛƴ ŀŘŘƛǘƛƻƴ ǘƻ 

ƛƳǇŀƛǊƛƴƎ ǇǊƻǎǘŀǘŜ ŦǳƴŎǘƛƻƴΣ ŀƭǎƻ ŎŀǳǎŜǎ ǘŜǎǘƛǎ ŀŘŀǇǘŀǘƛƻƴǎΦ 9ȄŜǊŎƛǎŜ ǘǊŀƛƴƛƴƎ ό9·ύ Ƙŀǎ ōŜŜƴ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ŀ 

ōŜƴŜŦƛŎƛŀƭ ŜŦŦŜŎǘ ƛƴ ōƻǘƘ ǇǊŜǾŜƴǘƛƻƴ ŀƴŘ ƻǳǘŎƻƳŜǎ ƻŦ t/ŀΦ wŜƎŀǊŘƛƴƎ ǘƘŜ ŜŦŦŜŎǘ ƻŦ 9· ƛƴ ǘŜǎǘƛǎ ŦǳƴŎǘƛƻƴ ǘƘŜǊŜ 

ƛǎ ƴƻ ŎƻƴǎŜƴǎǳǎ ƛƴ ǘƘŜ ƭƛǘŜǊŀǘǳǊŜΣ ōǳǘ ŀ ǇƻǎƛǘƛǾŜ ŜŦŦŜŎǘ Ƙŀǎ ōŜŜƴ ǎǳƎƎŜǎǘŜŘ ƛƴ ǇǊŜǾŜƴǘƛƴƎ ƻǊ ŎƻǳƴǘŜǊŀŎǘƛƴƎ ǘƘŜ 

ƛƳǇŀƛǊƳŜƴǘ ƻŦ ǘŜǎǘƛǎ ŦǳƴŎǘƛƻƴ ŎŀǳǎŜŘ ōȅ ǎŜǾŜǊŀƭ ŎƻƴŘƛǘƛƻƴǎΦ Lƴ ǘƘƛǎ ǎǘǳŘȅΣ ǿŜ ƛƴǾŜǎǘƛƎŀǘŜŘ ǘƘŜ ǇǊŜǾŜƴǘƛǾŜ ŜŦŦŜŎǘ 

ƻŦ 9· ƛƴ t/ŀπƛƴŘǳŎŜŘ ǘŜǎǘƛŎǳƭŀǊ ŘȅǎŦǳƴŎǘƛƻƴΦ  

aŜǘƘƻŘǎΦ !ǎ ŀ ƳƻŘŜƭΣ ǿŜ ǳǎŜŘ ŦƛŦǘȅ ²ƛǎǘŀǊ ¦ƴƛƭŜǾŜǊ ƳŀƭŜ ǊŀǘǎΣ ǊŀƴŘƻƳƭȅ ŘƛǾƛŘŜŘ ƛƴ ŦƻǳǊ ŜȄǇŜǊƛƳŜƴǘŀƭ ƎǊƻǳǇǎ 

ό/hb¢Ҍ{95Σ t/ŀҌ{95Σ /hb¢Ҍ9·Σ t/ŀҌ9·ύΦ tǊƻǎǘŀǘŜ ŎŀƴŎŜǊ ǿŀǎ ŎƘŜƳƛŎŀƭƭȅ ŀƴŘ ƘƻǊƳƻƴŀƭƭȅ ƛƴŘǳŎŜŘ ƛƴ ǘǿƻ 

ƎǊƻǳǇǎ ƻŦ ŀƴƛƳŀƭǎ όt/ŀ ƎǊƻǳǇǎύΦ hƴŜ ŎƻƴǘǊƻƭ ƎǊƻǳǇ ό/hb¢ύ ŀƴŘ ƻƴŜ t/ŀ ƎǊƻǳǇ ǿŜǊŜ ǎǳōƳƛǘǘŜŘ ǘƻ ƳƻŘŜǊŀǘŜ 

ƛƴǘŜƴǎƛǘȅ ǘǊŜŀŘƳƛƭƭ ŜȄŜǊŎƛǎŜ ǘǊŀƛƴƛƴƎΦ CƛŦǘȅ ǿŜŜƪǎ ŀŦǘŜǊ ǘƘŜ ǎǘŀǊǘ ƻŦ ǘƘŜ ǘǊŀƛƴƛƴƎ ǘƘŜ ŀƴƛƳŀƭǎ ǿŜǊŜ ǎŀŎǊƛŦƛŎŜŘ ŀƴŘ 

ǎǇŜǊƳΣ ǇǊƻǎǘŀǘŜΣ ǘŜǎǘŜǎ ŀƴŘ ǎŜǊǳƳ ǿŜǊŜ ŎƻƭƭŜŎǘŜŘ ŀƴŘ ŀƴŀƭȅǎŜŘΦ {ǇŜǊƳ ŎƻƴŎŜƴǘǊŀǘƛƻƴ ŀƴŘ ƳƻǊǇƘƻƭƻƎȅΣ ŀƴŘ 

ǘŜǎǘƻǎǘŜǊƻƴŜ ǎŜǊǳƳ ƭŜǾŜƭǎ ǿŜǊŜ ŘŜǘŜǊƳƛƴŜŘΦ Lƴ ŀŘŘƛǘƛƻƴΣ ƘƛǎǘƻƭƻƎƛŎŀƭ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ǘŜǎǘŜǎ ǿŀǎ ǇŜǊŦƻǊƳŜŘΣ 

ŀƴŘ ǘŜǎǘƛǎ ǇǊƻǘŜƻƳŜǎ ŀƴŘ ƳŜǘŀōƻƭƻƳŜǎ ǿŜǊŜ ŎƘŀǊŀŎǘŜǊƛȊŜŘΦ  

wŜǎǳƭǘǎΦ ²Ŝ ŦƻǳƴŘ ǘƘŀǘ ǇǊƻǎǘŀǘŜ ŎŀƴŎŜǊ ƴŜƎŀǘƛǾŜƭȅ ŀŦŦŜŎǘŜŘ ǘŜǎǘƛŎǳƭŀǊ ŦǳƴŎǘƛƻƴΣ ƳŀƴƛŦŜǎǘŜŘ ŀǎ ŀƴ ŀǊǊŜǎǘ ƻŦ 

ǎǇŜǊƳŀǘƻƎŜƴŜǎƛǎΦ hȄƛŘŀǘƛǾŜ ǎǘǊŜǎǎπƛƴŘǳŎŜŘ 5b! ŘŀƳŀƎŜΣ ŀǊƛǎƛƴƎ ŦǊƻƳ ǊŜŘǳŎŜŘ ǘŜǎǘƛǎ ōƭƻƻŘ ŦƭƻǿΣ Ƴŀȅ ŀƭǎƻ 

ŎƻƴǘǊƛōǳǘŜ ǘƻ ŀǇƻǇǘƻǎƛǎ ƻŦ ƎŜǊƳ ŎŜƭƭǎ ŀƴŘ ŎƻƴǎŜǉǳŜƴǘƛŀƭ ǎǇŜǊƳŀǘƻƎŜƴƛŎ ƛƳǇŀƛǊƳŜƴǘΦ !ƴ ŀƭǘŜǊŜŘ ƳŜǘŀōƻƭƛǎƳ 

ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ƎƭȅŎƻƭȅǎƛǎ ŘƻǿƴǊŜƎǳƭŀǘƛƻƴΣ ƛƴŎǊŜŀǎŜŘ ƪŜǘƻƴŜ ōƻŘƛŜǎ ŀƴŘ ƎƭȅŎƻƎŜƴ ƳŜǘŀōƻƭƛȊŀǘƛƻƴΣ ǘƻƎŜǘƘŜǊ 

ǿƛǘƘ ŀŎŎǳƳǳƭŀǘƛƻƴ ƻŦ ōǊŀƴŎƘŜŘ ŎƘŀƛƴ ŀƳƛƴƻ ŀŎƛŘǎΣ ǎŜŜƳǎ ǘƻ ŜƴŜǊƎŜǘƛŎŀƭƭȅ ǎǳǇǇƻǊǘ ǘŜǎǘƛǎ ŦǳƴŎǘƛƻƴ ƛƴ t/ŀ 

ŀƴƛƳŀƭǎΦ CƛŦǘȅ ǿŜŜƪǎ ƻŦ ƳƻŘŜǊŀǘŜ ƛƴǘŜƴǎƛǘȅ ǘǊŜŀŘƳƛƭƭ 9· ǇǊŜǾŜƴǘŜŘ t/ŀπƛƴŘǳŎŜŘ ǘŜǎǘƛǎ ǊŜƳƻŘŜƭƛƴƎ ǘƻ ǎƻƳŜ 

ŜȄǘŜƴǘΣ Ƴŀƛƴƭȅ ǘƘǊƻǳƎƘ ǘƘŜ ŀŎǘƛǾŀǘƛƻƴ ƻŦ 5b! ǊŜǇŀƛǊ ƳŜŎƘŀƴƛǎƳǎΣ ŀƭƻƴƎ ǿƛǘƘ ŀ ǊŜŎƻǾŜǊȅ ƻŦ ǘƘŜ ƎƭȅŎƻƭȅǘƛŎ 

ǇŀǘƘǿŀȅ ŀƴŘ ǘƘŜ ŀǘǘŜƴǳŀǘƛƻƴ ƻŦ t/ŀπƛƴŘǳŎŜŘ ƛƴŎǊŜŀǎŜǎ ƛƴ ƪŜǘƻƴŜ ōƻŘƛŜǎ ƳŜǘŀōƻƭƛȊŀǘƛƻƴΣ ŘŜǎǇƛǘŜ ƴƻ ƛƳǇŀŎǘ 

ƻƴ ƻȄƛŘŀǘƛǾŜ ǎǘǊŜǎǎΦ /ƻƴŎƭǳǎƛƻƴǎΦ ¢ƘŜǎŜ ŦƛƴŘƛƴƎǎ ŎƻƴŦƛǊƳ ŀ ƴŜƎŀǘƛǾŜ ƛƳǇŀŎǘ ƻŦ ǇǊƻǎǘŀǘŜ ŎŀƴŎŜǊ ƻƴ ǘŜǎǘƛǎ 

ŦǳƴŎǘƛƻƴ ŀƴŘ ǎǳƎƎŜǎǘ ŀ ōŜƴŜŦƛŎƛŀƭ ǊƻƭŜ ŦƻǊ ŜȄŜǊŎƛǎŜ ǘǊŀƛƴƛƴƎ ƛƴ ǘƘŜ ǇǊŜǾŜƴǘƛƻƴ ƻŦ ǇǊƻǎǘŀǘŜ ŎŀƴŎŜǊπƛƴŘǳŎŜŘ ǘŜǎǘƛǎ 

ŘȅǎŦǳƴŎǘƛƻƴ 
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C/рπ/ƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ƻŦ ȊŜōǊŀŦƛǎƘ ŎŘƪƭр ƪƴƻŎƪŘƻǿƴ ǳǎƛƴƎ ŀ ƳƻǊǇƘƻƭƛƴƻ 

ŀǇǇǊƻŀŎƘ 

±ŀǊŜƭŀ ¢мΣнΣ ±ŀǊŜƭŀ 5мΣнΣ aŀǊǘƛƴǎ DмΣнΣ /ƻƴŎŜƛœńƻ bмΣоΣпΣ /ŀƴŎŜƭŀ a[мΣоΣп 

м/ŜƴǘǊŜ ƻŦ aŀǊƛƴŜ {ŎƛŜƴŎŜǎ ό//a!wύΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ !ƭƎŀǊǾŜΣ CŀǊƻΣ tƻǊǘǳƎŀƭΤ нtƘ5 ƛƴ .ƛƻƳŜŘƛŎŀƭ {ŎƛŜƴŎŜǎΣ CŀŎǳƭǘȅ ƻŦ 
aŜŘƛŎƛƴŜ ŀƴŘ .ƛƻƳŜŘƛŎŀƭ {ŎƛŜƴŎŜǎΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ !ƭƎŀǊǾŜΣ CŀǊƻΣ tƻǊǘǳƎŀƭΤ оCŀŎǳƭǘȅ ƻŦ aŜŘƛŎƛƴŜ ŀƴŘ .ƛƻƳŜŘƛŎŀƭ {ŎƛŜƴŎŜǎΣ 

¦ƴƛǾŜǊǎƛǘȅ ƻŦ !ƭƎŀǊǾŜΣ CŀǊƻΣ tƻǊǘǳƎŀƭΤ п!ƭƎŀǊǾŜ .ƛƻƳŜŘƛŎŀƭ /ŜƴǘǊŜΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ !ƭƎŀǊǾŜΣ CŀǊƻΣ tƻǊǘǳƎŀƭ 

9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ŀппттлϪǳŀƭƎΦǇǘ 

Background. Cyclin-dependent kinase-like 5 (CDKL5) gene encodes a serine/threonine kinase essential for 

normal brain development and function, being involved in important neuronal processes such as cell 

signaling and neuron morphogenesis. It is responsible for its autophosphorylation as well as the 

phosphorylation of its substrates including MECP2, DNMT1 and AMPH. Mutations in CDKL5 are responsible 

for the CDKL5 deficiency disorder (CDD), a rare X-linked neurodevelopmental condition characterized 

primarily by seizures, which generally begin in the first months of life, and impairment of cognitive and motor 

ǎƪƛƭƭǎΦ ¢ƘŜ ŀǎǎƻŎƛŀǘƛƻƴ ōŜǘǿŜŜƴ ǘƘŜ ǘȅǇŜκƭƻŎŀǘƛƻƴ ƻŦ Ƴǳǘŀǘƛƻƴǎ ŀƴŘ ǇŀǘƛŜƴǘΩǎ ǇƘŜƴƻǘȅǇŜΣ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ 

mechanisms responsible for its onset remain poorly understood. Zebrafish is an accepted biomedical model 

to study many genetic diseases including neurologic disorders and has many advantages over other models, 

thus being chosen to further study CDD. The aim of this work was to investigate the phenotypic and molecular 

consequences of a morpholino (Mo)-mediated cdkl5 knockdown in zebrafish, to contribute to unveil 

mechanism of action and targets of Cdkl5. 

Methods. To accomplish our objective, 1-cell stage zebrafish embryos were injected either with translation 

blocking morpholino (AUG Mo) to transiently suppress Cdkl5 expression or with control standard morpholino 

(Ctrl Std Mo). Total RNA of 3 dpf injected larvae was extracted and qPCR was performed to investigate 

expression levels of neuronal marker genes. The motor behavior was analyzed by the swimming activity of 

5dpf larvae treated or not with PTZ, a seizure-inducing drug. 

Results: Knockdown of cdkl5 using AUG Mo resulted in zebrafish larvae with altered morphology in a dose 

dependent manner. At 3dpf, neuronal marker genes of larvae injected with 15 ng of AUG Mo were 

dysregulated in comparison with larvae injected with Ctrl Std Mo. Levels of npy were upregulated while levels 

of mecp2, mef2ca, mef2cb and drd2c were all downregulated. Locomotor activity of larvae injected with 15 

ng of AUG Mo showed a significant decrease in the distance travelled comparing to the larvae injected with 

Ctrl Std Mo. Upon treatment with PTZ, a seizure behavior and an increase in the distance travelled was 

observed for both groups of larvae.  

Conclusions. In conclusion, Cdkl5 ablation affects the expression of genes involved in neuronal processes and 

leads to the impairment of the motor activity of zebrafish larvae, a phenotype analogous to what is observed 

in CDKL5 deficiency disorder. 
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C/сπLƴƻǊƎŀƴƛŎ ƴƛǘǊŀǘŜ ǇǊŜǾŜƴǘǎ ǘƘŜ ƭƻǎǎ ƻŦ ƛƴǘŜǎǘƛƴŀƭ ŎƭŀǳŘƛƴπр ƛƴŘǳŎŜŘ ōȅ 
ōǊƻŀŘπǎǇŜŎǘǊǳƳ ŀƴǘƛōƛƻǘƛŎǎ ōǳǘ Ƙŀǎ ŀ ƳƛƭŘ ƛƳǇŀŎǘ ƻƴ Ǝǳǘ ƳƛŎǊƻōƛƻƳŜ 

ŘƛǾŜǊǎƛǘȅΥ Ƴŀȅ ƴƛǘǊŀǘŜ ōŜ ŦǳŜƭƛƴƎ ōŀŎǘŜǊƛŀƭ ƳŜǘŀōƻƭƛǎƳΚ 
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Background. Dietary nitrate is a redox signaling molecule with critical physiological functions both in the gut 

and systemically. In the distal bowel, nitrate may interact with the local microbiota, modulating not only the 

structure and function of local bacterial communities but also the epithelial barrier function. Although some 

data has been emerging on the effect of nitrate on oral microbiota, its impact on intestinal bacteria remains 

elusive. This study investigates the impact of nitrate on intestinal microbiota and the expression of local tight 

junction proteins. 

Methods. Rats were divided in 4 groups and exposed to the following regimens for 7 days: 1) antibiotics, 2) 

antibiotics+nitrate, 3) nitrate and 4) tap water. Occludin and claudin-5 were analyzed by immunoblotting in 

the colon. Nitrate and nitrite were measured in intestinal tissue by HPLC and fecal bacterial DNA was studied 

by DGGE before and after treatment.  

Results. Nitrate increases claudin-5 expression in rats exposed to a therapeutic dose of broad spectrum 

antibiotics in comparison to animals exposed to antibiotics alone (p=0.016) but decreases the expression of 

occludin (p=0.003), suggesting that different proteins may be modified by different mechanisms by nitrate. 

As expected, dietary nitrate increases intestinal nitrate concentration (p=0.038). In the presence of 

antibiotics, dietary nitrate increases tissue nitrate concentration by c.a. sixfold in comparison to both 

controls and rats exposed to antibiotics without supplementation (p<0.0001). Antibiotics eradicated most of 

gut flora (p=0.0016), reducing microbiota richness by 56% while nitrate showed a tendency to attenuate 

such microbial loss (48%, p=0.068).  

Conclusion. Although nitrate consumption may be recommended during antibiotherapy, functional studies 

are mandatory to ascertain the impact of this anion on intestinal barrier function and bacterial metabolic 

pathways, which may recycle this anion and likely trigger different redox signaling pathways along the gut. 
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C/тπ/ƘŀƴƎŜǎ ƻƴ ŦƛōǊƛƴƻƎŜƴπŜǊȅǘƘǊƻŎȅǘŜ ōƛƴŘƛƴƎ ƛƴ ŎŀǊƻǘƛŘ ŀǊǘŜǊȅ ŘƛǎŜŀǎŜ 
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Background. Carotid artery disease (CAD) is thought to be one of the most common and preventable causes 

of ischemic strokes. Carotid artery pathologies are associated with atherosclerotic plaque formation on the 

artery bifurcation, which may present asymptomatically or lead to ischemic stroke or transient ischemic 

attack1. We have previously reported an increase of erythrocyte adhesion related to blood clots formation 

and with high plasma fibrinogen levels on different cardiovascular diseases2ς5.  

Methods. Here, we used atomic force microscopy (AFM) to measure the changes in fibrinogen-erythrocyte 

and erythrocyte-erythrocyte binding in CAD patients before and after the surgery to remove atherosclerotic 

plaque. Haemorheological parameters were also assessed. Blood samples were collected from patients 

before endarterectomy, as well as 6 and 12 months after surgery. The erythrocytes were isolated and washed 

to removed other blood compounds or medication influence. Results were compared with a control group 

of healthy blood donors.  

Results. CAD patients before surgery, when compared with the control group, had higher erythrocyte 

stiffness, however it decreased 12 months after surgery. Patients had lower fibrinogen-erythrocyte binding 

forces after surgery, despite a higher binding frequency. The force necessary to overcome the adhesion 

between two erythrocytes from CAD patients decreased after surgery in absence of fibrinogen concentration. 

Haemorheology analysis shows that erythrocytes from CAD patients after surgery have lower propensity to 

aggregate than before surgery, in agreement with AFM data. High plasma levels of total fibrinogen and Ω 

fibrinogen variant were detected in CAD patients before surgery, decreasing after it.  

Conclusions. Changes on erythrocyte stiffness, erythrocyte-erythrocyte adhesion and fibrinogen-erythrocyte 

binding were observed during CAD patients 12 months follow-up. More research is needed in order to 

confirm our findings and consider the changes on erythrocyte morphology, fibrinogen interaction, 

erythrocytes aggregation and adhesion as possible predictive risk factors for CAD. Additionally, the results 

obtained may contribute for the detection of the possibility of development of restenosis events associated 

with the carotid artery disease stage. 
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C/уπ±ŀŎǳƻƭŀǊ ƳŜƳōǊŀƴŜ ǇǊƻǘŜƻƳŜ ŀƴŘ ǊƻƭŜ ƻŦ ŀƳƛƴƻ ŀŎƛŘǎ ƛƴ ǘƘŜ ƭƛŦŜǎǇŀƴ 

ƻŦ ŀ bƛŜƳŀƴƴπtƛŎƪ ǘȅǇŜ /м ȅŜŀǎǘ ƳƻŘŜƭ 
 

aŀǊǘƛƴǎΣ ¢Φ {ΦмΣнΣоΣ /ƻǎǘŀΣ wΦ {ΦмΣнΣоΣ [ŜƳƻǎΣ /ΦмΣнΣоΣ tŜǊŜƛǊŀΣ /ΦмΣнΣ /ƻǎǘŀΣ ±ΦмΣнΣо 
 

мƛо{ Lƴǎǘƛǘǳǘƻ ŘŜ LƴǾŜǎǘƛƎŀœńƻ Ŝ LƴƻǾŀœńƻ ŜƳ {ŀǵŘŜΣ ¦ƴƛǾŜǊǎƛŘŀŘŜ Řƻ tƻǊǘƻΣ tƻǊǘƻΣ tƻǊǘǳƎŀƭΤ нL.a/ Lƴǎǘƛǘǳǘƻ ŘŜ .ƛƻƭƻƎƛŀ 
/ŜƭǳƭŀǊ Ŝ aƻƭŜŎǳƭŀǊΣ ¦ƴƛǾŜǊǎƛŘŀŘŜ Řƻ tƻǊǘƻΣ tƻǊǘƻΣ tƻǊǘǳƎŀƭΤ оLƴǎǘƛǘǳǘƻ ŘŜ /ƛşƴŎƛŀǎ .ƛƻƳŞŘƛŎŀǎ !ōŜƭ {ŀƭŀȊŀǊΣ 

¦ƴƛǾŜǊǎƛŘŀŘŜ Řƻ tƻǊǘƻΣ tƻǊǘƻΣ tƻǊǘǳƎŀƭ 
 

9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ǘŜƭƳŀΦƳŀǊǘƛƴǎϪƛōƳŎΦǳǇΦǇǘ 

 

 

Background. Lysosome and lysosome-like vacuoles (in yeast) play crucial roles in cellular responses to 

nutrient availability and composition, ion homeostasis, stress resistance, and cell death. Conserved nutrient 

signalling pathways, including TORC1, modulate lysosomal function and autophagy. Notably, a decline in 

lysosomal function has been related with the progression of metabolic and age-associated diseases, including 

lysosomal storage disorders (LSDs). The Niemann-Pick Type C (NPC) is a rare LSD characterized by an 

abnormal accumulation of lipids (cholesterol and sphingolipids) in the late endosomal/lysosomal network. It 

results from loss-of-function point mutations in NPC1 (in 95% of cases) or NPC2, which are involved in lipid 

transport through the endocytic pathway. We have previously shown that yeast lacking Ncr1p, orthologue 

of human NPC1 protein, display a premature ageing phenotype associated with mitochondrial dysfunctions 

and accumulation of sphingolipids [1]. Here, we investigated how vacuolar dysfunction may contribute to 

ncr1ҟ ǎƘƻǊǘŜƴŜŘ ƭƛŦŜǎǇŀƴ ŀƴŘ ƛŘŜƴǘƛǘȅ ƴŜǿ ǇƻǘŜƴǘƛŀƭ ǊŜƎǳƭŀǘƻǊǎ ǘƻ ŀǘǘŜƴǳŀǘŜ Ƴǳǘŀƴǘ ǇƘŜƴƻǘȅǇŜǎΦ  

Methods. To characterize the vacuolar membrane proteome, vacuoles were isolated by centrifugation using 

Ficoll gradients, the vacuolar membranes recovered by ultracentrifugation of osmotically lysed vacuoles and 

samples analyzed by gel-free mass-spectrometry (LC-MS/MS). To assess chronological lifespan, cells were 

maintained in growth media over time and viability calculated as the percentage of colony-forming units. 

TORC1 activity was evaluated by analyzing the levels of phospho-Rps6 (Ser232/233) by western blot. 

Autophagic flux was estimated through the processing of GFP-Atg8 to GFP. 

Results. Our results revealed changes in the levels or phosphorylation of ncr1ҟ ǾŀŎǳƻƭŀǊ ƳŜƳōǊŀƴŜ ǇǊƻǘŜƛƴǎ 

that are mostly associated with transmembrane transport (including amino acid transporters), vacuolar 

acidification, vesicle-mediated transport, and vesicle fusion with vacuole. Consistently, autophagy (process 

required for amino acid homeostasis) was impaired in ncr1ҟ Ƴǳǘŀƴǘ ŀƴŘ ǘƘŜ ǎǳǇǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ƎƭǳǘŀƳŀǘŜΣ 

ƎƭǳǘŀƳƛƴŜ ƻǊ ʰ-ketoglutarate increased its chronological lifespan and modulated TORC1 activity. 

Conclusions. These results suggest that changes in vacuolar proteins and amino acid homeostasis may 

contribute to the shortened lifespan in the yeast model of Niemann-Pick type C1. This work was funded by 

national funds through FCT - Fundação para a Ciência e a Tecnologia, I.P., under the project 

UIDB/04293/2020. TM (SFRH/BD/136996/2018) and CP (IF/00889/2015) are supported by FCT.  
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C/ф wŀŦŀŜƭ DǳŜǊǊŜƛǊƻ !ǎǎŜǎǎƛƴƎ ŘǊƻǳƎƘǘ ǎǘǊŜǎǎ ǊŜǎƛǎǘŀƴŎŜ ƻŦ ǊƛŎŜ ǾŀǊƛŜǘƛŜǎ ŦǊƻƳ DǳƛƴŜŀπ
.ƛǎǎŀǳΦ LΦ CǳƴŎǘƛƻƴŀƭ ǇƘŜƴƻǘȅǇƛƴƎ ƻŦ ǇƘƻǘƻǎȅƴǘƘŜǘƛŎ ǘǊŀƛǘǎ 

C/мл !ƴŀ ¢ŜƴŘŜƛǊƻ !ǎǎŜǎǎƛƴƎ ŘǊƻǳƎƘǘ ǎǘǊŜǎǎ ǊŜǎƛǎǘŀƴŎŜ ƻŦ ǊƛŎŜ ǾŀǊƛŜǘƛŜǎ ŦǊƻƳ DǳƛƴŜŀπ
.ƛǎǎŀǳΦ LLΦ LƳŀƎŜπōŀǎŜŘ ǎǘǊǳŎǘǳǊŀƭ ǇƘŜƴƻǘȅǇƛƴƎ 

C/мм aŀǊƛŀƴŀ 
/ǳǎǘƽŘƛƻ 

/ƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ƻŦ ǇƻƭƭŜƴ ŎƻƭƭŜŎǘŜŘ ƛƴ ƘƛǾŜǎ ƭƻŎŀǘŜŘ ƛƴ ǘƘŜ ǊŜƎƛƻƴ 
ƻŦ {ŀƳƻǊŀ /ƻǊǊŜƛŀΣ .ŜƴŀǾŜƴǘŜΣ tƻǊǘǳƎŀƭΦ 

C/мн /ŀǊƭŀ ±ŀǊŀƴŘŀ 5ŜǾŜƭƻǇƳŜƴǘ ƻŦ haa± ŀǎ ŀ ±LD{ ǾŜŎǘƻǊ ŦƻǊ Ǉƭŀƴǘ ǇǊƻǘŜŎǘƛƻƴ 

C/мо aƽƴƛŎŀ 
aŀǊǉǳŜǎ 

IƛƎƘ wŜǎƻƭǳǘƛƻƴ aŜƭǘƛƴƎ π ŀ ǇǊƻƳƛǎƛƴƎ ǘƻƻƭ ŦƻǊ ƎŜƴƻǘȅǇƛƴƎ ǿŀƭƴǳǘ 
Ǉƭŀƴǘǎ 

C/мп aƛƎǳŜƭ {ƛƭǾŞǊƛƻ LŘŜƴǘƛŦƛŎŀǘƛƻƴ ƻŦ ŜƴŘƻǇƘȅǘŜ ƳƛŎǊƻōƛŀƭ ŎƻƳƳǳƴƛǘƛŜǎ ƛƴ ƭƻƴƎπǘŜǊƳ 
ƛƴ ǾƛǘǊƻπŎǳƭǘǳǊŜŘ ƻƭƛǾŜ ŀƴŘ ǿŀƭƴǳǘ ǇƭŀƴǘƭŜǘǎ ŀƴŘ ŜǾŀƭǳŀǘƛƻƴ ƻŦ 
ƛǎƻƭŀǘŜŘ ƻƭƛǾŜ ŜƴŘƻǇƘȅǘŜǎ ƛƴ ǿŀƭƴǳǘ ǊƻƻǘƛƴƎ  

C/мр Dƻƴœŀƭƻ 
[ŀǳǊŜŀƴƻ 

[ƛǇƛŘ ǎƛƎƴŀƭƛƴƎ ŜǾŜƴǘǎ ƛƴ ƎǊŀǇŜǾƛƴŜ ǊŜǎǇƻƴǎŜ ǘƻ Řƻǿƴȅ ƳƛƭŘŜǿ 

C/мс aŀǊƭŀ /ƻǎǘŀ ϧ 
Wƻńƻ /ŀǊǊƛƭƘƻ 

aŀŎǊƻ ŀƴŘ ƳƛŎǊƻƴǳǘǊƛŜƴǘǎ ŎƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ƻŦ ǘǿƻ ŘƛŦŦŜǊŜƴǘ 
ǾŀǊƛŜǘƛŜǎ ƻŦ ƎǊŀǇŜ ǇƻƳŀŎŜΥ !Ǌƛƴǘƻ ŀƴŘ ¢ƻǳǊƛƎŀ bŀŎƛƻƴŀƭ 

C/мт !ƴŀ /ǊǳȊπ{ƛƭǾŀ tƭŀǎƳƻǇŀǊŀ ǾƛǘƛŎƻƭŀ ŜŦŦŜŎǘƻǊǎ ƎŜƴŜ ŜȄǇǊŜǎǎƛƻƴ ŀƴŘ ƳȅŎƻǊǊƘƛȊŀƭ 
ƎǊŀǇŜǾƛƴŜ 

C/му WƻǊƎŜ aŀǊǉǳŜǎ 
Řŀ {ƛƭǾŀ 

wŜǎǇƻƴǎŜ ǘƻ ŘǊƻǳƎƘǘ ǎǘǊŜǎǎ ŀƴŘ ƻƭƛƎƻŎƘƛǘƻǎŀƴ ǘǊŜŀǘƳŜƴǘ ƻŦ 
!ǊǘŜƳƛǎƛŀ ŀƴƴǳŀ Ǉƭŀƴǘǎ 

C/мф ¢ŜǊŜǎŀ [ƛƴƻπ
bŜǘƻ  

¢ƘŜ ǇƻǘŜƴǘƛŀƭ ƻŦ ŎƻǊƪ ƻŀƪ ŜƴŘƻǇƘȅǘŜ ǘƻ ōŜ ǳǎŜŘ ŀǎ ōƛƻŎƻƴǘǊƻƭ 
ŀƎŜƴǘ ŀƎŀƛƴǎǘ ŦǳƴƎŀƭ ǇŀǘƘƻƎŜƴǎ 

C/нм !ƴŀ !ƭƘƛƴƘƻ ¢ƘŜ ŘȅƴŀƳƛŎǎ ƻŦ ŦƭƻǿŜǊ ŘŜǾŜƭƻǇƳŜƴǘ ƛƴ ǎǿŜŜǘ ŎƘŜǎǘƴǳǘ ǘǊŜŜ 
ό/ŀǎǘŀƴŜŀ ǎŀǘƛǾŀ ƳƛƭƭΦύ 
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Background. One of the greatest challenges we face nowadays is how to sustainably feed the growing human 

population, in a scenario of extreme climatic phenomena that inflict intense stress upon cultivars. Thereby, 

it becomes imperative to look for plants more resistant to several stresses, to assure a profitable agriculture 

ŀƴŘ ŀ ǎǳǎǘŀƛƴŀōƭŜ ǳǎŜ ƻŦ ǘƘŜ ŜŀǊǘƘΩǎ ǊŜǎƻǳǊŎŜǎΦ ¢ƘŜ ƛƴǾŜǎǘƛƎŀǘƛƻƴ ƻŦ ǘƘŜ ǇƘŜƴƻǘȅǇƛŎ ŘƛǾŜǊǎƛǘȅ ƻŦ ƭƻŎŀƭ ǾŀǊƛŜǘƛŜǎ 

is of extreme importance, since in many countries the population is still dependent on them as the main 

staple food. Guinea-Bissau is such an example, where the food security of a large portion of the population 

is dependent on different rice cultivars.  

We studied water stress response of two different varieties of Guinea-.ƛǎǎŀǳΩǎ ǊƛŎŜΣ bL-19 (Oryza sativa x 

Oryza glaberrima) and Masporr (Oryza sativa). Masporr is a local variety, traditionally cultivated in rainfeed 

upland. NL-19 (Nerica Lowland) is cultivated using a rainfeed lowland cropping system, where it grows in 

flooded soils. Therefore, we hypothesized that the Masporr variety would be more resistant to drought than 

NL-19.  

Methods. To assess their phenotypic responses, we first germinated the seeds in petri dishes, then 

transferred to pots with Guinea-.ƛǎǎŀǳΩǎ ǎƻƛƭ ŀƴŘ ƎǊƻǿƴ ƛƴ ŀ phytotron under controlled conditions. During 

the first 35 days of growth all plants were well-watered and after that half of the plants of each variety were 

subjected to drought stress by withholding watering for 7 days, while the other half (control) remained 

irrigated. After that, drought plants were re-watered and monitored for 5 additional days. We periodically 

measured chlorophyll a fluorescence (continuous (JIP test) and modulated (Rapid Light Curves)), to assess 

physiological parameters related with the drought response. 

Results. The Performance Index was reduced in drought plants as the water stress conditions worsen, more 

notoriously in NL-19 plants. The photochemical energy fluxes (ABS/RC, effective antenna size; TRo/RC, 

trapping efficiency; ETo/RC, electron transport; and DIo/RC, dissipation of energy) were less affected by 

stress in Masporr than in NL-19. The RLC derived parameters (photoinhibition, light saturation, electron 

transport efficiency and maximum electron transport rate) were only moderately affected in Masporr, but 

after 5 days of drought treatment variable fluorescence was almost absent in NL-19, making it impossible to 

compute these parameters and showing a very severe impairment of the photochemical apparatus. 

Conclusions. Albeit no recovery was observed after rewatering, Masporr photochemical parameters were 

less affected by the drought treatment, suggesting that this genotype is more resilient to drought than NL-

19, supporting our initial hypothesis. 

This work was supported by the FCT Project INTERPHENO (PTDC/ASP-PLA/28726/2017). 
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Background. Considering the increasingly difficult challenge for cropping systems posed by climate change, 

it is essential to develop methods for selecting new plant varieties resistance to abiotic stresses, such as 

drought. High throughput plant phenotyping (HTPP) techniques allow to automatically characterize key 

phenotypic traits in large populations of plants, therefore accelerating the plant breeding processes. 

Our study focused on two rice varieties planted in Guinea Bissau, one of them cultivated within lowland 

conditions, NL-19 (Nerica Lowland (Oryza sativa x O. glaberrima)) and the other cultivated within upland 

conditions, Masporr (O. sativa).  

Methods. Seeds were germinated in petri dishes, then transferred to pots with Guinea-.ƛǎǎŀǳΩǎ ǎƻƛƭ ŀƴŘ 

grown in a phytotron under controlled conditions. During the first 35 days of growth all plants were well-

watered and after that half of the plants of each variety were subjected to drought stress by withholding 

watering for 7 days, while the other half (control) remained irrigated. After that, drought plants were re-

watered and monitored for 5 additional days. At the end of the drought period, varieties were compared 

regarding their resistance to drought stress, using data generated by a custom-built image-based (RGB and 

thermographic) plant phenotyping platform (https://interpheno.rd.ciencias.ulisboa.pt/). Traits such as foliar 

temperature, leaf colour (RGB) and plants average area were measured. Additionally, after rewatering, at 

the end of the experiment, manually obtained destructive data, such as biomass and leaf area, was collected. 

Results. Drought-stressed Masporr plants showed higher leaf temperature than NL-19 drought-stressed 

plants, suggesting a better stomatal control and a water saving strategy. Also, a stay-green phenotype was 

observed in Masporr leaves, as confirmed by RGB analysis. Furthermore, at the end of the experiment, 

Masporr plants showed higher dry mass.  

Conclusions. Altogether, these results indicating that Masporr plants were able to save more water, while 

simultaneously increasing biomass, than NL-19 plants, suggesting that Masporr is the genotype better suited 

to face drought conditions. 

This work was supported by the FCT Project INTERPHENO (PTDC/ASP-PLA/28726/2017). 
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Background. Beekeeping is a zootechnical practice that is based on the exploitation of colonies of domestic 

bees Apis mellifera and the obtaining of its direct products, e.g, honey and pollen. Currently, bee pollen is a 

product valued as a dietary supplement, rich in several types of amino acids and vitamins essential to the 

human body, however, its composition in pollen types is unknown. The main objective of this study was to 

identify the pollen types found in the bee pollen from hives located in the region of Samora Correia, Portugal. 

Methods. Pollen samples were kindly provided by the Beekeeper Mauro Raposo and were collected from 

the hives during the months of March, April and May 2020 in the region of Samora Correia, Benavente 

(38°54'18.8"N 8°52'11.1"W). For pollen identification and counting, slides were prepared for observation 

under an optical microscope at a magnification of 400x. Following literature recommendations, 1200 pollen 

grains per slide were counted (Louveaux et al., 1978) and classified. 

Results. The samples consisted of macroscopic clusters of pollen distinguished by their different colours: 

yellow, orange, purple, green and brown. Six different pollen types were identified: Quercus suber, Echium 

plantagineum, Cistus salviifolius, genus Trifolium spp and species of the families Brassicaceae and 

Geraniaceae. The most abundant pollen types belonged to the genus Trifolium spp, in March (50-65%) and 

to the species Echium plantagineum in April (45-55%) and May (50-60%). An anemophilous species, Quercus 

suber, was also found and constituted 20-30% of the total pollen in March and April and decreased in May 

(<10%). Different clusters presented a different pollen composition; the orange and purple agglomerates 

were composed by Cistus salviifolius and Echium plantagineum pollen, respectively, and was similar 

throughout the study, while the composition of the remaining clusters varied from month to month.  

Conclusions. In summary, the colours of the bee pollen agglomerates is an indicator of composition in specific 

pollen types. The bee pollen includes pollen from polyniferous (the major component) and nectariferous 

plants, with a contribution of anemophilous pollen. Bee pollen consists of different pollen types depending 

on the harvest period. Combining the pollen composition with the knowledge on nutrient composition of the 

different pollen types may lead to the development of new products with different the nutraceutical 

properties.  

Acknowledgments.This work is supported by national funding awarded by FCT - Foundation for Science and Technology, 

I.P., projects UIDB/04683/2020 and UIDP/04683/2020.  
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C/мнπ5ŜǾŜƭƻǇƳŜƴǘ ƻŦ haa± ŀǎ ŀ ±LD{ ǾŜŎǘƻǊ ŦƻǊ Ǉƭŀƴǘ ǇǊƻǘŜŎǘƛƻƴ 

 

±ŀǊŀƴŘŀΣ /ΦaΦwΦмΣ CŞƭƛȄΣ aΦwΦ нΣ aŀǘŜǊŀǘǎƪƛΣ tΦмΣ /ŀƳǇƻǎΣ aΦ5ΦмΣ tŀǘŀƴƛǘŀΣ aΦмΣ aŀǊǉǳŜǎΣ bΦоΣ /ƭŀǊŀΣ aΦLΦнΣ 
bƻƭŀǎŎƻΣ DΦп 

мa95 ς aŜŘƛǘŜǊǊŀƴŜŀƴ LƴǎǘƛǘǳǘŜ ŦƻǊ !ƎǊƛŎǳƭǘǳǊŜΣ 9ƴǾƛǊƻƴƳŜƴǘ ŀƴŘ 5ŜǾŜƭƻǇƳŜƴǘΣ Lƴǎǘƛǘǳǘƻ ŘŜ LƴǾŜǎǘƛƎŀœńƻ Ŝ CƻǊƳŀœńƻ 
!ǾŀƴœŀŘŀΣ ¦ƴƛǾŜǊǎƛŘŀŘŜ ŘŜ ;ǾƻǊŀΣ tƽƭƻ Řŀ aƛǘǊŀΣ !ǇΦ фпΣ тллсπррп ;ǾƻǊŀΣ tƻǊǘǳƎŀƭΤ н a95 ς aŜŘƛǘŜǊǊŀƴŜŀƴ LƴǎǘƛǘǳǘŜ ŦƻǊ 

!ƎǊƛŎǳƭǘǳǊŜΣ 9ƴǾƛǊƻƴƳŜƴǘ ŀƴŘ 5ŜǾŜƭƻǇƳŜƴǘ ϧ 5ŜǇŀǊǘŀƳŜƴǘƻ ŘŜ CƛǘƻǘŜŎƴƛŀΣ 9ǎŎƻƭŀ ŘŜ /ƛşƴŎƛŀǎ Ŝ ¢ŜŎƴƻƭƻƎƛŀΣ 
¦ƴƛǾŜǊǎƛŘŀŘŜ ŘŜ ;ǾƻǊŀΣ tƽƭƻ Řŀ aƛǘǊŀΣ !ǇΦ фпΣ тллсπррп ;ǾƻǊŀΣ tƻǊǘǳƎŀƭΤ о5ŜǇŀǊǘŀƳŜƴǘƻ ŘŜ /ƛşƴŎƛŀǎ .ƛƻƭƽƎƛŎŀǎ Ŝ 
.ƛƻŜƴƎŜƴƘŀǊƛŀ Řŀ ¦ƴƛǾŜǊǎƛŘŀŘŜ Řƻ !ƭƎŀǊǾŜΣ [ŀōƻǊŀǘƽǊƛƻ ŘŜ ±ƛǊƻƭƻƎƛŀΣ CŀǊƻΣ tƻǊǘǳƎŀƭΤ п aŜŘƛǘ.ƛƻΣ ¦ƴƛǾŜǊǎƛŘŀŘŜ Řƻ 

!ƭƎŀǊǾŜΣ /ŀƳǇǳǎ ŘŜ DŀƳōŜƭŀǎ уллрπмофΣ CŀǊƻΣ tƻǊǘǳƎŀƭ 

9ƳŀƛƭΥ ŎŀǊƭŀǾŀǊŀƴŘŀϪǳŜǾƻǊŀΦǇǘ 

 

.ŀŎƪƎǊƻǳƴŘΦ ±ƛǊǳǎŜǎ ŀǊŜ ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ ǎŜǾŜǊŀƭ ƛƳǇƻǊǘŀƴǘ Ǉƭŀƴǘ ŘƛǎŜŀǎŜǎΣ ƘƻǿŜǾŜǊΣ ǘƘŜȅ ƘŀǾŜ ŀƭǎƻ ōŜŜƴ ǳǎŜŘ 

ƛƴ ōƛƻǘŜŎƘƴƻƭƻƎȅ ǿƛǘƘ ŘƛŦŦŜǊŜƴǘ ǇǳǊǇƻǎŜǎΦ ±ƛǊǳǎ ƛƴŘǳŎŜŘ ƎŜƴŜ ǎƛƭŜƴŎƛƴƎ ό±LD{ύ ŀƭƭƻǿǎ ǎǇŜŎƛŦƛŎ ǎƛƭŜƴŎƛƴƎ ƻŦ 

ŦƻǊŜƛƎƴ ƎŜƴŜǎ ǘƘŀǘ Ŏŀƴ ōŜ ƛƴǎŜǊǘŜŘ ƛƴ ŀ ǾƛǊŀƭ ǾŜŎǘƻǊ ŀƴŘ ǘƘŜƴ ƛƴƻŎǳƭŀǘŜŘ ƛƴ ǇƭŀƴǘǎΦ ²ƘŜƴ ŀ ǎŜǉǳŜƴŎŜ ƻŦ ŀ 

ŦƻǊŜƛƎƴ ƎŜƴŜ ƛǎ ƛƴǘǊƻŘǳŎŜŘ ƛƴ ŀ ±LD{ ǾŜŎǘƻǊΣ ǘƘŜ Ǉƭŀƴǘ ƛƴŦŜŎǘŜŘ ǿƛǘƘ ǘƘƛǎ ǾŜŎǘƻǊ ǿƛƭƭ ōŜ ǎƛƎƴŀƭƛȊŜŘ ǘƻ ǘŀǊƎŜǘ ǘƘŀǘ 

ŦƻǊŜƛƎƴ ǾƛǊŀƭ wb! ŀƴŘ ŘŜǎǘǊƻȅ ƛǘΦ Lƴ ŀŘŘƛǘƛƻƴΣ Ǉƭŀƴǘ ŘŜŦŜƴǎŜ ƳŜŎƘŀƴƛǎƳǎ ǿƛƭƭ ŀƭǎƻ ǘŀǊƎŜǘ ŀƴŘ ŘŜǎǘǊƻȅ ŀƴȅ 

ƘƻƳƻƭƻƎƻǳǎ wb!Σ ŜǾŜƴ ƛŦ ƛǘ ƛǎ ŎƻƴǎǘƛǘǳǘƛǾŜƭȅ ŜȄǇǊŜǎǎŜŘ ōȅ ǘƘŜ ǇƭŀƴǘΦ ¢ƘŜ ±LD{ ŀǇǇǊƻŀŎƘ Ŏŀƴ ŀƭǎƻ ōŜ ǳǎŜŘ ŦƻǊ 

Ǉƭŀƴǘ ǇǊƻǘŜŎǘƛƻƴ ǇǳǊǇƻǎŜǎΤ ŦƻǊ ŜȄŀƳǇƭŜΣ ƛŦ ŀ ŦǊŀƎƳŜƴǘ ƻŦ ǘƘŜ ƎŜƴƻƳŜ ƻŦ ŀ ǇŀǘƘƻƎŜƴƛŎ ǾƛǊǳǎ ƛǎ ƛƴǎŜǊǘŜŘ ƛƴ ŀ 

±LD{ ǾŜŎǘƻǊΣ ǘƘŜ Ǉƭŀƴǘ ǿƛƭƭ ŘŜǎǘǊƻȅ ƛǘ ŀƴŘ ōŜŎƻƳŜ ǇǊƻǘŜŎǘŜŘ ŀƎŀƛƴǎǘ ŀ ǇƻǎǎƛōƭŜ ŦǳǊǘƘŜǊ ƛƴŦŜŎǘƛƻƴ ƻŦ ǘƘŀǘ ǾƛǊǳǎΦ 

{ŜǾŜǊŀƭ Ǉƭŀƴǘ ǾƛǊǳǎŜǎ ƘŀǾŜ ōŜŜƴ ǳǎŜŘ ŀǎ ±LD{ ǾŜŎǘƻǊǎ ƘƻǿŜǾŜǊΣ ǘƘŜƛǊ ƭŀǊƎŜ ƎŜƴƻƳŜǎΣ ǘƘŜƛǊ ŘƛŦŦƛŎǳƭǘ 

ƳŀƴƛǇǳƭŀǘƛƻƴ ŀƴŘ ǘƘŜ ǊŜŘǳŎŜŘ ƴǳƳōŜǊ ƻŦ Ƙƻǎǘǎ ǘƘŜȅ ƛƴŦŜŎǘ ǊŜǎǘǊŀƛƴ ǘƘŜƛǊ ǳǎŜ ŀǎ ǾŜŎǘƻǊǎΦ ¢ƘŜ !ƭǇƘŀƴŜŎǊƻǾƛǊǳǎ 

hƭƛǾŜ ƳƛƭŘ ƳƻǎŀƛŎ ǾƛǊǳǎ όhaa±ύ Ƙŀǎ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ǘƘŀǘ ǇƭŀŎŜ ƛǘ ŀǎ ŀ ǾŜǊȅ ǇǊƻƳƛǎƛƴƎ ǾŜŎǘƻǊ ǘƻƻƭΦ Lǘǎ ǎƳŀƭƭ 

ƎŜƴƻƳŜ ƳŀƪŜǎ ƛǘ Ŝŀǎȅ ǘƻ ƳŀƴƛǇǳƭŀǘŜΣ ŀƴŘ ƛǘ ŎŀǳǎŜǎ ƻƴƭȅ ƳƛƭŘ ǎȅǎǘŜƳƛŎ ǎȅƳǇǘƻƳǎ ƛƴ ŀ ǿƛŘŜ ǊŀƴƎŜ ƻŦ ŎǊƻǇǎΣ 

ǿƘƛŎƘ ǿƛƭƭ ŦŀŎƛƭƛǘŀǘŜ ǘƘŜƛǊ ƳŀƴƛǇǳƭŀǘƛƻƴ ƛƴǘƻ ǎȅƳǇǘƻƳƭŜǎǎ ŎƻƴǎǘǊǳŎǘǎ ŀƴŘ ŀƭƭƻǿ ƛǘǎ ŀǇǇƭƛŎŀǘƛƻƴ ǘƻ ŀ ƘƛƎƘ ƴǳƳōŜǊ 

ƻŦ ǇƭŀƴǘǎΦ  

aŜǘƘƻŘǎΦ !ƴ haa±πōŀǎŜŘ ǾŜŎǘƻǊ ƛǎ ōŜƛƴƎ ŘŜǾŜƭƻǇŜŘ ǳƴŘŜǊ ǘƘŜ ǇǊƻƧŜŎǘ ¢ha±Lwtwh¢9/¢Φ !ƴ ƛƴŦŜŎǘƛƻǳǎ 

haa± Ŧǳƭƭ ƭŜƴƎǘƘ ŎƭƻƴŜΣ ŀǾŀƛƭŀōƭŜ ŀǘ ƻǳǊ ƭŀōƻǊŀǘƻǊȅ όǇ¦/ψhaa±C[рύΣ ǿŀǎ ƳŀƴƛǇǳƭŀǘŜŘ ǘƻ ƻōǘŀƛƴ ŀ 

ǎȅƳǇǘƻƳƭŜǎǎ haa± ǎǘǊŀƛƴΦ ! ǎƛƴƎƭŜ Ƴǳǘŀǘƛƻƴ ŀǘ ƴǘму ό/ ǘƻ !ύ ƻŦ ǘƘŜ haa± ǇсΣ ŀ ǎƛƭŜƴŎƛƴƎ ǎǳǇǇǊŜǎǎƻǊ ǇǊƻǘŜƛƴΣ 

ŦƻǊƳŜŘ ŀ {¢ht ŎƻŘƻƴ ŀǘ ǘƘƛǎ ǊŜƎƛƻƴΣ ǊŜǎǳƭǘƛƴƎ ƛƴ ǘƘŜ ƎŜƴŜ ƪƴƻŎƪƻǳǘΦ haa±ǇсƳǳǘŀƴǘ ǿŀǎ ǘƘŜƴ ƳŀƴƛǇǳƭŀǘŜŘ 

ǘƻ ŎŀǊǊȅ ǘƘŜ DCt ǊŜǇƻǊǘŜǊ ƎŜƴŜ ƛƴ ƛǘǎ рΩ ŀƴŘ оΩ ŜƴŘǎ ŀƴŘ ƛƴ ōƻǘƘ ǎŜƴǎŜ ŀƴŘ ŀƴǘƛǎŜƴǎŜ ŘƛǊŜŎǘƛƻƴǎ ǘƻ ǘŜǎǘ ǎƛƭŜƴŎƛƴƎ 

ŜŦŦƛŎƛŜƴŎȅΦ  

wŜǎǳƭǘǎΦ ¢ƘŜ ƴŜǿ ƳǳǘŀǘŜŘ haa± ƎŜƴƻƳŜ όhaa±ǇсƳǳǘŀƴǘύ ǿŀǎ ƛƴƻŎǳƭŀǘŜŘ ƻƴǘƻ bƛŎƻǘƛŀƴŀ ōŜƴǘƘŀƳƛŀƴŀ 

ƛƴŘƛŎŀǘƻǊ Ǉƭŀƴǘǎ ǿƘŜǊŜ ƛǘ ŎŀǳǎŜŘ ƴƻ ǾƛǎƛōƭŜ ǎȅƳǇǘƻƳǎ ōǳǘ ǾƛǊŀƭ ŀŎŎǳƳǳƭŀǘƛƻƴ ƭŜǾŜƭǎ ǎƛƳƛƭŀǊ ǘƻ haa± ǿƛƭŘ ǘȅǇŜΣ 

ŀǎ ǿŜƭƭ ŀǎ ŀ ǎȅǎǘŜƳƛŎ ǇǊŜǎŜƴŎŜΦ wŜƭŀǘƛǾŜ DCt Ƴwb! ŀŎŎǳƳǳƭŀǘƛƻƴ ƭŜǾŜƭ ƛƴ мс / Ǉƭŀƴǘǎ όǇƭŀƴǘǎ ŎƻƴǎǘƛǘǳǘƛǾŜƭȅ 

ŜȄǇǊŜǎǎƛƴƎ DCtύ ǿŀǎ ǘƘŜ ƭƻǿŜǎǘ ǿƘŜƴ DCt ǿŀǎ ǇƭŀŎŜŘ ƛƴ ǘƘŜ оΩŜƴŘ ƻŦ haa±ǇсƳǳǘŀƴǘ ŀƴŘ ƛƴ ŀƴǘƛǎŜƴǎŜ 

ŘƛǊŜŎǘƛƻƴΦ ! ƳǳƭǘƛǇƭŜ ŎƭƻƴƛƴƎ ǎƛǘŜ ǿŀǎ ƛƴǘǊƻŘǳŎŜŘ ƛƴ ǘƘƛǎ ǊŜƎƛƻƴ ǘƻ ŦŀŎƛƭƛǘŀǘŜ ƛƴǘǊƻŘǳŎǘƛƻƴ ƻŦ ŦǳǊǘƘŜǊ ŦǊŀƎƳŜƴǘǎ 

ǘƻ ōŜ ǎƛƭŜƴŎŜŘΦ  

/ƻƴŎƭǳǎƛƻƴǎΦ ¢ƘŜǎŜ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴǎ ǊŜǎǳƭǘŜŘ ƛƴ ƻōǘŀƛƴƛƴƎ ŀƴ ŜŦŦƛŎƛŜƴǘ haa± ±LD{ ǾŜŎǘƻǊΣ ǿƘƛŎƘ ƛǎ ƛƴǘŜƴŘŜŘ 

ǘƻ ōŜŎƻƳŜ ŀǾŀƛƭŀōƭŜ ŦƻǊ ǘƘŜ ŎƻƴǘǊƻƭ ƻŦ Ƴŀƴȅ ƛƳǇƻǊǘŀƴǘ ǾƛǊŀƭ Ǉƭŀƴǘ ŘƛǎŜŀǎŜǎΦ ¢Ƙƛǎ ǿƻǊƪ ƛǎ ŦǳƴŘŜŘ ōȅ ǘƘŜ 9¦ 

ǘƘǊƻǳƎƘ ǘƘŜ 9ǳǊƻǇŜŀƴ wŜƎƛƻƴŀƭ 5ŜǾŜƭƻǇƳŜƴǘ CǳƴŘΣ ǳƴŘŜǊ ![9b¢9Wh нлнлΣ ![D!w±9 нлнл ŀƴŘ C/¢Σ ǳƴŘŜǊ 

ǘƘŜ tǊƻƧŜŎǘǎ ǿƛǘƘ ǊŜŦŜǊŜƴŎŜǎ ![¢нлπлоπлмпрπC959wπлнунсс ŀƴŘ t¢5/κ!{tt[!κнунссκнлмт ŀƴŘ ![¢нлπлоπ

лмпрπC959wπлнунсо ŀƴŘ t¢5/κ!{tπt[!κнунсоκнлмтΦ 
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C/моπIƛƎƘ wŜǎƻƭǳǘƛƻƴ aŜƭǘƛƴƎ π ŀ ǇǊƻƳƛǎƛƴƎ ǘƻƻƭ ŦƻǊ ƎŜƴƻǘȅǇƛƴƎ ǿŀƭƴǳǘ 
Ǉƭŀƴǘǎ 

aŀǊǉǳŜǎ aΦ мΣ Wƻńƻ aƻǘŀ .ŀǊǊƻǎƻнΣ Wǳƭƛƻ bƻƎŀƭŜǎπ.ǳŜƴƻоΣп Σ wŀǘƻ !Φн Σ /ŀǊŘƻǎƻ IΦмϝ 

м a95τaŜŘƛǘŜǊǊŀƴŜŀƴ LƴǎǘƛǘǳǘŜ ŦƻǊ !ƎǊƛŎǳƭǘǳǊŜΣ 9ƴǾƛǊƻƴƳŜƴǘ ŀƴŘ 5ŜǾŜƭƻǇƳŜƴǘΣ Lƴǎǘƛǘǳǘƻ ŘŜ LƴǾŜǎǘƛƎŀœńƻ Ŝ CƻǊƳŀœńƻ 

!ǾŀƴœŀŘŀΣ ¦ƴƛǾŜǊǎƛŘŀŘŜ ŘŜ ;ǾƻǊŀΣ tƽƭƻ Řŀ aƛǘǊŀΣ !ǇΦ фпΣ тллсπррп ;ǾƻǊŀΣ tƻǊǘǳƎŀƭΤ нa95 ϧ 5ŜǇŀǊǘŀƳŜƴǘƻ ŘŜ 

CƛǘƻǘŜŎƴƛŀΣ 9ǎŎƻƭŀ ŘŜ /ƛşƴŎƛŀǎ Ŝ ¢ŜŎƴƻƭƻƎƛŀΣ ¦ƴƛǾŜǊǎƛŘŀŘŜ ŘŜ ;ǾƻǊŀΣ tƽƭƻ Řŀ aƛǘǊŀΣ !ǇΦ фпΣ тллсπррп ;ǾƻǊŀΣ tƻǊǘǳƎŀƭΤ 
оCƻƻŘ /ƻƭƻǳǊ ŀƴŘ vǳŀƭƛǘȅ [ŀōƻǊŀǘƻǊȅΣ #ǊŜŀ ŘŜ bǳǘǊƛŎƛƽƴ ȅ .ǊƻƳŀǘƻƭƻƎƝŀΣ CŀŎǳƭǘŀŘ ŘŜ CŀǊƳŀŎƛŀΣ ¦ƴƛǾŜǊǎƛŘŀŘ ŘŜ {ŜǾƛƭƭŀΣ 

пмлмнΣ {ŜǾƛƭƭŀΣ {ǇŀƛƴΤ п5ŜǇŀǊǘƳŜƴǘ ƻŦ !ƴƛƳŀƭ tǊƻŘǳŎǘƛƻƴΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ /ƻǊŘƻōŀΣ /ŀƳǇǳǎ ƻŦ wŀōŀƴŀƭŜǎΣ /ƽǊŘƻōŀΣ 

мплтмΣ {ǇŀƛƴΦ 

ϝ9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ƘŎŀǊŘƻǎƻϪǳŜǾƻǊŀΦǇǘ 

.ŀŎƪƎǊƻǳƴŘΦ Lƴ ǊŜŎŜƴǘ ȅŜŀǊǎΣ ǘƘŜ ŎƻƴǎǳƳǇǘƛƻƴ ƻŦ ǿŀƭƴǳǘǎ Ƙŀǎ ƛƴŎǊŜŀǎŜŘ ǎƛƎƴƛŦƛŎŀƴǘƭȅΣ ǿƘƛŎƘ ŎƻƴǎŜǉǳŜƴǘƭȅ 

ƘŀǾŜ ƭŜŀŘ ǘƻ ŀƴ ƛƴŎǊŜŀǎŜ ƛƴ ƛǘǎ Ǝƭƻōŀƭ ǇǊƻŘǳŎǘƛƻƴ ǿƘƛǘƘ ƛƳǇƻǊǘŀƴǘ ǊŜǉǳƛǊŜƳŜƴǘǎ ƛƴ ǘŜǊƳǎ ƻŦ ƳŀǊƪŜǘƛƴƎ 

ǎǘŀƴŘŀǊŘǎΦ Lƴ ǘƘƛǎ ŎƻƴǘŜȄǘΣ ǿŀƭƴǳǘ ǇǊƻŘǳŎŜǊǎ ƘŀǾŜ ōŜŜƴ ŦŀŎƛƴƎ ŀƴ ƛƳǇƻǊǘŀƴǘ ǇǊƻōƭŜƳ ŘǳŜ ǘƻ ǘƘŜ Ǉƻǎǎƛōƛƭƛǘȅ ƻŦ 

ƳƛȄƛƴƎ ŦǊǳƛǘǎ ŦǊƻƳ ŘƛŦŦŜǊŜƴǘ ǾŀǊƛŜǘƛŜǎΣ ǘƘŀǘ ŎƻƴǎŜǉǳŜƴǘƭȅ ƭŜŀŘǎ ǘƻ ƘŜǘŜǊƻƎŜƴŜƻǳǎ ƭƻǘǎ ǿƛǘƘ ƴƻ ƎǳŀǊŀƴǘȅ ƻŦ ǘƘŜ 

ŘŜǎƛǊŜŘ ǉǳŀƭƛǘȅΦ tǊƻōƭŜƳǎ ŀǎǎƻŎƛŀǘŜŘ ǘƻ ŦǊǳƛǘǎ ƳƛȄƛƴƎ ƛǎ ŀ ǊŜƭŀǘƛǾŜƭȅ ŦǊŜǉǳŜƴǘ ǎƛǘǳŀǘƛƻƴ ƛƴ ŎƻƳƳŜǊŎƛŀƭ ƻǊŎƘŀǊŘǎ 

ƻŦ ǾŜƎŜǘŀǘƛǾŜƭȅ ǇǊƻǇŀƎŀǘŜŘ ǇƭŀƴǘǎΣ ŀƴŘ ƳƛȄǘǳǊŜǎ Ŏŀƴ ƻŎŎǳǊ ŜƛǘƘŜǊ ƛƴ ǘƘŜ ƴǳǊǎŜǊƛŜǎ ŘǳŜ ǘƻ ƛƴŎƻǊǊŜŎǘ 

ƛŘŜƴǘƛŦƛŎŀǘƛƻƴκ ƳŀƴƛǇǳƭŀǘƛƻƴ ƻŦ Ǉƭŀƴǘ ƳŀǘŜǊƛŀƭ ǳǎŜŘ ŦƻǊ ƎǊŀŦǘƛƴƎΦ CŀŎƛƴƎ ǘƘƛǎ ǇǊƻōƭŜƳΣ ŎŜǊǘƛŦƛŎŀǘƛƻƴ ƻŦ Ǉƭŀƴǘ 

ƳŀǘŜǊƛŀƭ ƛǎ ŀƴ ƛƳǇƻǊǘŀƴǘ ŀŎƘƛŜǾŜƳŜƴǘ ǘƘŀǘ ƎƛǾŜǎ ǘƻ ǇǊƻŘǳŎŜǊǎ ǘƘŜ ƎǳŀǊŀƴǘȅ ƻŦ ŎƻǊǊŜŎǘ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ƻŦ Ǉƭŀƴǘ 

ƳŀǘŜǊƛŀƭ ŦƻǊ ƻǊŎƘŀǊŘǎ ǇƭŀƴǘŀǘƛƻƴΦ ¢ƘŜ ƳŜǘƘƻŘƻƭƻƎƛŜǎ ǘƘŀǘ Ŏŀƴ ŀǎǎƛǎǘ ŎŜǊǘƛŦƛŎŀǘƛƻƴΣ ŀōƭŜ ǘƻ ŘŜǘŜŎǘ ǇǊƻōƭŜƳǎ ƻŦ 

ŦǊŀǳŘǎκƳƛǎƭŀōŜƭƭƛƴƎ ŀǊŜ ƳƻƭŜŎǳƭŀǊ ƳŀǊƪŜǊǎ ƪƴƻǿƴ ŀǎ ƳƛŎǊƻǎŀǘŜƭƭƛǘŜǎ όŀƭǎƻ ƪƴƻǿƴ ŀǎ {{wǎ ς {ƛƳǇƭŜ {ŜǉǳŜƴŎŜ 

wŜǇŜŀǘǎύΦ IƻǿŜǾŜǊΣ ǘƘƛǎ ǘŜŎƘƴƛǉǳŜ ƛǎ ƘƛƎƘƭȅ ŎƻǎǘΣ ǊŜǉǳƛǊŜ Řŀǘŀ ŀƴŀƭȅǎƛǎ ōȅ ŀ ǎǇŜŎƛŀƭƛȊŜŘ ŎƻƳǇŀƴȅ ǿƛǘƘ ŀ 

ŎƻƴǎŜǉǳŜƴǘ ŘŜƭŀȅ ƛƴ ǘƘŜ ǊŜǎǳƭǘǎ ŀƴŘ ƴŜŜŘǎ ǘŜŎƘƴƛŎƛŀƴǎ ǿƛǘƘ ǎǇŜŎƛŦƛŎ ǘǊŀƛƴƛƴƎ ƛƴ ƳƻƭŜŎǳƭŀǊ ōƛƻƭƻƎȅ ǘŜŎƘƴƛǉǳŜǎΦ 

Lƴ ŀƴ ŀǘǘŜƳǇǘ ǘƻ ŜǎǘŀōƭƛǎƘ ŀ ƳƻǊŜ ŜŀǎȅΣ ŦŀǎǘŜǊ ŀƴŘ ǊŜƭƛŀōƭŜ ƳŜǘƘƻŘΣ ŀ ƳŜǘƘƻŘƻƭƻƎȅ ōŀǎŜŘ ƻƴ IƛƎƘ wŜǎƻƭǳǘƛƻƴ 

aŜƭǘƛƴƎ ŀƴŀƭȅǎƛǎ όIwaύ ƛǎ ƘŜǊŜ ŘŜǎŎǊƛōŜŘΦ  

aŜǘƘƻŘǎΦ CƻǳǊ ǾŀǊƛŜǘƛŜǎ ƻŦ ǿŀƭƴǳǘ ǘǊŜŜ WǳƴƎƭŀƴǎ ǊŜƎƛŀ [Φ ǿŜǊŜ ǎŜƭŜŎǘŜŘ ōŀǎŜŘ ƻƴ ƛǘ ƛƳǇƻǊǘŀƴŎŜ ŀǘ bŀǘƛƻƴŀƭ 

ƭŜǾŜƭ π ϥ[ŀǊŀϥΣ ϥIƻǿŀǊŘϥΣ ϥ/ƘŀƴŘƭŜǊϥ ŀƴŘ ϥ¢ǳƭŀǊŜϥΦ tƭŀƴǘ ƳŀǘŜǊƛŀƭΣ ǘƘŀǘ ŎƻƴǎƛǎǘŜŘ ƻƴ ƭŜŀǾŜǎΣ ǿŜǊŜ ŎƻƭƭŜŎǘŜŘ ŦǊƻƳ 

ŀŘǳƭǘ ǘǊŜŜǎ ŜǎǘŀōƭƛǎƘŜŘ ǳƴŘŜǊ ŦƛŜƭŘ ŎƻƴŘƛǘƛƻƴǎΦ !ƭƭ ǎŀƳǇƭŜǎ ǿŜǊŜ ƘƻƳƻƎŜƴƛǎŜŘ ǿƛǘƘ ƭƛǉǳƛŘ ƴƛǘǊƻƎŜƴ ŀƴŘ ŦǳǊǘƘŜǊ 

ǳǎŜŘ ŦƻǊ Ǝ5b! ŜȄǘǊŀŎǘƛƻƴΦ CƻǳǊ ŘƛŦŦŜǊŜƴǘ ƳŜǘƘƻŘǎ ǿŜǊŜ ǘŜǎǘŜŘΣ ǘƘǊŜŜ ōŀǎŜŘ ƻƴ ŎƻƳƳŜǊŎƛŀƭ ƪƛǘǎ ώaŀȄǿŜƭƭϯ мс 

¢ƛǎǎǳŜ 5b! tǳǊƛŦƛŎŀǘƛƻƴ Yƛǘ όtǊƻƳŜƎŀύΣ vƛŀƎŜƴ 5bŜŀǎȅϯ tƭŀƴǘ aƛƴƛ Yƛǘ όvƛŀƎŜƴύ ŀƴŘ b½¸ tƭŀƴǘκCǳƴƎƛ Ǝ5b! 

Lǎƻƭŀǘƛƻƴ Yƛǘ όb½¸ǘŜŎƘύϐΣ ŀƴŘ ƻƴŜ ōŀǎŜŘ ƻƴ ǘƘŜ /¢!. ǇǊƻǘƻŎƻƭ ώ5ƻȅƭŜ ŀƴŘ 5ƻȅƭŜ όмфутύ tƘȅǘƻŎƘŜƳƛŎŀƭ .ǳƭƭŜǘƛƴ 

мфΥммπмрϐΦ ¢ƻ ŦǳǊǘƘŜǊ ǇǊƻŎŜŜŘ ǿƛǘƘ ǘƘŜ ŜǎǘŀōƭƛǎƘƳŜƴǘ ƻŦ ǘƘŜ Iwa ŀƴŀƭȅǎƛǎ ǘƘƛǊǘŜŜƴ ƭƻŎƛ ǿŜǊŜ ǘŜǎǘŜŘΦ 

tŀǊŀƳŜǘŜǊǎ ƭƛƪŜ ǘƘŜ t/w ŜȄǘŜƴǎƛƻƴ ǇŜǊƛƻŘΣ ŀƴƴŜŀƭƛƴƎ ǘŜƳǇŜǊŀǘǳǊŜΣ Ǝ5b! ŀƴŘ ǇǊƛƳŜǊ ŎƻƴŎŜƴǘǊŀǘƛƻƴ ǿŜǊŜ 

ŎƻƴǎƛŘŜǊŜŘ ƻƴ ǘƘŜ ƻǇǘƛƳƛȊŀǘƛƻƴ ǇǊƻŎŜŘǳǊŜΦ ¢ƻ ƎŜǘ ŎƻƴŦƛǊƳŀǘƛƻƴ ŀōƻǳǘ ǘƘŜ ŎƻǊǊŜŎǘ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ƻŦ ǾŀǊƛŜǘƛŜǎΣ 

ǘƘŜ ǘƘǊŜŜ ƭƻŎƛ ǎŜƭŜŎǘŜŘ ŦƻǊ Iwa ŀƴŀƭȅǎƛǎ ǿŜǊŜ ŀƭǎƻ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ŦƻƭƭƻǿƛƴƎ ǘƘŜ {{wǎ ŎƻƴǾŜƴǘƛƻƴŀƭ ŀǇǇǊƻŀŎƘ 

ώŎŀǇƛƭƭŀǊȅ ŜƭŜŎǘǊƻǇƘƻǊŜǎƛǎ ό/9ύ ŦƻǊ ŦǊŀƎƳŜƴǘ ǎƛȊŜ ŀƴŀƭȅǎƛǎϐΦ wŜǎǳƭǘǎΦ /ƻƴǎƛŘŜǊƛƴƎ ǘƘŜ ŀƴŀƭȅǎƛǎ ƻŦ ƳŜƭǘƛƴƎ ŎǳǊǾŜǎ 

ƛǘ ǿŀǎ ǇƻǎǎƛōƭŜ ǘƻ ƘƛƎƘƭƛƎƘǘ ǘƘŀǘ ǘƘŜ ŜȄǘǊŀŎǘƛƻƴ ƳŜǘƘƻŘ ǎǘǊƻƴƎƭȅ ŀŦŦŜŎǘŜŘ ǘƘŜ ǊŜƭƛŀōƛƭƛǘȅ Iwa ǘŜŎƘƴƛǉǳŜΦ ¢ƘǊŜŜ 

ƭƻŎƛ ǿŜǊŜ ǎŜƭŜŎǘŜŘ ǘƻ ǇŜǊŦƻǊƳ ŘƛǎŎǊƛƳƛƴŀǘƛƻƴ ŀƳƻƴƎ ǘƘŜ ŦƻǳǊ ǾŀǊƛŜǘƛŜǎ ό²D!нлнΣ ²D!онм ŀƴŘ ²D!отсύΦ  

wŜǎǳƭǘǎ ŀŎƘƛŜǾŜŘ ƛƴŘƛŎŀǘŜ ǘƘŀǘ ²D!нлн ƭƻŎǳǎ ŀƭƭƻǿǎ ŘƛǎŎǊƛƳƛƴŀǘƛƻƴ ōŜǘǿŜŜƴ ǾŀǊΦ Ψ¢ǳƭŀǊŜΩΣ Ψ[ŀǊŀΩ ŀƴŘ Ψ/ƘŀƴŘƭŜǊΩ 

ŀƴŘ ōƻǘƘ ²D!онм ŀƴŘ ²D!отс ƭƻŎƛ ŀƭƭƻǿ ŘƛǎŎǊƛƳƛƴŀǘƛƻƴ ŀƳƻƴƎ ǘƘŜ ŦƻǳǊ ǾŀǊƛŜǘƛŜǎ ǳƴŘŜǊ ǎǘǳŘȅΦ CǊŀƎƳŜƴǘ 

ŀƴŀƭȅǎƛǎ ōȅ /9 ǊŜǾŜŀƭŜŘ ŦǊŀƎƳŜƴǘ ǎƛȊŜ ŎƻƛƴŎƛŘŜƴǘ ǿƛǘƘ ǘƘŜ ǾŀǊƛŜǘȅ ǳƴŘŜǊ ǎǘǳŘȅΦ  

/ƻƴŎƭǳǎƛƻƴΦ ¢ƘŜ ǊŜǎǳƭǘǎ ƻōǘŀƛƴŜŘ ǿŜǊŜ ǇǊƻƳƛǎƛƴƎΣ ŀƭƭƻǿƛƴƎ ǘƘŜ ŜǎǘŀōƭƛǎƘƳŜƴǘ ƻŦ ŀ ǇǊƻƳƛǎƛƴƎ ǘƻƻƭ ǘƘŀǘ ŎƻǳƭŘ 

ōŜ ǳǎŜŘ ŀǎ ŀƴ ƛƴǘŜǊŜǎǘƛƴƎ ŀƭǘŜǊƴŀǘƛǾŜ ǘƻ ǘƘŜ ŎƻƳƳƻƴ ƎŜƴƻǘȅǇƛƴƎ ƳŜǘƘƻŘǎ ŀǇǇƭƛŜŘ ƛƴ ǿŀƭƴǳǘ ǾŀǊƛŜǘƛŜǎ 

ŘƛǎŎǊƛƳƛƴŀǘƛƻƴΦ  

!ŎƪƴƻǿƭŜŘƎŜƳŜƴǘΦ ¢Ƙƛǎ ǿƻǊƪ ǿŀǎ ŦǳƴŘŜŘ ōȅ bŀǘƛƻƴŀƭ CǳƴŘǎ ǘƘǊƻǳƎƘ ǘƘŜ tǊƻƎǊŀƳŀ hǇŜǊŀŎƛƻƴŀƭ wŜƎƛƻƴŀƭ 

![9b¢9Wh нлнл ǳƴŘŜǊ ǘƘŜ ǇǊƻƧŜŎǘ vǳŀƭCŀǎǘbǳǘ ό![¢нлπлоπлнпсπC959wπллллспύΦ  
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C/мпπ LŘŜƴǘƛŦƛŎŀǘƛƻƴ ƻŦ ŜƴŘƻǇƘȅǘŜ ƳƛŎǊƻōƛŀƭ ŎƻƳƳǳƴƛǘƛŜǎ ƛƴ ƭƻƴƎπǘŜǊƳ ƛƴ 
ǾƛǘǊƻπŎǳƭǘǳǊŜŘ ƻƭƛǾŜ ŀƴŘ ǿŀƭƴǳǘ ǇƭŀƴǘƭŜǘǎ ŀƴŘ ŜǾŀƭǳŀǘƛƻƴ ƻŦ ƛǎƻƭŀǘŜŘ ƻƭƛǾŜ 

ŜƴŘƻǇƘȅǘŜǎ ƛƴ ǿŀƭƴǳǘ ǊƻƻǘƛƴƎ 
 

{ƛƭǾŞǊƛƻ aΦмΣ tƛǊŜǎ wΦмΣ /ŀƳǇƻǎ /ΦмΣ tŜƛȄŜ !ΦнΣ /ŀǊŘƻǎƻ IΦмϝ 
м a95 π aŜŘƛǘŜǊǊŀƴŜŀƴ LƴǎǘƛǘǳǘŜ ŦƻǊ !ƎǊƛŎǳƭǘǳǊŜΣ 9ƴǾƛǊƻƴƳŜƴǘ ŀƴŘ 5ŜǾŜƭƻǇƳŜƴǘΣ Lƴǎǘƛǘǳǘƻ ŘŜ LƴǾŜǎǘƛƎŀœńƻ Ŝ CƻǊƳŀœńƻ 
!ǾŀƴœŀŘŀΣ ¦ƴƛǾŜǊǎƛŘŀŘŜ ŘŜ ;ǾƻǊŀΣ tƽƭƻ Řŀ aƛǘǊŀΣ !ǇΦ фпΣ тллсπррп ;ǾƻǊŀΣ tƻǊǘǳƎŀƭΤ нa95 ϧ 5ŜǇŀǊǘŀƳŜƴǘƻ ŘŜ 

CƛǘƻǘŜŎƴƛŀΣ 9ǎŎƻƭŀ ŘŜ /ƛşƴŎƛŀǎ Ŝ ¢ŜŎƴƻƭƻƎƛŀΣ ¦ƴƛǾŜǊǎƛŘŀŘŜ ŘŜ ;ǾƻǊŀΣ tƽƭƻ Řŀ aƛǘǊŀΣ !ǇΦ фпΣ тллсπррп ;ǾƻǊŀΣ tƻǊǘǳƎŀƭΦ 
 

ϝ9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ƘŎŀǊŘƻǎƻϪǳŜǾƻǊŀΦǇǘ 

.ŀŎƪƎǊƻǳƴŘΦ 9ƴŘƻǇƘȅǘŜǎΣ ƳƛŎǊƻƻǊƎŀƴƛǎƳǎ ǘƘŀǘ ŎƻƭƻƴƛȊŜ ƛƴǘŜǊƴŀƭ Ǉƭŀƴǘ ǘƛǎǎǳŜǎΣ ƘŀǾŜ ōŜŜƴ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ 

Ǉƭŀƴǘ ƎǊƻǿǘƘ ǇǊƻƳƻǘƛƻƴ ƛƴ ƛƴ ǾƛǘǊƻ ǘƛǎǎǳŜ ŎǳƭǘǳǊŜ ǎȅǎǘŜƳǎ ƻŦ ŀ ŘƛǾŜǊǎƛǘȅ ƻŦ ǿƻƻŘȅ Ǉƭŀƴǘ ǎǇŜŎƛŜǎΦ hƭƛǾŜ ŀƴŘ 

ǿŀƭƴǳǘ ǘǊŜŜǎ ƘŀǾŜ ōŜŎƻƳŜ ƛƳǇƻǊǘŀƴǘ ǘǊŜŜ ŎǊƻǇǎ ŘǳŜ ǘƻ ǘƘŜ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ƻŦ ƘŜŀƭǘƘȅ ǇǊƻǇŜǊǘƛŜǎ ƻƴ ǘƘŜ ƻƭƛǾŜ 

ƻƛƭ ŀƴŘ ŘǊȅ ƴǳǘǎΣ ǊŜǎǇŜŎǘƛǾŜƭȅΦ CƻǊ ōƻǘƘ ǎǇŜŎƛŜǎΣ ƛƴ ǾƛǘǊƻ ǘƛǎǎǳŜ ŎǳƭǘǳǊŜ ǎȅǎǘŜƳǎ ƘŀǾŜ ōŜŜƴ ŜǎǘŀōƭƛǎƘŜŘ ǘƻ 

ƳŀǎǎƛǾŜƭȅ ǇǊƻǇŀƎŀǘŜ ŜƭƛǘŜ ƎŜƴƻǘȅǇŜǎΦ IƻǿŜǾŜǊΣ ǎƛƴŎŜ ǘƘŜ ƴŜƎŀǘƛǾŜ ƛƴŦƭǳŜƴŎŜ ƻŦ ǎƻƳŜ ŜƴŘƻǇƘȅǘƛŎ ōŀŎǘŜǊƛŀ ƘŀǾŜ 

ōŜŜƴ ǊŜǇƻǊǘŜŘΣ ǘƘŜ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ƻŦ ǘƘŜ ōŀŎǘŜǊƛŀƭ ǇƻǇǳƭŀǘƛƻƴǎ ƛƴ ƻƭƛǾŜ ŀƴŘ ǿŀƭƴǳǘ ƭƻƴƎπǘŜǊƳ ƛƴ ǾƛǘǊƻ ŎǳƭǘǳǊŜǎ 

ƳƛƎƘǘ ƘŜƭǇ ǘƻ ǇǊŜǾŜƴǘ ŦǳǘǳǊŜ ǇǊƻōƭŜƳǎ ƻǊ ŀƭƭƻǿ ǘƘŜ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ƻŦ Ǉƭŀƴǘ ƎǊƻǿǘƘ ǇǊƻƳƻǘƛƴƎ ōŀŎǘŜǊƛŀ όtDt.ύ 

ǘƘŀǘ Ŏŀƴ ōŜ ǳǎŜŦǳƭ ǘƻ ƛƴ ǾƛǘǊƻ ŜǎǘŀōƭƛǎƘ ǊŜŎŀƭŎƛǘǊŀƴǘ ƎŜƴƻǘȅǇŜǎΦ  

aŜǘƘƻŘǎΦ Lƴ ǾƛǘǊƻ ƎǊƻǿƴ ǇƭŀƴǘƭŜǘǎ ƻŦ ƻƭƛǾŜ όhƭŜŀ ŜǳǊƻǇŀŜŀ [Φύ ŎǾΦΩDŀƭŜƎŀ ǾǳƭƎŀǊΩ ŎƭΦ мппм ŀƴŘ ǿŀƭƴǳǘ ƘȅōǊƛŘ 

ΨtŀǊŀŘƻȄΩ ŎƭΦ ±ƭŀŎƘ όWǳƎƭŀƴǎ ǊŜƎƛŀ Ȅ WǳƎƭŀƴǎ ƘƛƴŘǎǎƛύ ǿŜǊŜ ƛƴǾŜǎǘƛƎŀǘŜŘ ƻƴ ƛǘǎ ŜƴŘƻǇƘȅǘƛŎ ŎƻƳƳǳƴƛǘƛŜǎΩ 

ŎƻƳǇƻǎƛǘƛƻƴΦ ²ƘƻƭŜ Ǉƭŀƴǘ 5b! ǿŀǎ ŜȄǘǊŀŎǘŜŘ ŀƴŘ ƳƛŎǊƻōƛŀƭ мс{ Ǌ5b! ǿŀǎ ŀƳǇƭƛŦƛŜŘ ǳǎƛƴƎ ǘƘŜ ǇǊƛƳŜǊǎ 

ттфCκмофмw όϤсллōǇύΦ !ŦǘŜǊ ŎƭƻƴƛƴƎΣ ŀƳǇƭƛŎƻƴǎ ǿŜǊŜ {ŀƴƎŜǊ ǎŜǉǳŜƴŎŜŘ ŀƴŘ ǘƘŜ ŘƛŦŦŜǊŜƴǘ ǘŀȄŀ ǿŜǊŜ ƛŘŜƴǘƛŦƛŜŘΣ 

ōȅ .ƭŀǎǘƴ ŀǘ b/.L ŘŀǘŀōŀǎŜΦ ! ǇƘȅƭƻƎŜƴŜǘƛŎ ŀƴŀƭȅǎƛǎ ǿŀǎ ŀƭǎƻ ŎƻƴŘǳŎǘŜŘ ǳǎƛƴƎ ǘƘŜ ƳƻǘƘǳǊ ǘƻƻƭǎŜǘ ŀǘ 

ƘǘǘǇǎΥκκǳǎŜƎŀƭŀȄȅΦƻǊƎκΦ Lƴ ǇŀǊŀƭƭŜƭΣ ƭŜŀŦ ǎŜƎƳŜƴǘǎ ŀƴŘ ǎǘŜŀƳ ŜȄǇƭŀƴǘǎ ǘŀƪŜƴ ŦǊƻƳ ƻƭƛǾŜ ŀƴŘ ǿŀƭƴǳǘ ƛƴ ǾƛǘǊƻ 

ǇƭŀƴǘƭŜǘǎ ǿŜǊŜ ŎǳƭǘǳǊŜŘ ƛƴ ŘƛŦŦŜǊŜƴǘ ŎǳƭǘǳǊŜ ƳŜŘƛŀ ƛƴ ƻǊŘŜǊ ǘƻ ǇǊƻƳƻǘŜ ǘƘŜ ƎǊƻǿǘƘ ƻŦ ǘƘŜ ŜƴŘƻǇƘȅǘŜǎ ǘƻ 

ŦǳǊǘƘŜǊ ƛƴǾŜǎǘƛƎŀǘŜ ƛǘǎ ǊƻƭŜΦ {ǘŜƴƻǘƘǊƻǇƻƳƻƴŀǎ ǊƘƛȊƻǇƘƛƭŀ ƛǎƻƭŀǘŜŘ ŦǊƻƳ ƻƭƛǾŜ ǿŀǎ ǳǎŜŘ ŀǎ ǇƻǘŜƴǘƛŀƭ 

ŀŘǾŜƴǘƛǘƛƻǳǎ Ǌƻƻǘ ǇǊƻƳƻǘŜǊ ƛƴ ǿŀƭƴǳǘΦ aƛŎǊƻǎƘƻƻǘǎ ǿŜǊŜ ƛƴƻŎǳƭŀǘŜŘ ǿƛǘƘ ǘƘŜ ōŀŎǘŜǊƛŀƭ ƛƴƻŎǳƭǳƳ 

ŎƻƴŎƻƳƛǘŀƴǘƭȅ ǿƛǘƘ L.! όǊƻƻǘƛƴƎ ƛƴŘǳŎƛƴƎ ƘƻǊƳƻƴŜύ ōŜŦƻǊŜ ŀƴŘ ŘǳǊƛƴƎ ǘƘŜ ǘǊŀƴǎƛǘƛƻƴ ǘƻ ŜȄπǾƛǘǊƻ ǘƘǊƻǳƎƘ ǘƘŜ 

ŦƻƭƭƻǿƛƴƎ ǘǊŜŀǘƳŜƴǘǎΥ ƻƴƭȅ L.! ό¢мύΣ L.! Ҍ .ŀŎǘŜǊƛŀ ό¢нύΣ ƻƴƭȅ .ŀŎǘŜǊƛŀ ό¢оύΦ 

wŜǎǳƭǘǎΦ hǾŜǊŀƭƭΣ ƛǘ ǿŀǎ ǇƻǎǎƛōƭŜ ǘƻ ƛŘŜƴǘƛŦȅ ƳŜƳōŜǊǎ ōŜƭƻƴƎƛƴƎ ǘƻ ф ōŀŎǘŜǊƛŀƭ ŦŀƳƛƭƛŜǎΣ ōŜƛƴƎ ǎƻƳŜ ƻŦ ǘƘƻǎŜ 

ƻƭƛǾŜκǿŀƭƴǳǘπǎǇŜŎƛŦƛŎ ŜƴŘƻǇƘȅǘŜǎΦ Lƴ ǘƘŜ ǊƻƻǘƛƴƎ ƛƴŘǳŎǘƛƻƴ ŜȄǇŜǊƛƳŜƴǘ ǇŜǊŦƻǊƳŜŘ ǿƛǘƘ {Φ ǊƘƛȊƻǇƘƛƭŀΣ ǘƘŜ 

ǿŀƭƴǳǘ ƳƛŎǊƻǎƘƻƻǘǎ ŦǊƻƳ ¢н ŜȄƘƛōƛǘŜŘ ǘƘŜ ōŜǘǘŜǊ ǊƻƻǘƛƴƎ ǊŀǘŜΣ ŀƴŘ ŦǊƻƳ ¢о ǘƘŜ ƭƻǿŜǎǘ ǊƻƻǘƛƴƎ ǊŀǘŜǎΦ 

aƛŎǊƻǎƘƻƻǘǎ ŦǊƻƳ ¢м ǇǊŜǎŜƴǘŜŘ ǎƳŀƭƭŜǊ ŀƴŘ ǘƘƛƴƴŜǊ Ǌƻƻǘǎ ƛƴ ŎƻƳǇŀǊƛǎƻƴ ǘƻ ¢нΦ ¢ƘŜ ¢м ŀƴŘ ¢н ƳƛŎǊƻǎƘƻƻǘǎ 

ƘŀŘ ǎƛƳƛƭŀǊ ƎǊƻǿǘƘ ƛƴ ǘƘŜ ŀŜǊƛŀƭ ǇŀǊǘ ƛƴ ŎƻƴǘǊŀǎǘ ǿƛǘƘ ƳƛŎǊƻǎƘƻƻǘǎ ŦǊƻƳ ¢оΦ aƛŎǊƻǎƘƻƻǘǎ ǘƘŀǘ ǿŜǊŜ ƛƴƻŎǳƭŀǘŜŘ 

ǘǿƛŎŜ ǿƛǘƘ ǘƘŜ ōŀŎǘŜǊƛŀƭ ƛƴƻŎǳƭǳƳ ǇǊŜǎŜƴǘŜŘ ǎƛƳƛƭŀǊ ǊƻƻǘƛƴƎ ǊŀǘŜǎ ǿƛǘƘ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǘǊŜŀǘƳŜƴǘ ƴƻǘ 

ǎǳōƳƛǘǘŜŘ ǘƻ ǘƘŜ ǎŜŎƻƴŘ ƛƴƻŎǳƭŀǘƛƻƴΦ 

/ƻƴŎƭǳǎƛƻƴǎΦ ¢Ƙƛǎ ǿƻǊƪ ŀƭƭƻǿŜŘ ǘƻ ŎƻƳǇŀǊŜ ŜƴŘƻǇƘȅǘƛŎ ŎƻƳƳǳƴƛǘƛŜǎ ōŜǘǿŜŜƴ ƻƭƛǾŜ ŀƴŘ ǿŀƭƴǳǘΦ ¢ƘŜ ǊŜǎǳƭǘǎ 

ŀƭƭƻǿŜŘ ǳǎ ǘƻ ŎƻƴŦƛǊƳ ǘƘŜ ǊƻƭŜ ƻŦ ǘƘŜ {Φ ǊƘƛȊƻǇƘƛƭŀ ƻƴ ǇǊƻƳƻǘƛƴƎ ŀŘǾŜƴǘƛǘƛƻǳǎ ǊƻƻǘƛƴƎ ǿƘŜƴ ŎƻƳōƛƴŜŘ ǿƛǘƘ 

L.!Φ 9ȄǇƭŀƴǘǎ ŜȄǇƻǎŜŘ ǘƻ L.! Ҍ ōŀŎǘŜǊƛŀƭ ƛƴƻŎǳƭǳƳ ŜȄƘƛōƛǘŜŘ ǎǳǇŜǊƛƻǊ ǊƻƻǘƛƴƎΦ ²ŀƭƴǳǘ ŎǳƭǘƛǾŀǊǎ ǿƛǘƘ ŘƛŦŦŜǊŜƴǘ 

ōŜƘŀǾƛƻǊ ǳǇƻƴ ǊƘƛȊƻƎŜƴŜǎƛǎ ǎǘƛƳǳƭǳǎΣ ŀƭƻƴƎ ǿƛǘƘ ŘƛŦŦŜǊŜƴǘ ƛƴƻŎǳƭǳƳ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ǿƛƭƭ ōŜ ŎƻƴǎƛŘŜǊŜŘ ƛƴ 

ŦǳǘǳǊŜ ǎǘǳŘƛŜǎ ƛƴ ƻǊŘŜǊ ǘƻ ƛƳǇǊƻǾŜ ǘƘŜ ŀǇǇƭƛŎŀōƛƭƛǘȅ ƻŦ {Φ ǊƘƛȊƻǇƘƛƭŀ ŀǎ ǊƻƻǘƛƴƎ ǇǊƻƳƻǘŜǊΦ 

!ŎƪƴƻǿƭŜŘƎŜƳŜƴǘǎΦ ¢Ƙƛǎ ǊŜǎŜŀǊŎƘ ǿŀǎ ŦǳƴŘŜŘ ōȅ bŀǘƛƻƴŀƭ CǳƴŘǎ ǘƘǊƻǳƎƘ C/¢ π CƻǳƴŘŀǘƛƻƴ ŦƻǊ {ŎƛŜƴŎŜ ŀƴŘ 

¢ŜŎƘƴƻƭƻƎȅ ǳƴŘŜǊ ǘƘŜ tǊƻƧŜŎǘ ¦L5.κлрмуоκнлнл ŀƴŘ ōȅ C959w ŀƴŘ bŀǘƛƻƴŀƭ CǳƴŘǎ ǘƘǊƻǳƎƘ ǘƘŜ ![9b¢9Wh 

нлнл ό![¢нлπлоπлмпрπC959wπллллмпύΦ ¢ƘŜ ŀǳǘƘƻǊǎ ŀǊŜ ƎǊŀǘŜŦǳƭ ǘƻ ±ƛǊƎƝƴƛŀ {ƻōǊŀƭ ŀƴŘ IǳƎƻ wƛōŜƛǊƻ ŦƻǊ 

ǘŜŎƘƴƛŎŀƭ ǎǳǇǇƻǊǘΦ   
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[ŀǳǊŜŀƴƻ DΦмΣ /ŀǾŀŎƻ !ΦwΦмΣ aŀǘƻǎ !ΦwΦм CƛƎǳŜƛǊŜŘƻ !Φм 

 
м.ƛƻǎȅǎǘŜƳǎ ϧ LƴǘŜƎǊŀǘƛǾŜ {ŎƛŜƴŎŜǎ LƴǎǘƛǘǳǘŜ ό.ƛƻL{LύΣ CŀŎǳƭŘŀŘŜ ŘŜ /ƛşƴŎƛŀǎΣ ¦ƴƛǾŜǊǎƛŘŀŘŜ ŘŜ [ƛǎōƻŀΣ /ŀƳǇƻ DǊŀƴŘŜΣ 

[ƛǎōƻŀΣ tƻǊǘǳƎŀƭ 
 

9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ƎƳƭŀǳǊŜŀƴƻϪŦŎΦǳƭΦǇǘ 

 
Background. Viticulture has been highly affected by the downy mildew disease, caused by Plasmopara 

viticola, an obligatory biotrophic oomycete. Understanding the grapevine defense mechanisms is mandatory 

to develop sustainable disease control measures. Our group has provided strong evidence about the role of 

fatty acids and lipid signaling in the establishment of the incompatible interaction between grapevine and 

Plasmopara viticola. In response to adversities, changes in membrane lipid composition can alter membrane 

properties. Moreover, membrane lipids and fatty acids can act themselves as signaling molecules or can be 

channeled to biosynthetic pathways of other signaling molecules, such as jasmonic acid and other oxylipins, 

derived from polyunsaturated fatty acids. The generation of polyunsaturated fatty acids results from the 

activity of fatty acid desaturases, that catalyze the insertion of double bonds into the fatty acids chains of 

glycerolipids. Despite the importance of lipid modulation in the grapevine defense against downy mildew, 

the fatty acid desaturase family was not yet characterized and is here presented for the first time. 

Methods. The gene family characterization was performed using bioinformatic tools: NCBI databases, MAFT 

software and RAxML-HPC v.8, on CIPRES Science Gateway. Gene expression analysis of fatty acid desaturases 

coding genes was done by Quantitative Real Time PCR. Fatty acid profile was performed by Gas 

Chromatography. Plant material used for gene and lipidomic analyses: V. vinifera cv. Regent leaves, mock 

and inoculated with Plasmopara viticola. 

Results. The signaling pathways associated to grapevine and Plasmopara viticola interaction are still poorly 

understood, thus we have used a systems biology approach to characterize the genotype-specific differences 

in grapevine resistance against this pathogen. In the first hours of inoculation with P. viticola, Regent, tolerant 

to downy mildew agent, shows an increase in its unsaturated fatty acids content, mainly in chloroplast lipids. 

The increase of the unsaturation degree will change the chloroplast membrane properties, becoming more 

fluid and permeable. Moreover, up-regulation of fatty acid desaturases encoding genes was shown namely 

those responsible for the unsaturation of chloroplast lipids. 

Conclusions. Fatty acid desaturases are key enzymes in the lipid signaling events in the first hours of 

grapevine-P. viticola interaction. These enzymes have a crucial impact in membrane properties, as well as in 

the production of signaling molecules. Regarding the membrane properties, after interaction with the 

Plasmopara viticola, changes in the lipid and fatty acid composition of chloroplast membranes were 

observed. The up-ǊŜƎǳƭŀǘƛƻƴ ƻŦ ǘƘŜ ǳƴǎŀǘǳǊŀǘƛƻƴ ǇǊƻŎŜǎǎ ǘƻƎŜǘƘŜǊ ǿƛǘƘ ŀƴ ƛƴŎǊŜŀǎŜ ƻŦ ʰ-linolenic acid content 

may be linked to the observed surge in jasmonic acid, an important molecule in grapevine defense towards 

downy mildew. Our work unveils lipid modulation mechanisms in the establishment of the incompatible 

interaction between grapevine and Plasmopara viticola. 
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C/мсπ aŀŎǊƻ ŀƴŘ ƳƛŎǊƻƴǳǘǊƛŜƴǘǎ ŎƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ƻŦ ǘǿƻ ŘƛŦŦŜǊŜƴǘ 
ǾŀǊƛŜǘƛŜǎ ƻŦ ƎǊŀǇŜ ǇƻƳŀŎŜΥ !Ǌƛƴǘƻ ŀƴŘ ¢ƻǳǊƛƎŀ bŀŎƛƻƴŀƭ 

 

tŀǳƭŀ tŜǊŜƛǊŀмΣнΣ aŀǊƛŀ [ƝŘƛŀ tŀƭƳŀмΣ aŀǊƭŀ bƛȊŀ /ƻǎǘŀпΣ Wƻńƻ /ŀǊǊƛƭƘƻпΣ bǳƴƻ {ŀǊŀƛǾŀмΣ !ƴŀ {ƻŦƛŀ CŜǊƴŀƴŘŜǎмΣ 
/ŀǊƭŀ tŀƭƳŀоΣ ŀƴŘ aŀǊƛǎŀ bƛŎƻƭŀƛм 

м/.Lh{ ς ¦ƴƛǾŜǊǎƛŘŀŘŜ [ǳǎƽŦƻƴŀΩǎ wŜǎŜŀǊŎƘ /ŜƴǘŜǊ ŦƻǊ .ƛƻǎŎƛŜƴŎŜǎ ϧ IŜŀƭǘƘ ¢ŜŎƘƴƻƭƻƎƛŜǎΣ /ŀƳǇƻ DǊŀƴŘŜ отсΣ мтпфπлнп 
[ƛǎōƻŀΣ tƻǊǘǳƎŀƭΤ н/9w9b! ς /ŜƴǘŜǊ ŦƻǊ bŀǘǳǊŀƭ wŜǎƻǳǊŎŜǎ ŀƴŘ 9ƴǾƛǊƻƴƳŜƴǘ Lƴǎǘƛǘǳǘƻ {ǳǇŜǊƛƻǊ ¢ŞŎƴƛŎƻ όL{¢ύΣ 

¦ƴƛǾŜǊǎƛŘŀŘŜ ŘŜ [ƛǎōƻŀΣ !ǾΦ wƻǾƛǎŎƻ tŀƛǎΣ млпфπллм [ƛǎōƻŀΣ tƻǊǘǳƎŀƭΤ оLƴǎǘƛǘǳǘƻ IƛŘǊƻƎǊłŦƛŎƻΣ wΦ ¢Ǌƛƴŀǎ пфΣ мнпфπлфо 
[ƛǎōƻŀΣ tƻǊǘǳƎŀƭΤ п¦[I¢ ς ¦ƴƛǾŜǊǎƛŘŀŘŜ [ǳǎƽŦƻƴŀ ŘŜ IǳƳŀƴƛŘŀŘŜǎ Ŝ ¢ŜŎƴƻƭƻƎƛŀǎΣ /ŀƳǇƻ DǊŀƴŘŜ отсΣ мтпфπлнп 

[ƛǎōƻŀΣ tƻǊǘǳƎŀƭ 
 

ϝ9ƳŀƛƭΥ ƳŀǊƛǎŀΦƴƛŎƻƭŀƛϪǳƭǳǎƻŦƻƴŀΦǇǘ 

 
Background. {ŜǾŜǊŀƭ ǎǘǳŘƛŜǎ ƻƴ ǘƘŜ ŎƘŜƳƛŎŀƭ ŀƴŘ ƴǳǘǊƛǘƛƻƴŀƭ ǇǊƻǇŜǊǘƛŜǎ ƻŦ ǘƘŜ ōȅπǇǊƻŘǳŎǘǎ ƻŦ ǿƛƴŜƳŀƪƛƴƎ 
ƘŀǾŜ ōŜŜƴ ŎƻƴŘǳŎǘŜŘ ƛƴ ǊŜŎŜƴǘ ȅŜŀǊǎΣ ǎƘƻǿƛƴƎ ǘƘŜ ǾŀǊƛƻǳǎ ǇƻǘŜƴǘƛŀƭǎ ƻŦ ǘƘƛǎ ǇǊƻŘǳŎǘ όƎǊŀǇŜ ǇƻƳŀŎŜύ ŀǎ ŀ 
ǇƻǎǎƛōƭŜ ƛƴƎǊŜŘƛŜƴǘ ŦƻǊ ƘǳƳŀƴ ŎƻƴǎǳƳǇǘƛƻƴΣ ǎƛƴŎŜ ƛǘ Ƙŀǎ ƴǳƳŜǊƻǳǎ ōƛƻŀŎǘƛǾŜ ŎƻƳǇƻǳƴŘǎ ǿƛǘƘ ƘƛƎƘ ƴǳǘǊƛǘƛƻƴŀƭ 
ǾŀƭǳŜ ŀƴŘ ǇƻǘŜƴǘƛŀƭ ƘŜŀƭǘƘ ōŜƴŜŦƛǘǎ ώмΣнϐΦ 

Methods. ¢ǿƻ ŘƛŦŦŜǊŜƴǘ tƻǊǘǳƎǳŜǎŜ ƎǊŀǇŜ ǇƻƳŀŎŜ ǾŀǊƛŜǘƛŜǎ ǿŜǊŜ ŎƘƻǎŜƴ ό!Ǌƛƴǘƻ ŀƴŘ ¢ƻǳǊƛƎŀ bŀŎƛƻƴŀƭύ ŦǊƻƳ 
ǘƘŜ !ƭŜƴǘŜƧƻ ǊŜƎƛƻƴΦ YƧŜƭŘŀƘƭ ƳŜǘƘƻŘ ǿŀǎ ǳǎŜŘ ǘƻ ŘŜǘŜǊƳƛƴŜ ŎƻƴǘŜƴǘǎ ƛƴ ǇǊƻǘŜƛƴǎΣ {ƻȄƘƭŜǘ ŜȄǘǊŀŎǘƻǊ ǘƻ ƻōǘŀƛƴ 
ƭƛǇƛŘ ƭŜǾŜƭǎΣ ŀǘƻƳƛŎ ŀōǎƻǊǇǘƛƻƴ ǎǇŜŎǘǊƻǇƘƻǘƻƳŜǘǊȅ ǘƻ ŀƴŀƭȅȊŜ ǘƘŜ ŎƻƴǘŜƴǘ ƻŦ ƳŜǘŀƭǎ ό!ƭΣ /ŘΣ /ǊΣ /ǳΣ CŜΣ [ƛΣ aƴΣ 
bƛΣ tōΣ ½ƴΣ ŀƴŘ IƎύΣ ŀƴŘ ŀ ƘȅŘǊƛŘŜ ƎŜƴŜǊŀǘƻǊ ǘƻ ŀƴŀƭȅȊŜ ǘƘŜ ǎŜƳƛƳŜǘŀƭ ό!ǎύ ƭŜǾŜƭΦ aƻƛǎǘǳǊŜ ŎƻƴǘŜƴǘ ǿŀǎ 
ƻōǘŀƛƴŜŘ ǘƘǊƻǳƎƘ ǘƘŜ Ƴŀǎǎ ŘƛŦŦŜǊŜƴŎŜ ōŜŦƻǊŜ ŀƴŘ ŀŦǘŜǊ ŘǊȅƛƴƎ ƛƴ ǘƘŜ ƻǾŜƴ ǿƛǘƘ ŦƻǊŎŜŘ ŀƛǊ ŎƛǊŎǳƭŀǘƛƻƴΣ ŀǎƘŜǎ 
ǿŀǎ ŘŜǘŜǊƳƛƴŜŘ ōȅ ƳƛƴŜǊŀƭƛȊŀǘƛƻƴ ƻŦ ǘƘŜ ǎŀƳǇƭŜǎ ŀǘ ррлȏ /Σ ŀƴŘ ǇI ōȅ ǇƻǘŜƴǘƛƻƳŜǘǊƛŎ ƳŜǘƘƻŘ ώоϐΦ ¢ƘŜ ŎǊȅǎǘŀƭ 
ǾƛƻƭŜǘ ŀǎǎŀȅ ǿŀǎ ǇŜǊŦƻǊƳŜŘ ŀŦǘŜǊ нп Ƙ ƻŦ ŜȄǇƻǎǳǊŜ ǘƻ ǘƘŜ ŜǘƘŀƴƻƭƛŎ ŜȄǘǊŀŎǘǎ ƻōǘŀƛƴŜŘ ōȅ ǳƭǘǊŀǎƻǳƴŘ ƳŜǘƘƻŘ 
ǘƻ ƳŜŀǎǳǊŜ ƘǳƳŀƴ Iŀ/ŀǘ ŎŜƭƭǎ Ǿƛŀōƛƭƛǘȅ ώпϐΦ Lƴ ŀŘŘƛǘƛƻƴΣ ǘƘŜ ǇŜǊŎŜƴǘŀƎŜ ƻŦ 5ttI ƛƴƘƛōƛǘƛƻƴ ǿŀǎ ǳǎŜŘ ǘƻ ǇǊŜŘƛŎǘ 
ǘƘŜ ŀƴǘƛƻȄƛŘŀƴǘ ŀōƛƭƛǘȅ ƻŦ ǘƘŜ ŜǘƘŀƴƻƭƛŎ ŜȄǘǊŀŎǘǎ ώоϐΦ 

Results. ¢ƘŜ ƴŀǘƛǾŜ tƻǊǘǳƎǳŜǎŜ ƎǊŀǇŜ ǾŀǊƛŜǘƛŜǎ !Ǌƛƴǘƻ ŀƴŘ ¢ƻǳǊƛƎŀ bŀŎƛƻƴŀƭ ǇǊŜǎŜƴǘŜŘ ǇǊƻǘŜƛƴ ŎƻƴǘŜƴǘǎ ƻŦ 
уΦоуҕлΦлт҈ ŀƴŘ млΦмоҕлΦлт҈Σ ŀƴŘ Ŧŀǘ ŎƻƴǘŜƴǘ ƻŦ млΦнфҕлΦлт҈ ŀƴŘ уΦннҕлΦмо҈Σ ǊŜǎǇŜŎǘƛǾŜƭȅΦ ¢ƘŜ ƳŜǘŀƭ ǿƛǘƘ 
ǘƘŜ ƘƛƎƘŜǎǘ ŎƻƴǘŜƴǘΣ ƛƴ ōƻǘƘ ǾŀǊƛŜǘƛŜǎΣ ǿŀǎ ŀƭǳƳƛƴǳƳΦ [ƛǘƘƛǳƳ ǿŀǎ ƴƻǘ ŘŜǘŜŎǘŜŘ ƛƴ ¢ƻǳǊƛƎŀ bŀŎƛƻƴŀƭ ŀƴŘ ƛƴ 
!Ǌƛƴǘƻ ǾŀǊƛŜǘȅ ƭƛǘƘƛǳƳΣ ŎŀŘƳƛǳƳΣ ŀƴŘ ŎƘǊƻƳƛǳƳ ŎƻƴǘŜƴǘ ǿŜǊŜ ōŜƭƻǿ ǘƘŜ ƭƛƳƛǘ ƻŦ ŘŜǘŜŎǘƛƻƴΦ ¢ƘŜ ǇI ǾŀƭǳŜǎ 
ǿŜǊŜ пΦммҕΦлм ŀƴŘ пΦулҕлΦлмΣ ǘƘŜ ŀǎƘ ǾŀƭǳŜǎ ǿŜǊŜ пΦлнҕлΦлм҈ ŀƴŘ рΦпфҕлΦлм҈ ŀƴŘ ǘƘŜ ƳƻƛǎǘǳǊŜ ǿŜǊŜ 
оΦффҕлΦлм҈ ŀƴŘ уΦууҕлΦлм҈ ŦƻǊ ǘƘŜ ǾŀǊƛŜǘƛŜǎ !Ǌƛƴǘƻ ŀƴŘ ¢ƻǳǊƛƎŀ bŀŎƛƻƴŀƭΣ ǊŜǎǇŜŎǘƛǾŜƭȅΦ !ƭƭ ǘƘŜ ŜǘƘŀƴƻƭƛŎ 
ŜȄǘǊŀŎǘǎ ƭŜŘ ǘƻ ŎŜƭƭ Ǿƛŀōƛƭƛǘȅ ƭŜǾŜƭǎ ǎǳǇŜǊƛƻǊ ǘƻ фл҈Φ ¢ƘŜ ǇŜǊŎŜƴǘŀƎŜǎ ƻŦ 5ttI ƛƴƘƛōƛǘƛƻƴ ƻŦ ǘƘŜ ŜǘƘŀƴƻƭƛŎ 
ŜȄǘǊŀŎǘǎ ǿŜǊŜ ŀǊƻǳƴŘ сл҈Φ 

Conclusions. ¢ƘŜ ƎǊŀǇŜ ǇƻƳŀŎŜ ǎŀƳǇƭŜǎ ŀƴŀƭȅȊŜŘ ǇǊŜǎŜƴǘŜŘ ƴǳǘǊƛǘƛƻƴŀƭ ƛƴǘŜǊŜǎǘ ŀƴŘ ŀƴǘƛƻȄƛŘŀƴǘ ǇǊƻǇŜǊǘƛŜǎ 
ŀƴŘ ŀǇǇŜŀǊ ǘƻ ƘŀǾŜ ŀ ŘŜǎƛǊŀōƭŜ ǎŀŦŜǘȅ ǇǊƻŦƛƭŜΦ ¢ƘŜǎŜ ŦƛƴŘƛƴƎǎ Ŏŀƴ ŎƻƴǘǊƛōǳǘŜ ǘƻ ǘƘŜ Ǌŀǘƛƻƴŀƭ ŀƴŘ ŜǾƛŘŜƴŎŜπ
ōŀǎŜŘ ǎŜƭŜŎǘƛƻƴ ƻŦ ƎǊŀǇŜ ǇƻƳŀŎŜ ŦƻǊ ŦǳǘǳǊŜ ƛƴŎƭǳǎƛƻƴ ŀƴŘ ŜȄǇƭƻǊŀǘƛƻƴ ŀǎ ŀ ǇƻǎǎƛōƭŜ ƘǳƳŀƴ ŦƻƻŘ ƛƴƎǊŜŘƛŜƴǘΦ 

CǳƴŘƛƴƎΥ ¢Ƙƛǎ ǿƻǊƪ ƛǎ ŦǳƴŘŜŘ ōȅ ƴŀǘƛƻƴŀƭ ŦǳƴŘǎ ǘƘǊƻǳƎƘ C/¢ π CƻǳƴŘŀǘƛƻƴ ŦƻǊ {ŎƛŜƴŎŜ ŀƴŘ ¢ŜŎƘƴƻƭƻƎȅΣ LΦtΦΣ 
ǳƴŘŜǊ ǘƘŜ ¦L5.κлпрстκнлнл ŀƴŘ ¦L5tκ лпрстκнлнл ǇǊƻƧŜŎǘΦ 

wŜŦŜǊŜƴŎŜǎΦ 

1. DŀǊŎƛŀπ[ƻƳƛƭƭƻΣ WΦΣ DŀǊŎƝŀπ[ƻƳƛƭƭƻΣ WΦΣ ϧ DƻƴȊłƭŜȊπ{ŀƴWƻǎŞΣ aΦ [Φ όнлмтύΦ !ǇǇƭƛŎŀǘƛƻƴǎ ƻŦ ǿƛƴŜ ǇƻƳŀŎŜ ƛƴ ǘƘŜ ŦƻƻŘ 
ƛƴŘǳǎǘǊȅΥ !ǇǇǊƻŀŎƘŜǎ ŀƴŘ ŦǳƴŎǘƛƻƴǎΦ /ƻƳǇǊŜƘŜƴǎƛǾŜ wŜǾƛŜǿǎ ƛƴ CƻƻŘ {ŎƛŜƴŎŜ ŀƴŘ CƻƻŘ {ŀŦŜǘȅΣ мсΣ оςннΦ 
ƘǘǘǇǎΥκκŘƻƛΦƻǊƎκмлΦммммκмрпмπпоотΦмнноуΦ 

2. {ŀƴΩ!ǘƴƴŀΣ ±ΦΣ /ƘǊƛǎǘƛŀƴƻΣ CΦ 5Φ tΦΣ aŀǘŎȊŀƪΣ [Φ 5Φ CΦΣ ¢ŜǎǎŀǊƻΣ LΦ /ΦΣ ϧ ¢ƘȅǎΣ wΦ /Φ {Φ όнлмпύΦ ¢ƘŜ ŜŦŦŜŎǘ ƻŦ ǘƘŜ ƛƴŎƻǊǇƻǊŀǘƛƻƴ 
ƻŦ ƎǊŀǇŜ ƳŀǊŎ ǇƻǿŘŜǊ ƛƴ ŦŜǘǘǳŎŎƛƴƛ Ǉŀǎǘŀ ǇǊƻǇŜǊǘƛŜǎΦ [²¢ ς CƻƻŘ {ŎƛŜƴŎŜ ŀƴŘ ¢ŜŎƘƴƻƭƻƎȅΣ руΣ пфтςрлмΦ 
ƘǘǘǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƭǿǘΦ нлмпΦлпΦллу ллноπспоуΦ 

3. bƛŎƻƭŀƛΣ aΦΣ tŜǊŜƛǊŀΣ tΦΣ wƛƧƻΣ tΦΣ !ƳŀǊŀƭΣ hΦΣ !ƳŀǊŀƭΣ !ΦΣ ϧ tŀƭƳŀΣ [Φ όнлмуύΦ ±ƛǘƛǎ ǾƛƴƛŦŜǊŀ [Φ ǇƻƳŀŎŜΥ ŎƘŜƳƛŎŀƭ ŀƴŘ 
ƴǳǘǊƛǘƛƻƴŀƭ ŎƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴΦ .ƛƻƳŜŘƛŎŀƭ ŀƴŘ .ƛƻǇƘŀǊƳŀŎŜǳǘƛŎŀƭ wŜǎŜŀǊŎƘΣ όмрύнΣ мрсπссΦ ŘƻƛΥ 
млΦмфнттκ..wΦмрΦнΦмун 

4. bƛŎƻƭŀƛΣ aΦΣ !ƭƳŜƛŘŀΣ bΦΣ wƛƧƻΣ tΦΣ /ƻǎǘŀΣ WΦDΦΣ {ŀǊŀƛǾŀΣ bΦΣ ϧ CŜǊƴŀƴŘŜǎΣ !Φ{Φ όнлмфύΦ /ȅǘƻǘƻȄƛŎ ŜŦŦŜŎǘ ƻŦ ŀƴǘƛƻȄƛŘŀƴǘǎ 
ŦƻǳƴŘ ƛƴ ŦƻƻŘ ŦǊƻƳ Ǉƭŀƴǘ ƻǊƛƎƛƴ ƻƴ ƘǳƳŀƴ ƻǎǘŜƻǎŀǊŎƻƳŀ ¦нh{ /ŜƭƭǎΦ .ƛƻƳŜŘƛŎŀƭ ŀƴŘ .ƛƻǇƘŀǊƳŀŎŜǳǘƛŎŀƭ wŜǎŜŀǊŎƘΣ 
όмсύмΣ уфπфсΦ ŘƻƛΥмлΦмфнттκōōǊΦмсΦмΦнлн  
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C/мтπtƭŀǎƳƻǇŀǊŀ ǾƛǘƛŎƻƭŀ ŜŦŦŜŎǘƻǊǎ ƎŜƴŜ ŜȄǇǊŜǎǎƛƻƴ ŀƴŘ ƳȅŎƻǊǊƘƛȊŀƭ 

ƎǊŀǇŜǾƛƴŜ 
 

/ǊǳȊπ{ƛƭǾŀ !мΣ CƛƎǳŜƛǊŜŘƻ !м ŀƴŘ {Ŝōŀǎǘƛŀƴŀ aм 

 
м.ƛƻL{Lτ Lƴǎǘƛǘǳǘƻ ŘŜ .ƛƻǎǎƛǎǘŜƳŀǎ Ŝ /ƛşƴŎƛŀǎ LƴǘŜƎǊŀǘƛǾŀǎΣ CŀŎǳƭŘŀŘŜ ŘŜ /ƛşƴŎƛŀǎΣ ¦ƴƛǾŜǊǎƛŘŀŘŜ ŘŜ [ƛǎōƻŀΣ [ƛǎōƻŀΣ 

tƻǊǘǳƎŀƭ 
 

9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ŀƳŎǎƛƭǾŀϪŦŎΦǳƭΦǇǘ 

 

Background. Grapevine (Vitis vinifera), widely used for berry and wine production, is highly susceptible to 

the pathogenic oomycete Plasmopara viticola, the etiological agent of grapevine downy mildew disease. The 

method commonly used to prevent and control P. viticola infection relies on multiple applications of chemical 

fungicides. However, with European Union goals to lower the usage of such chemicals in viticulture there is 

a need to develop new and more sustainable strategies. The use of beneficial microorganisms with biocontrol 

capabilities, such as the arbuscular mycorrhizal fungi (AMF), has been pointed out as a viable alternative. 

With this study, we intended to investigate the effect of AMF colonization on the expression of P. viticola 

effectors during infection of mycorrhizal grapevine. 

Methods. Grapevine plants were inoculated with the AMF Rhizophagus irregularis and, after mycorrhizae 

development, plants were infected with P. viticola. The expression of P. viticola RxLR effectors was analyzed 

by real-time PCR during the first hours of interaction. 

Results. Results show that pre-mycorrhizal inoculation of grapevine alters the expression of several P. viticola 

effectors; namely, PvRxLR28, which presented decreased expression in mycorrhizal plants at the two time 

points post-infection tested. 

Conclusions. These results suggest that the pre-inoculation of grapevine with AMF could interfere with the 

ǇŀǘƘƻƎŜƴΩǎ ŀōƛƭƛǘȅ ǘƻ ƛƴŦŜŎǘ ƎǊŀǇŜǾƛƴŜ ōȅ ƳƻŘǳƭŀǘƛƻƴ ƻŦ ǇŀǘƘƻƎŜƴƛŎƛǘȅ ŜŦŦectors expression, supporting the 

hypothesis that AMF can be used to increase plant resistance to pathogens and promote more sustainable 

agriculture practices, particularly in viticulture. 
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C/муπwŜǎǇƻƴǎŜ ǘƻ ŘǊƻǳƎƘǘ ǎǘǊŜǎǎ ŀƴŘ ƻƭƛƎƻŎƘƛǘƻǎŀƴ ǘǊŜŀǘƳŜƴǘ ƻŦ 

!ǊǘŜƳƛǎƛŀ ŀƴƴǳŀ Ǉƭŀƴǘǎ 
 

!ƴŀ [Φ DŀǊŎƝŀπDŀǊŎƝŀмΣнΣ 5ŀǾƛŘ WƛƳŞƴŜȊπ!ǊƛŀǎмΣ aƛƎǳŜƭ ±ƛǘƻǊƛƴƻоΣ WƻǊƎŜ aŀǊǉǳŜǎ Řŀ {ƛƭǾŀоΣп 
 

мLƴǎǘƛǘǳǘƻ ŘŜ tǊƻŘǳŎǘƻǎ bŀǘǳǊŀƭŜǎ ȅ !ƎǊƻōƛƻƭƻƎƝŀ π /ƻƴǎŜƧƻ {ǳǇŜǊƛƻǊ ŘŜ LƴǾŜǎǘƛƎŀŎƛƻƴŜǎ /ƛŜƴǘƝŦƛŎŀǎΣ {ǇŀƛƴΤ н¦ƴƛǾŜǊǎƛŘŀŘ 
ŘŜ [ŀ [ŀƎǳƴŀΣ {ǇŀƛƴΤ о.ƛƻL{LΣ ¦ƴƛǾŜǊǎƛŘŀŘŜ ŘŜ [ƛǎōƻŀΣ CŀŎǳƭŘŀŘŜ ŘŜ /ƛşƴŎƛŀǎΣ /ŀƳǇƻ DǊŀƴŘŜΣ мтпфπлмс [ƛǎōƻŀΣ tƻǊǘǳƎŀƭΤ 
п5ŜǇŀǊǘŀƳŜƴǘƻ ŘŜ .ƛƻƭƻƎƛŀ ±ŜƎŜǘŀƭΣ ¦ƴƛǾŜǊǎƛŘŀŘŜ ŘŜ [ƛǎōƻŀΣ CŀŎǳƭŘŀŘŜ ŘŜ /ƛşƴŎƛŀǎΣ /ŀƳǇƻ DǊŀƴŘŜΣ мтпфπлмс [ƛǎōƻŀΣ 

tƻǊǘǳƎŀƭ 
 

9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ƧƳƭǎƛƭǾŀϪŦŎΦǳƭΦǇǘ 

 

Background. Artemisinin is a sesquiterpene endoperoxide lactone that is used in the treatment of malaria 

due to its activity against parasites of the genus Plasmodium. It also has activity against several types of 

cancers, as well as anti-viral and anti-inflammatory properties. Currently, the only commercial source is the 

plant Artemisia annua which produce it in small quantities. As a result of this circumstance, there is a global 

supply shortfall. Besides, climate change is posing a threat to A. annua cultivation. Thus, this requires the 

optimization of strategies to increase yield. Elicitation is the most prevalent method for increasing a 

secondary metabolite. This entails the use of either biotic or abiotic elicitors. The first category includes 

substances derived from fungi, bacteria, viruses, and other plants. The second one can be chemical or 

physical (such as water stress). Some elicitors are also utilized as biostimulants, such as chitosan, which 

protects against water stress while also acting as an elicitor in a variety of species, including A. annua. 

Increased yield or increased water resistance may be able to meet the demand for artemisinin. The effects 

of chitosan treatment and drought stress on artemisinin production as well as physiological changes in A. 

annua plants are presented in this study. 

Methods. A. annua plantlets were transferred to 1L pots one month after sown and kept one week in a 

growth chamber. After this time, plants were separated in two groups (well-watered and drought stress) and 

in each group, three concentrations of oligochitosan were sprayed (0, 100 and 200 mg·L-1). Then, water stress 

was imposed withholding irrigation for 9 days. During these days, plants were monitored with a custom-built 

image-based phenotyping platform (developed in the INTERPHENO project 

https://interpheno.rd.ciencias.ulisboa.pt/). At the end of the experiments, leaf samples were taken to 

artemisinin content, H2O2 content, relative water content and water potential. 

Results. Drought stress significantly increased artemisinin content at 200 mg·L-1 of chitosan, compared to the 

well-watered plants with the same treatment. Besides, this dose of chitosan improved the relative water 

content (77.9% ± 6.9) when compared with non-treated stressed plants (44.0% ± 6.6). Thus, under drought 

stress, water potential was -0.75 MPa ± 0.11 in non-treated plants and -0.35 MPa ± 0.14 in plants treated 

with 200 mg·L-1 chitosan. Regarding H2O2 content, drought stress increased it in all groups but this was most 

evident on the 200 mg·L-1 chitosan treatment. Significant differences were also found in the color of plants, 

assessed by RGB analysis, namely on the median of the green channel, which decreased in chitosan-treated 

water-stressed plants. 

Conclusion. Treating A. annua plants with 200 mg·L-1 of chitosan may offer the opportunity to cultivate this 

plant in drought conditions, without loss of yield, since this elicited artemisinin and improve the water status 

of plants. 

Acknowledgements. This work was supported by the FCT Project INTERPHENO (PTDC/ASP-PLA/28726/2017). 
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C/мфπ¢ƘŜ ǇƻǘŜƴǘƛŀƭ ƻŦ ŎƻǊƪ ƻŀƪ ŜƴŘƻǇƘȅǘŜ ǘƻ ōŜ ǳǎŜŘ ŀǎ ōƛƻŎƻƴǘǊƻƭ ŀƎŜƴǘ 

ŀƎŀƛƴǎǘ ŦǳƴƎŀƭ ǇŀǘƘƻƎŜƴǎ 
 

/ƻǎǘŀΣ 5ΦмΣ [ƻǇŜǎΣ ¢ΦнΣ .ŀǇǘƛǎǘŀΣ tΦΣн ŀƴŘ [ƛƴƻπbŜǘƻΣ ¢Φм 

 
м.ƛƻ{ȅǎǘŜƳǎ ϧ LƴǘŜƎǊŀǘƛǾŜ {ŎƛŜƴŎŜǎ LƴǎǘƛǘǳǘŜ ό.ƛƻL{LύΣ tƭŀƴǘ CǳƴŎǘƛƻƴŀƭ .ƛƻƭƻƎȅ /ŜƴǘǊŜΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ aƛƴƘƻΣ /ŀƳǇǳǎ ŘŜ 
DǳŀƭǘŀǊΣ птмлπлрт .ǊŀƎŀΣ tƻǊǘǳƎŀƭΣ н/ŜƴǘǊƻ ŘŜ LƴǾŜǎǘƛƎŀœńƻ ŘŜ aƻƴǘŀƴƘŀ ό/LahύΣ Lƴǎǘƛǘǳǘƻ tƻƭƛǘŞŎƴƛŎƻ ŘŜ .ǊŀƎŀƴœŀΣ 

/ŀƳǇǳǎ ŘŜ {ŀƴǘŀ !ǇƻƭƽƴƛŀΣ роллπнро .ǊŀƎŀƴœŀΣ tƻǊǘǳƎŀƭΦ 
 

9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ǘƭƴŜǘƻϪōƛƻΦǳƳƛƴƘƻΦǇǘ 

 
Background. Cork oak is a tree species with high ecologic and socio-economic importance in the 

Mediterranean region. Cork oak decline caused by microbial pathogens has been increasingly reported and 

is aggravated by abiotic stressors, such as drought. We hypothesize that a sustainable solution to control 

disease progression is the use of cork oak endophytic antagonists as biocontrol agents.  

Methods. The hypothesis was tested by using a cork oak endophyte (Gr67) in greenhouse assays for 

controlling charcoal disease (caused by Biscogniauxia mediterranea) and bot canker (caused by Diplodia 

corticola). Cork oak seedlings were inoculated with i) negative controls (growing medium); ii) positive controls 

(Gr67, B. mediterranea or D. corticola, separately); and iii) pathogen (B. mediterranea or D. corticola) + Gr67. 

Fungal spores of Gr67 were inoculated on the trunk of cork oak seedlings pre-exposed to standard irrigation 

(75% field capacity) and drought conditions (25% field capacity). One week later fungal spores of cork oak 

pathogens were inoculated on cork oak seedlings. Analysis of several biochemical parameters [chlorophyll 

a+b, phenolics, lipid peroxidation (MDA), hydrogen peroxide content, soluble protein content and peroxidase 

activity] were evaluated to disclosure defense mechanisms against cork oak pathogens.  

Results. Cork oak seedlings inoculated with Gr67 endophyte displayed higher fitness (up to 2-fold for B. 

mediterranea and up to 5-fold for D. corticola) at the end of the experiment than those inoculated only with 

pathogenic isolates. Isolate Gr67 induced defense responses against D. corticola by increasing the production 

of total proteins, MDA and hydrogen peroxide. The mode of action against B. mediterranea was not disclosed 

by these analysis and other defense mechanisms may be involved.  

Conclusions. Although more biochemical analyses are needed to understand defense mechanisms, 

endophytic isolate Gr67 was efficient in conferring protection to cork oak plants against referred pathogens 

under both water conditions. These findings showed that isolate Gr67 can be considered a potential 

biocontrol agent and suggested that it will be effective under a climate changing scenario. 
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C/нмπ¢ƘŜ ŘȅƴŀƳƛŎǎ ƻŦ ŦƭƻǿŜǊ ŘŜǾŜƭƻǇƳŜƴǘ ƛƴ ǎǿŜŜǘ ŎƘŜǎǘƴǳǘ ǘǊŜŜ 

ό/ŀǎǘŀƴŜŀ ǎŀǘƛǾŀ aƛƭƭΦύ 
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Background. The sweet chestnut tree (Castanea sativa Mill.) is one of the most significant Mediterranean 

tree species, being an important resource for wood and fruit. It is a monoecious species, presenting male 

flowers in staminate catkins and bisexual catkins, with both male and female flowers. Staminate flowers 

develop in May, whereas the bisexual catkins fully develop one month later. Despite the importance of the 

chestnut tree, little is known regarding the molecular mechanisms involved in its separate flower 

development. Thus, the study of C. sativa reproductive characteristics is fundamental to fully understand the 

reproductive success of this species and the impact on its productivity. The development of floral organs has 

been extensively studied in hermaphrodite species, which led to the proposal of the ABCDE model, in which 

different classes of MADS-box transcription factors are recruited in the flower meristem to specify the 

identity of non-reproductive and reproductive organs, in what seems to be a conserved mechanism.  

Methods. In the present study, a de novo transcriptome for C. sativa was assembled and the genes 

homologous to those of the ABCDE model were identified.  

Results. The phylogeny of these genes was inferred, and its expression analysis shows that they are 

differentially expressed in both unisexual and bisexual catkins. Yeast-two-hybrid analysis suggests that 

specific changes in the ABCDE interactome could underly the differences necessary to the separate 

development of male and female flowers.  

Conclusions. The MADS-box gene expression and the identification of protein-protein interactions in 

Castanea sativa constitute a step towards the perception of the molecular mechanisms involved in unisexual 

flower development in this monoecious species. 
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{о π ¢h·L/h[hD¸ !b5 9b±Lwhba9b¢![ .Lh/I9aL{¢w¸ 

 
 

C/нн !ƴŀ DŀƭǾŜƛŀǎ !ƛǊōƻǊƴŜ vǳŜǊŎǳǎ ǎǇǇ ǇƻƭƭŜƴ ŀƴŘ ŀŘƘŜǊŜŘ ǇŀǊǘƛŎǳƭŀǘŜ ƳŀǘǘŜǊΥ 
ǇƘȅǎƛŎŀƭπŎƘŜƳƛŎŀƭ ŎƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ƛƴ ǘƘŜ ŎƛǘƛŜǎ ƻŦ ;ǾƻǊŀΣ tƻǊǘƻ 
ŀƴŘ DǳŀǊŘŀ 

C/но {ŀƴŘŜǊ bƻƻǊŘŀƳ tƘƻǘƻŜƭŜŎǘǊƻŀǳǘƻǘǊƻǇƘƛŎ ƎǊƻǿǘƘ ƻŦ wƘƻŘƻǇǎŜǳŘƻƳƻƴŀǎ 
ǇŀƭǳǎǘǊƛǎ ¢L9πмΥ ¢ƘŜ ǊŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ ŎȅǘƻŎƘǊƻƳŜ Ŏн ŀƴŘ ǘƘŜ 
ǊŜŀŎǘƛƻƴ ŎŜƴǘŜǊ 

C/нп !ƭŜȄŀƴŘǊŀ tŜƴƘŀ aƛǘŜǎ ƛƴ IƻǳǎŜ 5ǳǎǘ ŦǊƻƳ ¢ƘǊŜŜ /ƛǘƛŜǎ ƛƴ tƻǊǘǳƎŀƭΥ ! aƻƭŜŎǳƭŀǊ 
LŘŜƴǘƛŦƛŎŀǘƛƻƴ 

C/нр !ƴǘƽƴƛƻ ±ƛŜƛǊŀ tƻƭƭŜƴ tǊƻŦƛƭŜǎ ƻŦ IƻǳǎŜ 5ǳǎǘ CǊƻƳ ¢ƘǊŜŜ tƻǊǘǳƎǳŜǎŜ /ƛǘƛŜǎ ²ƛǘƘ 
5ƛŦŦŜǊŜƴǘ /ƭƛƳŀǘŜ /ƘŀǊŀŎǘŜǊƛǎǘƛŎǎ 

C/нс !ƴŀ DŀƭǾŜƛŀǎ /ǳǇǊŜǎǎŀŎŜŀŜ ǇƻƭƭŜƴ ǇǊŜǾŀƭŜƴŎŜ ƛƴ {ƻǳǘƘŜǊƴ LōŜǊƛŀƴ tŜƴƛƴǎǳƭŀΥ 
ǘƘŜ ŜŦŦŜŎǘ ƻŦ ǎǳǊŦŀŎŜ ƳŜǘŜƻǊƻƭƻƎƛŎŀƭ ŦŀŎǘƻǊǎ ƻƴ ǇƻƭƭŜƴ ǎŜŀǎƻƴ 
ƛƴǘŜƴǎƛǘȅ 

C/нт !ŘǊƛŀƴŀ /ŀǘŀǊƛƴƻ 9ŎƻǘƻȄƛŎƻƭƻƎƛŎŀƭ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ƛƴǘŜǊƳƛǘǘŜƴǘ ǎǘǊŜŀƳǎ ƛƴ ǘƘŜ 
DǳŀŘƛŀƴŀ .ŀǎƛƴ 

C/ну !ƴŀ /ƭłǳŘƛŀ 
aŜƴŘŜǎ 
DƻƴœŀƭǾŜǎ 

¢ǊŜƴŘǎ ƻŦ hƭŜŀ ǇƻƭƭŜƴ ƭŜǾŜƭǎ ōŜǘǿŜŜƴ нллф ŀƴŘ нлнмΥ LƳǇŀŎǘ ƻƴ 
ŀƭƭŜǊƎƛŎ ǊŜǎǇƛǊŀǘƻǊȅ ŘƛǎŜŀǎŜ 

C/нф Wƻŀƴŀ wƻŘǊƛƎǳŜǎ 
CŜǊǊŜƛǊŀ tƛƳǇńƻ 

LƴŦƭǳŜƴŎŜ ƻŦ ŀǘƳƻǎǇƘŜǊƛŎ ǇƻƭƭŜƴ ƭŜǾŜƭǎ ƻƴ ǘƘŜ ƛƴŎƛŘŜƴŎŜ ƻŦ {ŀǊǎπ
/ƻǾπн ǾƛǊǳǎ ƛƴŦŜŎǘƛƻƴ 

C/ол wǵōŜƴ aƛƎǳŜƭ 
5ƛŀǎ 5ǳŀǊǘŜ 

LƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ŀ ƳŜǘƘƻŘƻƭƻƎȅ ŦƻǊ ŘŜǘŜŎǘƛƴƎ ǘƘŜ {!w{π/ƻǾπн 
ǾƛǊǳǎ ǳƳ ǿŀǎǘŜǿŀǘŜǊ ǎŀƳǇƭŜǎΣ w¢πt/w ƛƴ wŜŀƭ ¢ƛƳŜ 

 

 

 

 

Chairs: Maria João Bebbiano (UAlg) Patrícia Palma (IPBeja) 

  



··L {t. /ƻƴƎǊŜǎǎ .ƻƻƪ                                                 ¢ǳƴƛƴƎ .ƛƻŎƘŜƳƛǎǘǊȅ ǿƛǘƘ [ƛŦŜ {ŎƛŜƴŎŜǎ ŀƴŘ {ƻŎƛŜǘȅ 
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C/ннπ!ƛǊōƻǊƴŜ vǳŜǊŎǳǎ ǎǇǇ ǇƻƭƭŜƴ ŀƴŘ ŀŘƘŜǊŜŘ ǇŀǊǘƛŎǳƭŀǘŜ ƳŀǘǘŜǊΥ 
ǇƘȅǎƛŎŀƭπŎƘŜƳƛŎŀƭ ŎƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ƛƴ ǘƘŜ ŎƛǘƛŜǎ ƻŦ ;ǾƻǊŀΣ tƻǊǘƻ ŀƴŘ DǳŀǊŘŀ 

DŀƭǾŜƛŀǎΣ !ΦмΣ wƛōŜƛǊƻΣ IΦнΣ DǳƛƳŀǊńŜǎΣ CΦоΣ /ƻǎǘŀΣ aΦWΦпΣ wƻŘǊƛƎǳŜǎΣ tΦрΣ tŜǊŜƛǊŀΦ WΦсΣ /ƻǎǘŀΣ !ΦwΦмΣ !ōǊŜǳΣ LΦс ϧ 
!ƴǘǳƴŜǎΣ /ΦaΦм  

м LƴǎǘƛǘǳǘŜ ƻŦ 9ŀǊǘƘ {ŎƛŜƴŎŜǎ όL/¢ύ ŀƴŘ 5ŜǇŀǊǘƳŜƴǘ ƻŦ IŜŀƭǘƘ ŀƴŘ aŜŘƛŎŀƭ {ŎƛŜƴŎŜǎ {ŎƘƻƻƭ ƻŦ IŜŀƭǘƘ ŀƴŘ IǳƳŀƴ 
5ŜǾŜƭƻǇƳŜƴǘ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ;ǾƻǊŀΣ ;ǾƻǊŀΣ tƻǊǘǳƎŀƭ aΤ н LƴǎǘƛǘǳǘŜ ƻŦ 9ŀǊǘƘ {ŎƛŜƴŎŜǎ όL/¢ύ ŀƴŘ 5ŜǇŀǊǘƳŜƴǘ ƻŦ DŜƻǎŎƛŜƴŎŜǎΣ 
9ƴǾƛǊƻƴƳŜƴǘ ŀƴŘ {Ǉŀǘƛŀƭ tƭŀƴƴƛƴƎΣ CŀŎǳƭǘȅ ƻŦ {ŎƛŜƴŎŜǎΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ tƻǊǘƻΣ tƻǊǘƻΣ tƻǊǘǳƎŀƭ Τ о¦ƴƛǘ ƻŦ {ŎƛŜƴŎŜ ŀƴŘ 

aƛƴŜǊŀƭ ¢ŜŎƘƴƻƭƻƎȅΣ bŀǘƛƻƴŀƭ [ŀōƻǊŀǘƻǊȅ ƻŦ 9ƴŜǊƎȅ ŀƴŘ DŜƻƭƻƎȅ ό[b9DύΣ [ƛǎōƻƴΣ tƻǊǘǳƎŀƭΤ п LƴǎǘƛǘǳǘŜ ƻŦ 9ŀǊǘƘ {ŎƛŜƴŎŜǎ 
όL/¢ύ ŀƴŘ 5ŜǇŀǊǘƳŜƴǘ ƻŦ tƘȅǎƛŎŀƭΣ {ŎƘƻƻƭ ƻŦ {ŎƛŜƴŎŜǎ ŀƴŘ ¢ŜŎƘƴƻƭƻƎȅΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ;ǾƻǊŀΣ ;ǾƻǊŀΣ tƻǊǘǳƎŀƭΤ р{ŎƘƻƻƭ ƻŦ 
¢ŜŎƘƴƻƭƻƎȅ ŀƴŘ aŀƴŀƎŜƳŜƴǘΣ tƻƭȅǘŜŎƘƴƛŎ LƴǎǘƛǘǳǘŜ ƻŦ DǳŀǊŘŀΣ DǳŀǊŘŀΣ tƻǊǘǳƎŀƭ сLƴǎǘƛǘǳǘŜ ƻŦ 9ŀǊǘƘ {ŎƛŜƴŎŜǎ όL/¢ύ ŀƴŘ 

5ŜǇŀǊǘƳŜƴǘ ƻŦ .ƛƻƭƻƎȅΣ CŀŎǳƭǘȅ ƻŦ {ŎƛŜƴŎŜǎΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ tƻǊǘƻΣ tƻǊǘƻΣ tƻǊǘǳƎŀƭΦ 

9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ŀŎƎƧƻǊƎŜϪǳŜǾƻǊŀΦǇǘ  
 

.ŀŎƪƎǊƻǳƴŘΦ ¢ƘŜ ƭƛƴƪ ōŜǘǿŜŜƴ ǘƘŜ ŀǘƳƻǎǇƘŜǊƛŎ ǇŀǊǘƛŎǳƭŀǘŜ ƳŀǘǘŜǊ όtaύ ŀƴŘ ǇƻƭƭŜƴ ŀƭƭŜǊƎȅ ƻǊ ōǊƻƴŎƘƛŀƭ 
ŀǎǘƘƳŀ ƛǎ ǿƛŘŜƭȅ ŘƻŎǳƳŜƴǘŜŘ ƛƴ ǘƘŜ ƭƛǘŜǊŀǘǳǊŜΣ ǇƻƛƴǘƛƴƎ ǘƻ ŀƴ ŀŘƧǳǾŀƴǘ ǊƻƭŜ ƻŦ ta ƛƴ ƳƻŘƛŦȅƛƴƎ ǘƘŜ 
ŜƴǾƛǊƻƴƳŜƴǘ ƻŦ ǘƘŜ ǊŜǎǇƛǊŀǘƻǊȅ ƳǳŎƻǎŀ ƛƴ ǿƘƛŎƘ ǇƻƭƭŜƴ ŀƭƭŜǊƎŜƴǎ ŀǊŜ ǊŜƭŜŀǎŜŘΣ ƛƴǘŜƴǎƛŦȅƛƴƎ ǘƘŜƛǊ ǊŜǎǇƻƴǎŜ ώмϐΦ 
Lƴ ŦŀŎǘΣ ǿƘŜƴ ƘǳƳŀƴǎ ōǊŜŀǘƘŜΣ ǘƘŜ ǇƻƭƭŜƴ ƛƴƘŀƭŜŘ ŜƴǘŜǊǎ ǘƘŜ ƴƻǎŜ ƛƴ ŀ ǿƘƛǊƭǿƛƴŘ ƳŀƴƴŜǊΣ ǿƘƛŎƘ ŦŀŎƛƭƛǘŀǘŜǎ 
ǘƘŜ ta ŀŘƘŜǎƛƻƴ ǘƻ ƛǘǎ ǎǘƛŎƪȅ ǇƻƭƭŜƴ ²ŀƭƭΦ CǳǊǘƘŜǊƳƻǊŜΣ ǘƘŜ ǊŜǎǇƻƴǎŜ ƛƴǘŜƴǎƛŦƛŎŀǘƛƻƴ Ƴŀȅ ōŜ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ 
ǇƘȅǎƛŎŀƭ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ ta ŀƴŘ ƛǘǎ ǘƻȄƛŎƛǘȅ ώнϐΦ {ƻΣ ǘƘŜ ŀƛƳ ƻŦ ǘƘƛǎ ǎǘǳŘȅ ǿŀǎ ǘƻ ŎƘŀǊŀŎǘŜǊƛȊŜ ǘƘŜ ǇƘȅǎƛŎŀƭπ
ŎƘŜƳƛŎŀƭ ǇǊƻǇŜǊǘƛŜǎ ƻŦ taǎ ŀŘƘŜǊŜŘ ǘƻ ǘƘŜ ŀƛǊōƻǊƴŜ ǇƻƭƭŜƴΣ ǳǎƛƴƎ vǳŜǊŎǳǎ ǎǇǇ ŀǎ ŀ ƳƻŘŜƭΦ  

aŜǘƘƻŘǎΥ ¢ƘŜ ǎǘǳŘȅ ǿŀǎ ŎƻƴŘǳŎǘŜŘ ƛƴ ǘƘǊŜŜ tƻǊǘǳƎǳŜǎŜ ŎƛǘƛŜǎ ǿƛǘƘ ŘƛŦŦŜǊŜƴǘ ǳǊōŀƴƛȊŀǘƛƻƴ ŀƴŘ ƳŜǘŜƻǊƻƭƻƎƛŎŀƭ 
ŎƻƴŘƛǘƛƻƴǎ ό;ǾƻǊŀΣ DǳŀǊŘŀ ŀƴŘ tƻǊǘƻύΦ ¢ƘŜ ǎŀƳǇƭƛƴƎ ǿŀǎ ǇŜǊŦƻǊƳŜŘ ŘǳǊƛƴƎ п ŎƻƴǎŜŎǳǘƛǾŜ Řŀȅǎ όнмπнп !ǇǊƛƭ ƛƴ 
нлмтύ ǳǎƛƴƎ ŀ тπŘŀȅǎ IƛǊǎǘπǘȅǇŜ ǾƻƭǳƳŜǘǊƛŎ ǎŀƳǇƭŜǊΣ ǘƘŀǘ ǎŀƳǇƭŜǎ ŀƛǊ ŀǘ мл [ΦƳƛƴπм ǎƛƳǳƭŀǘƛƴƎ ǘƘŜ ƘǳƳŀƴ 
ōǊŜŀǘƘƛƴƎ ώоϐΦ ¢ƘŜ ǎŀƳǇƭŜŘ ǇŀǊǘƛŎƭŜǎ ƛƳǇŀŎǘŜŘ ƻƴ ŀ aŜƭƛƴŜȄ ǘŀǇŜ ŎƻŀǘŜŘ ǿƛǘƘ ŀ ŘƻǳōƭŜπǎƛŘŜŘ ŀŘƘŜǎƛǾŜ ŎŀǊōƻƴ 
ǘŀǇŜΦ ¢ƘŜ vǳŜǊŎǳǎ ǇƻƭƭŜƴ ƎǊŀƛƴǎ ǿŜǊŜ ƻōǎŜǊǾŜŘ ǳǎƛƴƎ ŀ CƛŜƭŘ 9Ƴƛǎǎƛƻƴ 9ƭŜŎǘǊƻƴ tǊƻōŜ aƛŎǊƻŀƴŀƭȅǎŜǊ ŦƻǊ ta 
ŀƴŀƭȅǎƛǎΦ ! ǎŜŎƻƴŘŀǊȅ ŜƭŜŎǘǊƻƴ ƛƳŀƎŜ ǿŀǎ ǘŀƪŜƴ ƻŦ ŜŀŎƘ ǇƻƭƭŜƴ ƎǊŀƛƴ ŀƴŘ 95{ ǎǇŜŎǘǊŀ ǿŜǊŜ ƻōǘŀƛƴŜŘ ŦƻǊ 
ƛƴŘƛǾƛŘǳŀƭƭȅ ŀŘǎƻǊōŜŘ ǇŀǊǘƛŎƭŜǎΦ !ƭƭ ƛƳŀƎŜǎ ǿŜǊŜ ŀƴŀƭȅǎŜŘΣ ŀƴŘ ǘƘŜ ǇŀǊŀƳŜǘŜǊǎ ƻŦ ǘƘŜ ǇŀǊǘƛŎƭŜǎ ŀŘƘŜǊŜŘ ƛƴ ǘƘŜ 
ǿŀƭƭ ƻŦ ǇƻƭƭŜƴ ƎǊŀƛƴǎ ǿŜǊŜ ŘŜǘŜǊƳƛƴŜŘΦ .ŀŎƪ ǘǊŀƧŜŎǘƻǊƛŜǎ ƻŦ ŀƛǊ ƳŀǎǎŜǎ ŀǊǊƛǾƛƴƎ ŀǘ ;ǾƻǊŀΣ DǳŀǊŘŀ ŀƴŘ tƻǊǘƻ 
ƘŀǾŜ ōŜŜƴ ŎŀƭŎǳƭŀǘŜŘ ǳǎƛƴƎ ǘƘŜ IȅōǊƛŘ {ƛƴƎƭŜπtŀǊǘƛŎƭŜ [ŀƎǊŀƴƎƛŀƴ LƴǘŜƎǊŀǘŜŘ ¢ǊŀƧŜŎǘƻǊȅ ƳƻŘŜƭ όI¸{t[L¢ύ ώпΣрϐΦ  

wŜǎǳƭǘǎΦ ¢ƘŜ ƳŜŀǎǳǊŜƳŜƴǘ ƻŦ ǘƘŜ ŜǉǳƛǾŀƭŜƴǘ ŘƛŀƳŜǘŜǊ ƻŦ ǘƘŜ ǇŀǊǘƛŎƭŜǎ ǊŀƴƎŜŘ ŦǊƻƳ лπмс ƳΣ ƘƻǿŜǾŜǊΣ Ƴƻǎǘ 
ǇŀǊǘƛŎƭŜǎ ƘŀǾŜ ŀ ŘƛŀƳŜǘŜǊ ғоҡƳ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǘƻ ŦƛƴŜ ǇŀǊǘƛŎƭŜǎΦ CƻǊ ǘƘŜ ǘƘǊŜŜ ŎƛǘƛŜǎ ǘƘŜǊŜ ǿŜǊŜ ǎƛƎƴƛŦƛŎŀƴǘ 
ŘƛŦŦŜǊŜƴŎŜǎ ƛƴ ǘƘŜ ŜǉǳƛǾŀƭŜƴǘ ŘƛŀƳŜǘŜǊ ƻŦ ǘƘŜ vǳŜǊŎǳǎ ǇƻƭƭŜƴ ƎǊŀƛƴǎΣ ƛƴ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǇŀǊǘƛŎƭŜǎ ǇŜǊ ǇƻƭƭŜƴΣ 
ŀƴŘ ƛƴ ǘƘŜ ҈ ŀǊŜŀ ƻŎŎǳǇƛŜŘ ōȅ ǘƘŜ ǇŀǊǘƛŎƭŜǎΦ ¢Ƙƛǎ ƛƴŘƛŎŀǘŜǎ ŘƛǎǘƛƴŎǘ vǳŜǊŎǳǎ ǇƻƭƭŜƴ ǎǇŜŎƛŜǎ ƛƴ ǘƘŜ ŀƛǊ ŀƴŘ tƻǊǘƻ 
ƘŀŘ ŦŜǿŜǊ ǇŀǊǘƛŎƭŜǎ ǇŜǊ ǇƻƭƭŜƴ ŀƴŘ ;ǾƻǊŀ ƘŀŘ ŀ ƎǊŜŀǘŜǊ ƴǳƳōŜǊ ƻŦ ǇŀǊǘƛŎƭŜǎ ǇŜǊ ǇƻƭƭŜƴΦ /ƻƴŎŜǊƴƛƴƎ ǘƘŜ 
ŎƘŜƳƛŎŀƭ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎΣ ǇŀǊǘƛŎƭŜǎ ƻŦ ǾŀǊƛƻǳǎ ŎƘŜƳƛŎŀƭ ƎǊƻǳǇǎ ǿŜǊŜ ŘŜǘŜŎǘŜŘ ƛƴ ǘƘŜ ǘƘǊŜŜ ŎƛǘƛŜǎΣ ōŜƛƴƎ ǘƘŜ {ƛπ
ǊƛŎƘ ǇŀǊǘƛŎƭŜǎ ǊŜǇǊŜǎŜƴǘŜŘ ƛƴ ŀ ƘƛƎƘŜǊ ǇŜǊŎŜƴǘŀƎŜΣ ŦƻƭƭƻǿŜŘ ōȅ /ŀπǊƛŎƘΣ /ƭπǊƛŎƘΣ {hπǊƛŎƘ ǇŀǊǘƛŎƭŜǎΦ Lƴ ǘƘŜ Ŏƛǘȅ ƻŦ 
tƻǊǘƻ ŀƴŘ DǳŀǊŘŀ ƻǊƎŀƴƛŎ ǇŀǊǘƛŎƭŜǎ ǿŜǊŜ ŀƭǎƻ ŦƻǳƴŘΦ wŜƳŀƛƴƛƴƎ ŎƘŜƳƛŎŀƭ ǎǇŜŎƛŜǎ ǎǳŎƘ ŀǎ {hπǊƛŎƘΣ tπǊƛŎƘΣ 
aŜǘŀƭǎ ϧ hȄƛŘŜǎ ǿŜǊŜ ŦƻǳƴŘ ƛƴ ƭƻǿŜǊ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎΦ tŀǊǘƛŎƭŜǎ ƻŦ {Ŝŀ {ŀƭǘ ǿŜǊŜ ƻōǎŜǊǾŜŘ ƛƴ ;ǾƻǊŀ ό!ǇǊƛƭ ноύΣ 
ŎƻƛƴŎƛŘƛƴƎ ǿƛǘƘ ŀƛǊ Ƴŀǎǎ ǘǊŀƧŜŎǘƻǊƛŜǎ ŦǊƻƳ ŜŀǎǘΣ Ǉƻǎǎƛōƭȅ ŎŀǊǊȅƛƴƎ ǘƘŜǎŜ ǇŀǊǘƛŎƭŜǎ ŦǊƻƳ ǘƘŜ aŜŘƛǘŜǊǊŀƴŜŀƴΦ 
tǊƛƴŎƛǇŀƭ ŎƻƳǇƻƴŜƴǘ ŀƴŀƭȅǎƛǎ ŘŜƳƻƴǎǘǊŀǘŜŘ ŀ ǇƻǎƛǘƛǾŜ ŀǎǎƻŎƛŀǘƛƻƴ ōŜǘǿŜŜƴ {ƛπǊƛŎƘΣ /ŀπǊƛŎƘ ŀƴŘ {hπǊƛŎƘΣ tπǊƛŎƘΣ 
aŜǘŀƭǎ ϧ hȄƛŘŜǎΣ /ŀπǊƛŎƘ ŀƴŘ /ƭπǊƛŎƘ ƭŜǾŜƭǎ ŀƴŘ ǊŜƭŀǘƛǾŜ ƘǳƳƛŘƛǘȅ ŀƴŘ ƴŜƎŀǘƛǾŜ ŀǎǎƻŎƛŀǘƛƻƴ ǿƛǘƘ ǇǊŜŎƛǇƛǘŀǘƛƻƴ 
ŀƴŘ ǿƛƴŘ ǎǇŜŜŘΦ ¢ƘŜ ƳŀȄƛƳǳƳΣ ƳƛƴƛƳǳƳ ŀƴŘ ŀǾŜǊŀƎŜ ǘŜƳǇŜǊŀǘǳǊŜ ƘŀǾŜ ƴƻ ƛƴŦƭǳŜƴŎŜ ƻƴ ǘƘŜ ǇŀǊǘƛŎƭŜǎΦ  

/ƻƴŎƭǳǎƛƻƴΥ ²Ŝ ƻōǎŜǊǾŜŘ ǘƘŀǘ ǘƘŜ ǇƘȅǎƛŎŀƭ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎ ƻŦ taǎ ƛǎ ǎƛƳƛƭŀǊ ōŜǘǿŜŜƴ ǘƘŜ ǎǘǳŘƛŜŘ ŎƛǘƛŜǎΣ ƘƻǿŜǾŜǊΣ 
ǘƘŜ ŘƻƳƛƴŀƴǘ ŎƘŜƳƛŎŀƭ ŎƻƳǇƻǎƛǘƛƻƴ ƛǎ ŘƛŦŦŜǊŜƴǘΣ ǿƘƛŎƘ ƛǎ ŀƴ ƛƳǇƻǊǘŀƴǘ ƛƴŦƻǊƳŀǘƛƻƴ ǊŜƎŀǊŘƛƴƎ ǘƘŜƛǊ ƛƳǇŀŎǘ ƛƴ 
ǇƻƭƭŜƴπŀƭƭŜǊƎȅ ƛƴǘŜƴǎƛŦƛŎŀǘƛƻƴ ǘƻǿŀǊŘǎ ǘƘŜ ǎŀƳŜ ǇƻƭƭŜƴ ǘȅǇŜ ŀƴŘ ŎƻƴŎŜƴǘǊŀǘƛƻƴΦ  

wŜŦŜǊŜƴŎŜǎΦ ώмϐ ½ƘŀƻΣ /ΦΣ ²ŀƴƎΣ ¸ΦΣ {ǳΣ ½ΦΣ tǳΣ ²ΦΣ bƛǳΣ aΦΣ {ƻƴƎΣ {ΦΣ Χ ²ŀƴƎΣ IΦ όнлнлύΦ {ŎƛŜƴŎŜ ƻŦ ǘƘŜ ¢ƻǘŀƭ 9ƴǾƛǊƻƴƳŜƴǘΣ толΣ 

мофмпрΦ ώнϐ ¸ƻǎƘƛȊŀƪƛΣ YΦΣ .ǊƛǘƻΣ WΦ aΦΣ ¢ƻƭŜŘƻΣ !Φ /ΦΣ bŀƪŀƎŀǿŀΣ bΦ YΦΣ tƛŎŎƛƴΣ ±Φ {ΦΣ WǳƴǉǳŜƛǊŀΣ aΦ {ΦΣ Χ aŀŎŎƘƛƻƴŜΣ aΦ όнлмлύΦ LƴƘŀƭŀǘƛƻƴ 
¢ƻȄƛŎƻƭƻƎȅΣ ннόтύΣсмлςсмтΦ ώоϐ IƛǊǎǘ WaΦ !ƴ ŀǳǘƻƳŀǘƛŎ ǾƻƭǳƳŜǘǊƛŎ ǎǇƻǊŜ ǘǊŀǇΦ !ƴƴ !ǇǇƭ .ƛƻƭΦ мфрнΤофόнύΥнртςср Φ ώпϐ {ǘŜƛƴΣ !Φ CΦΣ 5ǊŀȄƭŜǊΣ 
wΦ wΦΣ wƻƭǇƘΣ DΦ 5ΦΣ {ǘǳƴŘŜǊΣ .Φ WΦ .ΦΣ /ƻƘŜƴΣ aΦ 5ΦΣ ϧ bƎŀƴΣ CΦ όнлмрύΦ ƻŦ ǘƘŜ !ƳŜǊƛŎŀƴ aŜǘŜƻǊƻƭƻƎƛŎŀƭ {ƻŎƛŜǘȅΣ фсόмнύΣ нлрфςнлттΦ 
ƘǘǘǇǎΥκκŘƻƛΦƻǊƎκмлΦммтрκ.!a{π5πмпπллммлΦмΦ ώрϐ wƻƭǇƘΣ DΦΣ {ǘŜƛƴΣ !ΦΣ ϧ {ǘǳƴŘŜǊΣ .Φ όнлмтύ 9ƴǾƛǊƻƴƳŜƴǘŀƭ aƻŘŜƭƭƛƴƎ ϧ {ƻŦǘǿŀǊŜΣ фрΣ 
нмлςннуΦ ƘǘǘǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκWΦ9b±{hC¢ΦнлмтΦлсΦлнрΦ  

!ŎƪƴƻǿƭŜŘƎƳŜƴǘǎΦ¢Ƙƛǎ ǿƻǊƪ ƛǎ ǎǳǇǇƻǊǘŜŘ ōȅ ƴŀǘƛƻƴŀƭ ŦǳƴŘƛƴƎ ŀǿŀǊŘŜŘ ōȅ C/¢ π CƻǳƴŘŀǘƛƻƴ ŦƻǊ {ŎƛŜƴŎŜ ŀƴŘ ¢ŜŎƘƴƻƭƻƎȅΣ 
LΦtΦΣ ǇǊƻƧŜŎǘǎ ¦L5.κлпсуоκнлнл ŀƴŘ ¦L5tκлпсуоκнлнл ŀƴŘ C/¢ ŦǳƴŘŜŘ ǇǊƻƧŜŎǘ tƻƭƭŜƴǎƻǊō t¢5/κ!¢t9!aκлумтκнлмпΦ  
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C/ноπtƘƻǘƻŜƭŜŎǘǊƻŀǳǘƻǘǊƻǇƘƛŎ ƎǊƻǿǘƘ ƻŦ wƘƻŘƻǇǎŜǳŘƻƳƻƴŀǎ ǇŀƭǳǎǘǊƛǎ 
¢L9πмΥ ¢ƘŜ ǊŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ ŎȅǘƻŎƘǊƻƳŜ Ŏн ŀƴŘ ǘƘŜ ǊŜŀŎǘƛƻƴ ŎŜƴǘŜǊ 

 

bƻƻǊŘŀƳΣ {ΦWΦмΣ !ƭǾŜǎΣ !Φ{ΦмΣ ¢ǊƛƴŘŀŘŜΣ LΦ.ΦмΣ aŀŘƧŀǊƻǾΣ WΦм ϧ [ƻǳǊƻΣ wΦhΦм 

мLƴƻǊƎŀƴƛŎ .ƛƻŎƘŜƳƛǎǘǊȅ ŀƴŘ baw [ŀōƻǊŀǘƻǊȅΣ Lƴǎǘƛǘǳǘƻ ŘŜ ¢ŜŎƴƻƭƻƎƛŀ vǳƝƳƛŎŀ Ŝ .ƛƻƭƽƎƛŎŀΣ ¦ƴƛǾŜǊǎƛŘŀŘŜ bƻǾŀ ŘŜ 
[ƛǎōƻŀΣ hŜƛǊŀǎΣ tƻǊǘǳƎŀƭ 

 
9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ǎƴƻƻǊŘŀƳϪƛǘǉōΦǳƴƭΦǇǘ 

 

Lƴ ƻǊŘŜǊ ǘƻ ǎǳǎǘŀƛƴ ƳƻŘŜǊƴ Řŀȅ ƭƛŦŜ ǿƘƛƭŜ ŀǾŜǊǘƛƴƎ ǘƘŜ ǿƻǊǎǘ ŎƻƴǎŜǉǳŜƴŎŜǎ ƻŦ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΣ ƻǳǊ ǎƻŎƛŜǘȅ 

ƴŜŜŘǎ ǘƻ ŘŜǾŜƭƻǇ ƛƴŘǳǎǘǊƛŀƭ ǇǊƻŎŜǎǎŜǎ ǘƘŀǘ ŀǊŜ ŎŀǊōƻƴ ƴŜǳǘǊŀƭΣ ƻǊ ŜǾŜƴ ōŜǘǘŜǊΣ ŎŀǊōƻƴ ƴŜƎŀǘƛǾŜΦ aƛŎǊƻōƛŀƭ 

ǇƘƻǘƻŜƭŜŎǘǊƻǎȅƴǘƘŜǎƛǎΣ ŘǳǊƛƴƎ ǿƘƛŎƘ /hн ƛǎ ǳǎŜŘ ŀǎ ŀ ƳƻƭŜŎǳƭŀǊ ōǳƛƭŘƛƴƎ ōƭƻŎƪ ƳƛƎƘǘ ōŜ ŀ ǇǊƻŎŜǎǎ ŎŀǇŀōƭŜ ƻŦ 

ŀŎƘƛŜǾƛƴƎ ǘƘŜ ƭŀǘǘŜǊΦ ²ƛǘƘ ƳƛŎǊƻōƛŀƭ ǇƘƻǘƻŜƭŜŎǘƻǎȅƴǘƘŜǎƛǎ ǘƘŜ ƳƛŎǊƻƻǊƎŀƴƛǎƳ ŎŀǇǘǳǊŜǎ ŜƴŜǊƎȅ ŦǊƻƳ ƭƛƎƘǘ ǘƻ 

ŘǊƛǾŜ ǘƘŜ ǳǎŜ ƻŦ ŜƭŜŎǘǊƻƴǎ ŎƻƭƭŜŎǘŜŘ ŦǊƻƳ ŀ ŎŀǘƘƻŘŜ ǘƻ ŎŀǘŀƭȅȊŜ ǘƘŜ ǘƘŜǊƳƻŘȅƴŀƳƛŎŀƭƭȅ ǳƴŦŀǾƻǊŀōƭŜ ǊŜŀŎǘƛƻƴ 

ƻŦ ǊŜŘǳŎƛƴƎ /hнΣ ǘƻ ƻōǘŀƛƴ ƳƻǊŜ ŎƻƳǇƭŜȄ ƳƻƭŜŎǳƭŜǎΦώмϐ wƘƻŘƻǇǎŜǳŘƻƳƻƴŀǎ ǇŀƭǳǎǘǊƛǎ ¢L9πм όwΦ ǇŀƭǳǎǘǊƛǎύ ƛǎ ŀ 

ƎŜƴŜǘƛŎŀƭƭȅ ǘǊŀŎǘŀōƭŜ ƻǊƎŀƴƛǎƳΣ ŎŀǇŀōƭŜ ƻŦ ƎǊƻǿƛƴƎ ǇƘƻǘƻŜƭŜŎǘƻŀǳǘƻǘǊƻǇƘƛŎŀƭƭȅ ǿƘƛƭŜ ǳǎƛƴƎ /hн ŀǎ ŎŀǊōƻƴ 

ǎƻǳǊŎŜΦώмςоϐ IƻǿŜǾŜǊΣ ōŜŦƻǊŜ ǇƘƻǘƻŜƭŜŎǘǊƻǎȅƴǘƘŜǎƛǎ ōȅ wΦ ǇŀƭǳǎǘǊƛǎ Ŏŀƴ ōŜŎƻƳŜ ǾƛŀōƭŜ ƻƴ ŀƴ ƛƴŘǳǎǘǊƛŀƭ ǎŎŀƭŜΣ 

ŦǳǊǘƘŜǊ ǿƻǊƪ ƛǎ ŜǎǎŜƴǘƛŀƭ ǘƻ ƻǇǘƛƳƛȊŜ ŀƴŘ ǳƴŘŜǊǎǘŀƴŘ ǘƘƛǎ ǇǊƻŎŜǎǎΦ {ǘǳŘƛŜǎ ƛƴŘƛŎŀǘŜ ǘƘŀǘ ŜȄǘǊŀŎŜƭƭǳƭŀǊ ŜƭŜŎǘǊƻƴ 

ǳǇǘŀƪŜ ōȅ ƳƛŎǊƻōŜǎ ƛǎ ǘƘŜ ǊŀǘŜ ƭƛƳƛǘƛƴƎ ǎǘŜǇ ŀǘ ǘƘƛǎ ƳƻƳŜƴǘΦ ¢ƘŜǊŜŦƻǊŜΣ ǊŜǎŜŀǊŎƘ ŜŦŦƻǊǘǎ ƘŀǾŜ ōŜŜƴ ŎŀǊǊƛŜŘ ƻǳǘ 

ǘƻ ƛƳǇǊƻǾŜ ǘƘƛǎΣ ŜΦƎΦ ŀ ƴƻǾŜƭ ŎŀǘƘƻŘŜ ǎǳǊŦŀŎŜΦώоΣпϐ CǳǊǘƘŜǊƳƻǊŜΣ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ƭƛƎƘǘ ǇǊƻǾŜŘ ǘƻ ǎƛƎƴƛŦƛŎŀƴǘƭȅ 

ƛƴŦƭǳŜƴŎŜ ǘƘŜ ŀōƛƭƛǘȅ ƻŦ wΦ ǇŀƭǳǎǘǊƛǎ ¢L9πм ǘƻ ǇŜǊŦƻǊƳ ŜȄǘǊŀŎŜƭƭǳƭŀǊ ŜƭŜŎǘǊƻƴ ǳǇǘŀƪŜΦώрϐ ¢ƘŜ ǊŜŀŎǘƛƻƴ ŎŜƴǘŜǊ Ƙŀǎ 

ōŜŜƴ ƛŘŜƴǘƛŦƛŜŘ ŀǎ ǘƘŜ ǇǊƻǘŜƛƴ ŎƻƳǇƭŜȄ ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ ǘƘŜ ŎŀǇǘǳǊŜ ƻŦ ŜƴŜǊƎȅ ŦǊƻƳ ƭƛƎƘǘΦώсϐ ¢Ƙƛǎ ǊŜǎŜŀǊŎƘ ƛǎ 

ŦƻŎǳǎŜŘ ƻƴ ŜŦŦƻǊǘǎ ǘƻ ǳƴŘŜǊǎǘŀƴŘ Ƙƻǿ ŜȄǘǊŀŎŜƭƭǳƭŀǊ ŜƭŜŎǘǊƻƴ ǳǇǘŀƪŜ ǿƻǊƪǎΦ LƴŎǊŜŀǎƛƴƎ ǘƘƛǎ ǳƴŘŜǊǎǘŀƴŘƛƴƎ 

ƳƛƎƘǘ ǇŀǾŜ ǘƘŜ ǊƻŀŘ ŦƻǊ ŜŦŦŜŎǘƛǾŜ ǎƻƭǳǘƛƻƴǎ ǘƻ ƛƴŎǊŜŀǎŜ ƛǘǎ ŜŦŦƛŎƛŜƴŎȅΦ tǊŜǾƛƻǳǎ ǿƻǊƪ ƛƴŘƛŎŀǘŜŘ ǘƘŀǘ ŎȅǘƻŎƘǊƻƳŜ 

Ŏн ƛǎ ƛƴǾƻƭǾŜŘ ƛƴ ǘƘŜ ǇƘƻǘƻǎȅƴǘƘŜǘƛŎ ŀōƛƭƛǘȅ ƻŦ wΦ ǇŀƭǳǎǘǊƛǎώтϐΣ ƘƻǿŜǾŜǊ Ƙƻǿ ŀƴŘ ǿƘŜǘƘŜǊ ǘƘƛǎ ŎȅǘƻŎƘǊƻƳŜ 

ƛƴǘŜǊŀŎǘǎ ŘƛǊŜŎǘƭȅ ǿƛǘƘ ǘƘŜ ǊŜŀŎǘƛƻƴ ŎŜƴǘŜǊ ƛǎ ƴƻǘ ƪƴƻǿƴΦ ¢ƘŜǊŜŦƻǊŜΣ ǘƘŜ ƭƛƎƘǘ ƘŀǊǾŜǎǘƛƴƎ ǊŜŀŎǘƛƻƴ ŎŜƴǘŜǊ 

ŎƻƳǇƭŜȄ ŀƴŘ ŎȅǘƻŎƘǊƻƳŜ Ŏн ƘŀǾŜ ōŜŜƴ ƛǎƻƭŀǘŜŘ ŀƴŘ ǇǳǊƛŦƛŜŘ ǳǎƛƴƎ Ct[/Φ {ǘǳŘȅƛƴƎ ǘƘŜ ƛƴǘŜǊŀŎǘƛƻƴ ōŜǘǿŜŜƴ 

ŎȅǘƻŎƘǊƻƳŜ Ŏн ŀƴŘ ǘƘŜ ǊŜŀŎǘƛƻƴ ŎƻƳǇƭŜȄ ƛǎ ƻƴŜ ƻŦ ǘƘŜ Ǝƻŀƭǎ ƻŦ ǘƘƛǎ ǊŜǎŜŀǊŎƘ ǇǊƻƧŜŎǘΦ ¢ƘŜ ƛƴǾŜǎǘƛƎŀǘƛƻƴ ƻŦ ǘƘŜ 

ƳƻƭŜŎǳƭŀǊ ŜǾŜƴǘǎ ǘƘŀǘ ǳƴŘŜǊǇƛƴ ǇƘƻǘƻōƛƻŜƭŜŎǘǊƻǎȅƴǘƘŜǎƛǎΣ ǿƛƭƭ ƛƴŦƻǊƳ ǘƘŜ ŘƛǊŜŎǘƛƻƴ ƻŦ ƻǳǊ ǊŜǎŜŀǊŎƘ ŦƻŎǳǎŜŘ 

ƻƴ ƻǇǘƛƳƛȊƛƴƎ ǘƘŜ ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ wΦ ǇŀƭǳǎǘǊƛǎ ƛƴ ŀ нπŎƘŀƳōŜǊ ōƛƻπǊŜŀŎǘƻǊ ǘƘŀǘ ŀƭƭƻǿǎ ƛǘ ǘƻ ƎǊƻǿ ƻƴ /hн ŀǎ ǎƻƭŜ 

ŎŀǊōƻƴ ǎƻǳǊŎŜ ǳƴŘŜǊ ǇƘƻǘƻŜƭŜŎǘƻŀǳǘƻǘǊƻǇƘƛŎ ŎƻƴŘƛǘƛƻƴǎΦ ²ƘƛƭŜ ƎǊƻǿƛƴƎ wΦ ǇŀƭǳǎǘǊƛǎ ǳƴŘŜǊ ǘƘŜǎŜ ŎƻƴŘƛǘƛƻƴǎΣ 

ǿŜ ƻōǎŜǊǾŜŘ ǘƘŀǘ ǘƘŜ ōŀŎǘŜǊƛǳƳ ǎǘƛƭƭ ǘŀƪŜǎ ǳǇ ŜƭŜŎǘǊƻƴǎ ŀǘ ŀ ǇƻǘŜƴǘƛŀƭ ƻŦ млл Ƴ± ƻƴŎŜ ǘƘŜ ƭƛƎƘǘ ƛǎ ǘǳǊƴŜŘ ƻŦŦΣ 

ŀƭōŜƛǘ ŀǘ ŀ ǾŜǊȅ ǊŜŘǳŎŜŘ ǊŀǘŜΦ ¢Ƙƛǎ ŎƻƴŎǳǊǎ ǇŜǊŦŜŎǘƭȅ ǿƛǘƘ ǇǊŜǾƛƻǳǎ ǎǘǳŘƛŜǎΦώрϐ !ŘŘƛǘƛƻƴŀƭƭȅΣ ǿŜ ƻōǎŜǊǾŜŘ ƴƻ 

ǎƻƭǳōƭŜ ŜȄǘǊŀŎŜƭƭǳƭŀǊ ǊŜŘƻȄ ŀŎǘƛǾŜ ŎƻƳǇƻƴŜƴǘǎ ƛƴ ǘƘŜ ƭƛƎƘǘŜŘ ǊŜŀŎǘƻǊΦ Lƴ ǘƘƛǎ ŎƻƴǘŜȄǘΣ ǘƘŜ ƛƴǾƻƭǾŜƳŜƴǘ ƻŦ 

ǇƭŀƴƪǘƻƴƛŎ ŎŜƭƭǎ ƻƴ ŜȄǘǊŀŎŜƭƭǳƭŀǊ ŜƭŜŎǘǊƻƴ ǳǇǘŀƪŜ ǿƛƭƭ ōŜ ŜǾŀƭǳŀǘŜŘΦ ¢Ƙƛǎ ƭƛƴŜ ƻŦ ǊŜǎŜŀǊŎƘ ŎƻƴǘǊƛōǳǘŜǎ ǘƻ ǘƘŜ Ǝƻŀƭ 

ƻŦ ƻōǘŀƛƴƛƴƎ ŀ ǿƻǊƪƛƴƎ ǇƘƻǘƻŜƭŜŎǘƻŀǳǘƻǘǊƻǇƘƛŎ ǎȅǎǘŜƳ ǿƛǘƘ ƻǇǘƛƳƛȊŜŘ ǇŀǊŀƳŜǘŜǊǎ ǳƴŘŜǊ ǿƘƛŎƘ wΦ ǇŀƭǳǎǘǊƛǎ 

ǿƛƭƭ ŜŦŦƛŎƛŜƴǘƭȅ ǇǊƻŘǳŎŜ ŎƻƳǇƭŜȄ ƳƻƭŜŎǳƭŜǎ ƻŦ ƛƴŘǳǎǘǊƛŀƭ ƛƴǘŜǊŜǎǘ ǳǎƛƴƎ ƭƛƎƘǘΣ ŜƭŜŎǘǊƛŎƛǘȅ ŀƴŘ /hнΦ 

wŜŦŜǊŜƴŎŜǎ 

ώмϐ CΦ ²Φ [ŀǊƛƳŜǊΣ tΦ /ƘŀƛƴΣ [Φ IŀǳǎŜǊΣ WΦ [ŀƳŜǊŘƛƴΣ {Φ aŀƭŦŀǘǘƛΣ [Φ 5ƻΣ aΦ [Φ [ŀƴŘΣ 5Φ !Φ tŜƭƭŜǘƛŜǊΣ WΦ ¢Φ .ŜŀǘǘȅΣ !Φ {Φ [ŀƴƎΣ 
CΦ wΦ ¢ŀōƛǘŀΣ WΦ [Φ DƛōǎƻƴΣ ¢Φ 9Φ IŀƴǎƻƴΣ /Φ .ƻōǎǘΣ WΦ [Φ ¢ƻǊǊŜǎ ¸ ¢ƻǊǊŜǎΣ /Φ tŜǊŜǎΣ CΦ IΦ IŀǊǊƛǎƻƴΣ WΦ DƛōǎƻƴΣ /Φ {Φ IŀǊǿƻƻŘΣ bŀǘΦ 
.ƛƻǘŜŎƘƴƻƭΦ нллпΣ ннΣ ррςсмΦ 
ώнϐ ¸Φ WƛŀƻΣ !Φ YŀǇǇƭŜǊΣ [Φ wΦ /ǊƻŀƭΣ 5Φ YΦ bŜǿƳŀƴΣ !ǇǇƭΦ 9ƴǾƛǊƻƴΦ aƛŎǊƻōƛƻƭΦ нллрΣ тмΣ ппутςппфсΦ 
ώоϐ YΦ wŜƴƎŀǎŀƳȅΣ ¢Φ wŀƴŀƛǾƻŀǊƛǎƻŀΣ ²Φ .ŀƛΣ !Φ .ƻǎŜΣ bŀƴƻǘŜŎƘƴƻƭƻƎȅ нлнлΣ онΣ мςмпΦ 
ώпϐ YΦ wŜƴƎŀǎŀƳȅΣ ¢Φ wŀƴŀƛǾƻŀǊƛǎƻŀΣ wΦ {ƛƴƎƘΣ !Φ .ƻǎŜΣ .ƛƻŜƭŜŎǘǊƻŎƘŜƳƛǎǘǊȅ нлмуΣ мннΣ мспςмтоΦ 
ώрϐ !Φ .ƻǎŜΣ 9Φ WΦ DŀǊŘŜƭΣ /Φ ±ƛŘƻǳŘŜȊΣ 9Φ !Φ tŀǊǊŀΣ tΦ wΦ DƛǊƎǳƛǎΣ bŀǘΦ /ƻƳƳǳƴΦ нлмпΣ рΣ оофмςоофтΦ 
ώсϐ tΦ WΦ WŀŎƪǎƻƴΣ !Φ IƛǘŎƘŎƻŎƪΣ 5Φ WΦ YΦ {ǿŀƛƴǎōǳǊȅΣ tΦ vƛŀƴΣ 9Φ /Φ aŀǊǘƛƴΣ 5Φ !Φ CŀǊƳŜǊΣ aΦ WΦ 5ƛŎƪƳŀƴΣ 5Φ tΦ /ŀƴƴƛŦŦŜΣ 
/Φ bΦ IǳƴǘŜǊΣ .ƛƻŎƘƛƳΦ .ƛƻǇƘȅǎΦ !Ŏǘŀ π .ƛƻŜƴŜǊƎΦ нлмуΣ мурфΣ ммфςмнуΦ 
ώтϐ [Φ WΦ .ƛǊŘΣ LΦ IΦ {ŀǊŀƛǾŀΣ {Φ tŀǊƪΣ 9Φ hΦ /ŀƭœŀŘŀΣ /Φ !Φ {ŀƭƎǳŜƛǊƻΣ ²Φ bƛǘǎŎƘƪŜΣ wΦ hΦ [ƻǳǊƻΣ 5Φ YΦ bŜǿƳŀƴΣ WΦ .ŀŎǘŜǊƛƻƭΦ 
нлмпΣ мфсΣ урлςуруΦ   
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C/нпπaƛǘŜǎ ƛƴ IƻǳǎŜ 5ǳǎǘ ŦǊƻƳ ¢ƘǊŜŜ /ƛǘƛŜǎ ƛƴ tƻǊǘǳƎŀƭΥ ! aƻƭŜŎǳƭŀǊ 
LŘŜƴǘƛŦƛŎŀǘƛƻƴ 

 

tŜƴƘŀΣ !ΦaΦмΣсΣ ±ƛŜƛǊŀΣ !ΦоΣ {ƛƭǾŀΣ !ΦоΣ !ƴǘǳƴŜǎΣ /ΦмΣпΣ {ƻǳǎŀΣ !Φ/Φ!ΦрΣсΣ tŀǎǘƻǊƛƴƘƻΣ aΦwΦпΣс 
 

мLƴǎǘƛǘǳǘŜ ƻŦ 9ŀǊǘƘ {ŎƛŜƴŎŜǎπL/¢Σ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ;ǾƻǊŀΣ tƻǊǘǳƎŀƭΤ н²ŀǘŜǊ [ŀōƻǊŀǘƻǊȅΣ {ŎƘƻƻƭ ƻŦ {ŎƛŜƴŎŜ ŀƴŘ ¢ŜŎƘƴƻƭƻƎȅ 
ŦǊƻƳ ǘƘŜ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ;ǾƻǊŀΤ о5ŜǇŀǊǘƳŜƴǘ ƻŦ /ƘŜƳƛǎǘǊȅΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ;ǾƻǊŀΣ tƻǊǘǳƎŀƭΤ п 5ŜǇŀǊǘƳŜƴǘ ƻŦ aŜŘƛŎŀƭ ŀƴŘ 
IŜŀƭǘƘ {ŎƛŜƴŎŜǎΣ {ŎƘƻƻƭ ƻŦ IŜŀƭǘƘ ŀƴŘ IǳƳŀƴ 5ŜǾŜƭƻǇƳŜƴǘΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ;ǾƻǊŀΣ tƻǊǘǳƎŀƭΤ р5ŜǇŀǊǘƳŜƴǘ ƻŦ .ƛƻƭƻƎȅΣ 
¦ƴƛǾŜǊǎƛǘȅ ƻŦ ;ǾƻǊŀΣ tƻǊǘǳƎŀƭΤ с/ƻƳǇǊŜƘŜƴǎƛǾŜ IŜŀƭǘƘ wŜǎŜŀǊŎƘ /ŜƴǘǊŜ ό/Iw/ύΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ;ǾƻǊŀΣ tƻǊǘǳƎŀƭΣ 

 
9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ƳŀǇŜƴƘŀϪǳŜǾƻǊŀΦǇǘ 

 

Background. According to the World Health Organization1, sensitization (IgE antibodies) to foreign proteins 

in the environment is present in up to 40% of the world population. In indoor environment, house dust acts 

as a concentrator of these foreign proteins for which one the most prolific contributors are mites. Modern 

constructions are very efficient in retaining heat and humidity, the most important factors limiting mites. 

Moreover, climate change is largely modifying the environment in the same way. This could cause higher 

concentrations of Der p1, the main allergen associated with the most abundant species in Portugal, 

Dermatophagoides pteronyssinus, and also in Der f1 from D. farinae (less abundant due to high sensitivity to 

low temperature and humidity), but that, given the present changes, could thrive. Furthermore, the current 

mite distribution map is more than a decade old. Thus, it is important to determine the current mite 

distribution to create guidelines for the mitigation of allergy in the Portuguese population. In this sense, 

house dust was collected from 3 cities with different climate profiles: Aveiro (center - littoral); Covilhã 

(center, interior, altitude); Évora (south, interior, flatland). 

Methods. House dust from 5 houses/city was obtained from vacuum bags and deposits after 60 days of use. 

Samples were sieved (4 meshes) and 4 fractions obtained: 500 ς 250 µm; 250 - 125 µm; 125 ς 63 µm; and, 

<63 µm. Isolation of specimens was performed by flotation (5M NaCl). Identification under the microscope 

using morphological features was impossible due to the fractionation of the recovered specimens. Real-Time 

Polymerase Chain Reaction (RT-PCR) was carried out after total DNA extraction using TRItidy GTM according 

to manufacturer instructions. For RTςt/w ǊŜŀŎǘƛƻƴΣ ŜŀŎƘ ǿŜƭƭ ŎƻƴǘŀƛƴŜŘΥ м· ƛ¢ŀǉϰ ǳƴƛǾŜǊǎŀƭ SYBR® Green 

Supermix (Bio-Rad), 500 nM of each primer sequence, 0.5 µM of Bovine Serum Albumin (BSA) and, 1µL of 

template DNA, in a total of 20µL per well.  

Results. All the different Évora fractioned samples were observed at the optical microscope, but due to the 

large mixture between pieces of mite and house-dust, it was impossible to identify which species were 

present, although small pieces of mites could be seen. Therefore, starting from the finest fraction (<63 µm), 

identification using RT-PCR was performed. In all of those fine fractions from each house/city D. 

pteronyssimus or D. farinae mite species were not detected. 

Conclusions. The finest fraction (<63 µm) was not the best one to identify which species were present in each 

house/city. Further analysis using other fractions are going to be performed in order to contribute to update 

the acarological map of Portugal, published in 2009. 

References. 1WHO-World Health Organization. White Book on Allergy 2011-2012 Executive Summary. By Prof. Ruby 

Pawankar, MD, PhD, Prof. Giorgio Walkter Canonica, MD, Prof. Stephen T. Holgate, BSc, MD, DSc, FMed Sci and Prof. 

Richard F. Lockey, MD. 

Acknowledgments.This work is supported by national funding awarded by FCT - Foundation for Science and Technology, 

I.P., projects UIDB/04683/2020 and UIDP/04683/2020.  
 

  

mailto:mapenha@uevora.pt


··L {t. /ƻƴƎǊŜǎǎ .ƻƻƪ                                                 ¢ǳƴƛƴƎ .ƛƻŎƘŜƳƛǎǘǊȅ ǿƛǘƘ [ƛŦŜ {ŎƛŜƴŎŜǎ ŀƴŘ {ƻŎƛŜǘȅ 

106 

 

 

 
C/нрπtƻƭƭŜƴ tǊƻŦƛƭŜǎ ƻŦ IƻǳǎŜ 5ǳǎǘ ŦǊƻƳ ¢ƘǊŜŜ tƻǊǘǳƎǳŜǎŜ /ƛǘƛŜǎ ǿƛǘƘ 

5ƛŦŦŜǊŜƴǘ /ƭƛƳŀǘŜ /ƘŀǊŀŎǘŜǊƛǎǘƛŎǎ 
 

!ƴǘƽƴƛƻ ±ƛŜƛǊŀмΣ !ƴŀ DŀƭǾŜƛŀǎнΣ /Şƭƛŀ !ƴǘǳƴŜǎнΣоΣ !ƴŀ /Φ {ƻǳǎŀпΣр ϧ aΦ wŀƳƛǊƻ tŀǎǘƻǊƛƴƘƻоΣр 

 
м5ŜǇŀǊǘƳŜƴǘ ƻŦ /ƘŜƳƛǎǘǊȅΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ;ǾƻǊŀΣ tƻǊǘǳƎŀƭΤ нLƴǎǘƛǘǳǘŜ ƻŦ 9ŀǊǘƘ {ŎƛŜƴŎŜǎπL/¢Σ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ;ǾƻǊŀΣ tƻǊǘǳƎŀƭΤ 
о5ŜǇŀǊǘƳŜƴǘ ƻŦ aŜŘƛŎŀƭ ŀƴŘ IŜŀƭǘƘ {ŎƛŜƴŎŜǎΣ {ŎƘƻƻƭ ƻŦ IŜŀƭǘƘ ŀƴŘ IǳƳŀƴ 5ŜǾŜƭƻǇƳŜƴǘΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ;ǾƻǊŀΣ tƻǊǘǳƎŀƭΤ 
п5ŜǇŀǊǘƳŜƴǘ ƻŦ .ƛƻƭƻƎȅΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ;ǾƻǊŀΣ tƻǊǘǳƎŀƭΤ р/ƻƳǇǊŜƘŜƴǎƛǾŜ IŜŀƭǘƘ wŜǎŜŀǊŎƘ /ŜƴǘǊŜ ό/Iw/ύΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ 

;ǾƻǊŀΣ tƻǊǘǳƎŀƭ 
 

9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ŀƴǘƻƴƛƻǾƛŜƛǊŀΦŎǾϪƎƳŀƛƭΦŎƻƳ 

 

BackgroundΦ {Ŝŀǎƻƴŀƭ ŀƭƭŜǊƎƛŎ ǊƘƛƴƛǘƛǎ όŎƻƳƳƻƴƭȅ ƪƴƻǿƴ ŀǎ άƘŀȅ ŦŜǾŜǊέύ ƛǎ ŀƴ ŀƭƭŜǊƎƛŎ ǊŜŀŎǘƛƻƴ ǘƻ ǇƻƭƭŜƴ ŦǊƻƳ 

trees, grasses and weeds. This type of rhinitis occurs mainly in the spring and fall, when pollen from trees, 

grasses and weeds are in the air. However, settled down pollen can concentrate indoors in matrices like 

house dust, retaining its inflammatory properties, from where it can become airborne again. People with 

respiratory illnesses like asthma may be more sensitive to pollen, which has been linked to asthma attacks 

and increases in hospital admissions. In the US alone, medical costs linked with pollen exceed $3 billion. 

Higher pollen concentrations and longer pollen seasons can also cause sensitization to allergens. Climate 

change will potentially lead to both these effects, causing more people to suffer more health effects. It is 

therefore of utmost importance, particularly for allergic patients, to know the predominant species and the 

concentration of pollen allergens in house dust so as to avoid year-round symptoms, increased costs for the 

national health service and the spreading of sensitization.  

Methods. 15 dust samples were collected in three Portuguese cities (5/city) with different climate profiles: 

Aveiro (center - littoral); Covilhã (center, inland, altitude); Évora (south, inland, flatland). Samples were 

obtained from vacuum cleaner bags and deposits after a 60-Řŀȅ ǇŜǊƛƻŘ ƻŦ ǳǎŜ ŀƴŘ ǎƛŜǾŜŘ ǘƘǊƻǳƎƘ ŀ со ˃Ƴ 

mesh. Pollen was separated by sucrose gradient centrifugation (60g/L).. Pollen counts were performed under 

the optical microscope and pollen spectra were determined by counting 100 pollen grains per slide. 

Results. In Évora and Covilhã the dominant species was Quercus spp, with 70% and 60% of all pollens 

counted, followed by Poaceae (11% and 12%, respectively). The third place in Évora was occupied by Pinus 

spp. (5%) and in Covilhã by Olea spp.  In Aveiro, Poaceae pollen was the most abundant with 42% of counts 

followed by Quercus spp. (23%) and Pinus spp. (8%). In Évora the indoor pollen spectra resembles the 

outdoor. 

Conclusions. Pollen spectra in house dust was different between cities and is closely related to the relative 

abundance of outdoor pollen. This is most probably a result of the plant distribution at the different regions, 

with oak and pine trees dominating the landscape in inland territory while being scarce in the littoral areas. 

O the other hand, the period of sample collection might explain why olive pollen is within the most 

representative in Aveiro (samples collected in May/June) but not in Évora and Covilhã (samples collected in 

March/April), before the olive season in the latter. Future studies are necessary to establish the risk of 

exposure to allergenic pollen indoor.  

!ŎƪƴƻǿƭŜŘƎƳŜƴǘǎΦ ¢Ƙƛǎ ǿƻǊƪ ƛǎ ǎǳǇǇƻǊǘŜŘ ōȅ ƴŀǘƛƻƴŀƭ ŦǳƴŘƛƴƎ ŀǿŀǊŘŜŘ ōȅ C/¢ π CƻǳƴŘŀǘƛƻƴ ŦƻǊ {ŎƛŜƴŎŜ ŀƴŘ ¢ŜŎƘƴƻƭƻƎȅΣ 

LΦtΦΣ ǇǊƻƧŜŎǘǎ ¦L5.κлпсуоκнлнл ŀƴŘ ¦L5tκлпсуоκнлнлΦ 
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C/нсπ/ǳǇǊŜǎǎŀŎŜŀŜ ǇƻƭƭŜƴ ǇǊŜǾŀƭŜƴŎŜ ƛƴ {ƻǳǘƘŜǊƴ LōŜǊƛŀƴ tŜƴƛƴǎǳƭŀΥ ǘƘŜ 
ŜŦŦŜŎǘ ƻŦ ǎǳǊŦŀŎŜ ƳŜǘŜƻǊƻƭƻƎƛŎŀƭ ŦŀŎǘƻǊǎ ƻƴ ǇƻƭƭŜƴ ǎŜŀǎƻƴ ƛƴǘŜƴǎƛǘȅ 

!ƴŀ DŀƭǾŜƛŀǎмΣ aŀǊƛŀ Wƻńƻ /ƻǎǘŀнΣ tŀƭƻƳŀ /ŀǊƛƷŀƴƻǎоΣпΣ /ƻƴǎǳŜƭƻ 5ƛŀȊ ŘŜ [ŀ DǳŀǊŘƛŀпΣ !ƴŀ wƻŘǊƛƎǳŜǎ /ƻǎǘŀм 
ϧ Wǳŀƴ [ǳƛǎ DǳŜǊǊŜǊƻπwŀǎŎŀŘƻоΣрΣ /Şƭƛŀ aΦ !ƴǘǳƴŜǎм 

мLƴǎǘƛǘǳǘŜ ƻŦ 9ŀǊǘƘ {ŎƛŜƴŎŜǎ π L/¢ ϧ 5ŜǇŀǊǘƳŜƴǘ ƻŦ aŜŘƛŎŀƭ ŀƴŘ IŜŀƭǘƘ {ŎƛŜƴŎŜǎΣ {ŎƘƻƻƭ ƻŦ IŜŀƭǘƘ ŀƴŘ IǳƳŀƴ 
5ŜǾŜƭƻǇƳŜƴǘΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ;ǾƻǊŀΣ ;ǾƻǊŀΣ tƻǊǘǳƎŀƭΤ нLƴǎǘƛǘǳǘŜ ƻŦ 9ŀǊǘƘ {ŎƛŜƴŎŜǎ π L/¢ ϧ 5ŜǇŀǊǘƳŜƴǘ ƻŦ tƘȅǎƛŎǎΣ {ŎƘƻƻƭ 
ƻŦ {ŎƛŜƴŎŜǎ ŀƴŘ ¢ŜŎƘƴƻƭƻƎȅΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ;ǾƻǊŀΣ ;ǾƻǊŀΣ tƻǊǘǳƎŀƭΤ о!ƴŘŀƭǳǎƛŀƴ LƴǎǘƛǘǳǘŜ ŦƻǊ 9ŀǊǘƘ {ȅǎǘŜƳ wŜǎŜŀǊŎƘ 
όLL{¢!π/9!a!ύΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ DǊŀƴŀŘŀΣ DǊŀƴŀŘŀΣ {ǇŀƛƴΤ п .ƻǘŀƴȅ 5ŜǇŀǊǘƳŜƴǘΣ {ŎƛŜƴŎŜǎ CŀŎǳƭǘȅΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ DǊŀƴŀŘŀΣ 

DǊŀƴŀŘŀΣ {ǇŀƛƴΤ р !ǇǇƭƛŜŘ tƘȅǎƛŎǎΣ 5ŜǇŀǊǘƳŜƴǘ {ŎƛŜƴŎŜǎ CŀŎǳƭǘȅΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ DǊŀƴŀŘŀΣ DǊŀƴŀŘŀΣ {ǇŀƛƴΦ 

9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ŀŎƎƧƻǊƎŜϪǳŜǾƻǊŀΦǇǘ 

 
.ŀŎƪƎǊƻǳƴŘΥ ¢ƘŜ /ǳǇǊŜǎǎŀŎŜŀŜ ŦŀƳƛƭȅ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ǎƻǳǊŎŜ ƻŦ ŀƛǊōƻǊƴŜ ŀƭƭŜǊƎŜƴ ŀƴŘ ŀƭƭŜǊƎȅ ŀƴŘ 
ƛǘǎ ǇƻƭƭŜƴ ƛǎ ǊŜǇƻǊǘŜŘ ǿƻǊƭŘǿƛŘŜΦ 5ǳŜ ǘƻ ƛǘǎ ǳǎŜ ŀǎ ƻǊƴŀƳŜƴǘŀƭ ǘǊŜŜǎ ƛƴ Ƴŀƴȅ ŎƛǘƛŜǎ ƻŦ ǘƘŜ LōŜǊƛŀƴ tŜƴƛƴǎǳƭŀΣ 
/ǳǇǊŜǎǎŀŎŜŀŜ ǇƻƭƭŜƴ ƛǎ ŀ ƎǊŜŀǘ ǎƻǳǊŎŜ ƻŦ ǳǊōŀƴ ŀƭƭŜǊƎƛŜǎ ƛƴ ƭŀǘŜπǿƛƴǘŜǊ ŀƴŘ ŜŀǊƭȅπǎǇǊƛƴƎ ώмϐΦ ¢ƘŜ ƻōƧŜŎǘƛǾŜ ƻŦ 
ǘƘƛǎ ǎǘǳŘȅ ǿŀǎ ǘƻ ŀƴŀƭȅǎŜ ǘƘŜ ŀŜǊƻōƛƻƭƻƎȅ ƻŦ /ǳǇǊŜǎǎŀŎŜŀŜ ǇƻƭƭŜƴ ŀƴŘ ǘƘŜ ƛƴŦƭǳŜƴŎŜ ƻŦ ƳŜǘŜƻǊƻƭƻƎƛŎŀƭ ŦŀŎǘƻǊǎ 
ǇǊƛƻǊ ǘƻ Ǉƻƭƭƛƴŀǘƛƻƴ ƛƴ ǘǿƻ ǎƛǘŜǎ ǿƛǘƘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŘƛŦŦŜǊŜƴŎŜǎΥ ;ǾƻǊŀ όtƻǊǘǳƎŀƭύ ŀƴŘ DǊŀƴŀŘŀ ό{ǇŀƛƴύΦ 

aŜǘƘƻŘǎΥ 5ŀǘŀ ǿŜǊŜ ŎƻƭƭŜŎǘŜŘ ƛƴ ǘǿƻ ŎƛǘƛŜǎ ŦǊƻƳ ǎƻǳǘƘŜǊƴ LōŜǊƛŀƴ tŜƴƛƴǎǳƭŀΣ ƴŀƳŜƭȅ ;ǾƻǊŀ όоуΦрсурϲbΤ π
тΦфмлрϲ²Τ нпл Ƴ ŀǎƭύ ŀƴŘ DǊŀƴŀŘŀ όотΦмлпмϲbΤ оΦорррϲ²Τ сул Ƴ ŀǎƭύΣ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ǊǳǊŀƭκŦŀǘ ŀƴŘ 
ǳǊōŀƴκƳƻǳƴǘŀƛƴǎ ŜƴǾƛǊƻƴƳŜƴǘŀƭΣ ǊŜǎǇŜŎǘƛǾŜƭȅΦ ¢ƘŜ /ȅǇǊŜǎǎ ƛǎ ŀ ǎȅƳōƻƭƛŎ ǘǊŜŜ ŦƻǊ ōƻǘƘ ŎƛǘƛŜǎ ōǳǘ ŦƻǊ ǘƘŜ Ŏƛǘȅ 
ƻŦ DǊŀƴŀŘŀ ǘƘŜǊŜ ŀǊŜ плллπрллл ǘǊŜŜǎ ŘƛǎǘǊƛōǳǘŜŘ ƛƴ ƛǘǎ ƴŜƛƎƘōƻǳǊƘƻƻŘǎΣ ŎƻƴǘǊƛōǳǘƛƴƎ ǘƻ ǘƘŜ ǾŜǊȅ ƘƛƎƘ ǇƻƭƭŜƴ 
ŜȄǇƻǎǳǊŜΦ ¢ƘŜ /ǳǇǊŜǎǎŀŎŜŀŜ ǇƻƭƭŜƴ ǿŀǎ ƳƻƴƛǘƻǊŜŘ ǳǎƛƴƎ ǎǘŀƴŘŀǊŘ IƛǊǎǘπǘȅǇŜ ǘǊŀǇǎ όнлмтπнлмфύ ŀƴŘ ƛŘŜƴǘƛŦƛŜŘ 
ōȅ ƻǇǘƛŎŀƭ ƳƛŎǊƻǎŎƻǇȅΣ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ǎǘŀƴŘŀǊŘ ƳŜǘƘƻŘƻƭƻƎȅ ώнϐΦ ¢ƘŜ ǎǳǊŦŀŎŜ ƳŜǘŜƻǊƻƭƻƎƛŎŀƭ ǾŀǊƛŀōƭŜǎ ǿŜǊŜ 
ƻōǘŀƛƴŜŘ ŦǊƻƳ L/¢κ/D9 ǇƭŀǘŦƻǊƳ όtƻǊǘǳƎŀƭύ ŀƴŘ !ƎŜƴŎƛŀ 9ǎǘŀǘŀƭ ŘŜ aŜǘŜƻǊƻƭƻƎƝŀ ό!9a9¢Σ {ǇŀƛƴύΦ !ŎŎƻǊŘƛƴƎ 
ǘƻ ǘƘŜ YǀǇǇŜƴ ŎƭƛƳŀǘŜ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ ;ǾƻǊŀ ŀƴŘ DǊŀƴŀŘŀ ǇǊŜǎŜƴǘ ǘȅǇƛŎŀƭ aŜŘƛǘŜǊǊŀƴŜŀƴ ŎƭƛƳŀǘŜ ό/ǎŀύΣ 
ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ŀ ǘŜƳǇŜǊŀǘŜ ŎƭƛƳŀǘŜ ǿƛǘƘ ǿŀǊƳ ŀƴŘ ŘǊȅ ǎǳƳƳŜǊΦ ¢ƘŜ ǎŜŀǎƻƴŀƭ ¢ƳŀȄ ƛǎ ǎƛƳƛƭŀǊ ōŜǘǿŜŜƴ ǎƛǘŜǎ 
όϤмуȏ/ύΣ ōǳǘ ǘƘŜ ¢Ƴƛƴ ŀƴŘ ¢ƳŜŀƴ ŀǊŜ ƭƻǿŜǊ ƛƴ DǊŀƴŀŘŀΣ Ϥрȏ/ ŀƴŘ Ϥнȏ/Σ ǊŜǎǇŜŎǘƛǾŜƭȅΦ ¢ƘŜ ǊŀƛƴŦŀƭƭ ǇŜǊƛƻŘΣ 
ƻŎŎǳǊǊƛƴƎ Ƴƻǎǘƭȅ ōŜǘǿŜŜƴ ŀǳǘǳƳƴ ŀƴŘ ǎǇǊƛƴƎΣ ǇǊŜǎŜƴǘŜŘ ŀƴ ŀǾŜǊŀƎŜ ŀƴƴǳŀƭ ǇǊŜŎƛǇƛǘŀǘƛƻƴ ƻŦ слуΦр ŀƴŘ орн 
ƳƳΣ ƛƴ ;ǾƻǊŀ ŀƴŘ DǊŀƴŀŘŀΣ ǊŜǎǇŜŎǘƛǾŜƭȅ ώоΣпϐΦ 

wŜǎǳƭǘǎΥ [ŀǊƎŜ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ƻŦ ǇƻƭƭŜƴ ǿŜǊŜ ŘŜǘŜŎǘŜŘ ƛƴ ōƻǘƘ ŎƛǘƛŜǎΣ рπсπŦƻƭŘ ƘƛƎƘŜǊ ƛƴ DǊŀƴŀŘŀΦ ¢ƘŜ {Ŝŀǎƻƴŀƭ 
tƻƭƭŜƴ LƴǘŜƎǊŀƭΣ {tLΣ ǊŀƴƎƛƴƎ ŦǊƻƳ олроπтунп ǇƻƭƭŜƴ κƳо ƛƴ ;ǾƻǊŀ ŀƴŘ мссрпπртфсу ǇƻƭƭŜƴκƳо ƛƴ DǊŀƴŀŘŀΦ ¢ƘŜ 
ǇŜŀƪ ŘŀǘŜ ƻŎŎǳǊǊŜŘ ōŜǘǿŜŜƴ нрǘƘ CŜōǊǳŀǊȅ ŀƴŘ мпǘƘ aŀǊŎƘ ƛƴ ōƻǘƘ ŎƛǘƛŜǎ ŀƴŘ ǘƘŜ ǇƻƭƭŜƴ ǎŜŀǎƻƴ ŘǳǊŀǘƛƻƴ 
όt{5ύ ǿŀǎ ǎƛƳƛƭŀǊΣ ǊŀƴƎƛƴƎ ŦǊƻƳ тнπмрт ŘŀȅǎΤ ƴŜǾŜǊǘƘŜƭŜǎǎΣ DǊŀƴŀŘŀ ǇǊŜǎŜƴǘŜŘ ǘǿƛŎŜ ŀǎ Ƴŀƴȅ Řŀȅǎ ǿƛǘƘ ƘƛƎƘ 
Ǌƛǎƪ ŦƻǊ ŀƭƭŜǊƎƛŎ ƻǳǘōǊŜŀƪǎ όҔмлл ǇƻƭƭŜƴκƳоύΦ ²ƛƴǘŜǊ ¢ƳŀȄ όbƻǾŜƳōŜǊπWŀƴǳŀǊȅύ ŀƴŘ ŜŀǊƭȅ ŀǳǘǳƳƴ ǇǊŜŎƛǇƛǘŀǘƛƻƴ 
ŀƴŘ ǊŜƭŀǘƛǾŜ ƘǳƳƛŘƛǘȅ όwIύ ό{ŜǇǘŜƳōŜǊπbƻǾŜƳōŜǊύ ǇƻǎƛǘƛǾŜƭȅ ŎƻǊǊŜƭŀǘŜŘ ǿƛǘƘ {tLΦ t{5 ǿŀǎ ǇŀǊǘƛŎǳƭŀǊƭȅ 
ŀŦŦŜŎǘŜŘ ōȅ ǇǊŜŎƛǇƛǘŀǘƛƻƴ ŀƴŘ wI ŘǳǊƛƴƎ ǘƘŜ ǎŜŀǎƻƴΣ ǿƛǘƘ ƭƻƴƎŜǊ ǎŜŀǎƻƴǎ ŎƻǊǊŜƭŀǘƛƴƎ ǿƛǘƘ ƘƛƎƘŜǊ ǇǊŜŎƛǇƛǘŀǘƛƻƴ 
ŀƴŘ wIΦ 

/ƻƴŎƭǳǎƛƻƴǎΥ aŜǘŜƻǊƻƭƻƎƛŎŀƭ ŦŀŎǘƻǊǎΣ ǇŀǊǘƛŎǳƭŀǊƭȅΣ ǘƘŜ ŀǳǘǳƳƴ Ǌŀƛƴ ŀƴŘ ǘƘŜ ǘŜƳǇŜǊŀǘǳǊŜ ŘǳǊƛƴƎ ǿƛƴǘŜǊ ƳƻƴǘƘǎ 
ŀǊŜ ǊŜƭŜǾŀƴǘ ŦƻǊ /ǳǇǊŜǎǎŀŎŜŀŜ {tL ŀƴŘ ƳƛƎƘǘ ŎƻƴǎǘƛǘǳǘŜ ƛƴŘƛŎŀǘƻǊǎ ŦƻǊ ǘƘŜ ǇǊŜŘƛŎǘƛƻƴ ƻŦ ǇƻƭƭŜƴ ǎŜŀǎƻƴŀƭ 
ƛƴǘŜƴǎƛǘȅΣ ƘŜƴŎŜΣ ǘƻ ƛƳǇǊƻǾŜ ǘƘŜ ŀƭƭŜǊƎȅ Ǌƛǎƪ ŦƻǊŜŎŀǎǘ ƳƻŘŜƭǎΦ 

wŜŦŜǊŜƴŎŜǎ  
ώмϐΦ {ƘŀƘŀƭƛΣ ¸ΦΣ tƻƴŎŜǘΣ tΦΣ ϧ {ŞƴŞŎƘŀƭΣ IΦ όнлмоύΦ tƻƭƭƛƴƻǎŜ ŀǳȄ /ǳǇǊŜǎǎŀŎŞŜǎ Ŝǘ Ǉƻƭƭǳǘƛƻƴ ŀǘƳƻǎǇƘŞǊƛǉǳŜΦ wŜǾǳŜ 
CǊŀƴŎŀƛǎŜ ŘΩ!ƭƭŜǊƎƻƭƻƎƛŜΣ роόрύΣ псуςптнΦ ƘǘǘǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦǊŜǾŀƭΦнлмоΦлмΦлрлΤ  
ώнϐ w9!Φ όƴΦŘΦύΦ wŜǘǊƛŜǾŜŘ Wǳƭȅ ноΣ нлнмΣ ŦǊƻƳ ƘǘǘǇǎΥκκǿǿǿΦǳŎƻΦŜǎκƛƴǾŜǎǘƛƎŀκƎǊǳǇƻǎκǊŜŀκΤ  
ώоϐ Lƴǎǘƛǘǳǘƻ tƻǊǘǳƎǳşǎ Řƻ aŀǊ Ŝ Řŀ !ǘƳƻǎŦŜǊŀΣ ŦǊƻƳ ƘǘǘǇΥκκǿǿǿΦƛǇƳŀΦǇǘκǇǘκƛƴŘŜȄΦƘǘƳƭκΤ  
ώпϐ !ƎŜƴŎƛŀ 9ǎǘŀǘŀƭ ŘŜ aŜǘŜƻǊƻƭƻƎƝŀ π !9a9¢Φ DƻōƛŜǊƴƻ ŘŜ 9ǎǇŀƷŀΦ όƴΦŘΦύΤ 
 
!ŎƪƴƻǿƭŜŘƎƳŜƴǘǎΦ ¢Ƙƛǎ ǿƻǊƪ ǿŀǎ ŎƻπŦǳƴŘŜŘ ōȅ ǘƘŜ 9ǳǊƻǇŜŀƴ ¦ƴƛƻƴ ǘƘǊƻǳƎƘ ǘƘŜ 9ǳǊƻǇŜŀƴ wŜƎƛƻƴŀƭ 5ŜǾŜƭƻǇƳŜƴǘ CǳƴŘΣ 
ŦǊŀƳŜŘ ƛƴ /hat9¢9 нлнл όhǇŜǊŀǘƛƻƴŀƭ tǊƻƎǊŀƳƳŜ /ƻƳǇŜǘƛǘƛǾŜƴŜǎǎ ŀƴŘ LƴǘŜǊƴŀǘƛƻƴŀƭƛȊŀǘƛƻƴύ ŀƴŘ ƴŀǘƛƻƴŀƭ ŦǳƴŘƛƴƎ 
ŀǿŀǊŘŜŘ ōȅ C/¢ π CƻǳƴŘŀǘƛƻƴ ŦƻǊ {ŎƛŜƴŎŜ ŀƴŘ ¢ŜŎƘƴƻƭƻƎȅΣ LΦtΦΣ ǇǊƻƧŜŎǘǎ ¦L5.κлпсуоκнлнл ŀƴŘ ¦L5tκлпсуоκнлнлΣ ŀƴŘ 
C/¢ ŦǳƴŘŜŘ ǇǊƻƧŜŎǘǎ tƻƭƭŜƴǎƻǊōπt¢5/κ!¢t9!aκлумтκнлмп ŀƴŘ bŀƴƻ{Ŝƴπ{h9нκtмκ9лрсфΦ   
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C/нтπ9ŎƻǘƻȄƛŎƻƭƻƎƛŎŀƭ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ƛƴǘŜǊƳƛǘǘŜƴǘ ǎǘǊŜŀƳǎ ƛƴ ǘƘŜ 

DǳŀŘƛŀƴŀ .ŀǎƛƴ 
 

/ŀǘŀǊƛƴƻ !мΤ aŀǊǘƛƴǎ LΦ мΤ CƛŀƭƘƻ {Φ мΤ [ƛƳŀ !ΦмΤ tŀƭƳŀΣ tΦмΣн 

м5ŜǇŀǊǘƳŜƴǘ ƻŦ ¢ŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ !ǇǇƭƛŜŘ {ŎƛŜƴŎŜǎΣ tƻƭȅǘŜŎƘƴƛŎ LƴǎǘƛǘǳǘŜ ƻŦ .ŜƧŀ тулмπнфрΣ tƻǊǘǳƎŀƭΤ нL/¢Σ LƴǎǘƛǘǳǘŜ ƻŦ 
9ŀǊǘƘ {ŎƛŜƴŎŜǎΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ;ǾƻǊŀΣ wǳŀ wƻƳńƻ wŀƳŀƭƘƻ рфΣ ;ǾƻǊŀΣ tƻǊǘǳƎŀƭ 

 
9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ŀŘǊƛΦŎŀǘŀǊƛƴƻϪƘƻǘƳŀƛƭΦŎƻƳ 

 
Background. Degradation of ecosystems at different spatial and temporal scales occurs through multiple 

stressors, resulting in a loss of biodiversity and in an impoverishment of ecosystem services. This situation 

becomes much more worrying in regions where the water scarcity is a serious problem, as in Mediterranean. 

In fact, the Mediterranean regions have been considered as the most exposed to the impacts of climate 

change, with increasing average temperatures and reduced annual precipitation. This reality is more 

problematic in intermittent streams, more influenced by the seasonality and intensification of extreme 

events. The efficient management of surface waters depends on the development and selection of sensitive 

and easy-to-apply tools allowing to rank the pressures, for further mitigation of their effects. The objective 

of this work was the ecotoxicological assessment of Guadiana Basin streams.  

Methods. Samples were collected in four streams of Guadiana Basin (Álamos, Amieira, Lucefécit and Zebro) 

in six different periods of 2017 (January, March, May, July, September and November) and bioassays were 

carried out with organisms of different trophic levels: (i) the bacteria Vibrio fischeri; (ii) the microalgae 

Pseudokirchneriella subcapitata; and (iii) the crustaceans Daphnia magna and Thamnocephalus platyurus. 

Results. The ecotoxicological results showed sublethal effects (growth inhibition; see Figure 1) induced 

mainly with the samples from Zebro and Lucefécit streams. In short-term bioassays T. platyurus was most 

sensitive than V. fischeri and the Zebro and Amieira were the streams that presented water samples more 

toxics (V. fisheri: 30 min-EC50 % (Zebro) = 8.92 ± 0.10; EC50 % (Amieira) = 40.77 ± 2.42; and T. platyurus: 24h - EC50 % 

(Zebro) = 65.84 ± 2.42; EC50 % (Amieira) = 81.36 ± 14.92). January is the month with higher ecotoxicological risk. 

Conclusions. Thus, the ecotoxicological results indicated that some of the streams analysed may be suffering 

a strong impact on their aquatic communities, with the corresponding imbalance in their ecosystem services. 

This reality was more evident in the wet period, when the pressure of climatic conditions was more evident. 

 

 

 

 

 

 

Figure 1 - P. subcapitata growth 
inhibition (%) in streams of Guadiana 
Basin. 

 
CǳƴŘƛƴƎΦ ¢ƘŜ ǇǊŜǎŜƴǘ ǇǊŜǎŜƴǘŀǘƛƻƴ ƛǎ ǎǳǇǇƻǊǘŜŘ ōȅ ǘƘŜ 9ǳǊƻǇŜŀƴ ¦ƴƛƻƴ ǘƘǊƻǳƎƘ ǘƘŜ 9ǳǊƻǇŜŀƴ wŜƎƛƻƴŀƭ 5ŜǾŜƭƻǇƳŜƴǘ 
CǳƴŘΣ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ /hat9¢9 нлнл όhǇŜǊŀǘƛƻƴŀƭ tǊƻƎǊŀƳ /ƻƳǇŜǘƛǘƛǾŜƴŜǎǎ ŀƴŘ LƴǘŜǊƴŀǘƛƻƴŀƭƛȊŀǘƛƻƴύ ǘƘǊƻǳƎƘ ǘƘŜ L/¢ 
ǇǊƻƧŜŎǘ ό¦L5.κлпсуоκнлнлύ ǿƛǘƘ ǘƘŜ ǊŜŦŜǊŜƴŎŜ th/LπлмπлмпрπC959wπллтсфл ŀƴŘ ōȅ ǘƘŜ ![ht ǇǊƻƧŜŎǘ ό![¢нлπлоπлмпрπ
C959wπлллллпύΣ ŀƴŘ ǘƘǊƻǳƎƘ ǘƘŜ !ǉǳŀvн ǇǊƻƧŜŎǘ ό![¢нлπлоπлмпрπC959wπлофпфпκ{!L/¢π![¢κофпфпκнлмуύΦ  
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C/нуπ¢ǊŜƴŘǎ ƻŦ hƭŜŀ ǇƻƭƭŜƴ ƭŜǾŜƭǎ ōŜǘǿŜŜƴ нллф ŀƴŘ нлнмΥ LƳǇŀŎǘ ƻƴ 
ŀƭƭŜǊƎƛŎ ǊŜǎǇƛǊŀǘƻǊȅ ŘƛǎŜŀǎŜ 
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Background. The olive tree (Olea europaea) is a fruit tree with great longevity, which pollination occurs 

during the spring months [1]. In the region of Évora this pollen type is very abundant due to the high number 

of specimens existing in the region. About 40% of pollen allergic individuals in the Évora region are sensitized 

to this pollen type [2]. Therefore, monitoring the evolution of atmospheric levels of olive pollen is very 

relevant. This work aimed to study the evolution of olive pollen levels between 2009 and 2021, in the Évora 

region, and evaluate their impact on allergic respiratory disease.  

Methods. The pollen was collected using a HIRST-type sampler, placed in an elevated area in the city and was 

later identified and counted, according to the standard method [3]. Daily pollen concentration was expressed 

as number of pollen grains per m3 of air. Meteorological data were obtained from the Atmospheric Sciences 

Observatory station (ICT). Data on sales of antihistamine drugs were provided by the Center for Health 

Studies and Assessment (CEFAR).  

Results. The Annual pollen Index (API) varied between 2043 and 15314 pollen/m3 in the study period, 

corresponding to the years 2020 and 2021, respectively. The years with a higher number of days with high 

allergic risk (>200 pollen grains/m3) were 2009, 2011 and 2021 (with 20, 20 and 22 high risk days, 

respectively). In the period analysed (2009-2021) no significant API trend was detected, despite the 

increasing area of olive groves. The precipitation during the pollen season favoured its duration but does not 

significantly affect the API. Additionally, a greater number of rainy days seems to favour the occurrence of 

more low-risk days during the pollinic season (r=0,6208, p=0.074397). In the period studied, the year with 

the highest sales volume of anti-allergic drugs, 2009, corresponds to a year in which olive tree pollen was 

very intense, addressing an association between olive pollen and allergic symptomatology. 

Conclusions. The results suggest that olive tree pollen in the Évora region contributes to the worsening of 

allergy symptoms in the population. For its allergic relevance, it will be necessary in the future to continue to 

monitor the olive pollen in the region, and to continue to investigate which parameters contribute to its air 

concentration and prevalence. 

References. [1] Oliveira | Brigada da Floresta. (n.d.). Retrieved July 2, 2021, from 
https://brigadadafloresta.abae.pt/oliveira/ 

[2] Polen Alert. Retrieved July 1, 2021, from https://lince.di.uevora.pt/polen/index.jsp 

[3] Galán Soldevilla, C. Spanish Aerobiology Network (REA): Management and Quality Manual; Servicio de 
Publicaciones, Universidad de Córdoba: Córdoba, Spain, 2007; ISBN 9788469063538.  
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C/нфπLƴŦƭǳŜƴŎŜ ƻŦ ŀǘƳƻǎǇƘŜǊƛŎ ǇƻƭƭŜƴ ƭŜǾŜƭǎ ƻƴ ǘƘŜ ƛƴŎƛŘŜƴŎŜ ƻŦ {ŀǊǎπ/ƻǾπ

н ǾƛǊǳǎ ƛƴŦŜŎǘƛƻƴ 
 

Wƻŀƴŀ tƛƳǇńƻмΣ !ƴŀ DŀƭǾŜƛŀǎнΣ wǳǎǎŜƭƭ !ƭǇƛȊŀǊπWŀǊŀоΣпΣ !ƴŀ wΦ /ƻǎǘŀнΣрΣ /Şƭƛŀ aΦ !ƴǘǳƴŜǎнΣр 

 
м5ŜǇŀǊǘƳŜƴǘ ƻŦ /ƘŜƳƛǎǘǊȅΣ {ŎƘƻƻƭ ƻŦ {ŎƛŜƴŎŜ ŀƴŘ ¢ŜŎƘƴƻƭƻƎȅΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ;ǾƻǊŀΣ tƻǊǘǳƎŀƭΤ нLƴǎǘƛǘǳǘŜ ƻŦ 9ŀǊǘƘ {ŎƛŜƴŎŜǎ 
π L/¢Τ оwŜǎŜŀǊŎƘ /ŜƴǘŜǊ ƛƴ aŀǘƘŜƳŀǘƛŎǎ ŀƴŘ !ǇǇƭƛŎŀǘƛƻƴǎ ς /La!Τ п5ŜǇŀǊǘƳŜƴǘ ƻŦ aŀǘƘŜƳŀǘƛŎǎΣ {ŎƘƻƻƭ ƻŦ {ŎƛŜƴŎŜǎ ŀƴŘ 
¢ŜŎƘƴƻƭƻƎȅΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ;ǾƻǊŀΣ tƻǊǘǳƎŀƭΤ р5ŜǇŀǊǘƳŜƴǘ ƻŦ IŜŀƭǘƘ ŀƴŘ aŜŘƛŎŀƭ {ŎƛŜƴŎŜǎΣ {ŎƘƻƻƭ ƻŦ IŜŀƭǘƘ ŀƴŘ IǳƳŀƴ 

5ŜǾŜƭƻǇƳŜƴǘΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ;ǾƻǊŀΣ tƻǊǘǳƎŀƭΦ 
 

9Ƴŀƛƭ ŀŘŘǊŜǎǎΥƭпнслсϪŀƭǳƴƻǎΦǳŜǾƻǊŀΦǇǘ 
 

Background. Nowadays, despite the pandemic situation, all the factors that influence the spread and 

transmission of the SARS-CoV-2 virus or its infective capacity are not yet known [1]. This study aims to analyze 

the influence of airborne pollen levels on the transmission of the Sars-Cov-2 virus in the regions of Évora and 

Lisboa and Vale do Tejo (L&VT). 

Methods. For the present study, the number of daily incidence of SARS-Cov-2 infections and pollen 

concentration (pollen/m3) during in 14 months of pandemic were monitored. Pollen was collected with a 

Hirst-type volumetric trap [2,3]. Daily Sars-Cov-2 infections data were collected from an Esri-Portugal 

database according to the official bulletins of the General Directorate of Health and to Évora was from the 

database of the City Council of Évora. The temporal distribution was analyzed, and the periods of 

confinement identified. An autocorrelation and a partial correlation analysis were performed to the period 

with the highest incidence of SARS-COV-2, in the absence of confinement (between October 6, 2020 and 

February 14, 2021). 

Results. The results show that the variation profiles of both pollen and the Sars-Cov-2 infection incidence are 

very similar in the two different regions. The pollen levels recorded in L&VT were lower than Évora (15±18 

and 23±37 pollen/m3/day, respectively, in the study period) while the number of daily new infections in L&VT 

were higher than in Évora (1918±1673 and 23±19 daily infectious cases, respectively). For Évora, a mild 

negative (-0.218) but significant (p = 0.015) correlation between pollen concentration and the logarithm of 

the new cases of Sars-Cov-2 was determined. When a three-day moving average of both data sets are applied 

and ŜȄŎƭǳŘƛƴƎ Řŀȅǎ ǿƛǘƘ ǇƻƭƭŜƴ җ мнл ǇƻƭƭŜƴ ƎǊŀƛƴǎκƳ3, a mild positive (0.322) but highly significant (p=0.000) 

correlation was obtained. These results suggest that the days with very high pollen can be decisive for the 

relation between the two variables. It should be noted that in the L&VT region daily pollen concentration 

was always below 120 pollen/m3, thus it was not possible to establish any significant correlation. 

Conclusions. More studies will be needed to better understand the relation between pollen concentrations 

and the Sars-Cov-2 infection incidence. The relation between aerosolized agents with inflammatory and/or 

infectious potential may provide a better understanding of the interaction mechanisms of these agents on 

the immune system, and to the development of forecasting models and risk assessment tools. 
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C/олπLƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ŀ ƳŜǘƘƻŘƻƭƻƎȅ ŦƻǊ ŘŜǘŜŎǘƛƴƎ ǘƘŜ {!w{π/ƻ±πн 
ǾƛǊǳǎ ǳƳ ǿŀǎǘŜǿŀǘŜǊ ǎŀƳǇƭŜǎΣ w¢πt/w 

5ǳŀǊǘŜΦ wΦмΣ aƻǊŀƛǎΦ aнΣоΣп tŜƴƘŀΦ !ΦaΦнΣп 

м5ŜǇŀǊǘƳŜƴǘ ƻŦ /ƘŜƳƛǎǘǊȅΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ;ǾƻǊŀΣ tƻǊǘǳƎŀƭΤ нLƴǎǘƛǘǳǘŜ ƻŦ 9ŀǊǘƘ {ŎƛŜƴŎŜǎπL/¢Σ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ;ǾƻǊŀΣ tƻǊǘǳƎŀƭΤ 
о5ŜǇŀǊǘƳŜƴǘ ƻŦ .ƛƻƭƻƎȅΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ;ǾƻǊŀΣ tƻǊǘǳƎŀƭΤ п²ŀǘŜǊ [ŀōƻǊŀǘƻǊȅΣ {ŎƘƻƻƭ ƻŦ {ŎƛŜƴŎŜ ŀƴŘ ¢ŜŎƘƴƻƭƻƎȅ ŦǊƻƳ ǘƘŜ 

¦ƴƛǾŜǊǎƛǘȅ ƻŦ ;ǾƻǊŀ 

9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ǊǳōŜƴŘŘǳŀǊǘŜоϪƎƳŀƛƭΦŎƻƳ 

.ŀŎƪƎǊƻǳƴŘΦ {ŜǾŜǊŜ ŀŎǳǘŜ ǊŜǎǇƛǊŀǘƻǊȅ ǎȅƴŘǊƻƳŜ ŎƻǊƻƴŀǾƛǊǳǎ н ό{!w{π/ƻ±πнύ ŜƳŜǊƎŜŘ ƛƴ 5ŜŎŜƳōŜǊ нлмф ƛƴ 
²ǳƘŀƴΣ IǳōŜƛ ǇǊƻǾƛƴŎŜΣ /ƘƛƴŀΣ ŀƴŘ ǊŀǇƛŘƭȅ ǎǇǊŜŀŘ ƎƭƻōŀƭƭȅΣ ōŜƛƴƎ ŎƻƴǎƛŘŜǊŜŘ ŀǎ ŀ tŀƴŘŜƳƛŎΣ ōȅ ǘƘŜ ²ƻǊƭŘ 
IŜŀƭǘƘ hǊƎŀƴƛȊŀǘƛƻƴ ό²Ihύ ƻƴ aŀǊŎƘ ммΣ нлнлΦ {!w{π/ƻ±πн ǊƛōƻƴǳŎƭŜƛŎ ŀŎƛŘ όwb!ύ Ƙŀǎ ōŜŜƴ ŘŜǘŜŎǘŜŘ ƛƴ ǘƘŜ 
ǎǘƻƻƭ ƻŦ ƴƻǘ ƻƴƭȅ ǎȅƳǇǘƻƳŀǘƛŎ ōǳǘ ŀƭǎƻ ŀǎȅƳǇǘƻƳŀǘƛŎ ǇŀǘƛŜƴǘǎ ώмΣ нΣ оΣ пΣ рΣ сΣ тϐΦ ¢ƘŜǎŜ ŎƭƛƴƛŎŀƭ ƻōǎŜǊǾŀǘƛƻƴǎ 
ǎǳƎƎŜǎǘ ǘƘŀǘ ƳǳƴƛŎƛǇŀƭ ǿŀǎǘŜǿŀǘŜǊ ŦǊƻƳ ŀŦŦŜŎǘŜŘ ŎƻƳƳǳƴƛǘƛŜǎ Ƴŀȅ Ŏƻƴǘŀƛƴ ǘƘŜ ǾƛǊǳǎΦ ²ŀǎǘŜǿŀǘŜǊπōŀǎŜŘ 
ŜǇƛŘŜƳƛƻƭƻƎȅ ƛǎ ŀ ǇǊƻƳƛǎƛƴƎ ŀǇǇǊƻŀŎƘ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ǇǊŜǾŀƭŜƴŎŜ ƻŦ ǾƛǊǳǎŜǎ ƛƴ ŀ ƎƛǾŜƴ ²ŀǎǘŜǿŀǘŜǊ 
¢ǊŜŀǘƳŜƴǘ tƭŀƴǘ ό²²¢tύ ǿŀǘŜǊǎƘŜŘ ōŜŎŀǳǎŜ ǿŀǎǘŜǿŀǘŜǊ Ŏƻƴǘŀƛƴǎ ǾƛǊǳǎŜǎ ŜȄŎǊŜǘŜŘ ŦǊƻƳ ǎȅƳǇǘƻƳŀǘƛŎ ŀƴŘ 
ŀǎȅƳǇǘƻƳŀǘƛŎ ƛƴŘƛǾƛŘǳŀƭǎ ƛƴ ŀ ǿŀǘŜǊǎƘŜŘ ώуΣ фϐΦ ¢Ƙƛǎ ŜǇƛŘŜƳƛƻƭƻƎƛŎŀƭ ƳŜǘƘƻŘ ƛǎ ŜǎǇŜŎƛŀƭƭȅ ǳǎŜŦǳƭ ŦƻǊ ŜŀǊƭȅ 
ǿŀǊƴƛƴƎ ƻŦ ŘƛǎŜŀǎŜ ƻǳǘōǊŜŀƪǎ ŀƴŘ ƛƴŦƻǊƳǎ ǘƘŜ ŜŦŦŜŎǘƛǾŜƴŜǎǎ ƻŦ ǇǳōƭƛŎ ƘŜŀƭǘƘ ƛƴǘŜǊǾŜƴǘƛƻƴǎΣ ŀǎ ŘŜƳƻƴǎǘǊŀǘŜŘ 
ŀōƻǾŜ ŦƻǊ ŜƴǘŜǊƛŎ ǾƛǊǳǎŜǎ ǎǳŎƘ ŀǎ ƴƻǊƻǾƛǊǳǎΣ ƘŜǇŀǘƛǘƛǎ ! ǾƛǊǳǎΣ ŀƴŘ ǇƻƭƛƻǾƛǊǳǎΦ ¢ƘŜ ŀōǎǘǊŀŎǘ ǇǊŜǎŜƴǘŜŘ ƘŜǊŜ 
ǊŜǇǊŜǎŜƴǘǎ ŀ ŦǳǘǳǊŜ ǎǘǳŘȅ ŀƴŘ ǇǊŜƭƛƳƛƴŀǊȅ ǊŜǎǳƭǘǎ ŦƻǊ ǘƘŜ ƳŜǘƘƻŘƻƭƻƎȅ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴΦ 

¢ƘŜǊŜŦƻǊŜΣ ǘƘƛǎ ǎǘǳŘȅ ŦƻŎǳǎŜǎ ƻƴ ǘƘŜ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ŀ ƳŜǘƘƻŘƻƭƻƎȅ ŦƻǊ ŎƻƴŎŜƴǘǊŀǘƛƴƎ ŀƴŘ ŘŜǘŜŎǘƛƴƎ ǘƘŜ 
{!w{π/ƻ±πн ǾƛǊǳǎ ƛƴ ǿŀǎǘŜǿŀǘŜǊ ǎŀƳǇƭŜǎ ǳǎƛƴƎ wŜŀƭπ¢ƛƳŜ tƻƭȅƳŜǊŀǎŜ /Ƙŀƛƴ wŜŀŎǘƛƻƴ όw¢πt/wύΦ 

aŜǘƘƻŘǎΦ ²ŀǎǘŜǿŀǘŜǊ ǎŀƳǇƭŜǎ ǿƛƭƭ ōŜ ŎƻƭƭŜŎǘŜŘ ŦǊƻƳ ŘƛŦŦŜǊŜƴǘ ²²¢t όŜƴǘǊȅ ŀƴŘ ŜȄƛǘ ǎŀƳǇƭŜǎύΣ ǳǎƛƴƎ ŀ нпπ
ƘƻǳǊ ŀǳǘƻƳŀǘƛŎ ǎŀƳǇƭŜǊΣ ƛƴ ŘƛŦŦŜǊŜƴǘ !ƭŜƴǘŜƧƻ ŎƛǘƛŜǎ ό;ǾƻǊŀΣ tƻǊǘŀƭŜƎǊŜΣ ŀƴŘ 9ƭǾŀǎύ ŀƴŘ ǳƴŘŜǊƭȅƛƴƎ ƘƻǎǇƛǘŀƭǎΦ 
¢ƘŜ ƳŜǘƘƻŘǎ ǳǎŜŘ ǘƻ ŎŀǊǊȅ ƻǳǘ ǘƘƛǎ ǎǘǳŘȅ ŀǊŜ ¢ŀƴƎŜƴǘƛŀƭ Cƭƻǿ CƛƭǘǊŀǘƛƻƴ ǿƘƛŎƘ ǎŜǊǾŜǎ ǎƻ ǘƘŀǘ ǘƘŜ ŎƻƭƭŜŎǘŜŘ 
ǎŀƳǇƭŜǎ ŀǊŜ ǇǊƻǇŜǊƭȅ ŦƛƭǘŜǊŜŘ ǎƻ ǘƘŀǘ ǘƘŜȅ ŀǊŜ ƳƻǊŜ ŎƻƴŎŜƴǘǊŀǘŜŘ ŀƴŘ ŎƭŜŀǊŜǊ ǎƻ ǘƘŀǘ ǘƘŜ ŎƻƴŎŜƴǘǊŀǘƛƻƴ ƻŦ ŀƴȅ 
ǾƛǊǳǎ ǘƘŀǘ ƛǎ ǇǊŜǎŜƴǘ ǘƘŜǊŜƛƴΣ ōŜ ŀǎ ƳǳŎƘ ŀǎ ǇƻǎǎƛōƭŜΦ ¢ƻǘŀƭ wb! ŜȄǘǊŀŎǘƛƻƴ ŦǊƻƳ ǿŀǎǘŜǿŀǘŜǊ ǎŀƳǇƭŜǎ ǿƛƭƭ ōŜ 
ǇŜǊŦƻǊƳŜŘ ǳǎƛƴƎ ǘƘŜ 9Φ½ΦbΦ!Φϯ ¢ƻǘŀƭ wb! ƪƛǘ LLΣ hƳŜƎŀΣ .ƛƻπ¢Ŝƪ ό¦{!ύ ŀŎŎƻǊŘƛƴƎ ǘƻ ƳŀƴǳŦŀŎǘǳǊŜǎ ƛƴǎǘǊǳŎǘƛƻƴǎΦ 
CƻǊ {!w{π/ƻ±πн w¢πt/w ŘŜǘŜŎǘƛƻƴ ƛǘ ǿƛƭƭ ōŜ ǳǎŜŘ ǘƘŜ ±ƛǊƻwŜŀƭϯ ƪƛǘ {!w{π/ƻ±πн aǳƭǘƛǇƭŜȄΦ 

wŜǎǳƭǘǎΦ tǊŜƭƛƳƛƴŀǊȅ ǊŜǎǳƭǘǎ ǎƘƻǿŜŘ ǘƘŀǘ ǘƘŜ ¢ŀƴƎŜƴǘƛŀƭ Cƭƻǿ CƛƭǘǊŀǘƛƻƴ ƳŜǘƘƻŘ ƛǎ ǎǳƛǘŀōƭŜ ǘƻ ŎƻƴŎŜƴǘǊŀǘŜ ǘƻǘŀƭ 
wb! ŦǊƻƳ ǿŀǎǘŜǿŀǘŜǊ ǎŀƳǇƭŜǎΣ ŀƭǘƘƻǳƎƘ ƛǘ ƛǎ ŀ ǘƛƳŜπŎƻƴǎǳƳƛƴƎ ǘŜŎƘƴƛǉǳŜΦ  

/ƻƴŎƭǳǎƛƻƴǎΦ ¢ƘŜ ŎƻƳǇƭŜǘŜ ƳŜǘƘƻŘƻƭƻƎȅ ŦǊƻƳ ŎƻƴŎŜƴǘǊŀǘƛƻƴ ƳŜǘƘƻŘƻƭƻƎȅ ŀƴŘ {!w{π/ƻ±πн w¢πt/w 
ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ǿƛƭƭ ōŜ ŀƴŀƭȅǎŜŘΦ 

wŜŦŜǊŜƴŎŜǎΥ  

1. DŀƻΣ vΦ¸ΦΣ /ƘŜƴΣ ¸Φ·ΦΣ CŀƴƎΣ WΦ¸ΦΣ нлнлΦ нлмф ƴƻǾŜƭ ŎƻǊƻƴŀǾƛǊǳǎ ƛƴŦŜŎǘƛƻƴ ŀƴŘƎŀǎǘǊƻƛƴǘŜǎǘƛƴŀƭ ǘǊŀŎǘΦ WΦ 5ƛƎΦ 5ƛǎΦ мςнΦ 
2. IƻƭǎƘǳŜΣ aΦΣ 5Ŝ.ƻƭǘΣ /ΦΣ [ƛƴŘǉǳƛǎǘΣ {ΦΣ [ƻŦȅΣ YΦΣ ²ƛŜǎƳŀƴΣ WΦΣ .ǊǳŎŜΣ IΦΣ {ǇƛǘǘŜǊǎΣ /ΦΣ 9ǊƛŎǎƻƴΣYΦΣ ²ƛƭƪŜǊǎƻƴΣ {ΦΣ ¢ǳǊŀƭΣ !ΦΣ 5ƛŀȊΣ DΦΣ 

/ƻƘƴΣ !ΦΣ CƻȄΣ [ΦΣ tŀǘŜƭΣ !ΦΣ DŜǊōŜǊΣ {ΦΣ YƛƳΣ [ΦΣ¢ƻƴƎΣ {ΦΣ [ǳΣ ·ΦΣ [ƛƴŘǎǘǊƻƳΣ {ΦΣ tŀƭƭŀƴǎŎƘΣ aΦΣ ²ŜƭŘƻƴΣ ²ΦΣ .ƛƎƎǎΣ IΦΣ ¦ȅŜƪƛΣ ¢ΦΣ tƛƭƭŀƛΣ{ΦΣ 
нлнлΦ CƛǊǎǘ ŎŀǎŜ ƻŦ нлмф ƴƻǾŜƭ ŎƻǊƻƴŀǾƛǊǳǎ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎΦ bΦ 9ƴƎƭΦ WΦ aŜŘΦоунΣ фнфςфосΦ 

3. WƛŜƘŀƻΣ /ΦΣ WƛƴƎΣ ·ΦΣ 5ŀƻƧƛƻƴƎΣ [ΦΣ [ŜƛΣ ·ΦΣ ½ƘŜƴƎƘŀƛΣ vΦΣ ¸ǳŜƘǳŀΣ ½ΦΣ IǳŀΣ ½ΦΣ ·ƛŀƴƎǎƘƛΣ ²ΦΣ¸ŀƴƭƛƴƎΣ DΦΣ !ƛƳŜƛΣ ·ΦΣ IŜΣ ¢ΦΣ IŀƛƭƛƴƎΣ /ΦΣ 
/ƘǳƴƛƴƎΣ ²ΦΣ WƛƴƎƧƛƴƎΣ [ΦΣ WƛŀƴǎƘŜΣ ²ΦΣ aŜƛΣ ½ΦΣ/ƘƛƭŘǊŜƴΣ bΦΣ ²ƻƳŜƴΣ IΦΣ /ŜƴǘǊŀƭΣ {ΦΣ ½ŜƴƎΣ aΦΣ нлнлΦ ! ŎŀǎŜ ǎŜǊƛŜǎ ƻŦ ŎƘƛƭŘǊŜƴ ǿƛǘƘ 
нлмф ƴƻǾŜƭ ŎƻǊƻƴŀǾƛǊǳǎ ƛƴŦŜŎǘƛƻƴΥ ŎƭƛƴƛŎŀƭ ŀƴŘ ŜǇƛŘŜƳƛƻƭƻƎƛŎŀƭ ŦŜŀǘǳǊŜǎΦ /ƭƛƴΦ LƴŦŜŎǘΦ 5ƛǎΦ 

4. ¢ŀƴƎΣ !ΦΣ ¢ƻƴƎΣ ½ΦΣ ²ŀƴƎΣ IΦΣ 5ŀƛΣ ¸ΦΣ [ƛΣ YΦΣ [ƛǳΣ WΦΣ ²ǳΣ ²ΦΣ ¸ǳŀƴΣ /ΦΣ ¸ǳΣ aΦΣ [ƛΣ tΦΣ ¸ŀƴΣ WΦΣ нлнлΦ 5ŜǘŜŎǘƛƻƴ ƻŦ bƻǾŜƭ /ƻǊƻƴŀǾƛǊǳǎ ōȅ 
w¢πt/w ƛƴ {ǘƻƻƭ {ǇŜŎƛƳŜƴ ŦǊƻƳ !ǎȅƳǇǘƻƳŀǘƛŎ /ƘƛƭŘΣ /ƘƛƴŀΦ 9ƳŜǊƎΦ LƴŦŜŎǘΦ 5ƛǎΦ WΦ нсΦ 

5. ²ǀƭŦŜƭΣ wΦΣ /ƻǊƳŀƴΣ ±ΦaΦΣ DǳƎƎŜƳƻǎΣ ²ΦΣ {ŜƛƭƳŀƛŜǊΣ aΦΣ ½ŀƴƎŜΣ {ΦΣ aǳŜƭƭŜǊΣ aΦ!ΦΣ bƛŜƳŜȅŜǊΣ 5ΦΣ ±ƻƭƭƳŀǊΣ tΦΣ wƻǘƘŜΣ /ΦΣ IƻŜƭǎŎƘŜǊΣ 
aΦΣ .ƭŜƛŎƪŜǊΣ ¢ΦΣ .ǊǳŜƴƛƴƪΣ {ΦΣ {ŎƘƴŜƛŘŜǊΣ WΦΣ 9ƘƳŀƴƴΣ wΦΣ ½ǿƛǊƎƭƳŀƛŜǊΣ YΦΣ 5ǊƻǎǘŜƴΣ /ΦΣ ²ŜƴŘǘƴŜǊΣ /ΦΣ нлнлΦ ±ƛǊƻƭƻƎƛŎŀƭ ŀǎǎŜǎǎƳŜƴǘ 
ƻŦ ƘƻǎǇƛǘŀƭƛȊŜŘ ŎŀǎŜǎ ƻŦ ŎƻǊƻƴŀǾƛǊǳǎ ŘƛǎŜŀǎŜ нлмфΦ bŀǘǳǊŜΦ ƘǘǘǇǎΥκκŘƻƛΦƻǊƎκмлΦмлоуκǎпмрусπлнлπнмфсπȄ 

6. ½ƘŀƴƎΣ WΦΣ ²ŀƴƎΣ {ΦΣ ·ǳŜΣ ¸ΦΣ нлнлΦ CŜŎŀƭ ǎǇŜŎƛƳŜƴ ŘƛŀƎƴƻǎƛǎ нлмф bƻǾŜƭ /ƻǊƻƴŀǾƛǊǳǎςLƴŦŜŎǘŜŘ tƴŜǳƳƻƴƛŀΦ WΦ aŜŘΦ ±ƛǊƻƭΦ лςнΦ 
ƘǘǘǇǎΥκκŘƻƛΦƻǊƎκмлΦмллнκƧƳǾΦнртпн 

7. ½ƘŀƴƎΣ ²ΦΣ 5ǳΣ wΦIΦΣ [ƛΣ .ΦΣ ½ƘŜƴƎΣ ·Φ{ΦΣ ¸ŀƴƎΣ ·Φ [ƻǳΣ IǳΣ .ΦΣ ²ŀƴƎΣ ¸Φ¸ΦΣ ·ƛŀƻΣ DΦCΦΣ ¸ŀƴΣ .ΦΣ {ƘƛΣ ½Φ[ΦΣ ½ƘƻǳΣ tΦΣ нлнлΦ aƻƭŜŎǳƭŀǊ ŀƴŘ 
ǎŜǊƻƭƻƎƛŎŀƭ ƛƴǾŜǎǘƛƎŀǘƛƻƴ ƻŦ нлмфπƴ/ƻ± ƛƴŦŜŎǘŜŘ ǇŀǘƛŜƴǘǎΥ ƛƳǇƭƛŎŀǘƛƻƴ ƻŦ ƳǳƭǘƛǇƭŜ ǎƘŜŘŘƛƴƎ ǊƻǳǘŜǎΦ 9ƳŜǊƎΦ aƛŎǊƻōŜǎ LƴŦŜŎǘΦ фΣ оусς
оуфΦ 

8. {ƛƴŎƭŀƛǊΣ wΦDΦΣ /ƘƻƛΣ /Φ¸ΦΣ wƛƭŜȅΣ aΦwΦΣ DŜǊōŀΣ /ΦtΦΣ нллуΦ tŀǘƘƻƎŜƴ ǎǳǊǾŜƛƭƭŀƴŎŜ ǘƘǊƻǳƎƘ ƳƻƴƛǘƻǊƛƴƎ ƻŦ ǎŜǿŜǊ ǎȅǎǘŜƳǎΦ !ŘǾΦ !ǇǇƭΦ 
aƛŎǊƻōƛƻƭΦ срΣ нпфςнсфΦ 

9. ·ŀƎƻǊŀǊŀƪƛΣ LΦΣ hΩ.ǊƛŜƴΣ 9ΦΣ нлнлΦ ²ŀǎǘŜǿŀǘŜǊπōŀǎŜŘ ŜǇƛŘŜƳƛƻƭƻƎȅ ŦƻǊ ŜŀǊƭȅ ŘŜǘŜŎǘƛƻƴ ƻŦ ǾƛǊŀƭ ƻǳǘōǊŜŀƪǎΣ ƛƴΥ hΩ.ŀƴƴƻƴΣ 5Φ ό9ŘΦύΣ 
²ƻƳŜƴ ƛƴ ²ŀǘŜǊ vǳŀƭƛǘȅΦ {ǇǊƛƴƎŜǊ bŀǘǳǊŜ {ǿƛǘȊŜǊƭŀƴŘΣ ǇǇΦ трςфтΦ ƘǘǘǇǎΥκκŘƻƛΦƻǊƎκмлΦмллтκфтуπоπлолπмтумфπнΦ  

mailto:rubendduarte3@gmail.com
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C/ом aƛŎƪŀŜƭ 5ƛŀƭƭƻ tƻǎǘπǘǊŀƴǎƭŀǘƛƻƴŀƭ ƳƻŘƛŦƛŎŀǘƛƻƴ ƻŦ {¢!¢о ƳƻŘǳƭŀǘŜǎ ƛǘǎ ŎŜƭƭǳƭŀǊ 
ŘƛǎǘǊƛōǳǘƛƻƴ 

C/он !ƴŘǊŜƛŀ {ƛƭǾŀ DƻƭŘ ŎƻƳǇƻǳƴŘǎΩ ƛƴƘƛōƛǘƻǊȅ ŜŦŦŜŎǘ ƻƴ !ǉǳŀǇƻǊƛƴπо ƛƳǇŀƛǊǎ 
ƳŜƭŀƴƻƳŀ ŎŜƭƭ ƳƛƎǊŀǘƛƻƴ 

C/оо !ƴŀ aŀƴǳŜƭŀ 
DƻƴœŀƭǾŜǎ 

LƴǘŜǊŀŎǘƛƻƴ ƻŦ a¢π{/нн9Y ǇŜǇǘƛŘŜΣ IL± Ŧǳǎƛƻƴ ƛƴƘƛōƛǘƻǊ ǿƛǘƘ 
ƳŜƳōǊŀƴŜ ƳƻŘŜƭǎ 

C/оп WƻǊƎŜ aŀǊǘƛƴǎ hƴ ǘƘŜ ǿŀǘŜǊ ǎƻƭǳōƛƭƛǘȅ ƻŦ Ŧŀǘǘȅ ŀŎƛŘǎΥ ƛƴǘŜǊǇƭŀȅ ƻŦ ƳƻƭŜŎǳƭŀǊ 
ǎǘǊǳŎǘǳǊŜ ŀƴŘ ǇYŀ 

C/ор aŀǊƛŀ .ŜǊǊƻŎŀƭ 
/ŀǊǊƛƭƭƻ 

¢ƘŜ ǇƻǘŜƴŎȅ ƻŦ ƎƻƭŘ όL ŀƴŘ LLLύ ŎƻƳǇƻǳƴŘǎ ŀǎ ta/! ƛƴƘƛōƛǘƻǊǎ ŀƴŘ 
ǘƘŜƛǊ ŜŦŦŜŎǘǎ ƻƴ ŎŜƭƭ Ǿƛŀōƛƭƛǘȅ 

C/ос /ŀǘŀǊƛƴŀ 
DƻƴœŀƭǾŜǎ 
tƛƳǇńƻ 

¦ƴǊŀǾŜƭƛƴƎ ǘƘŜ ƳŜŎƘŀƴƛǎƳ ƻŦ ŀǉǳŀǇƻǊƛƴπмл ƛǊǊŜǾŜǊǎƛōƭŜ ƛƴƘƛōƛǘƛƻƴ ōȅ 
ƻǊƎŀƴƻƎƻƭŘ ŎƻƳǇƻǳƴŘǎ 

C/от !ƴƧƻǎ [Φ 
aŀŎŜŘƻ 

tǊŜƭƛƳƛƴŀǊȅ {ǘǊǳŎǘǳǊŀƭ ŎƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ƻŦ ƘǳƳŀƴ Dƭŀ wƛŎƘ tǊƻǘŜƛƴ 
ƛƴǾƻƭǾŜŘ ƛƴ ǘƘŜ ƛƴƘƛōƛǘƛƻƴ ƻŦ ƳƛƴŜǊŀƭ ŎǊȅǎǘŀƭ ŦƻǊƳŀǘƛƻƴ ƛƴ ǾŀǎŎǳƭŀǊ 
ŎŀƭŎƛŦƛŎŀǘƛƻƴ 

C/оу ¢ƻƴƛ wŜƴŘǳƭƛŎ ¦ƴǊŀǾŜƭƭƛƴƎ ǘƘŜ {ǘǊǳŎǘǳǊŀƭ CŜŀǘǳǊŜǎ ƻŦ {ŀŎŎƘŀǊƻƳȅŎŜǎ ŎŜǊŜǾƛǎƛŀŜ 
!ŎŜǘŀǘŜ ¢ǊŀƴǎǇƻǊǘŜǊ !Řȅнκ!ǘƻм 

C/оф bŜƭƭȅ {ƛƭǾŀ ¦ƴǊŀǾŜƭƭƛƴƎ ŘŜƴƎǳŜ ǾƛǊǳǎ ŎŀǇǎƛŘ ǇǊƻǘŜƛƴ ƛƴǘŜǊŀŎǘƛƻƴ ǿƛǘƘ ǾƛǊŀƭ 
ƎŜƴƻƳŜ 

C/пл /łǘƛŀ {ŀƴǘƻǎπ
tŜǊŜƛǊŀ 

LƴǘŜƎǊŀǘŜŘ ōƛƻŎƘŜƳƛŎŀƭ ŀƴŘ ŎƻƳǇǳǘŀǘƛƻƴŀƭ ŀǇǇǊƻŀŎƘ ǊŜǾŜŀƭǎ ƴƻǾŜƭ 
ƳŜŎƘŀƴƛǎƳǎ ǳƴŘŜǊƭȅƛƴƎ ǘƘŜ ŀƴǘƛŦǳƴƎŀƭ ŀŎǘƛǾƛǘȅ ƻŦ ǘƘŜ ƳƛƭƪπŘŜǊƛǾŜŘ 
ƭŀŎǘƻŦŜǊǊƛƴ ǇǊƻǘŜƛƴ 

 
 

 

Chairs: Cláudio Soares (ITQB NOVA); Graça Soveral (FFUL); Nuno Santos (FMUL) 
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C/омπtƻǎǘπǘǊŀƴǎƭŀǘƛƻƴŀƭ ƳƻŘƛŦƛŎŀǘƛƻƴ ƻŦ {¢!¢о ƳƻŘǳƭŀǘŜǎ ƛǘǎ ŎŜƭƭǳƭŀǊ 

ŘƛǎǘǊƛōǳǘƛƻƴ 
 

5ƛŀƭƭƻ aΦмΣнΣоΣ [ŜǘǊŀπ±ƛƭŜƭŀΣ wΦмΣнΣоΣ aŀǊǘƛƴǎπ!ƭǾŜǎΣ 5ΦмΣнΣ IŜǊǊŜǊŀΣ CΦмΣнΣо 
 

м/ŜƭƭǳƭŀǊ ǎǘǊǳŎǘǳǊŜ ŀƴŘ ŘȅƴŀƳƛŎǎ ƭŀōƻǊŀǘƻǊȅΣ 5ŜǇŀǊǘŀƳŜƴǘƻ ŘŜ vǳƝƳƛŎŀ Ŝ .ƛƻǉǳƝƳƛŎŀΣ CŀŎǳƭŘŀŘŜ ŘŜ /ƛşƴŎƛŀǎΣ 
¦ƴƛǾŜǊǎƛŘŀŘŜ ŘŜ [ƛǎōƻŀΣ tƻǊǘǳƎŀƭΦΤ нLƴǎǘƛǘǳǘƻ ŘŜ .ƛƻǎǎƛǎǘŜƳŀǎ Ŝ /ƛşƴŎƛŀǎ LƴǘŜƎǊŀǘƛǾŀǎ ό.ƛƻL{LύΣ CŀŎǳƭŘŀŘŜ ŘŜ /ƛşƴŎƛŀǎΣ 
¦ƴƛǾŜǊǎƛŘŀŘŜ ŘŜ [ƛǎōƻŀΣ tƻǊǘǳƎŀƭΦ оah{¢aL/wh wŜǎŜŀǊŎƘ ¦ƴƛǘΣ Lƴǎǘƛǘǳǘƻ ŘŜ ¢ŜŎƴƻƭƻƎƛŀ vǳƝƳƛŎŀ Ŝ .ƛƻƭƽƎƛŎŀ όL¢v.π

bh±!ύΣ ¦ƴƛǾŜǊǎƛŘŀŘŜ bƻǾŀ ŘŜ [ƛǎōƻŀΣ hŜƛǊŀǎΣ tƻǊǘǳƎŀƭ 
 

9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ƳŘƛŀƭƭƻϪŦŎΦǳƭΦǇǘ 

 

Background. Signal Transducer and Activator of Transcription 3 (STAT3) is a ubiquitous and pleiotropic 

transcription factor involved in major physiological and pathological processes such as normal development, 

immunity, and tumorigenesis. Its cellular localization determines its functions, notably at nuclear or 

mitochondrial levels. Moreover, STAT3 activity is regulated by molecular interactions and post-translational 

modifications (PTMs). While more than 80 residues are susceptible to PTMs, a little number of them has been 

widely studied. We aim at identifying relevant PTMs involved in STAT3 cellular localization and function, with 

a focus on lesser studied residues. 

Methods. Our group developed a Venus-STAT3 bimolecular fluorescence complementation (BiFC) assay that 

allows the visualization and study of protein-protein interactions in living cells, including STAT3 homo- and 

heterodimerization. Residues susceptible for PTMs were blocked by site-directed mutagenesis on STAT3-

Venus BiFC constructs. To rule out the interference of endogenous STAT3, we produced STAT3-Knockout 

(STAT3-KO) cell lines via CRISPR/Cas9 methodology. Cellular localization of STAT3 dimers was visualized by 

wide-field and confocal fluorescence microscopy.  

Results. STAT3-KO cells lacked expression of STAT3 at the protein level. STAT3-KO cell lines transfected with 

wild-type STAT3-Venus BiFC constructs mainly showed diffuse cytoplasmic and nuclear signal of STAT3 

homodimers. Additionally, perinuclear aggregates are visualized in a fraction of transfected cells. 

Transfection with K49R or Y68F BiFC pairs led to a reduction in the percentage of cells with perinuclear 

aggregates. Cytokine-stimulation led to a rapid nuclear translocation (within 10 min.) at the expense of 

cytoplasmic STAT3 dimers, leaving small foci of STAT3 dimers anchored at the plasma membrane. This effect 

was abrogated by the Y705F mutation, which prevents STAT3 phosphorylation. 

Conclusions. We showed that mutations at specific N- or C-terminal residues may affect the localization of 

STAT3 dimers in non-stimulated STAT3-KO cells. We are currently screening all putative phosphorylatable 

residues for their effects on the intracellular distribution and function of STAT3 dimers in living cells. The 

outcomes will provide a strong basis for drug targeting STAT3 in the context of a wide spectrum of 

physiological and pathological conditions regulated by this transcription factor.  
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C/онπDƻƭŘ ŎƻƳǇƻǳƴŘǎΩ ƛƴƘƛōƛǘƻǊȅ ŜŦŦŜŎǘ ƻƴ !ǉǳŀǇƻǊƛƴπо ƛƳǇŀƛǊǎ 

ƳŜƭŀƴƻƳŀ ŎŜƭƭ ƳƛƎǊŀǘƛƻƴ 
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Background. Skin covers the entire human body surface, being its first line of defense. Aquaporins (AQPs) 

are channels that facilitate water and small neutral solutes movements across membranes, being key 

proteins with implication in skin physiology, such as hydration, cell proliferation and differentiation and 

wound healing 1, as well as in skin disease, such as skin eczema and melanoma. The involvement of AQP3 in 

oncogenesis, underlined it as a promising target in the development of novel skin cancer therapeutics 2. 

Previously, the gold compound Auphen was revealed as a potent inhibitor of AQP3 activity3. Here, we aimed 

to unveil new potent AQP3 inhibitors to investigate the role of AQP3 in tumor signaling pathways and 

tumorigenesis.  

Methods. First, we evaluated the effect of new potent AQP3 inhibitors on cell migration of melanoma cells. 

For that, a new series of gold compounds resultant from Auphen modifications (RBA29, CNHN, CCON, CCH2N, 

STAM013, RBA31), were tested for the toxicity and ability to block cell migration of melanoma MNT-1 cell 

line, with high expression of AQP3. The cytotoxicity of the compounds was determined by MTT assay at 

different concentrations to find the maximal concentration where at least 70% of cells were viable after 24h 

of incubation. To investigate the effect of AQP3 inhibition in cell migration, the wound closure assay was 

ǇŜǊŦƻǊƳŜŘ ƛƴ ƳŜƭŀƴƻƳŀ ŎŜƭƭǎ ƛƴŎǳōŀǘŜŘ ǿƛǘƘƻǳǘ ƻǊ ǿƛǘƘ ƎƻƭŘ ŎƻƳǇƻǳƴŘǎ ŀǘ р˃aΦ  

Results. Our results showed that most of compounds, below 5µM, proved to be harmless or induced less 

than 20% loss of cell viability. RBA31 and RBA29 were highly cytotoxic, causing high loss of viability. All 

compounds delayed melanoma cell migration compared to the control condition where the wound was 

totally closed in less than 24h. CCON exhibited the strongest inhibitory effect on cell migration (60%), followed 

by CNHN (53%), CCH2N (26%) and STAM013 (22%).  

Conclusions: Altogether our data reveal AQP3 as a key player in cell migration and cancer growth, unveiling 

its potential as a targetable molecule against tumors where AQP3 is highly expressed, thus, shedding light on 

novel therapies for treating melanoma. 

References.  
1. Patel R, Kevin Heard L, Chen X, Bollag WB. Aquaporins in the Skin. Advances in 
experimental medicine and biology. 2017, 969, 173-191, doi:10.1007/978-94-024-1057-0_11. 
2. da Silva IV, Silva AG, Pimpão C, Soveral G. Skin aquaporins as druggable targets: Promoting health by addressing the 

disease. Biochimie. 2021 Sep; 188:35-44. doi: 10.1016/j.biochi.2021.05.019. Epub 2021 Jun 12. PMID: 34097985. 
3. Martins AP, Marrone A, Ciancetta A, Galán Cobo A, Echevarría M, Moura TF, Re N, Casini A, Soveral G. Targeting 
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Background. HIV interacts with target cells through the action of the viral glycoproteins gp41 and gp120. 

Over time, the HIV virus has undergone several mutations that lead to the development of resistance to drugs 

that inhibit virus fusion [Shi et al, 2016]. One of the fusion inhibitors to suffer this resistance was Enfuvirtide 

(T-20), one of the first fusion inhibitors to be approved by the FDA (Food and Drug Agency) [Oishi et al., 2010]. 

Thus there is a continuing need to develop new inhibitors to effectively fight the disease. The way in which 

certain fusion-inhibiting peptides interact with membranes in solution and the maintenance of stable helical 

structures has been correlated with an increase in the inhibitory capacity of HIV and target cells. Thus, in the 

development of this work, it was observed by molecular dynamics (MD) the interaction of the MT-SC22EK 

peptide, an HIV fusion inhibitor, with POPC and POPC:Chol (1:1) membrane models and the effect of the 

group MT compared to SC22EK peptide, based on results obtained by Pronto [Pronto, 2019].  

Methods. To this end, the MT-SC22EK peptide was constructed based on its amino acid residue sequence, 

with the Arguslab 4.01 program [Thompson, 2004] and the initial membrane models were built with the aid 

of a toolkit from the GROMACS simulation package 2016 [Abraham et al, 2015; Bekker et al., 1993; Berendsen 

et al., 1995; Hess et al., 2008; Lindahl et al., 2001; van der Spoel et al., 2005; Páll et al., 2015; Pronk et al., 

2013;]. Then, parameters were calculated to evaluate the behavior of the peptide such as the distance from 

the center of mass of the peptide to the surface of the membranes, the position of the C,h secondary 

structures of the peptide, the Lennard-Jones and Coulomb energies in the final systems, the diffusion and 

the rotational dynamics of the peptide. To evaluate the behavior of the membranes, the parameters were 

calculated, with and without adsorbed peptide, the membrane area and thickness, the lateral diffusion 

coefficients of the lipids, the order parameters and the rotational dynamics of certain molecular axes and the 

angles of important axes. 

Results. The results obtained show that, once the peptide is adsorbed, the bilayers present different 

behaviors and undergo changes in their structure and diffusion, as well as the peptide itself. The MT-SC22EK 

peptide showed greater efficacy compared to the SC22EK peptide.  

Conclusions. Based on all the results obtained throughout the work, it is concluded that the MT-SC22EK 

peptide has good characteristics and properties as an HIV virus fusion inhibitor, as it has a strong binding with 

the POPC:Chol membrane and maintains its helical structure, it was also observed that the MT group 

influences the antiviral activity of the peptide under study. 
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C/опπhƴ ǘƘŜ ǿŀǘŜǊ ǎƻƭǳōƛƭƛǘȅ ƻŦ Ŧŀǘǘȅ ŀŎƛŘǎΥ ƛƴǘŜǊǇƭŀȅ ƻŦ ƳƻƭŜŎǳƭŀǊ 

ǎǘǊǳŎǘǳǊŜ ŀƴŘ ǇYŀ 
 

WƻǊƎŜ aŀǊǘƛƴǎмΣн 

 
м//a!wΣ CŀǊƻΣ tƻǊǘǳƎŀƭΣ н5/..πC/¢Σ /ŀƳǇǳǎ ŘŜ DŀƳōŜƭŀǎΣ ¦ƴƛǾŜǊǎƛŘŀŘŜ Řƻ !ƭƎŀǊǾŜΣ CŀǊƻΣ tƻǊǘǳƎŀƭ 

 
9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ƧƳŀǘƛƴϪǳŀƭƎΦǇǘ 

 

Background. Fatty acids are ubiquitous molecules in biological systems. Both free and forming complex lipids, 

they play a number of biochemical roles: major metabolic fuel (storage and transport of energy), essential 

building blocks of all biomembranes, and signaling (eicosanoids and regulation of gene transcription). In 

addition, they are employed in diverse industrial uses: e.g. food, pharmaceutical and personal hygiene 

industries. Hence, the characterization of the interactions of free fatty acids dispersed in water and its 

thermodynamics basis is of crucial importance in several areas of research and development. Yet, reports on 

the aqueous solubility of fatty acids are scarce, timeworn and inconsistent [Bell, 1973; Vorum et al., 1992]. 

This work presents a systematic and reliable evaluation of water solubility of fatty acids at 25 C, as well as 

their correspondent pKa values. It is well known that fatty acids are poorly soluble in water in their 

undissociated form, thus the actual solubility, particularly of longer-chain acids, is often very difficult to 

determine since it is markedly dependent on both pH and fatty acyl chain length. Structure-based methods 

to estimate water solubilities overcome these difficulties, offering speed and upmost accuracy for most 

practical purposes. Whenever available from literature, the estimated values of water solubilities and pKa, 

will be compared with tabulated values [PubChem], for the sake of completeness and critical assessment. 

Methods. The estimations of water solubility values at 25 C are carried out through an atom contribution 

approach [Hou et al., 2004] and their pH dependency, using the corresponding calculations with the 

Henderson-Hasselbälch equation [Shoghi et al., 2013]. This work is only concerned with water solubility at 

pH=2 (unionized fatty acids) and at pH=7 (mostly ionized). The estimate of pKa values are obtained through 

calculations of partial charge distribution of atoms in molecules [Csizmadia et al., 1997]. 

Results. It is worth to highlight that the solubility limit of amphiphilic molecules, such as fatty acids, 

corresponds to the formation of supramolecular aggregate in aqueous media, for instance: monolayers, 

micelles or bilayers, depending on the acyl length and on the presence of other ions and temperature. The 

change of a water solution to an aqueous suspension of aggregates is known as CAC (critical aggregation 

concentration). This way, the solubility at pH=7 and 25 C of common saturated fatty acids varies from 

2.88 10  M for lauric acid (C12), until 2.410  M for arachidic acid (C20). The values of pKa are independent 

of the acyl chain length, being consistently 4.95. Arachidic acid is in practice insoluble in water at pH=7 and 

25 C, which poses some pertinent questions about its aggregation state in biological systems or in handling 

of industrial aqueous formulations. 

Conclusions. Introductory calculations for the common saturated fatty acids show that water solubility (S) at 

25 C is about 2 orders of magnitude lower at pH=2 than at pH=7. This is an expected outcome, since at pH=2 

all the fatty acids are in the unionized state. Furthermore, the plots of log S vs. number of carbons in acyl 

chain (nC) are linear, both unionized and mostly ionized at pH=7, and the thermodynamics basis of this 

practical relationship is derived within the framework solubility equilibrium equations. 

Acknowledgments. This study received Portuguese national funds from FCT - Foundation for Science and 
Technology through project UIDB/04326/2020. 
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C/орπ¢ƘŜ ǇƻǘŜƴŎȅ ƻŦ ƎƻƭŘ όL ŀƴŘ LLLύ ŎƻƳǇƻǳƴŘǎ ŀǎ ta/! ƛƴƘƛōƛǘƻǊǎ ŀƴŘ 
ǘƘŜƛǊ ŜŦŦŜŎǘǎ ƻƴ ŎŜƭƭ Ǿƛŀōƛƭƛǘȅ 

.ŜǊǊƻŎŀƭΣ aΦ мΣ /ƻǊŘƻōŀπDǊŀƴŀŘƻǎΣ WΦWΦмΣ /ŀǊŀōƛƴŜƛǊƻΣ {Φ!Φ/Φ нΣ !ǳǊŜƭƛŀƴƻΣ aΦ оΣп ŀƴŘ aŀǘŀΣ !ΦaΦ мϝ 

м5ŜǇŀǊǘŀƳŜƴǘƻ ŘŜ .ƛƻǉǳƝƳƛŎŀ ȅ .ƛƻƭƻƎƝŀ aƻƭŜŎǳƭŀǊ ȅ DŜƴŞǘƛŎŀΣ CŀŎǳƭǘŀŘ ŘŜ /ƛŜƴŎƛŀǎΣ ŀƴŘ Lƴǎǘƛǘǳǘƻ ŘŜ .ƛƻƳŀǊŎŀŘƻǊŜǎ 
ŘŜ tŀǘƻƭƻƎƝŀǎ aƻƭŜŎǳƭŀǊŜǎΣ ¦ƴƛǾŜǊǎƛŘŀŘ ŘŜ 9ȄǘǊŜƳŀŘǳǊŀΣ лсллс .ŀŘŀƧƻȊΣ {Ǉŀƛƴ 

н[!v±πw9v¦La¢9Σ 5ŜǇŀǊǘƳŜƴǘ ƻŦ /ƘŜƳƛǎǘǊȅΣ bh±! {ŎƘƻƻƭ ƻŦ {ŎƛŜƴŎŜ ŀƴŘ ¢ŜŎƘƴƻƭƻƎȅΣ ¦ƴƛǾŜǊǎƛŘŀŘŜ bh±! ŘŜ [ƛǎōƻŀΣ 
нунфπрмс /ŀǇŀǊƛŎŀΣ tƻǊǘǳƎŀƭΤ оC/¢Σ ¦ƴƛǾŜǊǎƛŘŀŘŜ Řƻ !ƭƎŀǊǾŜΣ уллрπмоф CŀǊƻΣ tƻǊǘǳƎŀƭΤ п//aŀǊΣ C/¢Σ ¦ƴƛǾŜǊǎƛŘŀŘŜ Řƻ 

!ƭƎŀǊǾŜΣ уллрπмоф CŀǊƻΣ tƻǊǘǳƎŀƭ 

ϝ/ƻǊǊŜǎǇƻƴŘŜƴŎŜΥ ŀƴŀƳϪǳƴŜȄΦŜǎ 

Background. Plasma membrane calcium ATPases (PMCA) are key proteins in the maintenance of calcium 

homeostasis. Dysregulation of PMCA function has been associated with several human pathologies, including 

neurodegenerative diseases and therefore these proteins are potential drug targets to counteract those 

diseases. Gold compounds, namely of Au(I), are well-known for their therapeutic use in rheumatoid arthritis 

and other diseases for centuries. Herein, we report for the first time the ability of four Au(I and III) compounds 

to interefere with PMCA activity. 

Methods. Au(I) and Au(III) complexes were used. Dichloro(2-pyridinecarboxylate)gold(III) (1) was purchased 

from Aldrich. The Au(I) complexes chlorotrimethylphosphinegold(I) (2), 1,3-bis(2,6-

diisopropylphenyl)imidazol-2-ylidene gold(I) chloride (3) and chlorotriphenylphosphine gold(I) (4) were 

purchased from Strem Chemicals. Steady-state assays of the PMCA activity were measured 

ǎǇŜŎǘǊƻǇƘƻǘƻƳŜǘǊƛŎŀƭƭȅ ŀǘ от ɕ/Σ ǳǎƛƴƎ ǘƘŜ ŎƻǳǇƭŜŘ Ŝƴzyme pyruvate kinase/lactate dehydrogenase assay, as 

described elsewhere [1]. Purified pig brain PMCA was reconstituted in phosphatidylcholine IIS and added to 

the assay medium. Activities were measured after subsequent additions of 1 mM ATP and freshly prepared 

gold solutions. All experiments were performed at least in triplicate. The inhibitory power of the tested gold 

compounds was evaluated by determining their half maximal inhibitory concentration (IC50). SH-SY5Y 

neuroblastoma cell cultures and treatments were performed as described in [3]. 

Results. The Au(III) compound (1) inhibits PMCA activity with and IC50 values of 4,9 µM, while Au(I) 

compounds (2, 3 and 4) inhibit the protein activity with IC50 values of 2.9 µM, 18.1 µM and 0.9 µM, 

respectively. Regarding the native substrate MgATP, gold compounds 1 and 4 showed a non-competitive 

inhibition, whereas compounds 2 and 3 showed a mixed inhibition. The results suggested that different 

compounds have different modes of interaction with the PMCA, and both Au(III) as Au(I) compounds showed 

good inhibitory capacity for this enzyme. Gold compounds, at the assayed concentrations  are shown to be 

cytotoxic to SH-SY5Y human neuroblastoma cell cultures. However, co-treatment of cells with methylene 

blue partially prevented cell death. 

Conclusions. PMCA activity is inhibited by both Au (I and III) compounds. Their IC50 values of inhibition are in 

the range of 0.9 to 18 ˃M. Values particularly important were found for the Au(I) compound 4 (IC50 < 1 ˃ M), 

similar to the ones previously described recently for gold compounds 2 and 4 with SERCA (sarco and (endo) 

reticulum Ca2+-ATPase) [2]. The results obtained with compound 4 with and IC50 < 1 ˃ M show that this Ca2+-

ATPase can be used as a therapeutic target in medicinal inorganic chemistry. Gold compounds affect SH-SY5Y 

cells viability. 
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C/осπ¦ƴǊŀǾŜƭƛƴƎ ǘƘŜ ƳŜŎƘŀƴƛǎƳ ƻŦ ŀǉǳŀǇƻǊƛƴπмл ƛǊǊŜǾŜǊǎƛōƭŜ ƛƴƘƛōƛǘƛƻƴ 

ōȅ ƻǊƎŀƴƻƎƻƭŘ ŎƻƳǇƻǳƴŘǎ 

 
tƛƳǇńƻΦ/ΦмΣнΣ ²ǊŀƎƎΦ 5ΦоΣ .ƻƴǎƛƎƴƻǊŜΦwΦоΣ !ƛƪƳŀƴΦ .ΦоΣпΣ tŜŘŜǊǎŜƴΦ tΦ !ΦрΣ [ŜƻƴƛΦ {ΦпΣ /ŀǎƛƴƛΦ !Φо ŀƴŘ {ƻǾŜǊŀƭΦ 

DΦмΣн 

 
мwŜǎŜŀǊŎƘ LƴǎǘƛǘǳǘŜ ŦƻǊ aŜŘƛŎƛƴŜǎ όƛaŜŘΦ¦[ƛǎōƻŀύΣ CŀŎǳƭǘȅ ƻŦ tƘŀǊƳŀŎȅΣ ¦ƴƛǾŜǊǎƛŘŀŘŜ ŘŜ [ƛǎōƻŀΣ мспфπлло [ƛǎōƻŀΣ 

tƻǊǘǳƎŀƭΤ н5ŜǇŀǊǘƳŜƴǘ ƻŦ tƘŀǊƳŀŎŜǳǘƛŎŀƭ {ŎƛŜƴŎŜǎ ŀƴŘ aŜŘƛŎƛƴŜǎΣ CŀŎǳƭǘȅ ƻŦ tƘŀǊƳŀŎȅΣ ¦ƴƛǾŜǊǎƛŘŀŘŜ ŘŜ [ƛǎōƻŀΣ мспфπ
лло [ƛǎōƻŀΣ tƻǊǘǳƎŀƭΤ о5ŜǇŀǊǘƳŜƴǘ ƻŦ /ƘŜƳƛǎǘǊȅΣ ¢ŜŎƘƴƛŎŀƭ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ aǳƴƛŎƘΣ уртпт DŀǊŎƘƛƴƎ ōŜƛ aǸƴŎƘŜƴΣ 
DŜǊƳŀƴȅΤ п{ŎƘƻƻƭ ƻŦ /ƘŜƳƛǎǘǊȅΣ /ŀǊŘƛŦŦ ¦ƴƛǾŜǊǎƛǘȅΣ aŀƛƴ .ǳƛƭŘƛƴƎΣ tŀǊƪ tƭŀŎŜΣ /ŀǊŘƛŦŦ /Cмл о!¢Σ ¦ƴƛǘŜŘ YƛƴƎŘƻƳΤ 
р5ŜǇŀǊǘƳŜƴǘ ƻŦ .ƛƻƭƻƎȅΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ /ƻǇŜƴƘŀƎŜƴΣ ¦ƴƛǾŜǊǎƛǘŜǘǎǇŀǊƪŜƴ моΣ 5Yπнмлл /ƻǇŜƴƘŀƎŜƴ h9Σ 5ŜƴƳŀǊƪ 

 
9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ǇƛƳǇŀƻŎŀǘŀǊƛƴŀϪƎƳŀƛƭΦŎƻƳ 

 

Background. Aquaporins (AQPs) are membrane protein channels that facilitate the diffusion of water and 

small solutes across cell membranes. AQPs have emerged as promising drug targets for their involvement in 

a variety of pathologies, unveiling the use of potent and selective AQP modulators as promising approaches 

for treatment of AQP-associated diseases. Organometallic gold(III) complexes have gained interest with 

Auphen being discovered as a potent human AQP3 inhibitor [1]. The mechanism behind this interaction was 

also reported, showing a reversible binding between the gold metal and AQP3 Cys40 residue [2]. Here, we 

investigated the inhibitory effect of new cyclometalated Au(III) C^N compounds in human AQP10 (hAQP10), 

an aquaglyceroporin expressed in the adipose tissue with relevance in body energy homeostasis [3]. 

Methods. Using aqy-null yeast cells transformed with a plasmid encoding hAQP10, we tested the 

ŎƻƳǇƻǳƴŘǎΩ ƛƴƘƛōƛǘƻǊȅ ŜŦŦŜŎǘ ƻƴ ƎƭȅŎŜǊƻƭ ǇŜǊƳŜŀōƛƭƛǘȅ ǳǎƛƴƎ ǎǘƻǇǇŜŘ-flow fluorescence. Knowing that these 

compounds can react with cysteine residues and lead to the formation of stable and irreversible C-S bonds, 

we evaluated the reversibility of organogold compounds bond to hAQP10 cysteine residues, in the presence 

ƻŦ ʲ-mercaptoethanol. Moreover, we investigated their binding mechanism through molecular modelling 

and metadynamics atomistic simulations. 

Results. Permeability assays revealed Au(III) CCON complex as one of the most potent of the cyclometalated 

Au(III) C^N compound series to inhibit hAQP10-mediated glycerol transport. These compounds revealed to 

irreversibly inhibit hAQP10-mediated glycerol permeability, probably due to the establishment of C-S bonds. 

Computational studies revealed a local arylation of hAQP10 Cys209 residue by Au(III) CCON complex, resulting 

in alteration of the glycerol conductance pathway with overall shrinkage of the pore, while water flux was 

barely affected. Thereby, even if the arylation occurs at a distance from the channel selectivity filters, the 

whole pore responds to this local modification. 

Conclusions. Altogether, we found Au(III) CCON complex as a potent inhibitor of hAQP10 glycerol permeability 

and identified a new mechanism of hAQP10 irreversible modulation by establishment of a C-S bond. 
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C/отπtǊŜƭƛƳƛƴŀǊȅ {ǘǊǳŎǘǳǊŀƭ ŎƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ƻŦ ƘǳƳŀƴ Dƭŀ wƛŎƘ tǊƻǘŜƛƴ 
ƛƴǾƻƭǾŜŘ ƛƴ ǘƘŜ ƛƴƘƛōƛǘƛƻƴ ƻŦ ƳƛƴŜǊŀƭ ŎǊȅǎǘŀƭ ŦƻǊƳŀǘƛƻƴ ƛƴ ǾŀǎŎǳƭŀǊ 

ŎŀƭŎƛŦƛŎŀǘƛƻƴ 
 

aŀŎŜŘƻΦ ![мΣ {ƛƭǾŀΦ WtмΣ $ƴƎŜƭƻΦ wмΣ ±ƛŜƎŀǎΦ/{.нΣоΣ {ƛƳŜǎΦ5/нΣо 
 

м¦/L.Lh π !ǇǇƭƛŜŘ aƻƭŜŎǳƭŀǊ .ƛƻǎŎƛŜƴŎŜǎ ¦ƴƛǘΣ 5ŜǇŀǊǘŀƳŜƴǘƻ ŘŜ vǳƝƳƛŎŀΣ ŀƴŘ !ǎǎƻŎƛŀǘŜ [ŀōƻǊŀǘƻǊȅ ƛпI. π LƴǎǘƛǘǳǘŜ ŦƻǊ 
IŜŀƭǘƘ ŀƴŘ .ƛƻŜŎƻƴƻƳȅΣ bh±! {ŎƘƻƻƭ ƻŦ {ŎƛŜƴŎŜ ŀƴŘ ¢ŜŎƘƴƻƭƻƎȅ μ C/¢π¦b[Σ /ŀǇŀǊƛŎŀΣ tƻǊǘǳƎŀƭΣ н/ŜƴǘǊŜ ƻŦ aŀǊƛƴŜ 

{ŎƛŜƴŎŜǎΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ !ƭƎŀǊǾŜΣ tƻǊǘǳƎŀƭΤ оDŜƴƻDƭŀ 5ƛŀƎƴƻǎǘƛŎǎΣ //a!wΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ !ƭƎŀǊǾŜΣ tƻǊǘǳƎŀƭ 
 

9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ !ƴƧƻǎΦaŀŎŜŘƻϪŦŎǘΦǳƴƭΦǇǘ 

 

Background. Vascular calcification (VC) is recognized as an active, highly controlled, cell-mediated process of 

osteochondrogenic differentiation of vascular smooth muscle cells (VSMCs), sharing many features with bone 

development. Human Gla-rich protein, hGRP, is a vitamin K-dependent protein, with high content in 

carboxyglutamic acid (Gla) residues, 15 in a total of 74. Gla residues are known for their ability to bind metals, 

specifically calcium ions. Furthermore, GRP can also bind calcium crystals such as hydroxyapatite, which can 

be found in mineralized extracellular matrix. We have recently shown that hGRP acts as an inhibitor of VC 

and its function is probably associated with preventing calcium-induced signalling pathways and direct 

mineral-binding to inhibit crystal formation/maturation. 

To understand the molecular mechanism involved in this inhibition, we explore the structural features of 

hGRP by NMR spectroscopy, one of the main techniques in protein structure determination, allowing to 

explore protein-ligand interactions in solution and in confined media.  

Methods. Recombinant hGRP, rhGRP, was expressed in E. coli BL21 (DE3) cells and isotopically labeled with 
15N and 13C. Solubilization and refolding of the protein from inclusion bodies was optimized during the 

purification process. Non- -carboxilated protein was prepare in phosphate buffer for NMR experiments: i) 
1H-15N HSQC, 13C detected CON and 13C-13C-FLOPSY experiments were collected in a Bruker 600 MHz AVANCE 

III spectrometer; ii) HR-MAS experiments were performed at 500MHz, in a lyophilized sample of rhGRP, 

obtained after overnight incubation with commercial hydroxyapatite. 

Results. The 1H-15N HSQC spectrum of rh-GRP reveals poor chemical shift dispersion of the resonances, 

characteristic of an unfolded, or partially folded protein. 13C-detected experiments are used to achieve a 

better resonance dispersion as observed in 13C-CON experiments. Several Thr and Ser spin systems can be 

identified in a preliminary assignment of 13C-13C-FLOPSY spectrum. The preliminary HR-MAS experiments 

confirmed that rh-GRP can also bind to hydroxyapatite and that we can use this system to characterize this 

protein-ligand interaction. 

Conclusions. This is the first structural study of rhGRP using solution NMR. NMR experiments showed that 

rhGRP is an intrinsically disordered protein and 13C detected experiments are the most efficient way of 

ŀǎǎƛƎƴƛƴƎ ǘƘŜ ǇǊƻǘŜƛƴΩǎ ǊŜǎƛŘǳŜǎ ŘǳŜ ǘƻ ǘƘŜ ƛƴŎǊŜŀǎŜ ƛƴ ǎǇectral resolution.  
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C/оуπ¦ƴǊŀǾŜƭƭƛƴƎ ǘƘŜ {ǘǊǳŎǘǳǊŀƭ CŜŀǘǳǊŜǎ ƻŦ {ŀŎŎƘŀǊƻƳȅŎŜǎ ŎŜǊŜǾƛǎƛŀŜ 

!ŎŜǘŀǘŜ ¢ǊŀƴǎǇƻǊǘŜǊ !Řȅнκ!ǘƻм 

wŜƴŘǳƭƛŎ ¢Σ !ƭǾŜǎ WΣ {ƻŀǊŜǎπ{ƛƭǾŀ LΣ /ŀǎŀƭ a 

/ŜƴǘǊŜ ƻŦ aƻƭŜŎǳƭŀǊ ŀƴŘ 9ƴǾƛǊƻƴƳŜƴǘŀƭ .ƛƻƭƻƎȅΣ 5ŜǇŀǊǘƳŜƴǘ ƻŦ .ƛƻƭƻƎȅΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ aƛƴƘƻΣ /ŀƳǇǳǎ ŘŜ DǳŀƭǘŀǊΣ 
.ǊŀƎŀΣ tƻǊǘǳƎŀƭ 

 
9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ǘƻƴƛΦǊŜƴŘǳƭƛŎϪōƛƻΦǳƳƛƴƘƻΦǇǘ 

 

Organic acids are ubiquitous compounds in the nature while also being of high industrial relevance, with 

application in polymer, food, agricultural and pharmaceutical sectors. Plasma membrane transporters are 

typically required for cells to consume organic acids as carbon sources or to export them as metabolic 

products, since organic acids predominantly exist in their negatively charged form when the pH is higher than 

their pKa value, and therefore cannot cross the plasma membrane via simple diffusion. Recently, membrane 

transporters started receiving greater attention in metabolic engineering strategies for microbial production 

of organic acids. Saccharomyces cerevisiae is a common microbial platform for organic acid production 

because of its tolerance to acidic conditions and simplicity of its genetic manipulation. Ato1 is the main 

transporter responsible for the uptake of acetic acid into the cytosol in S. cerevisiae (1).  It is also able to 

mediate organic acid transport in the opposite direction, as it was shown to be involved in the export of lactic 

acid from S. cerevisiae cells engineered for lactic acid production (2). Ato1 is a member of the Acetate Uptake 

Transporter Family (AceTR) (3), with several functionally characterized homologues in yeast, fungi, and 

bacteria (3, 4, 5). The recently solved crystal structure of its bacterial homologue, SatP, depicts a hexameric 

anion channel. In this work, we studied the relationship between structure and function of Ato1 via rational 

mutagenesis approach. After physiologically characterizing S. cerevisiae cells expressing mutated ATO1 

alleles, we identified residues critical for Ato1 substrate specificity and transport activity. By utilizing 

computer-assisted three-dimensional modelling tools, we provide possible explanations of acquired 

phenotypes. Our final goal is to test the applicability of these transporters in yeast cell factories to improve 

the production of organic acids. 
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C/офπ¦ƴǊŀǾŜƭƭƛƴƎ ŘŜƴƎǳŜ ǾƛǊǳǎ ŎŀǇǎƛŘ ǇǊƻǘŜƛƴ ƛƴǘŜǊŀŎǘƛƻƴ ǿƛǘƘ ǾƛǊŀƭ 

ƎŜƴƻƳŜ 

 
bŜƭƭȅ aΦ {ƛƭǾŀмΣ !ƴŀ {Φ aŀǊǘƛƴǎмΣ bƛƴŀ YŀǊƎǳǘƘмΣ CǊŀƴŎƛǎŎƻ WΦ 9ƴƎǳƛǘŀмΣ wƻƭŀƴŘ DΦ IǳōŜǊнΣ bǳƴƻ /Φ {ŀƴǘƻǎмΣ LǾƻ 

/Φ aŀǊǘƛƴǎм 
 

мLLƴǎǘƛǘǳǘƻ ŘŜ aŜŘƛŎƛƴŀ aƻƭŜŎǳƭŀǊΣ CŀŎǳƭŘŀŘŜ ŘŜ aŜŘƛŎƛƴŀΣ ¦ƴƛǾŜǊǎƛŘŀŘŜ ŘŜ [ƛǎōƻŀΣ мспфπ лну [ƛǎōƻƴΣ tƻǊǘǳƎŀƭΤ 
н.ƛƻƛƴŦƻǊƳŀǘƛŎǎ LƴǎǘƛǘǳǘŜ ό.LLύΣ !ƎŜƴŎȅ ŦƻǊ {ŎƛŜƴŎŜΣ ¢ŜŎƘƴƻƭƻƎȅ ŀƴŘ wŜǎŜŀǊŎƘ ό!ϝ{¢!wύΣ моустм {ƛƴƎŀǇƻǊŜΣ {ƛƴƎŀǇƻǊŜ 

 
9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ƴŜƭƭȅǎƛƭǾŀϪƳŜŘƛŎƛƴŀΦǳƭƛǎōƻŀΦǇǘ 

 

Background. Dengue virus (DENV) and Zika virus (ZIKV) are mosquito-borne flaviviruses, sharing structural 

features. The nucleocapsid core of the mature virion is formed by the 11 kb viral (+) singlestranded RNA 

condensed with multiple copies of the capsid (C) protein. This is an essential protein, conserved among 

flaviviruses, which is involved in key steps of the viral life cycle, namely encapsidation and viral assembly. 

One key step, essential for viral replication, requires DENV C specific binding to intracellular lipid droplets 

(LD), an interaction that was fully characterized. In addition to the interaction with LDs, it was also 

demonstrated by us that DENV C interacts specifically with host very low-density lipoproteins (VLDL) and viral 

RNA. Those findings led to the development of pep14-23, a patented peptide based on the region comprising 

amino acids 14 to 23 of DENV C, which is able to inhibit DENV C binding to LDs and VLDL. 

Methods. Then, in order to characterize DENV and ZIKV C binding to the viral RNA, through biophysical 

approaches, we started examining locations within the viral RNA to which the protein has higher affinity, 

with specific RNA sequences being identified.  

Results. Preliminary circular dichroism data show that some analogous DNA sequences used as proxies of 

selected RNA sequences do indeed interact with DENV C, causing changes in the protein secondary structure.  

Conclusions. Other biophysical approaches, such as dynamic light scattering, fluorescence and nuclear 

magnetic resonance spectroscopies, are being applied to better characterize this phenomenon, DENV C 

regions to which the viral RNA is prone to bind. These data will allow to select, test and develop inhibitors 

against this essential interaction of DENV C with viral RNA. This methodology used for DENV might be applied 

to other related flaviviruses (such as ZIKV), as well as other human viral pathogens. 
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C/плπLƴǘŜƎǊŀǘŜŘ ōƛƻŎƘŜƳƛŎŀƭ ŀƴŘ ŎƻƳǇǳǘŀǘƛƻƴŀƭ ŀǇǇǊƻŀŎƘ ǊŜǾŜŀƭǎ ƴƻǾŜƭ 
ƳŜŎƘŀƴƛǎƳǎ ǳƴŘŜǊƭȅƛƴƎ ǘƘŜ ŀƴǘƛŦǳƴƎŀƭ ŀŎǘƛǾƛǘȅ ƻŦ ǘƘŜ ƳƛƭƪπŘŜǊƛǾŜŘ 

ƭŀŎǘƻŦŜǊǊƛƴ ǇǊƻǘŜƛƴ 

 
/łǘƛŀ {ŀƴǘƻǎπtŜǊŜƛǊŀмΣ нΣ aŀǊƝŀ ¢Φ !ƴŘǊŞǎоΣ Wǳƭƛŀƴŀ CΦ wƻŎƘŀпΣ IŜƴǊƛǉǳŜ {Φ CŜǊƴŀƴŘŜǎпΣ {ǳǎŀƴŀ wΦ /ƘŀǾŜǎмΣ WƻǎŞ 
CΦ CƛŜǊǊƻоΣ IŜǊƴŃƴƛ DŜǊƽǎмΣ {ǘŞǇƘŀƴ aŀƴƻƴрΣ {ŞǊƎƛƻ CΦ {ƻǳǎŀпΣ [ƝƎƛŀ wΦ wƻŘǊƛƎǳŜǎΣ aŀƴǳŜƭŀ /ƾǊǘŜπwŜŀƭмϝ 

 
м/ŜƴǘǊŜ ƻŦ aƻƭŜŎǳƭŀǊ ŀƴŘ 9ƴǾƛǊƻƴƳŜƴǘŀƭ .ƛƻƭƻƎȅ ό/.a!ύΣ 5ŜǇŀǊǘƳŜƴǘ ƻŦ .ƛƻƭƻƎȅΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ aƛƴƘƻΣ птмлмπ лрт 
.ǊŀƎŀΣ tƻǊǘǳƎŀƭΣ н/ŜƴǘǊŜ ƻŦ .ƛƻƭƻƎƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎ ό/9.ύΣ 5ŜǇŀǊǘƳŜƴǘ ƻŦ .ƛƻƭƻƎƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ aƛƴƘƻΣ 
птмлнπлрт .ǊŀƎŀΣ tƻǊǘǳƎŀƭΣ о[ŀōƻǊŀǘƻǊȅ ƻŦ hǊŀƭ aƛŎǊƻōƛƻƭƻƎȅΣ ¦ƴƛǾŜǊǎƛǘȅ /ƭƛƴƛŎ ƻŦ 5ŜƴǘƛǎǘǊȅ ό/[¦hύΣ ŀƴŘ 5ŜǇŀǊǘƳŜƴǘ ƻŦ 

CǳƴŎǘƛƻƴŀƭ .ƛƻƭƻƎȅ όaƛŎǊƻōƛƻƭƻƎȅύΣ CŀŎǳƭǘȅ ƻŦ aŜŘƛŎƛƴŜΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ hǾƛŜŘƻΣ ооллс hǾƛŜŘƻΣ !ǎǘǳǊƛŀǎΣ {ǇŀƛƴΣ 
п¦/L.LhϪw9v¦La¢9Σ .ƛƻ{LaΣ 5ŜǇŀǊǘŀƳŜƴǘƻ ŘŜ .ƛƻƳŜŘƛŎƛƴŀΣ CŀŎǳƭŘŀŘŜ ŘŜ aŜŘƛŎƛƴŀ Řŀ ¦ƴƛǾŜǊǎƛŘŀŘŜ Řƻ tƻǊǘƻΣ tƻǊǘƻΣ 
tƻǊǘǳƎŀƭΣр Lƴǎǘƛǘǳǘ ŘŜ .ƛƻŎƘƛƳƛŜ Ŝǘ ŘŜ DŞƴŞǘƛǉǳŜ /ŜƭƭǳƭŀƛǊŜǎΣ ¦awрлфрΣ /bw{ Ŝǘ ¦ƴƛǾŜǊǎƛǘŞ ŘŜ .ƻǊŘŜǳŀȄΣ /{смофлΣ м 

wǳŜ /ŀƳƛƭƭŜ {ŀƛƴǘπ{ŀšƴǎΣ ооллл .ƻǊŘŜŀǳȄΣ CǊŀƴŎŜ 
 

9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ŎŀǘƛŀфмǇŜǊŜƛǊŀϪƎƳŀƛƭΦŎƻƳ 

 

Background. Lactoferrin (Lf) is a naturally occurring iron-binding protein and one of the most well-known 

milk bioactive compounds. It exhibits a remarkable wide-spectrum antifungal activity against a wide 

collection of yeasts and filamentous fungi. However, the molecular mechanisms underlying this activity are 

still poorly elucidated, which limits Lf application as an antifungal agent. To deepen our understanding on 

this subject, the role of plasma membrane ergosterol- and sphingolipid-rich lipid rafts and their association 

with the proton pump Pma1p, previously identified as a Lf-binding protein, was explored. The effect of Lf on 

the vacuolar proton pump V-ATPase was also addressed. 

Methods.  A combination of biochemical and computational studies was developed to unravel the 

ƳŜŎƘŀƴƛǎƳǎ ǳƴŘŜǊƭȅƛƴƎ [ŦΩǎ ŀƴǘƛŦǳƴƎŀƭ ŀŎǘƛǾƛǘȅΦ  

Results. We showed that bovine Lf (bLf) perturbs ergosterol-rich lipid rafts organization by inducing 

intracellular accumulation of ergosterol. Furthermore, we found that perturbations in the composition of 

these membrane domains increase resistance to bLf-induced yeast cell death, and that when Pma1p-lipid 

rafts association is compromised, the bLf killing activity is impaired. bLf further inhibited the activity of V-

ATPase leading to vacuolar alkalinization. By employing a multi-level computational approach, we unraveled 

the putative mechanism by which Lf inhibits V-ATPase and identified key binding residues that will certainly 

aid in the rational design of follow-up experimental studies, bridging in this way computational and 

experimental biochemistry. 

Conclusions. We believe our data will help to pave the way for the use of bLf for the treatment/eradication 

of clinically and agronomically relevant yeast/fungal pathogens 
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C/пм {ŀƳŀƴǘƘŀ 
aŀƴŎƛƴƻ 

!ƭƭŜƭŜπǎǇŜŎƛŦƛŎ ǘǊŀƴǎŎǊƛǇǘƛƻƴŀƭ ŀƴŘ ŜǇƛƎŜƴŜǘƛŎ ǎƛƎƴŀǘǳǊŜǎ ƻŦ ǘƘŜ 
ŀƎƛƴƎ ōǊŀƛƴ 

C/пн Wƻŀƴŀ tƻŜƧƻ !ƳȅƭƻƛŘ ό̡мπпнύ ōƛƴŘƛƴƎ ǘƻ ŎŀƭƳƻŘǳƭƛƴ ŀƴŘ ƭƛǇƛŘ ǊŀŦǘǎ ƛƴƘƛōƛǘǎ [π
ǘȅǇŜ ŎŀƭŎƛǳƳ ŎƘŀƴƴŜƭǎ ƛƴ ŎŜǊŜōŜƭƭŀǊ ƎǊŀƴǳƭŜ ƴŜǳǊƻƴǎ 

C/по CŜǊƴŀƴŘŀ 
aǳǊǘƛƴƘŜƛǊŀ 

!ǘŀȄƛŀ ǊŜƭŀǘŜŘ ǇǊƻǘŜƛƴ ǎŀŎǎƛƴ ƪƴƻŎƪƻǳǘ ŘƛǎǊǳǇǘǎ ǘƘŜ ƛƴǘŜǊƳŜŘƛŀǘŜ 
ŦƛƭŀƳŜƴǘǎ ƴŜǘǿƻǊƪ ƛƴ Ǝƭƛŀƭ ŎŜƭƭǎ 

C/пп .ŜŀǘǊƛȊ aŀǊǘƛƴǎ LƴŦƭŀƳƳŀǘƛƻƴ ƛƴŘǳŎŜǎ ǊŜǘƛƴŀƭ ǇƛƎƳŜƴǘ ŜǇƛǘƘŜƭƛǳƳ ƳƻƴƻƭŀȅŜǊ 
ŘƛǎǊǳǇǘƛƻƴ ŀƴŘ ǊŜƭŜŀǎŜ ƻŦ ŘƛǎǘƛƴŎǘ ǇƻǇǳƭŀǘƛƻƴǎ ƻŦ ŜȄǘǊŀŎŜƭƭǳƭŀǊ 
ǾŜǎƛŎƭŜǎ 

C/пр [ŜƻƴƻǊ /ŀƴŎŜƭŀ LƴǾƻƭǾŜƳŜƴǘ ƻŦ aDt ƛƴ !ŦǊƛŎŀƴ {Ǉƛƴȅ ƳƛŎŜ ŜŀǊ ǊŜƎŜƴŜǊŀǘƛƻƴ 

C/пс {ǳƴƛƭ tƻǳŘŜƭ a9Yκ9wY ŀƴŘ Ŏ!atκtY! ƳŜŘƛŀǘŜ ILCπмh ǎƛƎƴŀƭƭƛƴƎ ŘǳǊƛƴƎ 
ƳƛǘƻŎƘƻƴŘǊƛŀƭ ŀƴǘƛƻȄƛŘŀƴǘ ƛƴŘǳŎŜŘ ƻǎǘŜƻōƭŀǎǘƻƎŜƴŜǎƛǎ 

C/пт {ǳǎŀƴŀ /ƻǎǘŀ tǳǊǎǳƛƴƎ ǘƘŜ ƪŜȅ ǊŜǎƛŘǳŜǎ ōŜƘƛƴŘ 5ƛǎо[н ǎǇŜŎƛŦƛŎƛǘȅ 

C/пу 5ŀƴƛŜƭŀ aŀǊǘƛƴǎ 
!ƭǾŜǎ 

¢ƘŜ ǊƻƭŜ ƻŦ ǳƴŘŜǊǎǘǳŘƛŜŘ ǇƻǎǘπǘǊŀƴǎƭŀǘƛƻƴŀƭ ƳƻŘƛŦƛŎŀǘƛƻƴǎ ƻƴ 
{¢!¢о ōŜƘŀǾƛƻǊ ŀƴŘ ŦǳƴŎǘƛƻƴ 

C/пф !ƴŀ [ŜŘƻ IȅŘǊƻƎŜƴ tŜǊƻȄƛŘŜ ŀǎ ŀƴ LƴǘŜǊŎŜƭƭǳƭŀǊ wŜŘƻȄ {ƛƎƴŀƭƛƴƎ aƻƭŜŎǳƭŜ ƛƴ 
ǘƘŜ .ǊŀƛƴΥ 5ƛŦŦǳǎƛǾƛǘȅΣ ¦ǇǘŀƪŜ ŀƴŘ wŜƳƻǾŀƭ 

C/рл aŀǊƛŀ ¢ŜƛȄŜƛǊŀ !ǳǘƻǎƻƳŀƭ ǊŜŎŜǎǎƛǾŜ ǎǇŀǎǘƛŎ ŀǘŀȄƛŀ ƻŦ /ƘŀǊƭŜǾƻƛȄπ{ŀƎǳŜƴŀȅΥ ! о5 
ŜǇƛŘŜǊƳŀƭ ƳƻŘŜƭ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǎŀŎǎƛƴ ŦǳƴŎǘƛƻƴ ƛƴ ǘƘŜ ǎƪƛƴ 

C/рм tŜŘǊƻ /ƻǊŘŀ tǊƻǘŜƻƳƛŎ ŀƴŀƭȅǎƛǎ ŀǎ ŀ ǘƻƻƭ ǘƻ ƛŘŜƴǘƛŦȅ ƪŜȅ ŘƛŦŦŜǊŜƴǘƛŀƭƭȅ ŜȄǇǊŜǎǎŜŘ 
ǇǊƻǘŜƛƴǎ ŘǳǊƛƴƎ ƘǳƳŀƴ ǎǇŜǊƳ ŎǊȅƻǇǊŜǎŜǊǾŀǘƛƻƴ 

C/рн 5ŞōƻǊŀ ±ŀǊŜƭŀ LƴǾƻƭǾŜƳŜƴǘ ƻŦ ½ƴŦсут ŘǳǊƛƴƎ ƻǎǘŜƻōƭŀǎǘ ǇǊƻƭƛŦŜǊŀǘƛƻƴ ŀƴŘ 
ŘƛŦŦŜǊŜƴǘƛŀǘƛƻƴ 

 

/ƘŀƛǊǎΥ ¢ƛŀƎƻ hƭƛǾŜƛǊŀ ό¦aƛƴύΣ Wƻńƻ [ŀǊŀƴƧƛƴƘŀ ό¦/ύ 
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C/пмπ!ƭƭŜƭŜπǎǇŜŎƛŦƛŎ ǘǊŀƴǎŎǊƛǇǘƛƻƴŀƭ ŀƴŘ ŜǇƛƎŜƴŜǘƛŎ ǎƛƎƴŀǘǳǊŜǎ ƻŦ ǘƘŜ ŀƎƛƴƎ 
ōǊŀƛƴ 
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Background. Aging -specific epigenetic drift has been mostly studied at the level of DNA methylation, where 

consistent changes in 5-methycytosine levels at several genomic regions have been noticed. DNA 

methylation is a common mechanism regulating monoallelic expression of different genes, including 

imprinted genes expressed in a parent-of-origin-specific manner. How age-related alterations of methylation 

levels varies across alleles and impact on monoallelic expression is not known. In the brain, this phenomenon 

may contribute mechanistically to neuronal dysfunction and diseases. In order to investigate the allele-

specific transcriptional and epigenetic signatures of aging, we used key brain areas, hippocampus (HCP) and 

cerebellum (CB), of juvenile and old hybrid mice obtained from BL6×CAST/EiJ (CAST) reciprocal crosses.  

We set out to explore whether epigenetic drift affects global DNA methylation machinery by investigating 5-

methylcytosine (5-mC) and 5-hydroxymethylcytosine (5-hmC) levels.  

Methods. Mass spectrometry analysis showed a significant increase of 5hmC levels in HCP of old mice. This 

was associated with a decrease of the expression of ten eleven translocation methylcytosine dioxygenase 

(Tet) enzymes. The expression of several repetitive elements (LINEs, SINEs, IAP) was also analysed, strictly 

dependent on 5mC and 5hmC levels, and reporting a reduction of the intracisternal A-particle (IAP) 

retrotransposons in HCP of old mice. 

Results. We then uncovered the allelic-specific DNA methylation profile of aging using genomic imprinting as 

a read-out by taking advantage of IMPLICON, a targeted amplicon sequencing method for imprinted regions 

with unprecedented resolution. Our results showed imprinting does not seem substantially affected during 

aging and did not affect their normal monoallelic expression for the loci analyzed. 

Conclusions. This work provides the first epigenetic and transcriptional landscape of aging with allelic 

resolution. This knowledge will be valuable to find novel biomarkers of aging that might be helpful in the 

early diagnosis of neurodegenerative diseases.  
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C/пнπ!ƳȅƭƻƛŘ ό̡мπпнύ ōƛƴŘƛƴƎ ǘƻ ŎŀƭƳƻŘǳƭƛƴ ŀƴŘ ƭƛǇƛŘ ǊŀŦǘǎ ƛƴƘƛōƛǘǎ [πǘȅǇŜ 

ŎŀƭŎƛǳƳ ŎƘŀƴƴŜƭǎ ƛƴ ŎŜǊŜōŜƭƭŀǊ ƎǊŀƴǳƭŜ ƴŜǳǊƻƴǎ 

 
tƻŜƧƻΣ WмΣ {ŀƭŀȊŀǊΣ WмΣнΣ aŀǘŀΣ !aмΣо ŀƴŘ DǳǘƛŜǊǊŜȊπaŜǊƛƴƻΣ /мΣо 

 
мLƴǎǘƛǘǳǘƻ ŘŜ .ƛƻƳŀǊŎŀŘƻǊŜǎ ŘŜ tŀǘƻƭƻƎƝŀǎ aƻƭŜŎǳƭŀǊŜǎΣ ¦ƴƛǾŜǊǎƛŘŀŘ ŘŜ 9ȄǘǊŜƳŀŘǳǊŀΣ лсллс .ŀŘŀƧƻȊΣ {ǇŀƛƴΤ 
н5ŜǇŀǊǘŀƳŜƴǘƻ ŘŜ vǳƝƳƛŎŀΣ ¦ƴƛǾŜǊǎƛŘŀŘ bŀŎƛƻƴŀƭ !ǳǘƽƴƻƳŀ ŘŜ bƛŎŀǊŀƎǳŀπ[ŜƽƴΣ [Ŝƽƴ нмлллΣ bƛŎŀǊŀƎǳŀΤ 

о5ŜǇŀǊǘŀƳŜƴǘƻ ŘŜ .ƛƻǉǳƝƳƛŎŀ ȅ .ƛƻƭƻƎƝŀ aƻƭŜŎǳƭŀǊ ȅ DŜƴŞǘƛŎŀΣ CŀŎǳƭǘŀŘ ŘŜ /ƛŜƴŎƛŀǎΣ ¦ƴƛǾŜǊǎƛŘŀŘ ŘŜ 9ȄǘǊŜƳŀŘǳǊŀΣ 
лсллс .ŀŘŀƧƻȊΦ {ǇŀƛƴΦ 

 
9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ƧƻŀƴŀǇƻŜƧƻусϪƎƳŀƛƭΦŎƻƳ 

 

Background. [ƛǇƛŘ ǊŀŦǘǎ ŀǊŜ ŀ ǇǊƛƳŀǊȅ ǘŀǊƎŜǘ ƛƴ ǎǘǳŘƛŜǎ ƻŦ ŀƳȅƭƻƛŘ ʲ ό!ʲύ ŎȅǘƻǘƻȄƛŎƛǘȅ ƛƴ ƴŜǳǊƻƴǎ ōŜŎŀǳǎŜ ǘƘŜǎŜ 

ǇƭŀǎƳŀ ƳŜƳōǊŀƴŜ ǎǳōƳƛŎǊƻŘƻƳŀƛƴǎ ƘŀǾŜ ōŜŜƴ ǎƘƻǿƴ ǘƻ ōƛƴŘ ŜȄƻƎŜƴƻǳǎ !ʲ ǇŜǇǘƛŘŜǎ ŀƴŘ ŀƭǎƻ Ǉƭŀȅ ŀ ƳŀƧƻǊ 

role in their uptake by neurons leading to the formatioƴ ƻŦ ǎǘǊƻƴƎƭȅ ƴŜǳǊƻǘƻȄƛŎ ƛƴǘǊŀŎŜƭƭǳƭŀǊ !ʲ ŀƎƎǊŜƎŀǘŜǎΦ 

On the other hand, dysregulation of intracellular calcium homeostasis in neurons has been observed in both 

ǎǇƻǊŀŘƛŎ ŀƴŘ ŦŀƳƛƭƛŀƭ ŦƻǊƳǎ ƻŦ !ƭȊƘŜƛƳŜǊΩǎ ŘƛǎŜŀǎŜ ό!5ύΦ .ŜǎƛŘŜǎΣ ǎŜǾŜǊŀƭ ŎŀƭƳƻŘǳƭƛƴ ό/ŀaύ ōƛƴŘing proteins 

particularly relevant in the control of neuronal cytosolic calcium homeostasis and calcium signaling are 

associated with lipid rafts, like L-type calcium channels, Ca2+/CaM-dependent protein kinase II and plasma 

membrane calcium pumps. In a prŜǾƛƻǳǎ ǿƻǊƪ ǿŜ ƘŀǾŜ ǎƘƻǿƴ ǘƘŀǘ !ʲόм-пнύΣ ǘƘŜ ǇǊŜǾŀƭŜƴǘ !ʲ ǇŜǇǘƛŘŜ ŦƻǳƴŘ 

ƛƴ ǘƘŜ ŀƳȅƭƻƛŘ ǇƭŀǉǳŜǎ ƻŦ !5 ǇŀǘƛŜƴǘǎΣ ōƛƴŘ ǿƛǘƘ ƘƛƎƘ ŀŦŦƛƴƛǘȅ ǘƻ ǇǳǊƛŦƛŜŘ /ŀa όŘƛǎǎƻŎƛŀǘƛƻƴ Ŏƻƴǎǘŀƴǘ Ғ мƴa 

[1]).  

Methods. Lƴ ǘƘƛǎ ǿƻǊƪΣ ǘƻ ŜȄǇŜǊƛƳŜƴǘŀƭƭȅ ŀǎǎŜǎǎ ǘƘŜ !ʲόм-42) binding capacity by intracellular CaM, a calcium-

buffering protein highly expressed in neurons, we have used primary cultures of mature cerebellar granule 

neurons (CGN) as a neuronal model. The main methodological approaches used in this work are co-

immunoprecipitation, Western blotting, fluorescence microscopy imaging (including fluorescence resonance 

energy transfer) and cytosolic calcium measurements.  

Results. hǳǊ ǊŜǎǳƭǘǎ ǎƘƻǿ ŀ ƭŀǊƎŜ ŎƻƳǇƭŜȄŀǘƛƻƴ ƻŦ ǎǳōƳƛŎǊƻƳƻƭŀǊ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ƻŦ !ʲόм-42) dimers by CaM 

in CGNΣ ǳǇ ǘƻ мнл ҕмо ǇƛŎƻƳƻƭŜǎ ƻŦ !ʲόм-42) /2.5 x 106 cells. Using fluorescence microscopy imaging we show 

an extensive co-ƭƻŎŀƭƛȊŀǘƛƻƴ ƻŦ /ŀa ŀƴŘ !ʲόм-42) within the same lipid rafts in CGN stained with up to 100 

ǇƛŎƻƳƻƭŜǎ ƻŦ !ʲόм-42)-HiLyteTM-Fluor555 monomers. In addition, we found that the resting cytosolic calcium 

ƻŦ ƳŀǘǳǊŜ /Db ƛƴ ǇŀǊǘƛŀƭƭȅ ŘŜǇƻƭŀǊƛȊƛƴƎ нр Ƴa ǇƻǘŀǎǎƛǳƳ ƳŜŘƛǳƳ ƛǎ ƭŀǊƎŜƭȅ ƭƻǿŜǊŜŘ ōȅ ŜȄǇƻǎǳǊŜ ǘƻ !ʲόм-

42) dimers during 2 hours, conditions that produced an internalization of less than 100 picomoƭŜǎ ƻŦ !ʲόм-

42) dimers in neuronal somas.  

Conclusions. We found that in these experimental conditions the primary cause of this decrease of the 

resting cytosolic calcium is the inhibition of L-ǘȅǇŜ ŎŀƭŎƛǳƳ ŎƘŀƴƴŜƭǎ ƻŦ /Db ōȅ !ʲόм-42) dimers. 
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C/поπ!ǘŀȄƛŀ ǊŜƭŀǘŜŘ ǇǊƻǘŜƛƴ ǎŀŎǎƛƴ ƪƴƻŎƪƻǳǘ ŘƛǎǊǳǇǘǎ ǘƘŜ ƛƴǘŜǊƳŜŘƛŀǘŜ 
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Background. Autosomal recessive spastic ataxia of /ƘŀǊƭŜǾƻƛȄπ{ŀƎǳŜƴŀȅ (ARSACS) is a neurodegenerative 

disorder, most commonly diagnosed in infants, characterized by progressive cerebellar ataxia, spasticity, 

motor sensory neuropathy and axonal-demyelination. ARSACS is caused by mutations in the SACS gene that 

lead to truncated or defective forms of the 520 kDa multidomain protein sacsin. Sacsin function has been 

exclusively studied on neuronal cells, where it regulates mitochondrial function and distribution and takes 

part in the normal polymerization of neurofilaments and vimentin. However, it remains unknown whether 

and how glial expression of mutant sacsin can contribute to ARSACS pathology. Therefore, our goal is to 

investigate how expression of mutant sacsin in glial cells affects its function and causes neuronal dysfunction 

and neurological phenotypes in ARSACS. 

Methods. Sacsin expression in astrocytes was evaluated by western blot and immunocytochemistry. 

CRISPR/Cas9 system was used to delete sacsin in astroglia-like C6 rat glioma cells. Western blot, genome 

sequencing and immunocytochemistry analyses were performed to validate the knockout status. 

Mitochondrial morphology and distribution were analysed by fluorescent wide-field microscopy. Expression 

of intermediate filament proteins, namely glial fibrillar acidic protein (GFAP), nestin, vimentin and lamin B1 

and the cytolinker protein plectin were assessed by western blot and immunocytochemistry. 

Results. Our results show that sacsin is expressed in astrocytes and C6 rat glioma cells with a predominantly 

cytoplasmic and mitochondrial distribution. We generated and validated a stable sacsin knockout C6 cell line. 

Sacsin deletion in C6 cells induced an apparent mitochondrial depletion in the juxtanuclear area. The 

intermediate filaments GFAP, nestin and vimentin were accumulated in the same juxtanuclear area in about 

40% to 70% of sacsin knockout cells, while only between 1%, and 5% of control cells displayed a collapsed 

network for these filaments. In sacsin knockout cells, an increased expression of the nuclear intermediate 

filament lamin B1 and the cytoskeletal cross-linking protein plectin was also observed. 

Conclusions. Together, our findings provide insights that sacsin plays a role within glial cells as an 

organizer/enabler of intermediate filament networks and point at a possible role for astroglia in ARSACS 

dysfunctions. 
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C/ппπLƴŦƭŀƳƳŀǘƛƻƴ ƛƴŘǳŎŜǎ ǊŜǘƛƴŀƭ ǇƛƎƳŜƴǘ ŜǇƛǘƘŜƭƛǳƳ ƳƻƴƻƭŀȅŜǊ 
ŘƛǎǊǳǇǘƛƻƴ ŀƴŘ ǊŜƭŜŀǎŜ ƻŦ ŘƛǎǘƛƴŎǘ ǇƻǇǳƭŀǘƛƻƴǎ ƻŦ ŜȄǘǊŀŎŜƭƭǳƭŀǊ ǾŜǎƛŎƭŜǎ 

.ŜŀǘǊƛȊ aŀǊǘƛƴǎмΣнΣ ¢ŜǊŜǎŀ wƻŘǊƛƎǳŜǎмΣнΣ WƻǎŞ wŀƳŀƭƘƻоΣ !ƴǘƽƴƛƻ CǊŀƴŎƛǎŎƻ !ƳōǊƽǎƛƻмΣнΣпΣ IŜƴǊƛǉǳŜ DƛǊńƻмΣнΣ 
wƻǎŀ CŜǊƴŀƴŘŜǎмΣнΣп 

м¦ƴƛǾŜǊǎƛǘȅ ƻŦ /ƻƛƳōǊŀΣ /ƻƛƳōǊŀ LƴǎǘƛǘǳǘŜ ŦƻǊ /ƭƛƴƛŎŀƭ ŀƴŘ .ƛƻƳŜŘƛŎŀƭ wŜǎŜŀǊŎƘ όƛ/.wύΣ CŀŎǳƭǘȅ ƻŦ aŜŘƛŎƛƴŜΣ /ƻƛƳōǊŀΣ 
tƻǊǘǳƎŀƭΤ н¦ƴƛǾŜǊǎƛǘȅ ƻŦ /ƻƛƳōǊŀΣ /ŜƴǘŜǊ ŦƻǊ LƴƴƻǾŀǘƛǾŜ .ƛƻƳŜŘƛŎƛƴŜ ŀƴŘ .ƛƻǘŜŎƘƴƻƭƻƎȅ ό/L..ύΣ /ƻƛƳōǊŀΣ tƻǊǘǳƎŀƭΤ 
о/ŜƴǘǊƻ ŘŜ 9ǎǘǳŘƻǎ ŘŜ 5ƻŜƴœŀǎ /ǊƽƴƛŎŀǎ ό/95h/ύ ŀƴŘ bh±! aŜŘƛŎŀƭ {ŎƘƻƻƭΣ CŀŎǳƭŘŀŘŜ ŘŜ /ƛşƴŎƛŀǎ aŞŘƛŎŀǎ 
όba{κC/aύΤ п!L.L[LΥ !ǎǎƻŎƛŀǘƛƻƴ ŦƻǊ LƴƴƻǾŀǘƛƻƴ ŀƴŘ .ƛƻƳŜŘƛŎŀƭ wŜǎŜŀǊŎƘ ƻƴ [ƛƎƘǘ ŀƴŘ LƳŀƎŜΣ /ƻƛƳōǊŀΣ tƻǊǘǳƎŀƭ 

 
9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ōŜŀǘǊƛȊΦƳŀǊǘƛƴǎϪǳŎΦǇǘ 

Background: Age-related macular degeneration (AMD) is a retinal degenerative disease that affects the 

macula, constituting the leading cause of central vision loss in the elderly. Most of its phenotypical features 

are believed to be associated with the dysfunction of retinal pigment epithelium (RPE). In fact, the 

accumulation of damaged proteins in aged RPE is associated with disruption of proteolytic pathways and 

exocytic activity, with release of intracellular proteins via extracellular vesicles (EVs), which are important 

players in intercellular communication and can contribute to disease progression. However, the impact of 

their secretion by polarized RPE on outer blood retinal barrier (oBRB) breakdown remains largely elusive. Our 

aim was to clarify the role of inflammation on the loss of RPE integrity and to understand the relative role of 

EVs secreted by RPE in the loss of polarity and epithelial barrier disruption. 

Methods: We used highly polarized porcine RPE primary cultures (pRPE) and porcine eyecups. To mimic the 

inflammatory conditions that characterize the disease, cells were treated with two distinct inflammatory 

stimuli, TNF (10 ng/mL) or LPS (100 ng/mL). Data were presented as mean ± S.E.M. Statistical significance 

was determined using Kruskal-²ŀƭƭƛǎ ǘŜǎǘ ŦƻƭƭƻǿŜŘ ōȅ 5ǳƴƴΩǎ ƳǳƭǘƛǇƭŜ ŎƻƳǇŀǊƛǎƻƴǎ ǘŜǎǘ ǘƻ ŎƻƳǇŀǊŜ ŀƳƻƴƎ 

experimental conditions, in GraphPad Prism software. 

Results: In pRPE, TNF and LPS did not affect the viability of the RPE cells. Once pRPE cells were cultured on 

transwell inserts, they developed a confluent monolayer and reached a relatively constant transepithelial 

resƛǎǘŀƴŎŜ ό¢9wύ ƻŦ ŀōƻǳǘ олл ҠκŎƳ2. Treatment with both inflammatory stimuli significantly reduced the TER 

and induced disruption of tight junction (TJ) complexes, as demonstrated by decreased immunoreactivity at 

the plasma membrane of occludin. EVs isolated from the pRPE cells were distinctly characterized, presenting 

similar concentrations but with apical EVs being enriched in CD63 and basolateral EVs in CD81.  

Regarding the porcine eyecups the inflammatory stimuli also induced a disruption of the TJ complexes, as 

detected by decreased ZO-1 and NaKATPase immunostaining, and an apparent disorganization of the 

epithelial monolayer, as revealed by scanning electron microscopy analysis. In the porcine eyecups under 

inflammatory conditions the release of EVs increased, which are enriched in CD63, CD81 and MMP-2. 

Treatment with TNF increases MMP-2 (active form) and MMP-9 (pro form) activity not only in the medium 

but also in the EVs isolated from porcine eyecups.  

Conclusion: Overall our results show that inflammation induces loss of RPE monolayer integrity and release 

of different populations of EVs, which suggests that they may play an important role in the onset and 

progression of AMD.  
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C/прπLƴǾƻƭǾŜƳŜƴǘ ƻŦ aDt ƛƴ !ŦǊƛŎŀƴ {Ǉƛƴȅ ƳƛŎŜ ŜŀǊ ǊŜƎŜƴŜǊŀǘƛƻƴ 

 

a ±ƛǘƻǊƛƴƻмΣпΣ b /ƻƴŎŜƛœńƻмΣоΣпΣ 5 ±ŀǊŜƭŀмΣнΣоΣпΣ D ¢ƛǎŎƻǊƴƛŀмΣр ŀƴŘ a [ /ŀƴŎŜƭŀ мΣоΣп  

 
м/ŜƴǘǊŜ ƻŦ aŀǊƛƴŜ {ŎƛŜƴŎŜǎ ό//a!wύΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ !ƭƎŀǊǾŜκ¦![DΣ CŀǊƻΣ tƻǊǘǳƎŀƭ  

нtƘ5 ƛƴ .ƛƻƳŜŘƛŎŀƭ {ŎƛŜƴŎŜǎΣ CŀŎǳƭǘȅ ƻŦ aŜŘƛŎƛƴŜ ŀƴŘ .ƛƻƳŜŘƛŎŀƭ {ŎƛŜƴŎŜǎΣ ¦![DΣ CŀǊƻΣ tƻǊǘǳƎŀƭ оCŀŎǳƭǘȅ ƻŦ 

aŜŘƛŎƛƴŜ ŀƴŘ .ƛƻƳŜŘƛŎŀƭ {ŎƛŜƴŎŜǎΣ ŀƴŘ п!ƭƎŀǊǾŜ .ƛƻƳŜŘƛŎŀƭ /ŜƴǘǊŜΣ ¦![DΣ CŀǊƻΣ tƻǊǘǳƎŀƭΤ р/ƭƝƴƛŎŀ 9ǳƎƛƴΣ 

.ŀǊŎŜƭƻƴŀΣ {Ǉŀƛƴ 
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¢ƘŜ ŀōƛƭƛǘȅ ǘƻ ǊŜƎŜƴŜǊŀǘŜ ŘŀƳŀƎŜŘ ƻǊ ƳƛǎǎƛƴƎ ƻǊƎŀƴǎ Ƙŀǎ ƭƻƴƎ ōŜŜƴ ŎƻƴǎƛŘŜǊŜŘ ŀ ǇǊƛƳƻǊŘƛŀƭ ƻōƧŜŎǘƛǾŜ ƻŦ 

ƳƻŘŜǊƴ ƳŜŘƛŎƛƴŜΦ !ƳƻƴƎ ǾŜǊǘŜōǊŀǘŜǎΣ ƛǘ Ƙŀǎ ōŜŜƴ ǊŜǇƻǊǘŜŘ ǊŜƎŜƴŜǊŀǘƛƻƴ ƛƴ ǳǊƻŘŜƭŜ ŀƳǇƘƛōƛŀƴǎ ŀƴŘΣ ǘƻ ŀ 

ƭƻǿŜǊ ŜȄǘŜƴǘΣ ƛƴ ǘŜƭŜƻǎǘ ŦƛǎƘ ǎǳŎƘ ŀǎ ȊŜōǊŀŦƛǎƘΣ ǿƘƛŎƘ Ŏŀƴ ǊŜƎŜƴŜǊŀǘŜ ǎŜǾŜǊŀƭ ǎǘǊǳŎǘǳǊŜǎΦ Lƴ ƳŀƳƳŀƭǎΣ ƻƴ ǘƘŜ 

ƻǘƘŜǊ ƘŀƴŘΣ ǘƛǎǎǳŜ ǊŜƎŜƴŜǊŀǘƛƻƴ ƛǎ ŀ ǊŀǊŜ ŜǾŜƴǘΣ ǊŜǎǇƻƴŘƛƴƎ ǘƻ ƛƴƧǳǊȅ ōȅ ǿƻǳƴŘ ƘŜŀƭƛƴƎ ǘƘǊƻǳƎƘ ŦƛōǊƻǘƛŎ 

ǎŎŀǊǊƛƴƎΦ Lƴ ǘƘŜ ƭŀǎǘ ŘŜŎŀŘŜΣ ŀƴ ŜƳŜǊƎƛƴƎ ƳƻŘŜƭ ƻŦ ƳŀƳƳŀƭƛŀƴ ŜǇƛƳƻǊǇƘƛŎ ǊŜƎŜƴŜǊŀǘƛƻƴ Ƙŀǎ ŀǊƛǎŜƴΣ ǘƘŜ 

!ŦǊƛŎŀƴ ǎǇƛƴȅ ƳƻǳǎŜ ό!ŎƻƳȅǎ ŎŀƘƛǊƛƴǳǎύ ǿƘƛŎƘ ƛǎ ŎŀǇŀōƭŜ ƻŦ ƴƻƴπŦƛōǊƻǘƛŎ ǊŜƎŜƴŜǊŀǘƛƻƴ ƻŦ ŜȄǘŜƴǎƛǾŜ ŘŜǊƳŀƭ 

ǿƻǳƴŘǎΦ 9ȄǇŜǊƛƳŜƴǘǎ ǇǊŜǾƛƻǳǎƭȅ ǇŜǊŦƻǊƳŜŘ ƛƴ ƻǳǊ ƭŀōƻǊŀǘƻǊȅ ǎƘƻǿŜŘ ǘƘŀǘ ǘƘŜ ǎǇƛƴȅ ƳƛŎŜ Ŏŀƴ ǊŜƎŜƴŜǊŀǘŜ Ŧǳƭƭ 

ǘƘƛŎƪƴŜǎǎ ŜŀǊ ƘƻƭŜǎ ǳǇ ǘƻ п ƳƳ ǿƛŘŜ ƛƴ ŀǊƻǳƴŘ н ƳƻƴǘƘǎ ŀƴŘ ǘƘŀǘ ǘƘŜ ǊŜƎŜƴŜǊŀǘŜŘ ǘƛǎǎǳŜ ƛǎ ƴƻǘ ŀ ŦƛōǊƻǘƛŎ ǎŎŀǊ 

ōǳǘ ŀ Ŧǳƭƭȅ ŘŜǾŜƭƻǇŜŘ ŜŀǊ Ǉƛƴƴŀ ǿƛǘƘ ƴƻǊƳŀƭ ǘƛǎǎǳŜ ǎǘǊǳŎǘǳǊŜΣ ƛƴŎƭǳŘƛƴƎ ŎŀǊǘƛƭŀƎŜΣ ŘŜǊƳƛǎΣ ŜǇƛŘŜǊƳƛǎΣ ŀŘƛǇƻǎŜ 

ǘƛǎǎǳŜΣ ǎŜōŀŎŜƻǳǎ ƎƭŀƴŘǎΣ ƘŀƛǊ ŦƻƭƭƛŎƭŜǎ ŀƴŘ ŀ ǿŜƭƭπŘŜǾŜƭƻǇŜŘ ŎŀǇƛƭƭŀǊȅ ƴŜǘǿƻǊƪΦ aŀǘǊƛȄ Dƭŀ ǇǊƻǘŜƛƴ όaDtύ ƛǎ ŀ 

ǾƛǘŀƳƛƴ YπŘŜǇŜƴŘŜƴǘ ǇǊƻǘŜƛƴΣ ƛƴǾƻƭǾŜŘ ƛƴ ǇǊŜǾŜƴǘƛƴƎ ŀōƴƻǊƳŀƭ ǾŀǎŎǳƭŀǊ ŀƴŘ ŎŀǊǘƛƭŀƎŜ ŎŀƭŎƛŦƛŎŀǘƛƻƴ ōȅ ŀŎǘƛƴƎ 

ŀǎ ŀ ǇƘȅǎƛƻƭƻƎƛŎŀƭ ƛƴƘƛōƛǘƻǊ ƻŦ ŎŀƭŎƛŦƛŎŀǘƛƻƴΦ Lƴ ŀŘŘƛǘƛƻƴΣ aDt Ǉƭŀȅǎ ŀ ǊƻƭŜ ƛƴ ǊŜƎǳƭŀǘƛƴƎ ŎŜƭƭ ŘƛŦŦŜǊŜƴǘƛŀǘƛƻƴ ŀƴŘ 

ŀƴƎƛƻƎŜƴŜǎƛǎΦ Lƴ ǘƘƛǎ ǿƻǊƪ ǿŜ ƘŀǾŜ ƛŘŜƴǘƛŦƛŜŘ ǘƘŜ ƳƻƭŜŎǳƭŀǊ ǎǘǊǳŎǘǳǊŜ ƻŦ !Φ ŎŀƘƛǊƛƴǳǎ aDtΣ ǿƘƛŎƘ Ŏƻƴǎƛǎǘǎ ƻŦ 

уп ǊŜǎƛŘǳŜǎΣ ƭƛƪŜ ƛƴ ƘǳƳŀƴǎΦ Lǘ ƛƴŎƭǳŘŜǎ ŀ ǎƛƎƴŀƭ ǇŜǇǘƛŘŜΣ ƪƴƻǿƴ ǘƻ ōŜ ǊŜǉǳƛǊŜŘ ŦƻǊ ƛǘǎ ǎŜŎǊŜǘƛƻƴ ƛƴǘƻ ǘƘŜ 9/aΣ 

ŀ ǇƘƻǎǇƘƻǊȅƭŀǘƛƻƴ ƳƻǘƛŦ ŎƻƴǘŀƛƴƛƴƎ ǘƘǊŜŜ ǎŜǊƛƴŜ ǊŜǎƛŘǳŜǎ ƭƻŎŀǘŜŘ ŀǘ ǘƘŜ bπǘŜǊƳƛƴŀƭ ŜƴŘ ƻŦ ǘƘŜ ƳŀǘǳǊŜ ǇǊƻǘŜƛƴΣ 

ǎŜǇŀǊŀǘŜŘ ŦǊƻƳ ǘƘŜ ǊŜƳŀƛƴƛƴƎ ǇǊƻǘŜƛƴ ǊŜƎƛƻƴǎ ōȅ ŀ ŎƭŜŀǾŀƎŜ ǎƛǘŜ ό!··Cύ ŦƻƭƭƻǿŜŘ ōȅ ŀ πɹŎŀǊōƻȄȅƭŀǎŜ 

ǊŜŎƻƎƴƛǘƛƻƴ ǎƛǘŜ όDD/·ύ ŀƴŘ ŀ Dƭŀ ŘƻƳŀƛƴΦ ¢ƘŜ /πǘŜǊƳƛƴŀƭ ww ŎƭŜŀǾŀƎŜ ǎƛǘŜ ƛǎ ŀƭǎƻ ŎƻƴǎŜǊǾŜŘΦ ¢ƘŜ 

ǇƻǎǘǘǊŀƴǎƭŀǘƛƻƴŀƭ ƳƻŘƛŦƛŎŀǘƛƻƴ ƻŦ ŦƛǾŜ ƎƭǳǘŀƳƛŎ ŀŎƛŘ όDƭǳύ ǊŜǎƛŘǳŜǎ ƛƴǘƻ πɹŎŀǊōƻȄȅƎƭǳǘŀƳƛŎ ŀŎƛŘ όDƭŀύ ǊŜǎƛŘǳŜǎ 

ƛǎ ŎŜƴǘǊŀƭ ǘƻ aDt ŦǳƴŎǘƛƻƴ ŀƴŘ ǊŜǉǳƛǊŜǎ ǘƘŜ DD/· ŀŎǘƛǾƛǘȅ ǿƛǘƘ ǾƛǘŀƳƛƴ Y ŀǎ ŀ ŎƻŦŀŎǘƻǊΦ 5ǳǊƛƴƎ !Φ ŎŀƘƛǊƛƴǳǎ ŜŀǊ 

ǊŜƎŜƴŜǊŀǘƛƻƴΣ aDt Ƴwb! ŜȄǇǊŜǎǎƛƻƴ ƛǎ ŘƻǿƴπǊŜƎǳƭŀǘŜŘ ƛƴ ǘƘŜ ŜŀǊƭȅ ǎǘŀƎŜǎ ƻŦ ǘƘƛǎ ǇǊƻŎŜǎǎΣ ōǳǘ ƛƴ ǘƘŜ ƭŀǘŜǎǘ 

ǎǘŀƎŜǎ ƻŦ ŎŜƭƭ ŘƛŦŦŜǊŜƴǘƛŀǘƛƻƴΣ ǿŜ ƻōǎŜǊǾŜŘ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ƛƴŎǊŜŀǎŜ ƛƴ aDt ŜȄǇǊŜǎǎƛƻƴ ǎǳƎƎŜǎǘƛƴƎ ǘƘŀǘ ƛǘ ƛǎ 

ƛƴǾƻƭǾŜŘ ƛƴ ŜŀǊ ǊŜƎŜƴŜǊŀǘƛƻƴΦ ¢ƘŜǎŜ ǊŜǎǳƭǘǎ ŎƻƴŦƛǊƳ ǇǊŜǾƛƻǳǎ Řŀǘŀ ƻƴ ȊŜōǊŀŦƛǎƘ ŀƴŘ ƛƴŘƛŎŀǘŜ ǘƘŀǘ !Φ ŎŀƘƛǊƛƴǳǎ 

Ƴŀȅ ōŜ ŀƴ ŀŘŘƛǘƛƻƴŀƭ ƳƻŘŜƭ ƻŦ ƛƴǘŜǊŜǎǘ ǘƻ ǎǘǳŘȅ ǘƘŜ ŦǳƴŎǘƛƻƴ ƻŦ aDt ŀǎ ŀ ŎŀƭŎƛŦƛŎŀǘƛƻƴ ƛƴƘƛōƛǘƻǊ ƛƴ ƳŀƳƳŀƭǎΣ 

ƛƴ ǇŀǊǘƛŎǳƭŀǊ ŘǳǊƛƴƎ ǿƻǳƴŘ ŦƻǊƳŀǘƛƻƴ ŀƴŘ ǘƛǎǎǳŜ ǊŜƎŜƴŜǊŀǘƛƻƴΦ 
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C/псπa9Yκ9wY ŀƴŘ Ŏ!atκtY! ƳŜŘƛŀǘŜ ILCπмh ǎƛƎƴŀƭƭƛƴƎ ŘǳǊƛƴƎ 

ƳƛǘƻŎƘƻƴŘǊƛŀƭ ŀƴǘƛƻȄƛŘŀƴǘ ƛƴŘǳŎŜŘ ƻǎǘŜƻōƭŀǎǘƻƎŜƴŜǎƛǎ 

 
{ǳƴƛƭ tƻǳŘŜƭмΣнΣоΣ Dƛƭ aŀǊǘƛƴǎмΣнΣоΣ aΦ [ŜƻƴƻǊ /ŀƴŎŜƭŀмΣнΣпΣ tŀǳƭƻ WΦ DŀǾŀƛŀΣмΣн 

 
м/ŜƴǘǊŜ ƻŦ aŀǊƛƴŜ {ŎƛŜƴŎŜǎΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ !ƭƎŀǊǾŜΣ CŀǊƻΣ tƻǊǘǳƎŀƭΣ нCŀŎǳƭǘȅ ƻŦ aŜŘƛŎƛƴŜ ŀƴŘ .ƛƻƳŜŘƛŎŀƭ {ŎƛŜƴŎŜǎ 

όCa/.ύΣ оtƘ5 tǊƻƎǊŀƳ ƛƴ .ƛƻƳŜŘƛŎŀƭ {ŎƛŜƴŎŜǎΣ Ca/.Σ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ !ƭƎŀǊǾŜΣ CŀǊƻΣ tƻǊǘǳƎŀƭΣ п!ƭƎŀǊǾŜ .ƛƻƳŜŘƛŎŀƭ /ŜƴǘŜǊΣ 
¦ƴƛǾŜǊǎƛǘȅ ƻŦ !ƭƎŀǊǾŜΣ CŀǊƻΣ tƻǊǘǳƎŀƭ 

 
9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ǎǇƻǳŘŜƭϪǳŀƭƎΦǇǘ 

 

Background. Hypoxia-ƛƴŘǳŎƛōƭŜ ŦŀŎǘƻǊ мʰ όILC мʰύ ƛǎ ƻƴŜ ƻŦ ǘƘŜ ƳŀǎǘŜǊ ǊŜƎǳƭŀǘƻǊǎ ƻŦ ƘȅǇƻȄƛŀ ǊŜŀŎǘƛƻƴǎ ŀƴŘ 

plays a crucial role in bone remodelling, homeostasis and metabolism. Oxidative stress alters the bone 

remodelling process by causing an imbalance between osteoclast and osteoblast activity. Mitochondria are 

the primary source of reactive oxygen species (mtROS) and the principal sites of ROS-induced damage. 

Mitochondrial dysfunction essentially influences osteoblasts through the regulation of mitophagy, apoptosis, 

and mitochondrial DNA damage. 

Methods. MitoTempo (Mitochondria-targeted antioxidant) was used to investigate the effect of mtROS on 

osteoblast and osteoclast differentiation. Alkaline phosphatase activities and extracellular matrix 

mineralization capacity of MC3T3 cells during osteoblast differentiation and Tartrate-resistant acid 

phosphatase (TRAP) activity of pre-osteoclastic RAW264.7 cells during osteoclast differentiation were 

analyzed. To illustrate the molecular mechanism and cell signalling pathway, luciferase reporter assay was 

also performed during osteoblast differentiation.  

Results. In vitro osteoblast differentiation show that MitoTempo increased alkaline phosphate activities and 

extracellular matrix mineralization during osteoblast differentiation. Similarly, MitoTempo was also highly 

effective in suppressing the RANKL/M-CSF-induced differentiation of RAW264.7 cells into TRAP-positive 

multinucleated osteoclasts. We found that the expression of HIF-1a pathway was increased during osteoblast 

differentiation under MitoTempo exposure. MitoTempo increased the luciferase activity of the MAP/ERK 

pathway while MAP/JNK was not affected. The pathway activity of cAMP/PKA was also increased upon 

MitoTempo exposure. 

Conclusions. Our results suggest that mitochondrial ROS play a crucial role in bone remodelling. Accordingly, 

mitochondria-targeted antioxidant MitoTempo increases osteoblastogenesis and suppresses 

osteoclastogenesis. MitoTempo increases osteoblast differentiation via MAP/ERK-HIF-1a pathway, indicative 

of a HIF-1a dependent reprogramming of energy metabolism during osteoblast differentiation.  
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C/птπtǳǊǎǳƛƴƎ ǘƘŜ ƪŜȅ ǊŜǎƛŘǳŜǎ ōŜƘƛƴŘ 5ƛǎо[н ǎǇŜŎƛŦƛŎƛǘȅ 

 
/ƻǎǘŀ {aмΣ !ǊǊŀƛŀƴƻ /aмΣ aŀǘƻǎ wDмΣ ±ƛŜƎŀǎ {/м 

 
м/ƻƴǘǊƻƭ ƻŦ DŜƴŜ 9ȄǇǊŜǎǎƛƻƴ [ŀōΣ L¢v. bh±! ς Lƴǎǘƛǘǳǘƻ ŘŜ ¢ŜŎƴƻƭƻƎƛŀ vǳƝƳƛŎŀ Ŝ .ƛƻƭƽƎƛŎŀ !ƴǘƽƴƛƻ ·ŀǾƛŜǊΣ 

¦ƴƛǾŜǊǎƛŘŀŘŜ bƻǾŀ ŘŜ [ƛǎōƻŀΣ hŜƛǊŀǎΣ tƻǊǘǳƎŀƭ 
 

9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ǎƳƳŀΦŎƻǎǘŀϪƛǘǉōΦǳƴƭΦǇǘ 

 

In humans, there are three members of the RNase II/RNB family of exoribonucleases, which can be 

distinguished according to the sequence conservation of their active site: Dis3, Dis3L (Dis3L1), and Dis3L2. 

Dis3L2 is involved in several cellular mechanisms, such as apoptosis, cellular differentiation, and proliferation, 

and mutations in the enzyme have been associated with Perlman syndrome and Wilms tumor formation in 

children (1). Distinct studies on Diǎо[н оΩ-рΩ ŜȄƻǊƛōƻƴǳŎƭŜŀǎŜ ǳƴǊŀǾŜƭŜŘ ŀ ƴƻǾŜƭ ŜǳƪŀǊȅƻǘƛŎ wb! ŘŜŎŀȅ 

pathway that challenged the models already established. The first insight on the uridylation involvement in 

controlling the stability of poly(A)-containing mRNAs was reported in Schizosaccharomyces pombe, where it 

ǿŀǎ ǎƘƻǿƴ ǘƘŀǘ 5ƛǎо[н ŀŎǘƛǾƛǘȅ ƛǎ ǎǘƛƳǳƭŀǘŜŘ ōȅ ǘƘŜ ŀŘŘƛǘƛƻƴ ƻŦ ǳƴǘŜƳǇƭŀǘŜŘ ǳǊƛŘƛƴŜ ǊŜǎƛŘǳŜǎ ǘƻ ǘƘŜ wb!ǎ оΩ-

end (2). However, the precise mechanism of action of this enzyme is not yet fully understood.  

Therefore, this work aims to characterize the amino acid residues that distinguish Dis3L2 from its family 

homologs regarding its substrate specificities, namely the preference for uridine residues. This approach will 

help us to understand its mechanism of action and its function in different eukaryotic cells. 

In this work, fission yeast Dis3L2 was used to construct mutant proteins with single amino acid substitutions 

whose expression was induced in E. coli. The purified proteins were used in several assays to assess their 

exonucleolytic activity over different radioactively labeled RNA substrates. We have purified active Dis3L2 

mutants, and we have tested their preference for poly(U), by using uridylated and non-uridylated 

endogenous substrates, and furthermore their ability to cut double-stranded RNAs. So far, we have found 

that six mutant ribonucleases continue to exhibit a preference for oligo(U)-tailed RNAs, despite showing 

discrete differences regarding the degradation of different RNAs. 

References 
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C/пуπ¢ƘŜ ǊƻƭŜ ƻŦ ǳƴŘŜǊǎǘǳŘƛŜŘ ǇƻǎǘπǘǊŀƴǎƭŀǘƛƻƴŀƭ ƳƻŘƛŦƛŎŀǘƛƻƴǎ ƻƴ {¢!¢о 

ōŜƘŀǾƛƻǊ ŀƴŘ ŦǳƴŎǘƛƻƴ 

 
aŀǊǘƛƴǎπ!ƭǾŜǎ 5ΦмΣнΣ 5ƛŀƭƭƻ aΦмΣнΣоΣ [ŜǘǊŀπ±ƛƭŜƭŀ wΦмΣнΣоΣ aǳǊǘƛƴƘŜƛǊŀ CΦмΣнΣоΣ IŜǊǊŜǊŀ CΦмΣнΣо 

 
м[ŀōƻǊŀǘƽǊƛƻ ŘŜ 9ǎǘǊǳǘǳǊŀ Ŝ 5ƛƴŃƳƛŎŀ /ŜƭǳƭŀǊΣ CŀŎǳƭŘŀŘŜ ŘŜ /ƛşƴŎƛŀǎΣ ¦ƴƛǾŜǊǎƛŘŀŘŜ ŘŜ [ƛǎōƻŀΣ tƻǊǘǳƎŀƭΦ н.ƛƻL{L π 

Lƴǎǘƛǘǳǘƻ ŘŜ .ƛƻǎǎƛǎǘŜƳŀǎ Ŝ /ƛşƴŎƛŀǎ LƴǘŜƎǊŀǘƛǾŀǎΣ CŀŎǳƭŘŀŘŜ ŘŜ /ƛşƴŎƛŀǎΣ ¦ƴƛǾŜǊǎƛŘŀŘŜ ŘŜ [ƛǎōƻŀΣ tƻǊǘǳƎŀƭΦ о¦ƴƛŘŀŘŜ ŘŜ 
LƴǾŜǎǘƛƎŀœńƻ ah{¢aL/whΣ Lƴǎǘƛǘǳǘƻ ŘŜ ¢ŜŎƴƻƭƻƎƛŀ vǳƝƳƛŎŀ Ŝ .ƛƻƭƽƎƛŎŀ όL¢v.πbh±!ύΣ ¦ƴƛǾŜǊǎƛŘŀŘŜ bƻǾŀ ŘŜ [ƛǎōƻŀΣ 

tƻǊǘǳƎŀƭΦ 
 

9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ŘŀƴƛΦŀƭǾŜǎфуϪƎƳŀƛƭΦŎƻƳ 

 

Background. Signal Transducer and Activator of Transcription 3 (STAT3) is a pleiotropic transcription factor 

that plays key roles in development, immunity, response to stress/damage and cancer. Its activity is largely 

regulated by specific post-translational modifications (PTMs) and protein-protein interactions. Most studies 

focus only on the phosphorylation at Y705 and/or S727, neglecting almost 80 identified PTMs. Furthermore, 

it is unlikely that all STAT3 molecules are modified exactly in the same residues, existing different pools of 

STAT3 molecules. We have recently described that asymmetrically modified STAT3 dimers showed changes 

in their behavior and function. We aimed at determining the influence of understudied PTMs and asymmetric 

modifications on STAT3 homo- and heterodimerization, intracellular distribution and function. 

Methods. We recently developed a Venus-STAT3 bimolecular fluorescence complementation assay to 

visualize and study STAT3 homo- and heterodimers in living cells. In BiFC assays two proteins of interest are 

fused to two complementary non-fluorescent halves of a fluorescent reporter, in this case Venus. If the 

proteins of interest interact, they bring the reporter halves back together, reconstituting the functional 

fluorophore. Fluorescence is therefore proportional to the dimerization of the proteins and can be easily 

measured by flow cytometry or microscopy. Venus-STAT3 BiFC constructs were modified by site-directed 

mutagenesis, mutating phosphorylatable residues (Y, S, T) to structurally similar, non-phosphorylatable 

residues (F, A). These constructs were transfected into STAT3 knockout HeLa cells to avoid the possible 

interference of endogenous STAT3.  

Results. The PTM mutant Venus-STAT3 constructs were tested in the corresponding KO HeLa cells for their 

expression and fluorescence levels, as well as the intracellular distribution and transcriptional activity of 

{¢!¢о ƘƻƳƻŘƛƳŜǊǎΣ {¢!¢оκDwLaмф ŀƴŘ {¢!¢оκILCмʰ ƘŜǘŜǊƻŘƛƳŜǊǎΦ ²Ŝ ƻōǎŜǊǾŜŘ ŀƭǘŜǊŀǘƛƻƴǎ ƛƴ ǘƘŜ 

behavior of STAT3 PTM mutant constructs versus non-mutant STAT3, in both symmetric and asymmetric 

STAT3 dimers. The transcriptional activity of these dimers also changed, and so did the pattern of interaction 

ǿƛǘƘ DwLaмф ŀƴŘ ILCмʰΦ  

Conclusions. Our results indicate that specific understudied PTMs can regulate STAT3 intracellular 

localization, activity and interaction with other proteins. Since STAT3 has very diverse biological roles, 

understanding how its activity its regulated could be very relevant for the development of therapies for 

human diseases such as immune disorders, neurodegeneration and cancer. 
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C/пфπIȅŘǊƻƎŜƴ tŜǊƻȄƛŘŜ ŀǎ ŀƴ LƴǘŜǊŎŜƭƭǳƭŀǊ wŜŘƻȄ {ƛƎƴŀƭƛƴƎ aƻƭŜŎǳƭŜ ƛƴ 

ǘƘŜ .ǊŀƛƴΥ 5ƛŦŦǳǎƛǾƛǘȅΣ ¦ǇǘŀƪŜ ŀƴŘ wŜƳƻǾŀƭ 

 
[ŜŘƻΣ !ΦмΣ нΣ CŜǊƴŀƴŘŜǎΣ 9Φ мΣ [ŀǊŀƴƧƛƴƘŀΣ WΦ мΣ н .ŀǊōƻǎŀΣ wΦaΦмΣ н 

 
м¦ƴƛǾŜǊǎƛǘȅ ƻŦ /ƻƛƳōǊŀΣ CŀŎǳƭǘȅ ƻŦ tƘŀǊƳŀŎȅΣ tƻǊǘǳƎŀƭΣ н/ŜƴǘŜǊ ŦƻǊ bŜǳǊƻǎŎƛŜƴŎŜ ŀƴŘ /Ŝƭƭ .ƛƻƭƻƎȅΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ 

/ƻƛƳōǊŀΣ tƻǊǘǳƎŀƭ 
 

9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ŀƴŀƭŜŘƻϪŦŦΦǳŎΦǇǘ 

 

Background. Hydrogen peroxide ς H2O2 ς is recognizably a major biological oxidant which plays a pleiotropic 

role in redox regulation of biological activities. Its intracellular concentration is maintained in the low nM 

range through efficient removal systems. Despite being a strong oxidant, its high activation energy limits its 

reactions with most biological molecules, with cysteine residues in specific proteins being particularly 

favored. In the brain, a role for H2O2 as an intercellular redox signaling molecule and neuromodulator has 

become evident in the regulation of neuronal polarity, connectivity, synaptic transmission and tuning of 

neuronal networks. 

Methods. In the present study we used novel ruthenium-purple modified carbon fiber electrodes (CFM-RP-

Nafion®) to monitor the concentration of H2O2 in striatum slices and in vivo. These sensors display 

electrocatalytic activity for the reduction of H2O2 ŀǘ ҍлΦм ± ǾǎΦ !Ǝκ!Ǝ/ƭΣ ǿƛǘƘ ŀƴ ŀǾŜǊŀƎŜ ǎŜƴǎƛǘƛǾƛǘȅ ƻŦ лΦфу ҕ 

лΦот ˃! ŎƳҍн ˃aҍм and limit of detection of 70 ± 40 nM, allowing selective measurement of H2O2 with high 

temporal and spatial resolution in brain. Using these sensors implanted into the brain tissue, we investigated 

the diffusibility of extracellular H2O2 and determined the t1/2 as well as the in vivo diffusion coefficient of 

H2O2. We also determined the contribution of enzyme systems (catalase ς CAT; glutathione peroxidase ς GPx; 

and peroxiredoxin - Prx) in modulating extracellular H2O2 concentration dynamics and decay. 

Results. We found that both in brain slices and in vivo, exogenously applied (puff) H2O2 is rapidly removed 

from the extracellular space though energy-dependent mechanisms. In brain slices, the signal decay followed 

a 1st order exponential decay function from which the decay constant was found to be k = 0.32 ± 0.02 s-1, 

with a decay half-time of t1/2 = 2.51 ± 0.14 s. Furthermore, the rate of decay was decreased by inhibition of 

GPx and Prx, but not CAT. Data obtained in vivo in the rat striatum revealed similar decay kinetics, with k = 

0.34 ± 0.01 s-1, corresponding to an average t1/2 = 2.19 ± 0.07 s. However, in vivo all enzymatic systems 

contribute to H2O2 breakdown, suggesting a role for erythrocyte-contained catalase in shaping H2O2 

concentration dynamics in the brain. Mathematical fitting of the experimental data obtained to the equation 

that describes diffusion from a spherical source allowed us to estimate the effective diffusion coefficient (D*) 

of H2O2 in vivo to be 2.49 x 10-5 ± 0.13 x 10-5 cm2 s-1 ǿƛǘƘ ŀƴ ŀǾŜǊŀƎŜ ƛƴŀŎǘƛǾŀǘƛƻƴ Ŏƻƴǎǘŀƴǘ ƻŦ ┐Ґ лΦмф Ҍκ- 0.01 

s-1. From the Einstein-Smoluchowski equation we found that, within the half-time of H2O2 in the extracellular 

space, this biological oxidant may travel a distance of over 100 µm.  

Conclusions. Our data support the notion that H2O2 can act as a volume signaling molecule in vivo in the 

brain. Furthermore, H2O2 present in the extracellular space in removed by intracellular enzymatic systems, 

in neural cells by GPx and Prx, and in circulating erythrocytes by CAT as well. The most likely rout of entry 

into cells are aquaporins coined peroxiporins. 
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C/рлπ!ǳǘƻǎƻƳŀƭ ǊŜŎŜǎǎƛǾŜ ǎǇŀǎǘƛŎ ŀǘŀȄƛŀ ƻŦ /ƘŀǊƭŜǾƻƛȄπ{ŀƎǳŜƴŀȅΥ ! о5 

ŜǇƛŘŜǊƳŀƭ ƳƻŘŜƭ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǎŀŎǎƛƴ ŦǳƴŎǘƛƻƴ ƛƴ ǘƘŜ ǎƪƛƴ 

 
/ƻǎǘŀπ¢ŜƛȄŜƛǊŀΦ aΦ.ΦмΣнΤ aǳǊǘƛƴƘŜƛǊŀΦCнΣоΣ [ƻǇŜǎπ±ŜƴǘǳǊŀΣ {мΦΤ IŜǊǊŜǊŀΣ CнΣоΦΤ hƭƛǾŀΣ !м 

 
м.ƛƻƳƻƭŜŎǳƭŀǊ 5ƛŀƎƴƻǎǘƛŎ [ŀōƻǊŀǘƻǊȅΣ Lƴǎǘƛǘǳǘƻ ŘŜ ¢ŜŎƴƻƭƻƎƛŀ vǳƝƳƛŎŀ Ŝ .ƛƻƭƽƎƛŎŀ !ƴǘƽƴƛƻ ·ŀǾƛŜǊΣ ¦ƴƛǾŜǊǎƛŘŀŘŜ bƻǾŀ ŘŜ 
[ƛǎōƻŀΣ !ǾŜƴƛŘŀ Řŀ wŜǇǵōƭƛŎŀΣ нтулπмрт hŜƛǊŀǎΣ tƻǊǘǳƎŀƭΤ н/Ŝƭƭ {ǘǊǳŎǘǳǊŜ ŀƴŘ 5ȅƴŀƳƛŎǎ [ŀōƻǊŀǘƻǊȅΣ .ƛƻL{L ς .ƛƻǎȅǎǘŜƳǎ 
ϧ LƴǘŜƎǊŀǘƛǾŜ {ŎƛŜƴŎŜǎ LƴǎǘƛǘǳǘŜΣ CŀŎǳƭŘŀŘŜ ŘŜ /ƛşƴŎƛŀǎ Řŀ ¦ƴƛǾŜǊǎƛŘŀŘŜ ŘŜ [ƛǎōƻŀΣ /ŀƳǇƻ DǊŀƴŘŜΣ мтпфπлмс [ƛǎōƻŀΣ 
tƻǊǘǳƎŀƭΤ оah{¢aL/wh wŜǎŜŀǊŎƘ ¦ƴƛǘΣ Lƴǎǘƛǘǳǘƻ ŘŜ ¢ŜŎƴƻƭƻƎƛŀ vǳƝƳƛŎŀ Ŝ .ƛƻƭƽƎƛŎŀ !ƴǘƽƴƛƻ ·ŀǾƛŜǊΣ ¦ƴƛǾŜǊǎƛŘŀŘŜ bƻǾŀ 

ŘŜ [ƛǎōƻŀΣ нтулπмрт hŜƛǊŀǎΣ tƻǊǘǳƎŀƭΦ 
 

9Ƴŀƛƭ ŀŘŘǊŜǎǎ όaΦ.Φ /ƻǎǘŀπ¢ŜƛȄŜƛǊŀύΥ ōŜŀǘǊƛȊΦǘŜƛȄŜƛǊŀϪƛǘǉōΦǳƴƭΦǇǘ 

 

.ŀŎƪƎǊƻǳƴŘΦ ¢ƘŜ !ǳǘƻǎƻƳŀƭ wŜŎŜǎǎƛǾŜ {ǇŀǎǘƛŎ !ǘŀȄƛŀ ƻŦ /ƘŀǊƭŜǾƻƛȄπ{ŀƎǳŜƴŀȅ ό!w{!/{ύώмϐ ƛǎ ŀ ǊŀǊŜΣ ŜŀǊƭȅπ

ƻƴǎŜǘ ƴŜǳǊƻƭƻƎƛŎŀƭ ŘƛǎŜŀǎŜ ǘƘŀǘ ǿŀǎ ŦƛǊǎǘ ŘŜǎŎǊƛōŜŘ ƛƴ vǳŜōŜŎΣ /ŀƴŀŘŀΣ ōǳǘ ŎŀǎŜǎ ƘŀǾŜ ōŜŜƴ ǊŜǇƻǊǘŜŘ 

ǿƻǊƭŘǿƛŘŜΦ tŀǘƛŜƴǘǎ ǎǳŦŦŜǊ ŦǊƻƳ ǎǇŀǎǘƛŎƛǘȅ ŀƴŘ ƭŀŎƪ ƻŦ ƳǳǎŎƭŜ ŎƻƻǊŘƛƴŀǘƛƻƴΣ ǊŜǎǳƭǘƛƴƎ ƛƴ ŀƴ ŜŀǊƭȅ ǿƘŜŜƭŎƘŀƛǊ 

ŘŜǇŜƴŘŜƴŎŜ ŀƴŘ ǇǊŜƳŀǘǳǊŜ ŘŜŀǘƘΦ !w{!/{ ƛǎ ŎŀǳǎŜŘ ōȅ Ƴǳǘŀǘƛƻƴǎ ƛƴ ǘƘŜ {!/{ ƎŜƴŜ ǘƘŀǘ ƭŜŀŘ ǘƻ ǎŀŎǎƛƴ ƭƻǎǎπ

ƻŦπŦǳƴŎǘƛƻƴΦ !ƭǘƘƻǳƎƘ ǎŀŎǎƛƴ ƛǎ ƘƛƎƘƭȅ ŜȄǇǊŜǎǎŜŘ ƛƴ ǘƘŜ ŎŜƴǘǊŀƭ ƴŜǊǾƻǳǎ ǎȅǎǘŜƳΣ !w{!/{ ǇŀǘƛŜƴǘǎ ŀƭǎƻ ǎƘƻǿ 

ǎƪƛƴ ŀƭǘŜǊŀǘƛƻƴǎΣ ŀƴŘ ƻǳǊ Řŀǘŀ ƛƴŘƛŎŀǘŜ ǘƘŀǘ ǇǊƛƳŀǊȅ ƪŜǊŀǘƛƴƻŎȅǘŜǎ ŜȄǇǊŜǎǎ ƘƛƎƘ ƭŜǾŜƭǎ ƻŦ ǘƘŜ ǇǊƻǘŜƛƴΦ 

aŜǘƘƻŘǎΦ ¦ǎƛƴƎ ǊŜŎƻƴǎǘǊǳŎǘŜŘ о5 ƘǳƳŀƴ ǎƪƛƴ ǇǊƻǘƻŎƻƭǎΣ ǿŜ ŀƛƳ ǘƻ ŘŜǾŜƭƻǇ ŀƴ ŜǇƛŘŜǊƳŀƭ ƳƻŘŜƭ ǘƘŀǘ 

ǊŜǇƭƛŎŀǘŜǎ !w{!/{ ŦŜŀǘǳǊŜǎΣ ǘƻ ŦǳǊǘƘŜǊ ǳƴŘŜǊǎǘŀƴŘ ǎŀŎǎƛƴ ŦǳƴŎǘƛƻƴ ŀƴŘ ǘƻ ƘŜƭǇ ǘƘŜ ŘŜǎƛƎƴ ƻŦ ƴŜǿ ŘƛŀƎƴƻǎǘƛŎ 

ŀƴŘ ǘƘŜǊŀǇŜǳǘƛŎ ǎǘǊŀǘŜƎƛŜǎΦ CƻǊ ǘƘƛǎΣ ǿŜ ŦƛǊǎǘ ǘǊƛŜŘ ǘƻ ǇǊƻŘǳŎŜ о5 ŜǇƛŘŜǊƳƛǎ ŦǊƻƳ ƘǳƳŀƴ ƪŜǊŀǘƛƴƻŎȅǘŜ ŎŜƭƭ ƭƛƴŜǎ 

Iŀ/ŀ¢ ώнϐ ŀƴŘ bκ¢9w¢πм ώоϐΦ 

wŜǎǳƭǘǎΦ ²Ŝ ǎǳŎŎŜǎǎŦǳƭƭȅ ŘŜǾŜƭƻǇŜŘ о5 ŜǇƛŘŜǊƳŀƭ ƳƻŘŜƭǎ ǳǎƛƴƎ ōƻǘƘ ƪŜǊŀǘƛƴƻŎȅǘŜ ŎŜƭƭ ƭƛƴŜǎΦ IƻǿŜǾŜǊΣ ǘƘŜ 

ƳƻŘŜƭ ǳǎƛƴƎ ǘƘŜ Iŀ/ŀ¢ ŎŜƭƭ ƭƛƴŜ ǇǊŜǎŜƴǘŜŘ ŀ ŦŜǿ ƭƛƳƛǘŀǘƛƻƴǎΦ ¢Ƙƛǎ ŎŜƭƭ ƭƛƴŜ ǿŀǎ ǳƴŀōƭŜ ǘƻ Ŧǳƭƭȅ ǊŜŎǊŜŀǘŜ ǘƘŜ 

ƳǳƭǘƛπƭŀȅŜǊ ŀǊŎƘƛǘŜŎǘǳǊŜ ƻŦ ƴŀǘƛǾŜ ǎƪƛƴΣ ǿƛǘƘƻǳǘ ǘƘŜ ŦƻǊƳŀǘƛƻƴ ƻŦ ǘƘŜ ƻǳǘŜǊƳƻǎǘ ƭŀȅŜǊΣ ǘƘŜ ǎǘǊŀǘǳƳ ŎƻǊƴŜǳƳΦ 

aƻǊŜƻǾŜǊΣ ǘƘŜ Iŀ/ŀ¢ ŎŜƭƭ ƭƛƴŜ ǎƘƻǿŜŘ ŀ ǾŜǊȅ ƭƻǿ ŜȄǇǊŜǎǎƛƻƴ ƻŦ ǎŀŎǎƛƴΣ ǿƘƛŎƘ ŘƛŘ ƴƻǘ ŎƘŀƴƎŜ ǳǇƻƴ ŜȄǇƻǎǳǊŜ 

ǘƻ ƭŜƴǘƛǾƛǊŀƭ ǎƘwb!ǎ ŀƎŀƛƴǎǘ ǎŀŎǎƛƴΦ hƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ǘƘŜ bκ¢9w¢πм ŎŜƭƭ ƭƛƴŜ ƎŜƴŜǊŀǘŜŘ ŀ ǎǘǊŀǘƛŦƛŜŘ ŜǇƛŘŜǊƳƛǎ 

ǿƛǘƘ ŀƭƭ ǘƘŜ ƭŀȅŜǊǎ ǇǊŜǎŜƴǘ ŀƴŘ ŜȄǇǊŜǎǎŜŘ ǎŀŎǎƛƴ ƛƴ ǎƛƳƛƭŀǊ ŀƳƻǳƴǘǎ ǘƻ ǇǊƛƳŀǊȅ ƘǳƳŀƴ ƪŜǊŀǘƛƴƻŎȅǘŜǎΦ 

/ƻƴŎƭǳǎƛƻƴǎΦ ¢ƘŜǎŜ ŦƛƴŘƛƴƎǎ ǎǳƎƎŜǎǘ ǘƘŀǘ ǘƘŜ bκ¢9w¢πм ŎŜƭƭ ƭƛƴŜ Ƙŀǎ ƳƻǊŜ ǇƻǘŜƴǘƛŀƭ ǘƻ ǇǊƻŘǳŎŜ ŀƴ ŜǇƛŘŜǊƳŀƭ 

ǎƪƛƴ ƳƻŘŜƭ ǿƛǘƘ ŀƴ !w{!/{ ǇƘŜƴƻǘȅǇŜ ƛƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŜȄǇŜǊƛƳŜƴǘǎΦ ¢Ƙƛǎ ƳƻŘŜƭ Ŏŀƴ ōŜŎƻƳŜ ŀƴ ƛƳǇƻǊǘŀƴǘ 

ǘƻƻƭ ǘƻ ŦǳǊǘƘŜǊ ǳƴŘŜǊǎǘŀƴŘ ǎŀŎǎƛƴ ŦǳƴŎǘƛƻƴ ƻǳǘǎƛŘŜ ǘƘŜ ŎŜƴǘǊŀƭ ƴŜǊǾƻǳǎ ǎȅǎǘŜƳΦ ²Ŝ ƘƻǇŜ ǘƻ ŀŘǾŀƴŎŜ ƻǳǊ 

ƪƴƻǿƭŜŘƎŜ ƻŦ !w{!/{ ŘƛǎŜŀǎŜ ōȅ ŎƻƴǘǊƛōǳǘƛƴƎ ǘƻ ǘƘŜ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ƻŦ ƴŜǿ ƳƻƭŜŎǳƭŀǊ ƳŀǊƪŜǊǎ ŀƴŘ ǇƻǎǎƛōƭŜ 

ǘƘŜǊŀǇŜǳǘƛŎ ǘŀǊƎŜǘǎ ǘƻ ƘŜƭǇ ŘƛŀƎƴƻǎŜ ŀƴŘ ǘǊŜŀǘ ǘƘƛǎ ŘŜōƛƭƛǘŀǘƛƴƎ ŀƴŘ ƭŜǘƘŀƭ ŘƛǎŜŀǎŜΦ  

wŜŦŜǊŜƴŎŜǎΦ 

ώмϐ WΦ .ƻǳŎƘŀǊŘΣ !Φ .ŀǊōŜŀǳΣ wΦ .ƻǳŎƘŀǊŘΣ ŀƴŘ wΦ .ƻǳŎƘŀǊŘΣ ά!ǳǘƻǎƻƳŀƭ wŜŎŜǎǎƛǾŜ {ǇŀǎǘƛŎ !ǘŀȄƛŀ ƻŦ /ƘŀǊƭŜǾƻƛȄπ{ŀƎǳŜƴŀȅΣέ 
/ŀƴΦ WΦ bŜǳǊƻƭΦ {ŎƛΦΣ ǾƻƭΦ рΣ ƴƻΦ мΣ ǇǇΦ смςсфΣ мфтуΦ 

ώнϐ tΦ .ƻǳƪŀƳǇΣ wΦ ¢Φ tŜǘǊǳǎǎŜǾǎƪŀΣ 5Φ .ǊŜƛǘƪǊŜǳǘȊΣ WΦ IƻǊƴǳƴƎΣ !Φ aŀǊƪƘŀƳΣ ŀƴŘ bΦ CǳǎŜƴƛƎ 9ΦΣ άbƻǊƳŀƭ YŜǊŀǘƛƴƛȊŀǘƛƻƴ ƛƴ 
ŀ {ǇƻƴǘŀƴŜƻǳǎƭȅ LƳƳƻǊǘŀƭƛȊŜŘ !ƴŜǳǇƭƻƛŘ IǳƳŀƴ YŜǊŀǘƛƴƻŎȅǘŜ /Ŝƭƭ [ƛƴŜΣέ WΦ /Ŝƭƭ .ƛƻƭΦΣ ǾƻƭΦ млсΣ ƴƻΦ aŀǊŎƘΣ ǇǇΦ тсмς
ттмΣ мфууΦ 

ώоϐ aΦ !Φ 5ƛŎƪǎƻƴ Ŝǘ ŀƭΦΣ άIǳƳŀƴ ƪŜǊŀǘƛƴƻŎȅǘŜǎ ǘƘŀǘ ŜȄǇǊŜǎǎ Ƙ¢9w¢ ŀƴŘ ŀƭǎƻ ōȅǇŀǎǎ ŀ ǇмсόLbYпŀύπŜƴŦƻǊŎŜŘ ƳŜŎƘŀƴƛǎƳ 
ǘƘŀǘ ƭƛƳƛǘǎ ƭƛŦŜ ǎǇŀƴ ōŜŎƻƳŜ ƛƳƳƻǊǘŀƭ ȅŜǘ ǊŜǘŀƛƴ ƴƻǊƳŀƭ ƎǊƻǿǘƘ ŀƴŘ ŘƛŦŦŜǊŜƴǘƛŀǘƛƻƴ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎΦΣέ aƻƭΦ /ŜƭƭΦ .ƛƻƭΦΣ 
ǾƻƭΦ нлΣ ƴƻΦ пΣ ǇǇΦ мпосςптΣ нлллΦ 
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C/рмπtǊƻǘŜƻƳƛŎ ŀƴŀƭȅǎƛǎ ŀǎ ŀ ǘƻƻƭ ǘƻ ƛŘŜƴǘƛŦȅ ƪŜȅ ŘƛŦŦŜǊŜƴǘƛŀƭƭȅ ŜȄǇǊŜǎǎŜŘ 
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Introduction: Sperm cryopreservation is a key procedure in reproductive medicine worldwide being useful 

to preserve male fertility in pathological scenarios and in some male infertility conditions. Currently, two 

conventional freezing techniques are used in sperm cryopreservation: (a) slow freezing (SF) and (b) rapid 

freezing (RF). Notwithstanding, the cryopreservation protocols are still not ideal inducing significant changes 

at spermatozoon structural and molecular levels. Proteomics emergence brought a new perspective on 

sperm physiology, allowing the evaluation of the protein profile in certain physiological/pathological 

contexts. Through proteomic data, we identified key differentially expressed proteins (DEPs) in freeze-

thawed human spermatozoa that can be potential cryopreservation quality biomarkers or modulation 

targets.  

Methods: We selected proteomic studies that compared fresh controls with human sperm cryopreserved 

from normozoospermic donors and collected the DEPs in two groups: SF and RF groups. For each group, an 

enrichment analysis (biological process, cellular compartment and KEGG pathways) was performed and 

protein-protein interactions (PPIs) were collected in the String database. Then, integrative networks were 

built, using the 10 most significant terms in each category and PPIs, to identify the proteins with the highest 

degree of connectivity.  

Results: We collected 160 DEPs for SF group and 555 DEPs for RF group. DEPs from SF group were mainly 

related to translation, protein-targeting, viral infection, antigen processing and metabolic processes. On the 

other hand, DEPs from RF group were associated with exocytosis, cell cycle and differentiation, metabolic 

processes, signalling pathways, protein processing and trafficking and translation. We collected 54 and 607 

PPIs for SF and RF groups, respectively. In each integrative network, we identified 10 key proteins. From 

those, four proteins are common to both groups. 

Conclusion: The use of proteomic data in combination with a bioinformatic workflow allowed the rapid 

identification of four potential key DEPs in freeze-thawed human spermatozoa. Future studies should be 

performed to validate experimentally the role of those proteins as cryopreservation quality biomarkers or 

modulation targets. 
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C/рнπLƴǾƻƭǾŜƳŜƴǘ ƻŦ ½ƴŦсут ŘǳǊƛƴƎ ƻǎǘŜƻōƭŀǎǘ ǇǊƻƭƛŦŜǊŀǘƛƻƴ ŀƴŘ 

ŘƛŦŦŜǊŜƴǘƛŀǘƛƻƴ 

±ŀǊŜƭŀ 5мΣнΣ /ƻƴŎŜƛœńƻ bмΣоΣпΣ /ŀƴŎŜƭŀ a[мΣоΣп 

м/ŜƴǘǊŜ ƻŦ aŀǊƛƴŜ {ŎƛŜƴŎŜǎ ό//a!wύΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ !ƭƎŀǊǾŜΣ CŀǊƻΣ tƻǊǘǳƎŀƭΤ нtƘ5 ƛƴ .ƛƻƳŜŘƛŎŀƭ {ŎƛŜƴŎŜǎΣ CŀŎǳƭǘȅ ƻŦ 
aŜŘƛŎƛƴŜ ŀƴŘ .ƛƻƳŜŘƛŎŀƭ {ŎƛŜƴŎŜǎΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ !ƭƎŀǊǾŜΣ CŀǊƻΣ tƻǊǘǳƎŀƭΤ оCŀŎǳƭǘȅ ƻŦ aŜŘƛŎƛƴŜ ŀƴŘ .ƛƻƳŜŘƛŎŀƭ {ŎƛŜƴŎŜǎΣ 

¦ƴƛǾŜǊǎƛǘȅ ƻŦ !ƭƎŀǊǾŜΣ CŀǊƻΣ tƻǊǘǳƎŀƭΤ п!ƭƎŀǊǾŜ .ƛƻƳŜŘƛŎŀƭ /ŜƴǘǊŜΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ !ƭƎŀǊǾŜΣ CŀǊƻΣ tƻǊǘǳƎŀƭ 
 

9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ŀппттмϪǳŀƭƎΦǇǘ 

 
Background. ZNF687 gene encodes a protein belonging to the C2H2 zinc finger protein family that may be 

involved in bone metabolism. Mutations in ZNF687 ƘŀǾŜ ōŜŜƴ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǎŜǾŜǊŜ ŎŀǎŜǎ ƻŦ tŀƎŜǘΩǎ 5ƛǎŜŀǎŜ 

of Bone (PDB), the second most common metabolic bone condition, characterized by an increased bone 

resorption mediated by the numerous, giant and hyperactive osteoclasts, followed by an abnormal and 

excessive osteoblast-mediated.bone formation. As a result, affected bones of PDB patients are disorganized, 

enlarged and deformed, therefore prone to fracture. Although ZNF687 function is still poorly understood, 

studies showed that it is highly expressed during the regeneration of caudal fins in zebrafish and 

overexpressed in peripheral blood mononuclear cells samples derived from PDB-affected individuals. Thus, 

the aim of our work was to investigate the role of ZNF687 throughout osteoblast proliferation and 

differentiation using a mouse-derived osteoblast precursor cell line (MC3T3-E1).  

Methods. To achieve our goal, MC3T3-E1 were differentiated into mature osteoblasts by treating the cells 

ŜǾŜǊȅ н Řŀȅǎ ŦƻǊ ну Řŀȅǎ ǿƛǘƘ ŀƴ ƻǎǘŜƻƎŜƴƛŎ ŎƻŎƪǘŀƛƭ ŎƻƴǎƛǎǘƛƴƎ ƻŦ ŀǎŎƻǊōƛŎ ŀŎƛŘ όрл ˃ƎκƳ[ύ ŀƴŘ ʲ-

glycerophosphate (10 mM). At specific differentiation times, mineralization (calcium deposition) was 

detected and quantified by alizarin red staining, total RNA was extracted and levels of Znf687 gene expression 

and markers of osteogenic differentiation were determined through real-time PCR. 

Results. The MC3T3-E1 cells treated with osteogenic differentiation medium showed a more intense red 

staining of mineralized bone matrix than the untreated control cells. That was even more evident at day 28 

of treatment where there was a significant calcium deposition shown by the higher number of alizarin red-

stained mineralized nodules. Accordingly, the quantification of the mineralized matrix (calcium-bound 

alizarin red) showed that, in fact, there was more mineral deposition by cells treated with osteogenic 

differentiation medium. Our results showed a higher expression of bone markers during the osteogenic 

treatment compared to the control. Znf687 expression was downregulated throughout osteoblast 

differentiation, i.e., its expression was significantly lower in differentiated osteoblasts than in their 

undifferentiated precursors. No differences were observed in Znf687 expression during osteoblast 

proliferation. 

Conclusions. Our work suggests that Znf687 plays a role in osteoblast differentiation but not in osteoblast 

proliferation. More studies are needed to understand the mechanisms involved in Znf687 expression during 

this process.  

References. Divisato G, et al. ZNF687 Mutations in Severe Paget Disease of Bone Associated with Giant Cell Tumor. Am 

J Hum Genet. 2016, 98:275-86.  

Feng X and McDonald JM. Disorders of Bone Remodeling. Annu Rev Pathol. 2011, 6:121-145.  
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C/ро tŀǘǊƝŎƛŀ !ǇǳǊŀ ! ǎƘƻǊǘ ǘǊƛǇ ǘƻ ǘƘŜ ǿƻǊƭŘ ƻŦ tǎŜǳŘƻƳƻƴŀǎ ǇǳǘƛŘŀΩǎ ǊƛōƻƴǳŎƭŜŀǎŜǎ 

C/рп {ŀƴŘǊŀ ±ƛŜƎŀǎ bƻǾŜƭ ƴƻƴπŎƻŘƛƴƎ wb!ǎ ǿƘƻǎŜ ŜȄǇǊŜǎǎƛƻƴ ƛǎ ǊŜƭŜǾŀƴǘ ŦƻǊ ǘƘŜ 
ƎǊƻǿǘƘ ƻŦ tǎŜǳŘƻƳƻƴŀǎ ǇǳǘƛŘŀ ƛƴ ŀ ōƛƻǊŜŀŎǘƻǊ 

C/рр !ƴŀ {ƛƭǾŀ /ȅǘƻŎƘǊƻƳŜ Ŏ ƳŀǘǳǊŀǘƛƻƴ {ȅǎǘŜƳ LLLΥ Ŏŀƴ ŀƴ ŜǳƪŀǊȅƻǘƛŎ ǎȅǎǘŜƳ 
ǇǊƻŘǳŎŜ ƳǳƭǘƛƘŜƳŜ ŎȅǘƻŎƘǊƻƳŜǎΚ 

C/рс Wƻŀƴŀ aŀŘƧŀǊƻǾ .ƛƻ/ŀǘΥ LƴǾŜǎǘƛƎŀǘƛƴƎ ǘƘŜ ŜƭŜŎǘǊƻƴ ǳǇǘŀƪŜ ƳŜŎƘŀƴƛǎƳ ƻŦ 
{ǇƻǊƻƳǳǎŀ ƻǾŀǘŀ ŦƻǊ ƳƛŎǊƻōƛŀƭ ŜƭŜŎǘǊƻǎȅƴǘƘŜǎƛǎ ƻŦ ŀŎŜǘŀǘŜ ŦǊƻƳ 
/hн 

C/рт Dƛƭ CǊŀǉǳŜȊŀ /ŀнҌπ!¢tŀǎŜ ƛƴƘƛōƛǘƛƻƴ ǎǘǳŘƛŜǎ ōȅ ǇƻƭȅƻȄƻƳŜǘŀƭŀǘŜǎ 

C/ру !ƳŜǊƛŎƻ !ƭǾŜǎ /ƘƛǊŀƭ πh!ƭƪȅƭƛŘŜƴŜπ{ǳōǎǘƛǘǳǘŜŘ π̡[ŀŎǘŀƳǎ ŀƴŘ πɹ[ŀŎǘŀƳǎΥ 
{ȅƴǘƘŜǎƛǎ ŀƴŘ !ƴǘƛŎŀƴŎŜǊ !ŎǘƛǾƛǘȅ 

C/рф aŀǊƛŀƴŀ 
aŀǊǉǳŜǎ 

5ŜǾŜƭƻǇƳŜƴǘ ƻŦ ŀ ŎŀƴƛƴŜ ǎƪƛƴ ŀƴŀƭƻƎ 

C/сл /ŀǊƭƻǎ DŀǎǘŀƭƘƻ 5ŜǾŜƭƻǇƳŜƴǘ ƻŦ ŘƛŦŦŜǊŜƴǘ ƳǳƭǘƛŦǳƴŎǘƛƻƴŀƭ ŎƘƛǘƻǎŀƴ ƴŀƴƻŎŀǊǊƛŜǊǎ 
ǿƛǘƘ ǇƘŀǊƳŀŎƻƭƻƎƛŎŀƭ ŀŎǘƛǾƛǘȅ ŦƻǊ ƘǳƳŀƴ ǎƪƛƴ ǿƻǳƴŘǎ ƘŜŀƭƛƴƎ 

C/см 5ƻǊƛƴŘŀ 
aŀǊǉǳŜǎ Řŀ {ƛƭǾŀ 

! ƎǊŀǇƘƛŎŀƭ ƧƻǳǊƴŜȅ ǘƘǊƻǳƎƘ ǘƘŜ a.{ǘƻȄ ǇǊƻƧŜŎǘ 

C/сн bŀȊǳŀ [Φ/ƻǎǘŀ 9ƭŜŎǘǊƻƎǊŀŦǘŜŘ ŀƴǘƘǊŀǉǳƛƴƻƴŜ ŀǎ ŀ ǇǊƻōŜ ǘƻ ƳŜŀǎǳǊŜ ǇI ŎƘŀƴƎŜǎ 
ŀǘ ōƛƻŦƛƭƳπŀƴƻŘŜ ƛƴǘŜǊŦŀŎŜ ƛƴ ŀ ǿŀǎǘŜǿŀǘŜǊ ƻǇŜǊŀǘƛƴƎ ƳƛŎǊƻōƛŀƭ 
ŦǳŜƭ ŎŜƭƭ 

C/со Lƴşǎ .Φ ¢ǊƛƴŘŀŘŜ DƘƻǎǘ ƘǳƴǘƛƴƎΥ CƘǳC π ŀ ŦŜǊǊƛŎπǎƛŘŜǊƻǇƘƻǊŜ ǊŜŘǳŎǘŀǎŜ ƻŦ 
ǳƴƪƴƻǿƴ ǎǘǊǳŎǘǳǊŜ 

C/сп ±Ńƴƛŀ aƻǊŜƛǊŀ 5ŜǾŜƭƻǇƳŜƴǘ ƻŦ ŀ [{twπōŀǎŜŘ ōƛƻǎŜƴǎƻǊ ŦƻǊ ǘƘŜ {!w{π/ƻ±πн 
ŘŜǘŜŎǘƛƻƴ 

C/ср /ǳǎǘƽŘƛŀ 
CƻƴǎŜŎŀ 

LbIL.L¢Lhb hC ¢I9 /ŀнҌπ!¢tŀǎŜ .¸ Dh[5 όLΣ LLLύ /hath¦b5{ 

C/сс /ƻƴǎǘŀƴœŀ tŀƛǎ 
Řƻ !ƳŀǊŀƭ 

.ƛƻŀŎǘƛǾŜ ǇŜǇǘƛŘŜǎ ƛǎƻƭŀǘŜŘ ŦǊƻƳ 9ǳǊƻǇŜŀƴ ŀƳǇƘƛōƛŀƴ ǎƪƛƴ 
ǎŜŎǊŜǘƛƻƴǎ ǿƛǘƘ ǇƻǎǎƛōƭŜ ŀƴǘƛŎŀƴŎŜǊ ŜŦŦŜŎǘ 
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C/роπ! ǎƘƻǊǘ ǘǊƛǇ ǘƻ ǘƘŜ ǿƻǊƭŘ ƻŦ tǎŜǳŘƻƳƻƴŀǎ ǇǳǘƛŘŀΩǎ ǊƛōƻƴǳŎƭŜŀǎŜǎ 
 

 

!ǇǳǊŀΣ tΦмΣ ŘŜ [ƻǊŜƴȊƻΣ ±ΦнΣ DƻƴœŀƭǾŜǎΣ [Φ DΦмΣ aŀǊǘƝƴŜȊπDŀǊŎƝŀΣ 9ΦнΣ !ǊǊŀƛŀƴƻΣ /Φ aΦмΣ ŀƴŘ ±ƛŜƎŀǎΣ {Φ /Φм 
 

мLƴǎǘƛǘǳǘƻ ŘŜ ¢ŜŎƴƻƭƻƎƛŀ vǳƝƳƛŎŀ Ŝ .ƛƻƭƽƎƛŎŀ !ƴǘƽƴƛƻ ·ŀǾƛŜǊΣ ¦ƴƛǾŜǊǎƛŘŀŘŜ bƻǾŀ ŘŜ [ƛǎōƻŀΣ !ǾΦ Řŀ wŜǇǵōƭƛŎŀΣ 9!bΣ 
hŜƛǊŀǎΣ нтулπмртΣ tƻǊǘǳƎŀƭΤ н{ȅǎǘŜƳǎ .ƛƻƭƻƎȅ tǊƻƎǊŀƳΣ /ŜƴǘǊƻ bŀŎƛƻƴŀƭ ŘŜ .ƛƻǘŜŎƴƻƭƻƎƛŀΣ /{L/Σ aŀŘǊƛŘΣ {ǇŀƛƴΦ 

 
9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ǇŀǇǳǊŀϪƛǘǉōΦǳƴƭΦǇǘ 

 
Ribonucleases (RNases) are important effectors on post-transcriptional regulation and coordinators of 

bacterial adaptation to stress. The aim of this work is to shed light on the importance of ribonucleases 

function for the versatile metabolism of Pseudomonas putida. This gram-negative saprophytic bacterium is 

generally recognized as a laboratory work model of environmental bacteria and is endowed with a diversity 

of metabolic and stress endurance traits that make it an ideal chassis for biotechnological needs. Bacterial 

RNases have been most extensively studied in the model organism Escherichia coli, however, in P. putida that 

information is still scarce. In this work we attempted to inspect the cellular effects of the absence of specific 

ribonucleases in P. putida covering the bulk of possible RNA cleavages in this microorganism and looking at 

them in connection to its conspicuous environmental endurance. Following this line, we have constructed 

single mutants for five different P. putida ribonucleases, two exoribonucleases (PNPase and RNase R) and 

three endoribonucleases (RNase E, RNase III and RNase G) and analysed the physiological, phenotypical and 

metabolic costs of their absence. The impact of these mutants is tested in terms of growth, motility and 

morphology. In addition, the effects of different chemicals triggering oxidative stress were tested, as well as 

proxies of toxicants present in the natural environments typically inhabited by this microorganism. Our data 

highlights RNases and, consequently, RNA transactions as a major control layer that enables P. putida thrive 

in a variety of stressful conditions. Moreover, the physiological response of P. putida in the absence of each 

enzyme differs, in some cases, from the one previously observed in E. coli, revealing evident differences in 

the metabolism of these two bacteria but also different enzymatic functions of the ribonucleases in each 

bacterial landscape. 

References. 
Apura, P., et al., Ribonucleases control distinct traits of Pseudomonas putida lifestyle, Environmental Microbiology, 
(2021) 23(1), 174ς189. 
Apura, P. et al., The world of ribonucleases from pseudomonads: a short trip through the main features and singularities. 
Microbial Technology. Special Issue article (2021). 
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C/рпπbƻǾŜƭ ƴƻƴπŎƻŘƛƴƎ wb!ǎ ǿƘƻǎŜ ŜȄǇǊŜǎǎƛƻƴ ƛǎ ǊŜƭŜǾŀƴǘ ŦƻǊ ǘƘŜ ƎǊƻǿǘƘ 

ƻŦ tǎŜǳŘƻƳƻƴŀǎ ǇǳǘƛŘŀ ƛƴ ŀ ōƛƻǊŜŀŎǘƻǊ 
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Background. Pseudomonas putida is a ubiquitous Gram-negative bacterium with an extraordinary metabolic 

versatility and robustness, which makes it a platform of choice for the engineering of biotransformation 

reactions with applications in biotechnology, agriculture, and bioremediation. This will ultimately contribute 

to a greener and more sustainable economy. In industrial fermentation processes it is critical to maintain a 

robust and prolonged productivity under stressful conditions. With the use of bacterial functions of 

increasing complexity came the awareness that different bacterial microorganisms respond differently in 

accordance with their regulatory layers. Small non-coding RNAs (ncRNAs) have arisen as an effective strategy 

ǘƻ ƛƳǇǊƻǾŜ ǎǘǊŀƛƴΩǎ ǘƻƭŜǊŀƴŎŜΦ Lƴ ƴŀǘǳǊŜΣ ƴŎwb!ǎ ŜȄƛǎǘ ŀs a heterogeneous group of molecules that are 

involved in controlling a variety of stress responses. These functional regulatory molecules are usually not 

translated and can interact with RNA, DNA, proteins and small molecules regulating many different cellular 

functions. Manipulation of bacterial small non-coding RNAs (ncRNAs) has been recognized as an effective 

tool to improve the production of industrial compounds. The natural versatility of RNA regulators has also 

inspired the design and construction of several ncRNA based synthetic devices to modulate heterologous 

protein expression. Although a few ncRNAs have been characterized in the genus Pseudomonas, there is a 

general dearth of knowledge on the specific functional roles of ncRNAs in biotechnologically relevant 

microorganisms, such as P. putida. Furthermore, we realized that there is scarce information regarding which 

ncRNAs are induced when bacteria face the stress of growing in industrial bioreactors. This work aims to 

address this gap, with the identification of novel and potentially important ncRNAs for the adaptation of this 

model platform to large scale production conditions.  

Methods. We have performed a general transcriptomic analysis approach to investigate the differential 

expression of P. putida transcripts induced under stress conditions experienced in an industrial bioreactor. 

For that, P. putida was cultivated in a two-compartment scale-down bioreactor that simulates large-scale 

industrial bioreactors. An RNA-seq of samples collected at distinct locations and time-points was performed 

and the newly identified ncRNAs are being validated by Northern blot analysis. We have done a bioinformatic 

analysis of the fold change in expression levels of the identified ncRNAs in different locations and time-points 

of the bioreactor setting, which is now being quantitatively evaluated by RT-qPCR.  

Results. 725 novel ncRNAs were predicted in our analysis (Pobre et al., 2020). We also found that the 

expression of these ncRNAs was not constant throughout the bioreactor, showing different patterns of 

expression with time and position.  

Conclusions. Our results will unveil the ncRNAs important for P. putida during stress adaptation. 

Characterization of these regulators can bring a valuable information to be applied in biotech applications to 

improve stress tolerance. 

References.Pobre, V., et al. (2020) Prediction of novel non-coding RNAs relevant for the growth of Pseudomonas putida 

in a bioreactor. Microbiology 166, 149-156.  
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C/ррπ/ȅǘƻŎƘǊƻƳŜ Ŏ ƳŀǘǳǊŀǘƛƻƴ {ȅǎǘŜƳ LLLΥ Ŏŀƴ ŀƴ ŜǳƪŀǊȅƻǘƛŎ ǎȅǎǘŜƳ 

ǇǊƻŘǳŎŜ ƳǳƭǘƛƘŜƳŜ ŎȅǘƻŎƘǊƻƳŜǎΚ 

 
{ƛƭǾŀΣ !±мΤ CƛǊƳƛƴƻΣ ahмΤ /ƻǎǘŀΣ b[мΤ [ƻǳǊƻΣ whмΤ tŀǉǳŜǘŜΣ /aм 

  
мLƴǎǘƛǘǳǘƻ ŘŜ ǘŜŎƴƻƭƻƎƛŀ ǉǳƝƳƛŎŀ Ŝ ōƛƻƭƽƎƛŎŀ !ƴǘƽƴƛƻ ·ŀǾƛŜǊ όL¢v.πbƻǾŀύ 

 
9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ŀƴŀǾǎƛƭǾŀϪƛǘǉōΦǳƴƭΦǇǘ 

 

Background. C-type cytochromes are metalloproteins that contain one or more hemes covalently bound to 

the polypeptide chain. These proteins are ubiquitous and fundamental for biological processes in the cell 

across all domains of life, including respiratory processes, catalysis, signaling and apoptosis. Given their 

importance, the process that leads to their formation in nature is equally important. In fact, the deficiency in 

cytochrome-c maturation has been identified as the sole cause of the genetic disease MLS (microphthalmia 

with linear skin defects). The covalent attachment of the heme to the apo-protein requires a maturation 

machinery. In the case of eukaryotic organisms, the system responsible for the process is composed of only 

one enzyme - CcHL or HCCS. So far, this system has only been described to produce mono-heme cytochromes. 

This work is focused on understanding this maturation system and, more specifically, the requirements for 

substrate recognition by this enzyme. 

Methods. To address the recognition mechanisms, the gene for the bacterial cytochrome STC (small 

tetraheme cytochrome c from Shewanella oneidensis MR-1) was cloned in a plasmid harboring CcHL. 

Furthermore, the previously described CcHL recognition sequence was inserted by site directed mutagenesis 

in two different heme binding positions, generating the mutants STC-H1, STC-H2 and STC-H12. These 

plasmids were then transformed in Escherichia coli BL21 and the different mutants were expressed, purified 

and analyzed using UV-visible spectroscopy, Mass Spectrometry and NMR. As a control, all the proteins were 

also expressed with the native System I.  

Results. CcHL can recognize the apo-cytochrome of a bacterial multi-heme protein when the recognition 

sequence is present either in the first or in the second heme binding position. However, the enzyme does 

not produce a correctly folded protein and it does not seem to be able to insert more than one heme, even 

when two recognition sequences are present.  

Conclusions. It was shown for the first time that CcHL can recognize multiheme c-type cytochromes, 

however, the correct folding of the cytochrome is most likely dependent on the presence of all hemes and 

therefore, could not be achieved.  It was also possible to observe that the presence of the recognition 

sequence is not the only requirement for heme insertion. 
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C/рсπ.ƛƻ/ŀǘΥ LƴǾŜǎǘƛƎŀǘƛƴƎ ǘƘŜ ŜƭŜŎǘǊƻƴ ǳǇǘŀƪŜ ƳŜŎƘŀƴƛǎƳ ƻŦ {ǇƻǊƻƳǳǎŀ 

ƻǾŀǘŀ ŦƻǊ ƳƛŎǊƻōƛŀƭ ŜƭŜŎǘǊƻǎȅƴǘƘŜǎƛǎ ƻŦ ŀŎŜǘŀǘŜ ŦǊƻƳ /hн 
 

aŀŘƧŀǊƻǾΣ WΦΣ tŀǉǳŜǘŜ /ΦaΦΣ [ƻǳǊƻΣ wΦ hΦ 
 

Lƴǎǘƛǘǳǘƻ ŘŜ ¢ŜŎƴƻƭƻƎƛŀ vǳƝƳƛŎŀ Ŝ .ƛƻƭƽƎƛŎŀΣ ¦ƴƛǾŜǊǎƛŘŀŘŜ bƻǾŀ ŘŜ [ƛǎōƻŀΣ  
!ǾΦ Řŀ wŜǇǵōƭƛŎŀ ό9!bύΣ нтулπмрт hŜƛǊŀǎΣ tƻǊǘǳƎŀƭ 

 
9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ƧƻŀƴŀΦƳŀŘƧŀǊƻǾϪƛǘǉōΦǳƴƭΦǇǘ 

 

Background. Microbial electrosynthesis (MES) is an intriguing new technology to produce high value 

chemicals from CO2 and electricity. It relies on acetogenic 

bacteria like Sporomusa ovata, which can accept 

electrons from an electrode and use carbon dioxide to 

synthesize acetate (figure 1)[1]. 

Within this dynamic field of MES research, one of the 

main unsolved questions deals with the mechanism of 

electron uptake of bacteria from an electrode. The EU 

funded project BioCat, which shall be introduced here, 

contributes to answer this by detecting and analyzing the 

involved proteins and their interactions on a molecular 

level. So far, the fundamentals of electron uptake of the 

well-studied model organism Shewanella oneidensis have 

been shown. There, a porin-cytochrome c complex [2] is 

responsible for the electron transport which can transfer electrons in both directions [3]. But Shewanella is 

not autotrophic and thus is not able to metabolize carbon dioxide. 

Methods. To detect and analyze the electron uptake proteins of the acetogen Sporomusa ovata, a strictly 

anaerobic reactor was designed which performs microbial electrosynthesis of acetate. It will be operated 

with graphite electrodes and medium 311[4]. To supply the needed carbon dioxide it is gently purged with 

N2:CO2 in the ratio 80:20. The experiments are performed potentiostatically with a three electrode setup to 

exclude limitations caused by the anode performance. The expressed proteins and the acetate production 

on the cathode will be analyzed as functions of operating parameters. Subsequently Sporomusa o. will be 

treated with mutagens to induce mutations aiming the optimization of electron uptake rates.  

Results. The project BioCat is kicking off right now and so far, the reactor has been developed based on the 

widespread H-Cell reactor. At the time, the SPB congress will take place, there will be first results on electron 

uptake rates and acetate production of Sporomusa o. 
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C/ртπ/ŀнҌπ!¢tŀǎŜ ƛƴƘƛōƛǘƛƻƴ ǎǘǳŘƛŜǎ ōȅ ǇƻƭȅƻȄƻƳŜǘŀƭŀǘŜǎ 

 

CǊŀǉǳŜȊŀΣ DΦмΣ DǳƳŜǊƻǾŀΣ bΦ LΦнΣ wƻƳǇŜƭΣ !ΦнΣ !ǳǊŜƭƛŀƴƻΣ aΦо 
 

м//aŀǊΣ L{9Σ ¦ƴƛǾŜǊǎƛŘŀŘŜ Řƻ !ƭƎŀǊǾŜΣ tƻǊǘǳƎŀƭΣ н¦ƴƛǾŜǊǎƛǘŅǘ ²ƛŜƴΣ CŀƪǳƭǘŅǘ ŦǸǊ /ƘŜƳƛŜΣ Lƴǎǘƛǘǳǘ ŦǸǊ .ƛƻǇƘȅǎƛƪŀƭƛǎŎƘŜ 
/ƘŜƳƛŜΣ !ǳǎǘǊƛŀΣ о//aŀǊΣ C/¢Σ ¦ƴƛǾŜǊǎƛŘŀŘŜ Řƻ !ƭƎŀǊǾŜΣ tƻǊǘǳƎŀƭ 

 
9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ όƎŦǊŀǉǳŜϪǳŀƭƎΦǇǘύ 

 

Background. Polyoxometalates (POMs) are a kind of inorganic cluster metal complexes with various 

biological activities, such as antibacterial, anticancer, anti-diabetes, antivirus and anti-Alzheimer's disease 

among others. Their action mechanism at the molecular level is basically unknown. POMs have shown 

inhibitory effect on several enzyme families, such as -hglucosidase, tyrosinase, protein kinase or exonuclease. 

POMs also inhibited sialyltransferase, thiotransferase, deacetylase and virus reverse enzyme in different 

degrees. To study the inhibitory effects of POMs on various enzymes will contribute to the application of 

polyoxometalates in biomedicine.  

Our research group has studied and analysed the inhibitory effects of nine different polyoxotungstates (POTs) 

on Ca2+-ATPase from skeletal muscle. 

Methods. For Ca2+-ATPase inhibition, an in vitro study was performed and the strongest inhibitors were 

determined to be the large heteropolytungstate K9(C2H8N)5[H10Se2W29O103] (Se2W29) and the Wells-Dawson 

type POT K6ώ-hP2W18O62] (P2W18) exhibiting IC50 values of 0.3 and 0.6 µM, respectively [1]. Promising results 

were also shown for the Keggin-based POTs K6H2[CoW11TiO40] (CoW11Ti, IC50 = 4 µM) and Na10ώ-hSiW9O34] 

(SiW9, IC50 = 16 µM), K14[As2W19O67(H2O)] (As2W19, IC50 = 28 µM) and the lacunary Wells-Dawson K12ώ-h

H2P2W12O48] (P2W12, IC50 = 11 µM), whereas low inhibitory potencies were observed for the isopolytungstate 

Na12[H4W22O74] (W22, IC50 = 68 µM) and the Anderson-type Na6[TeW6O24] (TeW6, IC50 = 200 µM). Recently 

three new POTs were studied, including two lacunary Wells-Dawson POTs Na12[ -hP2W15O56]·24H2O (P2W15), 

K10[P2W17O61] 20H2O (P2W17), and the  Preyssler type (NH4)14[NaP5W30O110]·31H2O (P5W30), all strong inhibitors 

of Ca2+-ATPase with IC50 values < 1 µM. 

Results. Regarding the mode of interaction between POTs and Ca2+-ATPase, the type of inhibition was 

determined for some of the POTs and for all of them it was observed that POTs exhibited a mixed type 

inhibition. Furthermore, speciation of POT clusters at physiological pH 7.0 and in water was investigated by 
31P-NMR analysis in order to address cluster species responsible for the interaction. A solution studying the 

most promising ATPase inhibitor, P5W30, revealed that immediately after dissolving the Preyssler POT three 

anions are present in solution: intact Preyssler (P5W30), intact Wells-Dawson (P2W18) and mono-lacunary 

Wells-Dawson anions (P2W17). 

Conclusions. These results reveal the high potential of some POTs to act as P-type ATPase inhibitors. As P-

type ATPases represent pharmacologically important targets due to their important role in health and 

disease, the here reported bioactive POTs should be considered as possible future metallodrugs. 
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C/руπ/ƘƛǊŀƭ π!ƭƪȅƭƛŘŜƴŜπ{ǳōǎǘƛǘǳǘŜŘ π̡[ŀŎǘŀƳǎ ŀƴŘ πɹ[ŀŎǘŀƳǎΥ  

{ȅƴǘƘŜǎƛǎ ŀƴŘ !ƴǘƛŎŀƴŎŜǊ !ŎǘƛǾƛǘȅ  

!ƳŞǊƛŎƻ WΦ {Φ !ƭǾŜǎмΣ bǳƴƻ DΦ !ƭǾŜǎмΣ aŀŦŀƭŘŀ [ŀǊŀƴƧƻнΣоΣпΣ aΦ CƛƭƻƳŜƴŀ .ƻǘŜƭƘƻнΣоΣп ŀƴŘ ¢ŜǊŜǎŀ aΦ ±Φ 5Φ tƛƴƘƻ 
Ŝ aŜƭƻм 

м¦ƴƛǾŜǊǎƛǘȅ ƻŦ /ƻƛƳōǊŀΣ /ƻƛƳōǊŀ /ƘŜƳƛǎǘǊȅ /ŜƴǘǊŜ ŀƴŘ 5ŜǇŀǊǘƳŜƴǘ ƻŦ /ƘŜƳƛǎǘǊȅΣ оллпπрор /ƻƛƳōǊŀΣ tƻǊǘǳƎŀƭΤ 
нLƴǎǘƛǘǳǘŜ ƻŦ .ƛƻǇƘȅǎƛŎǎ ŀƴŘ LƴǎǘƛǘǳǘŜ ŦƻǊ /ƭƛƴƛŎŀƭ ŀƴŘ .ƛƻƳŜŘƛŎŀƭ wŜǎŜŀǊŎƘ όƛ/.wύΣ !ǊŜŀ ƻŦ 9ƴǾƛǊƻƴƳŜƴǘ DŜƴŜǘƛŎǎ ŀƴŘ 
hƴŎƻōƛƻƭƻƎȅ ό/La!DhύΣ CŀŎǳƭǘȅ ƻŦ aŜŘƛŎƛƴŜΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ /ƻƛƳōǊŀΣ олллπрпу /ƻƛƳōǊŀΣ tƻǊǘǳƎŀƭΤ о/ŜƴǘŜǊ ŦƻǊ 

LƴƴƻǾŀǘƛǾŜ .ƛƻƳŜŘƛŎƛƴŜ ŀƴŘ .ƛƻǘŜŎƘƴƻƭƻƎȅ ό/L..ύΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ /ƻƛƳōǊŀΣ олллπрпу /ƻƛƳōǊŀΣ tƻǊǘǳƎŀƭΤ п/ƭƛƴƛŎŀƭ ŀƴŘ 
!ŎŀŘŜƳƛŎ /ŜƴǘǊŜ ƻŦ /ƻƛƳōǊŀΣ олллπрпу /ƻƛƳōǊŀΣ tƻǊǘǳƎŀƭ 

 
9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ŀƳŜǊƛŎƻΦƧǎŀΦфнϪƎƳŀƛƭΦŎƻƳ 

 

Cancer is one of the leading causes of death being responsible for nearly 10 million deaths annually and 

remains as one of the most difficult diseases to treat. The rapid development of drug-resistant cancers, and 

the low specificity of some anticancer agents with the associated side effects are some of the major obstacles 

to overcome. Thus, one of the main challenges of medicinal chemists around the world is the development 

ƻŦ ƴƻǾŜƭ ŀƴǘƛŎŀƴŎŜǊ ŀƎŜƴǘǎΦ 5ŜǎǇƛǘŜ ǘƘŜ ƳŀƧƻǊ ŀǊŜŀ ƻŦ ǊŜǎŜŀǊŎƘ ƻŦ ʲ-lactams focuses on antibacterial activity, 

ŀ ǿƛŘŜ ǊŀƴƎŜ ƻŦ ʲ-lactamic compounds were discovered with diverse biological activities.[1] Furthermore, the 

alkylidene-lactam moiety has been associated with anticancer activity.[2] In this communication, chiral 

alkylidene-ǎǳōǎǘƛǘǳǘŜŘ ʲ-lactams derived from 6-ŀƳƛƴƻǇŜƴƛŎƛƭƭŀƴƛŎ ŀŎƛŘ ŀƴŘ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ʴ-lactam 

derivatives were synthesized and screened for their in vitro activity against four human cancer cell lines 

(melanoma, esophageal, lung and fibrosarcoma carcinoma). The novel chiral alkylidene- -ɹlactams were 

synthesized through a multistep strategy starting from D-penicillamine. The in vitro assays allowed the 

identification of 4 compounds with IC50 ǾŀƭǳŜǎ ǳƴŘŜǊ мл ˃aΦ CǳǊǘƘŜǊ ǎǘǳŘƛŜǎ ǿŜǊŜ ŎŀǊǊƛŜŘ ƻǳǘ ǿƛǘƘ ǘƘŜ ƳƻǊŜ 

promising compounds in order to determine the induced mechanism of cell death, reactive oxygen species 

generation and inhibition of matrix metalloproteinases, unveiling the potential of alkylidene- -̡lactams as 

anticancer agents (Figure 1). 

 

Figure 1. 
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C/рфπ5ŜǾŜƭƻǇƳŜƴǘ ƻŦ ŀ ŎŀƴƛƴŜ ǎƪƛƴ ŀƴŀƭƻƎ 

aŀǊǉǳŜǎ aΦмΣ bǳƴŜǎ WΦнΣ ¦ǎǘȅƳŜƴƪƻ .Φ мΣ CƛŀƭƘƻ [ΦоΣпΣ aŀǊǘƛƴǎ [ΦоΣпΣ .ǳǊƪŜ !ΦнΣрΣ {ƻǳȊŀ 9ΦCΦсΣ CƛƭƘƻ /ΦaΦ/ΦсΣ 
/ǊŀǾŜƛǊƻ !Φ/ΦсΣ /ƻǎǘŀ !ΦwΦ мΣтΣ .ǊŀƴŎƻ {ΦоΣпΣ !ƴǘǳƴŜǎ /ΦaΦмΣт 

мLƴǎǘƛǘǳǘŜ ƻŦ 9ŀǊǘƘ {ŎƛŜƴŎŜǎ π L/¢Σ н5ŜǇŀǊǘƳŜƴǘ ƻŦ /ƘŜƳƛǎǘǊȅΣ {ŎƘƻƻƭ ƻŦ {ŎƛŜƴŎŜǎ ŀƴŘ ¢ŜŎƘƴƻƭƻƎȅΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ;ǾƻǊŀΣ 
tƻǊǘǳƎŀƭΤ оaŜŘƛǘŜǊǊŀƴŜŀƴ LƴǎǘƛǘǳǘŜ ŦƻǊ !ƎǊƛŎǳƭǘǳǊŜΣ 9ƴǾƛǊƻƴƳŜƴǘ ŀƴŘ 5ŜǾŜƭƻǇƳŜƴǘ ς a95Τ п5ŜǇŀǊǘƳŜƴǘ ƻŦ ±ŜǘŜǊƛƴŀǊȅ 
aŜŘƛŎƛƴŜΣ {ŎƘƻƻƭ ƻŦ {ŎƛŜƴŎŜǎ ŀƴŘ ¢ŜŎƘƴƻƭƻƎȅΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ;ǾƻǊŀΣ tƻǊǘǳƎŀƭΤ рLƴǎǘƛǘǳǘŜ ŦƻǊ wŜǎŜŀǊŎƘ ŀƴŘ !ŘǾŀƴŎŜŘ 
[ŜŀǊƴƛƴƎ ς [!v±Τ с.wƛƴƻǾŀ .ƛƻŎƘŜƳƛǎǘǊȅ [ŘŀΦΣ ;ǾƻǊŀΣ tƻǊǘǳƎŀƭΤ т5ŜǇŀǊǘƳŜƴǘ ƻŦ IŜŀƭǘƘ ŀƴŘ aŜŘƛŎŀƭ {ŎƛŜƴŎŜǎΣ {ŎƘƻƻƭ ƻŦ 

IŜŀƭǘƘ ŀƴŘ IǳƳŀƴ 5ŜǾŜƭƻǇƳŜƴǘΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ;ǾƻǊŀΣ tƻǊǘǳƎŀƭΦ 

9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ƳǊƳŀǊǉǳŜǎϪǳŜǾƻǊŀΦǇǘ 

Background. Skin covers an extensive area of the body and comprises three major layers, subcutis, dermis, 
and epidermis. This organ is one of the most tested for toxicity and safety evaluation during the process of 
drug research and development, in past usually performed in vivo using animals. On the last years a concern 
of sustainable and eco-friendly approach has been developing, with the expansion of non-animal alternatives 
(Klicks et al.; Mathes et al.).A histotypical cell cultured-derived tissue may be used to replace animal testing 
and are imperative to avoid armful, drawn-out tests to assess chemicals for their capacity to erode, bother 
or sensitize the skin. There are validated epidermal models for human (EPISKINTM and EpiDermTM) and rat 
(TER) skin (Flaten et al.; NIEHS; Netzlaff et al.). The aim of our study was the development of a histotypical 
canine skin equivalent, that can be used for the assessment of corrosion, irritation and sensibilization, 
avoiding in vivo animal testing. 

Methods. Canine keratinocyte progenitor cells were seeded in inserts and were allowed to grow until 
differentiation was reached, using an adapted version of the CELLnTEC commercial protocol, specific for 
human cells (CELLnTEC). For histological analysis, samples were fixed in 10% neutral-buffered formalin. 
Three-micrometer paraffin sections were routinely processed for biopsies and stained with hematoxylin and 
eosin. Corrosion, irritation and sensibilization protocols were adapted from human equivalent validated 
tests. 

Results. A multilayer (3-4 cell layers thick) of canine keratinocytes was developed in air-lift culture, originating 
a stratified epidermal-like tissue, confirmed by histological analysis. This epidermal-like tissue exhibited 
functional characteristics of normal epidermis. It showed adequate impermeabilization, after 0.1% Triton X-
100 exposure for 4h and responded adequately to the positive (5% SDS and glacial acetic acid) and negative 
όt.{ύ ŎƻƴǘǊƻƭǎ ǳǎŜŘ ƛƴ άƛƴ ǾƛǘǊƻέ corrosion and irritation assessment. 

Conclusions. As predicted, a canine skin analog was developed. This is a promising skin model for non-animal 
safety tests of veterinary pharmaceuticals or cosmetics, reducing in vivo testing, and can be commercialized 
as a service or a product. 
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C/слπ5ŜǾŜƭƻǇƳŜƴǘ ƻŦ ŎƘƛǘƻǎŀƴπōŀǎŜŘ ƴŀƴƻŎŀǊǊƛŜǊǎ ǿƛǘƘ ǇƘŀǊƳŀŎƻƭƻƎƛŎŀƭ 

ŀŎǘƛǾƛǘȅ ŦƻǊ ƘǳƳŀƴ ǎƪƛƴ ǿƻǳƴŘ ƘŜŀƭƛƴƎ π hǇǘƛƳƛȊŀǘƛƻƴ aŜǘƘƻŘ 

DŀǎǘŀƭƘƻΣ /ΦaΦмΣ CƛƭƘƻΣ /Φ aΦ/ΦнΣ !ƴǘǳƴŜǎΣ /Φ aΦм 

м5ŜǇŀǊǘƳŜƴǘ ƻŦ IŜŀƭǘƘ ŀƴŘ aŜŘƛŎŀƭ {ŎƛŜƴŎŜǎΦ {ŎƘƻƻƭ ƻŦ IŜŀƭǘƘ ŀƴŘ IǳƳŀƴ 5ŜǾŜƭƻǇƳŜƴǘ ϧ LƴǎǘƛǘǳǘŜ ƻŦ 9ŀǊǘƘ {ŎƛŜƴŎŜǎΦ 

¦ƴƛǾŜǊǎƛǘȅ ƻŦ ;ǾƻǊŀΦ ;ǾƻǊŀΣ tƻǊǘǳƎŀƭΤ н.wƛƴƻǾŀ .ƛƻŎƘŜƳƛǎǘǊȅ [ŘŀΦ ;ǾƻǊŀΦ tƻǊǘǳƎŀƭΦ 

9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ŎƎŀǎǘŀƭƘƻϪƎƳŀƛƭΦŎƻƳ 

.ŀŎƪƎǊƻǳƴŘ ϧ !ƛƳΦ .ƻǘƘ ŎƘǊƻƴƛŎ ŀƴŘ ŀŎǳǘŜ ǿƻǳƴŘǎ ŀǊŜ ŀƴ ƘŜŀƭǘƘ ǇǊƻōƭŜƳ ǿƛǘƘ ƘǳƎŜ ƛƳǇŀŎǘ ƻƴ ǎƻŎƛŜǘȅ ŀƴŘ 
ǘƘŜ ²ƻǊƭŘ IŜŀƭǘƘ hǊƎŀƴƛȊŀǘƛƻƴ ŘŜǎŎǊƛōŜǎ ǘƘŜƳ ŀǎ ǘƘŜ ƴŜǿ ƘƛŘŘŜƴ ŜǇƛŘŜƳƛŎΣ ŀŦŦŜŎǘƛƴƎ Ƴƛƭƭƛƻƴǎ ƻŦ ǇŜƻǇƭŜ 
ǿƻǊƭŘǿƛŘŜ ώмϐΦ Lƴ tƻǊǘǳƎŀƭΣ ŎƘǊƻƴƛŎ ǿƻǳƴŘǎ ŀŦŦŜŎǘ оΦоκмллл Ƙŀōƛǘŀƴǘǎ ŀƴŘΣ ōŜǎƛŘŜǎ ƘǳƳŀƴ ǎǳŦŦŜǊƛƴƎΣ ōǊƛƴƎƛƴƎ 
ƘƛƎƘ ŜŎƻƴƻƳƛŎ Ŏƻǎǘǎ ώнϐΦ ¢ƘŜ ŀƛƳ ƻŦ ǘƘƛǎ ǇǊƻƧŜŎǘ ƛǎ ǘƻ ŘŜǾŜƭƻǇ ƴŜǿ ŜŎƻƭƻƎƛŎŀƭƭȅ ŀƴŘ ŜŎƻƴƻƳƛŎŀƭƭȅ ǎǳǎǘŀƛƴŀōƭŜ 
ōƛƻǘŜŎƘƴƻƭƻƎȅπōŀǎŜŘ ƴŀƴƻŎŀǊǊƛŜǊǎ ŎƻƴǘŀƛƴƛƴƎ ǇƘŀǊƳŀŎƻƭƻƎƛŎŀƭƭȅ ŀƴŘ ŎƻƴǘǊƻƭƭŜŘπǊŜƭŜŀǎŜ ƳǳƭǘƛŦǳƴŎǘƛƻƴŀƭ 
ŎƻƳǇƻǳƴŘǎ ƛƴŎƻǊǇƻǊŀǘŜŘ ŀƴŘ ǎǘŀōƛƭƛȊŜŘ ƛƴ ƘȅŘǊƻƎŜƭǎ ŦƻǊ ŀŎŎŜƭŜǊŀǘŜŘ ǎƪƛƴ ǿƻǳƴŘǎ ƘŜŀƭƛƴƎΦ  

aŜǘƘƻŘǎΦ ²ƛǘƘ ƛƳǇǊƻǾŜŘ ŀŘŀǇǘŀǘƛƻƴǎΣ ǘƘŜ ƛƻƴƛŎ ƎŜƭŀǘƛƻƴ ƳŜǘƘƻŘ όLDύ ǿŀǎ ŎƘƻǎŜƴ ǘƻ ǎȅƴǘƘŜǎƛȊŜ ŜƛǘƘŜǊ 
ŎƘƛǘƻǎŀƴ ƴŀƴƻǇŀǊǘƛŎƭŜǎ όbtπ/Ƙύ ŀƭǎƻ ŎƘƛǘƻǎŀƴ ƴŀƴƻǇŀǊǘƛŎƭŜǎ ŜƴǘǊŀǇǇŜŘ ǿƛǘƘ ǇƘŀǊƳŀŎƻƭƻƎƛŎŀƭ ŎƻƳǇƻǳƴŘǎ όbtπ
/ƘόhǇȄπнύ ώоϐΦ ¢ƘŜ CƻǳǊƛŜǊ ¢ǊŀƴǎŦƻǊƳ LƴŦǊŀǊŜŘ όC¢Lwύ ώпϐ ǿŀǎ ǳǎŜŘ ŦƻǊ ŎƘŜƳƛŎŀƭ ŎƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ƻŦ ǘƘŜ Ǌŀǿ 
ƳŀǘŜǊƛŀƭ ŀƴŘ ǘƘŜ ƻōǘŀƛƴŜŘ ƴŀƴƻŎƻƳǇƻǎƛǘŜǎ ōŀǎŜŘ ƻƴ ǘƘŜ ǊŜǘǳǊƴŜŘ ǘǊŀƴǎƳƛǘǘŀƴŎŜ ǎǇŜŎǘǊŀΦ ¢ƘŜ 5ȅƴŀƳƛŎ [ƛƎƘǘ 
{ŎŀǘǘŜǊƛƴƎ ό5[{ύ ώрϐ ǿŀǎ ǳǎŜŘ ǘƻ ŀƴŀƭȅȊŜ ƴŀƴƻǇŀǊǘƛŎƭŜǎ ǎƛȊŜ όƴƳύΣ ǎǘŀōƛƭƛǘȅ ƛƴ ǎǳǎǇŜƴǎƛƻƴ όt5L ƛƴŘŜȄύ ŀƴŘ ½π
ŀǾŜǊŀƎŜ όύy όƛƴǘŜƴǎƛǘȅ ǿŜƛƎƘǘŜŘ ƳŜŀƴ ƘȅŘǊƻŘȅƴŀƳƛŎ ǎƛȊŜ ƻŦ ǇŀǊǘƛŎƭŜǎ ƳŜŀǎǳǊŜŘύΦ ¢ƘŜ {ŎŀƴƴƛƴƎ 9ƭŜŎǘǊƻƴ 
aƛŎǊƻǎŎƻǇŜ ό{9aύ ŀƴŀƭȅǎƛǎ ǇǊƻǾŜ ŀōƻǳǘ ǎǳǊŦŀŎŜ ƳƻǊǇƘƻƭƻƎȅ ƴŀƴƻǇŀǊǘƛŎƭŜǎ ŀƴŘ ǇǊƻǾƛŘŜ ƛƴŦƻǊƳŀǘƛƻƴ ǊŜƭŀǘƛƴƎ 
ǘƻ ƛǘǎ ǘƘǊŜŜπŘƛƳŜƴǎƛƻƴŀƭ ǎǘǊǳŎǘǳǊŜΦ  

wŜǎǳƭǘǎΦ C¢Lw ŀƴŀƭȅǎƛǎ ŀƭƭƻǿŜŘ ǘƘŜ ŎƘŜƳƛŎŀƭ ŎƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ǘǊŀƴǎƳƛǘǘŀƴŎŜ ǎǇŜŎǘǊŀ ƻŦ ǘƘŜ Ǌŀǿ ƳŀǘŜǊƛŀƭǎ ŀƴŘ 
ǘƘŜ Ŧƛƴŀƭ ƴŀƴƻŎŀǊǊƛŜǊǎΦ tŜŀƪ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎ ƻŦ ŎƘƛǘƻǎŀƴ όонурΣто ŎƳπм Σ нуттΣло ŎƳπм Σ ммсртΣлр ŎƳπм Σ мрунΣлн 
ŎƳπм Σ мотсΣпс ŎƳπм ŀƴŘ млнпΣсл ŎƳπм ύ ǿŀǎ ƻōǎŜǊǾŜŘ ƛƴ ǘƘŜ ƴŀƴƻǇŀǊǘƛŎƭŜǎ ǎǳǎǇŜƴǎƛƻƴΦ CǊƻƳ 5[{ ŀƴŀƭȅǎƛǎ 
ǿŜȰǾŜ ƻōǘŀƛƴŜŘ btπ/Ƙ ŀǾŜǊŀƎŜ ǎƛȊŜ ǿƛǘƘ нрлΣрҕонΣтƴƳΣ ǿƘƛŎƘ ǊŜǇǊŜǎŜƴǘǎ ффΣнҕмΣп҈ ƻŦ ǘƘŜǎŜ ǇŀǊǘƛŎƭŜǎ ƛƴ ǘƘŜ 
ǎŀƳǇƭŜΦ !ƭǎƻΣ ǘƘŜ t5L ǿŀǎ лΣннуҕлΣлн ŀƴŘ  yǿŀǎ мфпΣфҕмтΣм ƴƳ όŘΦύΦ CƻǊ ǘƘŜ bt/ƘόhǇȄπнύ ǘǿƻ ƎǊƻǳǇǎ ƻŦ 
ǇŀǊǘƛŎƭŜǎ ǿŜǊŜ ƻōǎŜǊǾŜŘ ǎƛȊŜŘ опсΣрҕмолΣоƴƳ ŀƴŘ оруΣрҕпммΣпƴƳΣ ǿƘŜǊŜ ǘƘŜ ŦƛǊǎǘ ƛǎ ǊŜǇǊŜǎŜƴǘŀǘƛǾŜ ƻŦ фс҈ 
ƻŦ ǘƘŜ ǇŀǊǘƛŎƭŜǎ ƛƴ ǘƘŜ ǎŀƳǇƭŜΦ ¢ƘŜ t5L ǿŀǎ лΣснуҕлΣмлп ŀƴŘ  yǿŀǎ рснΣтҕмул ƴƳ όŘΦύΦ ¢ƘŜ ŘƛǎǇŜǊǎŜŘ 
ƴŀƴƻǇŀǊǘƛŎƭŜǎ ǿŜǊŜ ŘŜǘŜŎǘŜŘ ōȅ {9aΣ ƘƻǿŜǾŜǊ ƳƻǊǇƘƻƭƻƎƛŎŀƭ ŎƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ǿŀǎ ƴƻǘ ǇƻǎǎƛōƭŜΦ  

/ƻƴŎƭǳǎƛƻƴǎΦ ¢ƘŜ LD ƳŜǘƘƻŘ ǇǊƻǾŜŘ ǘƻ ōŜ ǊŜǇǊƻŘǳŎƛōƭŜ ŀƴŘ ŦŜŀǎƛōƭŜ ƛƴ ƻōǘŀƛƴƛƴƎ ƴŀƴƻŎƻƳǇƻǳƴŘǎ ǿƛǘƘ 
ŘŜǎƛǊŜŘ ǎƛȊŜǎΦ ¢ƘŜ btπ/Ƙ ǇǊƻŘǳŎŜŘ ǇǊƻǾŜŘ ǘƻ ōŜ ǎǘŀōƭŜ ǿƘƛƭŜ ǘƘŜ ƴŀƴƻŎƻƳǇƻǳƴŘǎ btπ/ƘόhǇȄπнύ ǊŜǾŜŀƭŜŘ ƭƻǿ 
t5LΣ ǿƘƛŎƘ Ƴŀȅ ōŜ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ŘƛǎǇŜǊǎŀƴǘ ǳǎŜŘ ŀǘ ǘƘŜ ǘƛƳŜ ƻŦ 5[{ ŀƴŀƭȅǎƛǎ όǿŀǘŜǊύΦ ¢ƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ǘƘŜ 
ŎƻƳǇƻƴŜƴǘǎ ƛƴ ǘƘŜ ƴŀƴƻǎȅǎǘŜƳǎ ǿŀǎ ŎƻƴŦƛǊƳŜŘ ōȅ C¢LwΦ 5ŜǎǇƛǘŜ ǘƘŜ ŘƛŦŦƛŎǳƭǘȅ ǘƻ ŎƘŀǊŀŎǘŜǊƛȊŜ ǘƘŜ 
ƴŀƴƻǇŀǊǘƛŎƭŜǎ ƳƻǊǇƘƻƭƻƎƛŎŀƭƭȅΣ ǘƘŜ ƴŀƴƻŎƻƳǇƻǳƴŘǎ ǇǊƻŘǳŎŜŘ ƘŀǾŜ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ǘƻ ōŜ ŦǳǊǘƘŜǊ ŘŜǾŜƭƻǇŜŘ 
ŀƴŘ ŜǾŜƴǘǳŀƭƭȅ ǳǎŜŘ ŀǎ ǿƻǳƴŘ ƘŜŀƭƛƴƎ ƳŀǘŜǊƛŀƭǎΦ  

wŜŦŜǊŜƴŎŜǎΦ 
ώмϐ !Φ ±ŀȊΣ ζtǊŜǾŀƭşƴŎƛŀ ŘŜ CŜǊƛŘŀǎ ƴǳƳ 5ƛǎǘǊƛǘƻ Řƻ bƻǊǘŜ ŘŜ tƻǊǘǳƎŀƭηΣ ¦ƴƛǾŜǊǎƛŘŀŘŜ /ŀǘƽƭƛŎŀ tƻǊǘǳƎǳŜǎŀΣ нлмпΦ  
ώнϐ tΦ WΦ tΦ !ƭǾŜǎΣ ζCŜǊƛŘŀǎΥ tǊŜǾŀƭşƴŎƛŀ 9 /ǳǎǘƻǎηΣ ¦ƴƛǾŜǊǎƛŘŀŘŜ /ŀǘƽƭƛŎŀ tƻǊǘǳƎǳŜǎŀΣ нлмпΦ  
ώоϐ {Φ tŜŘǊƻǎƻπ{ŀƴǘŀƴŀ Ŝ bΦ CƭŜƛǘŀǎπ{ŀƭŀȊŀǊΣ ζLƻƴƻǘǊƻǇƛŎ ƎŜƭŀǘƛƻƴ ƳŜǘƘƻŘ ƛƴ ǘƘŜ ǎȅƴǘƘŜǎƛǎ ƻŦ ƴŀƴƻǇŀǊǘƛŎƭŜǎκƳƛŎǊƻǇŀǊǘƛŎƭŜǎ 
ŦƻǊ ōƛƻƳŜŘƛŎŀƭ ǇǳǊǇƻǎŜǎηΣ tƻƭȅƳΦ LƴǘΦΣ ǾƻƭΦ сфΣ ƴΦ рΣ ǇǇΦ ппоςпптΣ нлнлΣ ŘƻƛΥ млΦмллнκǇƛΦрфтлΦ  

ώпϐ !Φ 5ǳǘǘŀΣ ζCƻǳǊƛŜǊ ¢ǊŀƴǎŦƻǊƳ LƴŦǊŀǊŜŘ {ǇŜŎǘǊƻǎŎƻǇȅηΣ {ǇŜŎǘǊƻǎŎΦ aŜǘƘƻŘǎ bŀƴƻƳŀǘŜǊΦ /ƘŀǊŀŎǘΦΣ ǾƻƭΦ нΣ ǇǇΦ тоςфоΣ 
aŀƛΦ нлмтΣ ŘƻƛΥ млΦмлмсκ.фтуπлπоноπ псмплπрΦллллпπнΦ  

ώрϐ {Φ .ƘŀǘǘŀŎƘŀǊƧŜŜΣ ζ5[{ ŀƴŘ ȊŜǘŀ ǇƻǘŜƴǘƛŀƭ ς ²Ƙŀǘ ǘƘŜȅ ŀǊŜ ŀƴŘ ǿƘŀǘ ǘƘŜȅ ŀǊŜ ƴƻǘΚηΣ нлмсΣ ŘƻƛΥ 
млΦмлмсκƧΦƧŎƻƴǊŜƭΦнлмсΦлсΦлмтΦ 

!ŎƪƴƻǿƭŜŘƎƳŜƴǘǎΦThis work is supported by national funding awarded by FCT - Foundation for Science and 
Technology, I.P., projects UIDB/04683/2020 and UIDP/04683/2020 and by BRinova - Health and 
Innovation, Lda. 
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C/смπ! ƎǊŀǇƘƛŎŀƭ ƧƻǳǊƴŜȅ ǘƘǊƻǳƎƘ ǘƘŜ a.{ǘƻȄ ǇǊƻƧŜŎǘ 

 
aŀǊǉǳŜǎπŘŀπ{ƛƭǾŀ 5мΣ wƻŘǊƛƎǳŜǎ Wwм ŀƴŘ [ŀƎƻŀ wм 

 
м{ŎƘƻƻƭ ƻŦ ¢ŜŎƘƴƻƭƻƎȅ ŀƴŘ aŀƴŀƎŜƳŜƴǘΣ tƻƭȅǘŜŎƘƴƛŎ LƴǎǘƛǘǳǘŜ ƻŦ [ŜƛǊƛŀΣ tƻǊǘǳƎŀƭ 

 
9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ŘƻǊƛƴŘŀΦǎƛƭǾŀϪƛǇƭŜƛǊƛŀΦǇǘ 

 

Polycyclic aromatic hydrocarbons (PAHs) and organophosphorus pesticides (OPPs) are widespread organic 

toxicants raising increasing concerns for their impact in the environment and human health. Moreover, skin 

exposure and absorption of pollutants is gaining attention for toxicological studies. The MBStox project 

funded by FCT (PTDC/BIA-MIB/31864/2017) is focused on the development of biosystems to face, at least in 

part, the concerns regarding PAHs and OPPs toxicology. The main directions are new methods of 

decontamination, protection and toxicological assessment. 

The host institution of MBStox is the Polytechnic Institute of Leiria and the partner institutions are 

NOVAidFCT and Coimbra Chemistry Centre. Major aims include the development of: 1) materials for toxicants 

adsorption; 2) biocatalytic systems for toxicants degradation; 3) controlled release and skin absorption 

systems of flavonoids and toxic mixtures. 

A pictorial representation of this multidisciplinary project was devised as a preview to capture the interest of 

the Congress participants. This poster will provide a run-through of the research activities and outputs of the 

project. While still undergoing, several developments were already accomplished, resulting in diverse 

publications and conference communications, and outreach interactions engaging novel audiences with 

technical and scientific issues. The project allowed the implementation of novel methods, including a work 

station specific for skin permeability studies and determination of permeation parameters using skin and 

other barriers. Materials were developed depending on the needs of each task including absorbent and 

biocatalytic systems for water decontamination of PAHs, biopolymer carriers and easy-to-use patches for 

skin application. In parallel, a science outreach activity enabled a closer contact with younger students, and 

a website constantly updated according to the project evolution was built (1).  

In this poster, the audience will be conducted through the MBStox project via photographs taken in the 

laboratory, industry and schools, and schemes representing concepts worked out at the boundaries of 

Biochemistry with Bioengineering and Toxicology. 

References. 

1. MBStox website - https://mbstoxproject.wixsite.com/mbstox 
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C/снπ9ƭŜŎǘǊƻƎǊŀŦǘŜŘ ŀƴǘƘǊŀǉǳƛƴƻƴŜ ŀǎ ŀ ǇǊƻōŜ ǘƻ ƳŜŀǎǳǊŜ ǇI ŎƘŀƴƎŜǎ ŀǘ 
ōƛƻŦƛƭƳπŀƴƻŘŜ ƛƴǘŜǊŦŀŎŜ ƛƴ ŀ ǿŀǎǘŜǿŀǘŜǊ ƻǇŜǊŀǘƛƴƎ ƳƛŎǊƻōƛŀƭ ŦǳŜƭ ŎŜƭƭ 

 

bŀȊǳŀ [Φ /ƻǎǘŀмΣ DŜǊƳŀƛƴŜ hƭƻǊƻǳƴǘƻнΣ ¢ƘƻƳŀǎ CƭƛƴƻƛǎнΣ 9ǎǘŜƭƭŜ [ŜōŝƎǳŜо ŀƴŘ CǊŞŘŞǊƛŎ .ŀǊǊƛŝǊŜн 
 

м Lƴǎǘƛǘǳǘƻ ŘŜ ¢ŜŎƴƻƭƻƎƛŀ vǳƝƳƛŎŀ Ŝ .ƛƻƭƽƎƛŎŀ !ƴǘƽƴƛƻ ·ŀǾƛŜǊΣ ¦ƴƛǾŜǊǎƛŘŀŘŜ bh±! ŘŜ [ƛǎōƻŀΣ !ǾΦ Řŀ wŜǇǵōƭƛŎŀπ9!bΣ 
нтулπмртΣ hŜƛǊŀǎΣ tƻǊǘǳƎŀƭΤ н ¦ƴƛǾ wŜƴƴŜǎΣ /bw{Σ Lƴǎǘƛǘǳǘ ŘŜǎ {ŎƛŜƴŎŜǎ /ƘƛƳƛǉǳŜǎ ŘŜ wŜƴƴŜǎ π ¦aw сннсΣ Cπорллл 

wŜƴƴŜǎΣ CǊŀƴŎŜΤ о ¦ƴƛǾŜǊǎƛǘŞ ŘŜ bŀƴǘŜǎΣ /bw{Σ /9L{!a ¦aw снолΣ Cπппллл bŀƴǘŜǎΣ CǊŀƴŎŜΦ 
 

9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ƴŀȊǳŀŎƻǎǘŀϪƛǘǉōΦǳƴƭΦǇǘ 

 

Background: Bioelectrochemical systems (BES) are gaining momentum as an alternative approach for the 

energy harvesting and biofuel production. However, the large-scale implementation of such BES is still far for 

a common reality, due to poor understanding of the mechanisms that rule the bacteria-electrode interface 

towards increased power outputs. For instance, changes of local pH usually led to alterations on the 

bioenergetics process of microbial communities and hence on bioelectrochemical devices performances, 

being thus an important biochemical process to be understood.  

Method: Electrografted 1-aminoanthraquinone was used as a probe to monitor the pH changes at the 

biofilm-electrode interface on the anode of a microbial fuel cell inoculated with wastewater. This has been 

achieved by covalent grafting of 1-AAQ through electrochemical reduction of aryl-diazonium cations to its 

aryl radical. 

Result: The variation of the formal potential of the grafted quinone as a function of pH was linear over the 

pH range 1 to 10 with a slope of -64 mV. This allowed to estimate an interfacial pH change of 0,8 pH unit, 

from 6.4 to 5.6, during 21 days of biofilm formation on the surface of the 1-AAQ-modified graphite electrode. 

Conclusions: Electrografted anthraquinone yields a robust pH sensor with a large operational range. The 

modified electrode sustains electroactive biofilm development. Surface modification of graphite electrodes 

by quinone-like molecules can be a biocompatible method to monitor the interfacial pH during biofilm 

formation.  
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Iron is essential to virtually all forms of life. However, in the present oxygen-rich atmosphere, iron 

precipitates in its ferric form becoming not readily bioavailable. To circumvent this problem, microorganisms 

scavenge iron using small molecules called siderophores. These have some of the highest affinities for ferric 

iron, and thus, inside the cell iron release from these complexes does not occur spontaneously. Instead, this 

process is mediated by specific proteins that can be grouped in two families: the siderophore-interacting 

protein (SIP) family that have a flavin cofactor, and the ferric reductase family (FSR) characterized by proteins 

that contain a 2Fe-2S cluster. FhuF, from laboratory strain Escherichia coli K-12 is the only FSR ever isolated 

and it contains an atypical 2Fe-2S with the motif Cys-Cys-X10-Cys-X2-Cys. Although the function of FhuF as a 

ferric-siderophore reductase was already established, there is presently no knowledge regarding its structure 

and how this atypical 2Fe-2S cluster operates to mediate ferric-siderophore reduction. In this work, a 

combination of paramagnetic NMR spectroscopy, electrochemistry, far-UV circular dichroism (CD) and small 

angle X-ray scattering (SAXS) was used to investigate the structural and functional characteristics of FhuF 

from E.coli K-12.   

 

 

  

mailto:ines.trindade@itqb.unl.pt


··L {t. /ƻƴƎǊŜǎǎ .ƻƻƪ                                                 ¢ǳƴƛƴƎ .ƛƻŎƘŜƳƛǎǘǊȅ ǿƛǘƘ [ƛŦŜ {ŎƛŜƴŎŜǎ ŀƴŘ {ƻŎƛŜǘȅ 

148 
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9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ƳƎΦŀƭƳŜƛŘŀϪŦŎǘΦǳƴƭΦǇǘ 

 

Background. COVID-19 is an infectious disease caused by the SARS-CoV-2 virus that can cause mild to 

moderate or severe symptoms. Although, the implementation of vaccination programs had a positive impact 

in the pandemic management, we still need to maintain respiratory etiquette and physical distance to avoid 

the spread of the virus, and testing the population remains crucial. This project aims at developing of an easy-

to-use, fast, and very sensitive antigen test to detect the SARS-CoV-2 virus, allowing quick isolation of positive 

cases. This new biosensor will combine the high specificity provided by monoclonal antibodies (Ab) targeting 

the Spike protein, with the high sensitivity of Local Surface Plasmonic Resonance (LSPR) optoelectronic 

transducers. To this end, the effective immobilization of the Ab on gold nanoparticles (AuNPs) is essential to 

maximize the LSPR effect and the binding of antigens. Herein, we will present the work done on the 

construction of the biosensing elements, i.e., the bionanoconjugates of gold nanoparticles with antibodies 

(AuNPs/Ab). 

Methods. The AuNPs were synthesized by the Turkevich method1 (15 nm) or purchased to Cytodiagnostics 

(15, 30, and 60 nm). Antibodies with different specificities for the antigen (Spike protein S1 and receptor 

binding domain) were from GenScript and R&D Systems. The AuNPs were functionalized with different 

capping agents (MUA, MBA or a combination of both), coupled to the cross-linkers EDC/NHS in different 

proportions. To find the optimal immobilization conditions, different AuNPs/Ab ratios, buffers, reaction times 

and centrifugation parameters were tested. The resulting bionanoconjugates were characterized by visible 

spectrophotometry using a customized portable spectrophotometer from Thorlab, agarose electrophoresis, 

and Transmission Electron Microscopy (TEM). 

Results. The best results were obtained with the AuNPs prepared in-house. The surface coverage with MUA 

was more effective than with the other thiols. The immobilization of the antibody against the Spike protein 

was more effective, providing a slight shift in the plasmonic band upon antigen binding.  

Conclusions. In this work we were able to prepare bionanoconjugates that are specific for the SARS-CoV-2 

antigens in optimal conditions. The binding event can be monitored by UV-Vis spectrophotometry. Future 

work includes the development of the LSPR immunosensor through the immobilization of the 

bionanoconjugates onto the surface of a transparent substrate (Indium Titanium Oxide, ITO). 

References. 
1.  Turkevich J, Stevenson PC, Hillier J. A study of the nucleation and growth processes in the synthesis of colloidal gold. 

Discuss Faraday Soc. 1951;11(c):55ς75.  
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Gold compounds were used by our ancestors in the treatment of various diseases and today, they continue 

to be used in the treatment of rheumatism.1 The study of inhibition of Ca2+-ATPase by Au compounds were 

carried out for the first time and is reported here. Dichloro (2-pyridinecarboxylate) Au(III) (1); 

chlorotrimethylphosphine Au(I) (2); 1,3-bis(2,6-diisopropylphenyl) imidazole-2-ylidene Au(I) chloride (3) and 

chlorotriphenylphosphine Au(I) (4) were the compounds used and the IC50 values determined are 4.5 µM, 0.8 

µM, 16.3 µM and 0.9 µM, respectively. The type of enzymatic inhibition, regarding to the native substrate 

MgATP, gold compounds 1 and 2 showing a non-competitive inhibition whereas for Au compounds 3 and 4 

has a mixed type of inhibition. The results suggested that different compounds have different modes of 

interaction with the Ca2+-ATPase, and Au(III) as Au(I) compounds showed good inhibitory capacity for this 

enzyme. Compounds 2 and 4 with IC50 < 1 ˃ M is good indicative that Ca2+-ATPase can be used as a therapeutic 

target in medicinal inorganic chemistry.2 

 

 

Figure 1. Gold compounds interacting with P-type ATPases, a putative target for gold anticancer activities (adapted 
from Figure 6 of Ref. 2).  
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C/ссπ.ƛƻŀŎǘƛǾŜ ǇŜǇǘƛŘŜǎ ƛǎƻƭŀǘŜŘ ŦǊƻƳ 9ǳǊƻǇŜŀƴ ŀƳǇƘƛōƛŀƴ ǎƪƛƴ 

ǎŜŎǊŜǘƛƻƴǎ ǿƛǘƘ ǇƻǎǎƛōƭŜ ŀƴǘƛŎŀƴŎŜǊ ŜŦŦŜŎǘ 
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9Ƴŀƛƭ ŀŘŘǊŜǎǎΥ ƳŀǊƛŀΦǇŀƛǎŘƻŀƳŀǊŀƭϪƳŜŘƛŎƛƴŀΦǳƭƛǎōƻŀΦǇǘ 

 

Background. Bioactive peptides with potential therapeutic value have been isolated from amphibians for 

decades. They can exhibit many physiological activities such as antimicrobial, analgesic, antioxidant and 

anticancer (Xu and Lai, 2015). Four peptides were isolated from the skin of Pelophylax perezi, an amphibian 

captured in Azores islands (Portugal), and later also produced by chemical synthesis. One in particular, PpT-

2, was found to belong to the tryptophyllin family (TPHs) (Chen et al. 2004), a heterogeneous small peptide 

group characterized by the presence of a tryptophan together with one or two proline residues. TPHs 

bioactivity remains uncertain, but their neuromodulator and antioxidant role were already studied. Indeed, 

some TPHs showed a sedative effect on birds, together with relaxation events in rat arterial and urinary 

bladder smooth muscle, as bradykinin antagonists (Wang et al. 2009). Since bradykinin is implicated in cancer 

progression, their antiproliferative effect in human prostate cancer cells was also tested and the proliferation 

inhibition was proven to be effective (Wang et al. 2013, 2014).  

Methods. Therefore, in this work, we evaluated and further investigated the anticancer potential of PpT-2 

and of three new histidine-rich peptides from Pelophylax perezi skin secretions resorting to viability assays.  

Results. They displayed a moderate antiproliferative effect against prostate cancer cells. 
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Researchers at Universities generate and convey the knowledge acquired through communications in 

specialized (inter)national journals and congresses. Though, an effort to share the scientific achievements 

with the general public is extremely important. To this purpose, we have launched the UALGORITMO, a 

journal freely accessible online, in a downloadable PDF format, to disseminate the scientific activities of the 

University of Algarve. Articles submitted to the UALGORITMO are written in lay Portuguese language, by 

Researchers of the University, to summarise recent communications published by them in a peer reviewed 

journal. Master's and Doctoral students of the research groups are encouraged to contribute to the 

communications, even if they are not authors of the original publication, to participate in a publication for 

general public outreach and to train writing skills for concise communications. After submission, the 

manuscripts are revised by High Schools Students of the Algarve (10th to 12th year of scholarity), under the 

guidance of a school Teacher, for further simplification of the language used in the text and general 

improvement of the figures. After modifications of the manuscripts by the authors, based on the 

recommendations of the reviewers, and a final approval by the reviewers, the articles are edited and 

published in volumes containing 8 articles. The contribution of the reviewers is acknowledged at the end of 

each published article, by a concise description and a picture of the reviewers. In addition, the articles also 

include a summarised biography of the authors, and links to their research centres and teaching courses to 

increase the divulgation of the teaching activities of the University of Algarve. The participation of the 

Researchers and high school Students to the UALGORITMO has been very enthusiastic and dynamic, and has 

already allowed the publication three volumes of the UALGORITMO. 
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.ƛƻŎƘŜƳƛǎǘǊȅ ƎƻŜǎ ǘƻ {ŎƘƻƻƭΥ ƛƴƴƻǾŀǘƛǾŜ ǇǊƻƧŜŎǘǎ ŦƻǊ .ƛƻŎƘŜƳƛǎǘǊȅ 
ŘƛǎǎŜƳƛƴŀǘƛƻƴ 

 

[ŀōπƛǘ ƛǎ ǘŀƪƛƴƎ ƳƻƭŜŎǳƭŀǊ ƎŜƴŜǘƛŎǎ ǘƻ ǎŎƘƻƻƭ 

 
Márcio Simão1,2, Natércia Conceição1,2, Susana Imaginário3, João Amaro4, M. Leonor Cancela1,2 

 
1Comparative, Adaptive and Functional Skeletal Biology (BIOSKEL) lab, Centre of Marine Sciences (CCMAR), 

Universidade do Algarve, Faro, Portugal; 2Faculty of Medicine and Biomedical Sciences, Universidade do Algarve, Faro, 
Portugal; 3CRIA (Divisão de Empreendedorismo e Transferência de Tecnologia), Universidade do Algarve, Faro, 

Portugal; 4 Innovatio sensum Consultoria Sociedade Unipessoal LDA 

 
The aƻƭŜŎǳƭŀǊ DŜƴŜǘƛŎǎ aƻǾƛƴƎ [ŀō ƻǊ ά[ŀōƻǊŀǘƽǊƛƻ ƛǘƛƴŜǊŀƴǘŜ ŘŜ DŜƴŞǘƛŎŀ aƻƭŜŎǳƭŀǊέ ό[ŀō-it) was funded 

in 2008 by Leonor Cancela to promote the learning of molecular genetics introduced at that time into high 

school biology programs. The project aimed to introduce practical activities in molecular genetics to 

complement the theoretical concepts taught in school. These included the development of experimental 

protocols based on theoretical scenarios focusing on themes of forensics sciences, biomedical applications, 

diagnostic methods, and ecological research using basic molecular biology techniques such as DNA 

extraction, polymerase chain reaction (PCR), electrophoresis and restriction enzyme application. In these 

scenarios, the students execute all the procedures with the help of the Lab-it instructor and using the Lab-it 

equipment, followed by a discussion of the results with all the participants and the teacher. These approaches 

help the students to consolidate the concepts of molecular biology and simultaneously promote discussions 

on new advances in the area and choices for university careers. In addition to practical sessions, Lab-it also 

promotes seminars on topics of interest to the students and teachers. Since 2008 18 high schools have 

participated in the region of Algarve, averaging in each year about 400 students participating in practical 

activities. In 2021, despite the COVID pandemic, 9 schools and 379 students were involved in Lab-it practical 

sessions and 99% of them considered the activity to contribute to better understand the molecular biology 

methods approached in theoretical classes and expressed high interest on those sessions. 
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9ŘǳŎŀǘƛƻƴ ƛƴ !ŎǘƛƻƴΥ .ƛƻŎƘŜƳƛǎǘǊȅ hƭȅƳǇƛŀŘǎ ŀƴŘ ƛ5ŀȅǎ 

 

 

¦ƴƛǾŜǊǎƛǘȅ .ƛƻŎƘŜƳƛǎǘǊȅ hƭƛƳǇƛŀŘǎ 

Renato Daniel 

Universidade de Coimbra ς Associação Académica de Coimbra 

 

 
The University Biochemistry Olympiads are a pioneer educational project in the country, which aims to 

establish and recognize the academic merit of students. This project assesses the real skills of students on 

the national scene, independently of the socio-economic or academic conditions the student comes from. It 

is a pedagogical project that merely aims to assess the knowledge of higher education students, fostering a 

critical spirit regarding current problems, such as sustainability, technological transition or the economy, 

building bridges between these peripheral themes and Biochemistry itself, as a pillar structural science of the 

entire project. In a context where access to higher education is assumed to be limited for a large number of 

students, the Biochemistry Students' Nucleus of the Academic Association of Coimbra set the objective of 

carrying out this project in order to contribute to a fairer and more egalitarian higher education, ensuring 

continuity of studies to the winner, financed 1 year of tuition fees. 

This is an ambitious, challenging and competitive project where it is possible to unite the Portuguese 

biochemical academic community, creating spaces for discussion and knowledge production, stimulating the 

Higher Education Institutions themselves to train more and better students, trained in the most varied areas. 

The University Biochemistry Olympiads are assumed not only as an important space for the exchange and 

sharing of ideas, but also as a space for valuing students, science and Biochemistry. 
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9ŘǳŎŀǘƛƻƴ ƛƴ !ŎǘƛƻƴΥ .ƛƻŎƘŜƳƛǎǘǊȅ hƭȅƳǇƛŀŘǎ ŀƴŘ ƛπ5ŀȅǎ 

 
9L¢ IŜŀƭǘƘ LƴƴƻǾŀǘƛƻƴ 5ŀȅǎ όƛπ5ŀȅǎύΥ ŀ ǎǘǳŘŜƴǘ ŎƻƳǇŜǘƛǘƛƻƴ ǘƻ ǘŀŎƪƭŜ 

ƘŜŀƭǘƘ ŎƘŀƭƭŜƴƎŜǎ 
 

/ŀǊƭƻǎ DƻŘƛƴƘƻ1Σ CƛƭƛǇŜ [ƻǳǊŜƛǊƻ1Σ IŜǊƴŃƴƛ ½ńƻ1Σ /Şƭƛŀ aΦ !ƴǘǳƴŜǎ2Σ {ƻǳƳƻŘƛǇ {ŀǊƪŀǊ1,3 

 
1GAITEC - Divisão de Inovação, Cooperação, Empreendedorismo e Empregabilidade, Universidade de Évora; 

2Departamento de Ciências Médicas e da Saúde, Escola de Saúde e Desenvolvimento Humano, Universidade de Évora; 
3Departamento de Gestão, Escola de Ciências Sociais, Universidade de Évora; Évora, Portugal; 

 

LƴƴƻǾŀǘƛƻƴ 5ŀȅǎ όƛπ5ŀȅǎύ ǇǊƻƳƻǘŜ ƘŜŀƭǘƘ ƛƴƴƻǾŀǘƛƻƴ ŀƳƻƴƎ ǳƴƛǾŜǊǎƛǘȅ ǎǘǳŘŜƴǘǎ ǘƘǊƻǳƎƘ ŘƻȊŜƴǎ ƻŦ ƻƴŜπŘŀȅ 
ŀƴŘ ǘǿƻπŘŀȅ ǇǊƻƎǊŀƳƳŜǎ ƘŜƭŘ ƛƴ ŀŎŀŘŜƳƛŎ ƛƴǎǘƛǘǳǘƛƻƴǎ ŀǊƻǳƴŘ 9ǳǊƻǇŜΦ {ǘǳŘŜƴǘǎ ŦǊƻƳ ŀƭƭ ŀŎŀŘŜƳƛŎ ŀǊŜŀǎ 
ǊŜŎŜƛǾŜ ŀƴ ƛƴǘǊƻŘǳŎǘƛƻƴ ǘƻ ǇǊŀŎǘƛŎŀƭ ƘŜŀƭǘƘ ƛƴƴƻǾŀǘƛƻƴ ǘƻƻƭǎ ŀƴŘ ŎƻƳǇŜǘŜ ƛƴ ǘŜŀƳǎ ǘƻ ǘŀŎƪƭŜ ǊŜŀƭπƭƛŦŜ ƘŜŀƭǘƘ 
ŎƘŀƭƭŜƴƎŜǎ ǇƻǎŜŘ ōȅ 9L¢ IŜŀƭǘƘΣ ƭƻŎŀƭ ƻǊƎŀƴƛǎŀǘƛƻƴǎΣ ǇǊƛǾŀǘŜ ŎƻǊǇƻǊŀǘƛƻƴǎ ƻǊ ǎǘŀǊǘπǳǇǎΦ  

tǊƻōƭŜƳǎ ǇƻǎŜŘ ōȅ ƘŜŀƭǘƘ ŀǊŜ ŎƻƳǇƭŜȄΣ ǊŜǉǳƛǊƛƴƎ ŎŀǇŀŎƛǘȅ ǘƻ ŘŜŀƭ ǿƛǘƘ ǳƴŎŜǊǘŀƛƴǘȅ ŀƴŘ ŎƘŀƴƎŜΤ ŦǊƻƳ ŀ 
ǎŎƛŜƴǘƛŦƛŎ ŀƴŘ ǇǊŀŎǘƛŎŀƭ Ǉƻƛƴǘ ƻŦ ǾƛŜǿΣ ǘƘŜȅ ŎǊƻǎǎ ŘƛǎŎƛǇƭƛƴŀǊȅ ōƻǳƴŘŀǊƛŜǎΣ ŀƴŘ ǘǊŀƴǎŘƛǎŎƛǇƭƛƴŀǊȅ ǎƪƛƭƭǎ ŀǊŜ 
ǊŜǉǳƛǊŜŘ ǿƘƛŎƘΣ ōŀǎŜŘ ƻƴ ŎƻƭƭŀōƻǊŀǘƛƻƴ ŀƴŘ ŎǊŜŀǘƛǾƛǘȅ ǘƻ ǊŜŘŜŦƛƴŜ ŀƴŘ ǊŜŦǊŀƳŜ ǘƘŜƳ ŀƴŘ ŘŜǎƛƎƴ ƳŜŀƴƛƴƎŦǳƭ 
ǎƻƭǳǘƛƻƴǎΣ ōȅ ƛƴǘŜƎǊŀǘƛƴƎ ǇǊƻōƭŜƳ ŦǊŀƳƛƴƎ ŀƴŘ ǇǊƻōƭŜƳ ǎƻƭǾƛƴƎΣ ŎƻƳƳǳƴƛŎŀǘƛƻƴ ŀƴŘ ŎƻƭƭŀōƻǊŀǘƛƻƴ ōŜǘǿŜŜƴ 
ǇŜƻǇƭŜ ƻŦ ŘƛŦŦŜǊŜƴǘ ŘƛǎŎƛǇƭƛƴŜǎ ŀƴŘ ŜŘǳŎŀǘƛƻƴŀƭ ƭŜǾŜƭǎΣ ŀƴŘ ƛƴǘŜƭƭƛƎŜƴǘ ǳǎŜ ƻŦ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ ǊŜǎƻǳǊŎŜǎΦ .ȅ 
ŎƻƳōƛƴƛƴƎ ǘƘŜǎŜ ŎƻƳǇŜǘŜƴŎƛŜǎΣ ƛǘ ƛǎ ƛƴǘŜƴŘŜŘ ǘƻ ǎǳǇǇƻǊǘ ǘƘŜ ŎƻƴǎǘǊǳŎǘƛƻƴ ƻŦ ŎƻƭƭŜŎǘƛǾŜ ƪƴƻǿƭŜŘƎŜ ŀƴŘ 
ƛƴŎǊŜŀǎŜ ǘƘŜ ŎŀǇŀŎƛǘȅ ǘƻ ǎƻƭǾŜ ƘǳƳŀƴ ǇǊƻōƭŜƳǎΦ 

IŜŀƭǘƘ ŀƴŘ !ƎƛƴƎ ƘŀǾŜ ōŜŜƴ ǘƘŜ ŦƻŎǳǎ ƻŦ ƛπ5ŀȅǎ ŜǾŜƴǘǎ ŀǘ ǘƘŜ ¦; ŀƴŘ ǘƘŜ ŎƘŀƭƭŜƴƎŜǎ ŀŘŘǊŜǎǎŜŘ ǘƘŜ ŦƻƭƭƻǿƛƴƎ 
ǇǊƻōƭŜƳǎΥ нлму ς IŜŀƭǘƘ ŀƴŘ !ƎƛƴƎΥ ŦǊƻƳ ǘƘŜ ǇǊƻōƭŜƳ ǘƻ ǎƻƭǳǘƛƻƴΤ нлмф ς ¢ŀƪƛƴƎ ŎŀǊŜ ƘƻƳŜΤ нлнл ς tƻǎǘπ
ǇŀƴŘŜƳƛŎ IŜŀƭǘƘ {ƻƭǳǘƛƻƴǎΥ wŜǎǇƻƴŘƛƴƎ ǘƻ ǇǊƻōƭŜƳǎ ǘƘŀǘ ŀǇǇŜŀǊŜŘ ƻǊ ŀƎƎǊŀǾŀǘŜŘ ǿƛǘƘ /ƻǾƛŘмфΦ 

¢Ƙƛǎ ȅŜŀǊΣ ƴŜǿ ŎƘŀƭƭŜƴƎŜǎ ǿƛƭƭ ōŜ ŀŘŘǊŜǎǎŜŘΣ ǿƛƭƭ ȅƻǳǊ ǎƻƭǳǘƛƻƴ ǿƛƴΚ 

¢ƘŜ ǿƛƴƴƛƴƎ ǘŜŀƳ ƻŦ ŜŀŎƘ ƛπ5ŀȅ ǿƛƭƭ ŀǘǘŜƴŘ ǘƘŜ ²ƛƴƴŜǊǎΩ 9ǾŜƴǘΣ ŀ Ŧƛƴŀƭ ŎƻƳǇŜǘƛǘƛƻƴ ǘƘŀǘ ǳƴƛǘŜǎ ǎǘǳŘŜƴǘǎ ŦǊƻƳ 
ŀǊƻǳƴŘ 9ǳǊƻǇŜΗ 

!ŎƪƻǿƭŜŘƎŜƳŜƴǘǎΥ ²Ŝ ǘƘŀƴƪ b¦59 π bǵŎƭŜƻ ¦ƴƛǾŜǊǎƛǘłǊƛƻ 5ŜǎƛƎƴ ŘŜ ;ǾƻǊŀ ŦƻǊ ǘƘŜ ƛƳŀƎŜǎΦ 

wŜŦŜǊŜƴŎŜǎΥ  LƴƴƻǾŀǘƛƻƴ 5ŀȅǎΣ 9L¢ IŜŀƭǘƘΣ 9ǳǊƻǇŜΦ ƘǘǘǇǎΥκκŜƛǘƘŜŀƭǘƘΦŜǳκǇǊƻƧŜŎǘκƛπŘŀȅǎκΣ ǾƛŜǿŜŘ ƛƴ hŎǘ олǘƘΣ нлнмΤ 

LƴƴƻǾŀǘƛƻƴ 5ŀȅǎΣ ¦ƴƛǾŜǊǎƛŘŀŘŜ ŘŜ ;ǾƻǊŀΣ tƻǊǘǳƎŀƭΦ ƘǘǘǇǎΥκκƛƴƴƻǾŀǘƛƻƴŘŀȅнлмуΦȄŘƛΦǳŜǾƻǊŀΦǇǘκƛƴƻǾŀŎŀƻκΣ ǾƛŜǿŜŘ ƛƴ hŎǘ 

олǘƘΣ нлнмΦ  

https://eithealth.eu/project/i-days/
https://innovationday2018.xdi.uevora.pt/inovacao/
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.ƛƻŎƘŜƳƛǎǘǊȅ ŀƴŘ {ƻŎƛŜǘȅΥ .ƛƻŎƘŜƳƛǎǘǊȅ ŀǇǇƭƛŜŘ ǘƻ !Ǌǘ ŀƴŘ 
IŜǊƛǘŀƎŜ  

 
 

 

 

!Ǌǘ ϧ .ƛƻŎƘŜƳƛǎǘǊȅ 

 
 

/ŀƭŘŜƛǊŀ !Φ¢ΦΣ aŀǊǘƛƴǎ aΦwΦΣ {ŀƭǾŀŘƻǊ /ΦΣ !ǊŀƴǘŜǎ {ΦΣ .ƘŀǘǘŀŎƘŀǊȅŀ {ΦΣ tŀƭƳŀ ±ΦΣ {ƛƭǾŀ LΦ 
 
9ǎǘŀōƭƛǎƘŜŘ ƛƴ нллфΣ ǘƘŜ I9w/¦[9{ [ŀō ƛǎ ŀ ǊŜǎŜŀǊŎƘ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ŦǊƻƳ ǘƘŜ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ;ǾƻǊŀΣ ŘŜǾƻǘŜŘ ǘƻ 

ǘƘŜ ǎǘǳŘȅ ŀƴŘ ǾŀƭƻǊƛǎŀǘƛƻƴ ƻŦ ŎǳƭǘǳǊŀƭ ƘŜǊƛǘŀƎŜΣ ŦƻŎǳǎƛƴƎ ƻƴ ǘƘŜ ƛƴǘŜƎǊŀǘƛƻƴ ƻŦ ǇƘȅǎƛŎŀƭ ŀƴŘ ƳŀǘŜǊƛŀƭ ǎŎƛŜƴŎŜǎ 

ƳŜǘƘƻŘƻƭƻƎƛŜǎ ŀƴŘ ǘƻƻƭǎ ƛƴ ƛƴǘŜǊŘƛǎŎƛǇƭƛƴŀǊȅ ŀǇǇǊƻŀŎƘŜǎΦ 

bƻǿŀŘŀȅǎΣ ǘƘŜ ƭŀōƻǊŀǘƻǊȅ ǊŜǎŜŀǊŎƘŜǊǎ ŀǊŜ ŜƴƎŀƎŜŘ ƛƴ ǘƘŜ ƳŀǘŜǊƛŀƭ ŀƴŘ ƘƛǎǘƻǊƛŎŀƭ ǎǘǳŘȅ ƻŦ ŘƛŦŦŜǊŜƴǘ ŎǳƭǘǳǊŀƭ 

ƘŜǊƛǘŀƎŜ ŀǊǘƛŦŀŎǘǎΣ ƴŀƳŜƭȅΣ ŀǊŎƘŀŜƻƭƻƎƛŎŀƭ ŀǊǘƛŦŀŎǘǎ όŎŜǊŀƳƛŎǎΣ ƎƭŀǎǎΣ ƳŜǘŀƭǎΣ ƻǊƎŀƴƛŎ ƳŀǘŜǊƛŀƭǎύΣ ŀǊǘ ƻōƧŜŎǘǎ 

όŜŀǎŜƭ ǇŀƛƴǘƛƴƎǎ ŀƴŘ ǇƻƭȅŎƘǊƻƳŜ ǎŎǳƭǇǘǳǊŜΣ ƳŜǘŀƭǎΣ ƘƛǎǘƻǊƛŎŀƭ ǘŜȄǘƛƭŜǎΣ ŀƴŎƛŜƴǘ ƳŀƴǳǎŎǊƛǇǘǎύΣ ŀƴŘ ōǳƛƭǘ ƘŜǊƛǘŀƎŜ 

όƳƻǊǘŀǊǎΣ ǎǘƻƴŜΣ ƳǳǊŀƭ ǇŀƛƴǘƛƴƎǎ ŀƴŘ ƎƭŀȊŜŘ ǘƛƭŜǎύΦ 

.ƛƻŎƘŜƳƛŎŀƭ ŀǇǇǊƻŀŎƘŜǎ ŀǊŜ ōŜƛƴƎ ǳǎŜŘ ǘƻ ǎǘǳŘȅ ƻŦ ǘƘŜ ōƛƻŘŜƎǊŀŘŀǘƛƻƴ ǇǊƻŎŜǎǎŜǎ ƻŦ ǘƘŜ ƳŀǘŜǊƛŀƭǎ ǳǎŜŘ ǘƻ 

ǇǊƻŘǳŎŜ ŀǊǘƛǎǘƛŎ ŀǊǘƛŦŀŎǘǎ ƭŜŘ ǘƻ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ƴƻǾŜƭ ōƛƻǘŜŎƘƴƻƭƻƎȅπōŀǎŜŘ ǇǊƻŘǳŎǘǎ ǳǎŜŘ ŦƻǊ 

ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ƻŦ ōƛƻπŎƻƴǘŀƳƛƴŀƴǘǎ ŀƴŘ ŦƻǊ ƳŀǘŜǊƛŀƭǎ ŎƻƴǎŜǊǾŀǘƛƻƴΣ ǘƘŀǘ ȅƻǳ Ŏŀƴ ŦƛƴŘ ƛƴ ǘƘƛǎ ŜȄǇƻǎƛǘƛƻƴΦ 

 

 

 

 

[Ŝǘϥǎ ƎŜǘ ǘƘŜ ōƻƴŜǎ άǘŀƭƪƛƴƎέΗ 

¢ŜǊŜǎŀ CŜǊƴŀƴŘŜǎ ŀƴŘ /Şƭƛŀ [ƻǇŜǎ 

[ŀōƻǊŀǘƻǊȅ ƻŦ .ƛƻƭƻƎƛŎŀƭ !ƴǘǊƻǇƻƭƻƎȅ 

 

IǳƳŀƴ ǎƪŜƭŜǘƻƴǎ ŎƻƴǎǘƛǘǳǘŜ ǘƘŜ Ƴƻǎǘ ŘƛǊŜŎǘ ŀƴŘ ǘǊǳǎǘǿƻǊǘƘȅ ǘŜǎǘƛƳƻƴȅ ƻŦ ǘƘŜ ǇƻǇǳƭŀǘƛƻƴǎ ǘƘŀǘ ǇǊŜŎŜŘŜŘ ǳǎΦ 

Lƴ ŦŀŎǘΣ ǘƘŜȅ Ŏƻƴǘŀƛƴ ŀ ƎǊŜŀǘ ŘŜŀƭ ƻŦ ƛƴŦƻǊƳŀǘƛƻƴ ŀōƻǳǘ ǘƘŜ ǿŀȅǎ ƻŦ ƭƛŦŜΣ ǘƘŜ ǘȅǇŜ ƻŦ ŘƛŜǘ ŀƴŘ ǘƘŜ ƛƳǇŀŎǘ ƻŦ 

ǇŀǘƘƻƎŜƴǎ ŀƴŘ ŎƘǊƻƴƛŎ ŘƛǎŜŀǎŜǎ ƻƴ ǘƘŜ ƭƛǾƛƴƎ ŀƴŘ ƘŜŀƭǘƘ ǇŀǘǘŜǊƴǎ ƻŦ ǇƻǇǳƭŀǘƛƻƴǎ ƛƴ ǘƘŜ ǇŀǎǘΦ 

¢ƻŘŀȅΣ ǘƘŜ ǎǘǳŘȅ ƻŦ ǎƪŜƭŜǘƻƴǎ ŀƭƭƻǿǎΣ ŀŦǘŜǊ ǘƘŜ ǳǎǳŀƭ ƳŀŎǊƻǎŎƻǇƛŎ ŀƴŀƭȅǎŜǎΣ ǘƘŜ ǳǎŜ ƻŦ ƳƻƭŜŎǳƭŀǊ ōƛƻƭƻƎȅ ŀƴŘ 

ōƛƻŎƘŜƳƛŎŀƭ ǘŜŎƘƴƛǉǳŜǎ ŦƻǊ ŀ ƳƻǊŜ ŘŜǘŀƛƭŜŘ ŀƴŀƭȅǎƛǎΦ 9ȄŀƳǇƭŜǎ ƻŦ ǘƘƛǎ ŀŎǘƛƻƴ ŀǊŜ ǘƘŜ ǳǎŜ ƻŦ ŎƻƭƭŀƎŜƴ ǘƻ 

ŎŀƭŎǳƭŀǘŜ ƛǎƻǘƻǇƛŎ Ǌŀǘƛƻǎ ƻǊ ǘƘŜ ŀƴŀƭȅǎƛǎ ƻŦ ǇŜǇǘƛŘŜǎΣ ǿƘƛŎƘ ŀǊŜ ŦǳƴŘŀƳŜƴǘŀƭ ƛƴ ǘƘŜ ǊŜŎƻƴǎǘƛǘǳǘƛƻƴ ƻŦ ŘƛŜǘǎΣ ƻǊ 

ǘƘŜ ǳǎŜ ƻŦ ŀƴŎƛŜƴǘ 5b! ŦƻǊ ŀǘǘǊƛōǳǘƛƴƎ ǘƘŜ ŀŜǘƛƻƭƻƎȅ ƻŦ ǎƻƳŜ ŘƛǎŜŀǎŜǎΦ 

¢ƘŜ ŜȄƘƛōƛǘ ƛƭƭǳǎǘǊŀǘŜǎ ǎƻƳŜ ƻŦ ǘƘŜ ǿŀȅǎ ƛƴ ǿƘƛŎƘ ƴŜƻǇƭŀǎǘƛŎΣ ƳŜǘŀōƻƭƛŎΣ ŀƴŘ ƛƴŦŜŎǘƛƻǳǎ ŘƛǎŜŀǎŜǎ Ŏŀƴ ǊŜŀŎƘ 

ōƻƴŜ ǘƛǎǎǳŜΦ  
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C/ст π aƛŎǊƻƻǊƎŀƴƛǎƳǎ ŀƴŘ aƻƻƴƳƛƭƪ ƛƴ ǘƘŜ ƴƻƴπƻǊƴŀǘŜŘ ŎŀǾŜǎ ŦǊƻƳ ǘƘŜ 
±ŞȊŝǊŜ ±ŀƭƭŜȅ ό5ƻǊŘƻƎƴŜΣ CǊŀƴŎŜύ  

 
{ǊƛǊŀŘƘŀ .ƘŀǘǘŀŎƘŀǊȅŀмΣнΣ !ƴŀ ¢ŜǊŜǎŀ /ŀƭŘŜƛǊŀнΣоΣ wŞƳȅ /ƘŀǇƻǳƭƛŜмΣ /ŀǘƘŜǊƛƴŜ CŜǊǊƛŜǊпΣ WƻǎŞ aƛǊŀƻнΣрΣ 

5ŜƭǇƘƛƴŜ [ŀŎŀƴŜǘǘŜсΣ [Şƴŀ .ŀǎǎŜƭпΣ /ŀǘƛŀ {ŀƭǾŀŘƻǊн 

м Lw!a!¢π/wtн! ¦aw рлслτ/bw{π¦ƴƛǾŜǊǎƛǘŞ .ƻǊŘŜŀǳȄ aƻƴǘŀƛƎƴŜΣ aŀƛǎƻƴ ŘŜ ƭΩŀǊŎƘŞƻƭƻƎƛŜΣ 9ǎǇƭŀƴŀŘŜ ŘŜǎ !ƴǘƛƭƭŜǎ Cπ
оослтΣ tŜǎǎŀŎ /ŜŘŜȄΣ CǊŀƴŎŜ Τ н I9w/¦[9{ [ŀōƻǊŀǘƽǊƛƻΣ ¦ƴƛǾŜǊǎƛŘŀŘŜ ŘŜ ;ǾƻǊŀ π [ŀǊƎƻ aŀǊǉǳşǎ ŘŜ aŀǊƛŀƭǾŀΣ уΣ тлллπ
улф ;ǾƻǊŀ Τ о 5ŜǇŀǊǘƳŜƴǘ ƻŦ /ƘŜƳƛǎǘǊȅΣ {ŎƘƻƻƭ ƻŦ {ŎƛŜƴŎŜ ŀƴŘ ¢ŜŎƘƴƻƭƻƎȅΣ wǳŀ wƻƳńƻ wŀƳŀƭƘƻΣ ƴȏ рф π /ƻƭŞƎƛƻ [ǳƝǎ 
!ƴǘƽƴƛƻ ±ŜǊƴŜȅΣ тлллπстмΣ ;ǾƻǊŀ Τ п t!/9! ¦aw рмффτ/bw{π¦ƴƛǾŜǊǎƛǘŞ ŘŜ .ƻǊŘŜŀǳȄΣ .ŃǘƛƳŜƴǘ .уΣ !ƭƭŞŜ DŜƻŦŦǊƻȅ 

{ŀƛƴǘπIƛƭŀƛǊŜΣ /{ рллно Cπоосмр tŜǎǎŀŎΣ /ŜŘŜȄΣ CǊŀƴŎŜ Τ р 5ŜǇŀǊǘƳŜƴǘ ƻŦ DŜƻǎŎƛŜƴŎŜǎΣ {ŎƘƻƻƭ ƻŦ {ŎƛŜƴŎŜ ŀƴŘ ¢ŜŎƘƴƻƭƻƎȅΣ 
wǳŀ wƻƳńƻ wŀƳŀƭƘƻΣ ƴȏ рф π /ƻƭŞƎƛƻ [ǳƝǎ !ƴǘƽƴƛƻ ±ŜǊƴŜȅΣ тлллπстмΣ ;ǾƻǊŀ Τ 
с Lнa ¦aw рнфрτ.ƻǊŘŜŀǳȄ LbtΣ .ƻǊŘŜŀǳȄ Cπоослт tŜǎǎŀŎ /ŜŘŜȄΣ CǊŀƴŎŜ 

Background. Microorganisms inhabit all possible environments including hypogean environments. Cave are 

the best examples of a glimpse into the subsurface world and into human past through its art work. Microbes 

are often harmful for cultural assets (eg, paleolithic paintings), because they are related to constructive 

(mineral precipitation) and destructive (substrate dissolution) processes affecting different substrates (host-

rock, speleothems, paintings, etc.). Moonmilk, a secondary speleothem is a problem that plagues this art. 

The environment is very distinct as they differ vastly from the exterior owing to it being divided by the soil 

and the epikarst. Caves are considered as extreme environments due to very little or complete absence of 

sunlight and limited interaction with the outside ecosystem. This determines the growth of microorganisms 

that can easily adapt to these extreme conditions playing an important role in the development of 

biotransformations inside the caves, namely biomineralization and probably in the formation of moonmilk 

and leading to potential degradation of cave art. Moonmilk is identified by its distinctive crystalline fibre, 

referred to as Needle Fibre Calcite (NFC).  

Methods. Moonmilk formation is not completely understood being attributed to abiotic processes and / or 

mediated by biotic processes. This study deals with the identification of the microorganisms sampled in three 

non-ornated caves (named Leye, Pillier and Racine) in the Vézère Valley (Dordogne, France). Leye is 

ŎƻƴǎƛŘŜǊŜŘ ŀǎ ŀ άƭŀōƻǊŀǘƻǊȅ ŎŀǾŜέΣ ōŜŎŀǳǎŜ ƛǘ ƛǎ ǾŜǊȅ ǎƛƳƛƭŀǊ ǘƻ [ŀǎŎŀǳȄΣ ƭƻŎŀǘŜŘ ƛƴ ǘƘŜ ǎŀƳŜ ǊŜƎƛƻƴ ōǳǘ ǿƛǘƘƻǳǘ 

any cave art, mimicking the environmental conditions and making it an ideal cave to carry out 

multidisciplinary studies where sampling is allowed. The other two caves (Pillier and Racine) are also 

important because they show the same moonmilk presence and enable to check the variability of these 

bioinduced minerals. These two caves have not been submitted to any kind of study yet. 

Results. In situ DinoLite Microscopy confirmed the existence of microorganisms and needles. In vitro culture 

showed the presence of bacteria, fungi and yeast. High Throughput Sequencing (HTS) was used to explore, 

compare and characterise the microbial communities present in the cave. Scanning Electron Microscopy 

helped us discriminating the different types of needles along with microbial deposits present in the caves.  

SEM micrographs show the presence of various needles: monocrystalline, polycrystalline and serrated, which 

occur due to biomineralisation. Bacterial communities are mainly composed by Proteobacteria, 

Actinobacteria and Firmicutes.  Phylums like Nitrospirae, Tenericutes, Spirochaetes and Verrucromicrobia are 

also present in the caves.  

Conclusions. Taking into account these data, the next step is to perform some simulation assays to better 

understand the microbial involvement for the growth of moonmilk. 

Keywords: Moonmilk, Needle Fibre Calcite, prehistoric caves, Vézère Vallée, HTS, SEM imagery, conservation 
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{t9/L![ {9{{Lhb н ς /h±L5 {ǇŜŎƛŀƭ {Ŝǎǎƛƻƴ όt¢ύ 
 
 
¢ƘŜ /h±L5πмф ǇŀƴŘŜƳƛŎ Ƙŀǎ ŎƘŀƭƭŜƴƎŜŘ ǘƘŜ ŎƻƳƳǳƴƛǘȅ ƎƭƻōŀƭƭȅΣ ǇǊƻŦƻǳƴŘƭȅ ŘŜŦȅƛƴƎ ƻǳǊ ǿŀȅ ƻŦ ƭƛǾƛƴƎΦ  

¢ƘŜ ƻōƧŜŎǘƛǾŜ ƻŦ ǘƘƛǎ ǎŜǎǎƛƻƴ ƛǎ ǘƻ ǇǊŜǎŜƴǘ ǘƘŜ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ ǘƘƛǎ ǇŀƴŘŜƳƛŎ ŀƴŘ ŘƛǎŎǳǎǎ ǘƘŜ ŎƘŀƭƭŜƴƎŜǎ 

ŦŀŎƛƴƎ ƎƻǾŜǊƴƳŜƴǘ ŜƴǘƛǘƛŜǎΣ ƛƴǎǘƛǘǳǘƛƻƴǎΣ ǘƘŜ ǎŎƛŜƴǘƛŦƛŎ ŎƻƳƳǳƴƛǘȅΣ ŀƴŘ ǘƘŜ ǇǳōƭƛŎΦ Lǘ ŀƭǎƻ ƛƴǘŜƴŘǎ ǘƻ ŎƻƴǘǊƛōǳǘŜ 

ǘƻ ǘƘŜ ŎƻƴǎǘǊǳŎǘƛƻƴ ƻŦ ƴŜǿ ǇŜǊǎǇŜŎǘƛǾŜǎΣ ŜƴƘŀƴŎƛƴƎ ƛƴǘŜǊŘƛǎŎƛǇƭƛƴŀǊȅ ŀǇǇǊƻŀŎƘŜǎ ƛƴ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ 

ƛƴǘŜǊǾŜƴǘƛƻƴǎ ƛƴ tǳōƭƛŎ IŜŀƭǘƘ όǇǊŜǎǎ ǊŜƭŜŀǎŜ ŀǘ ƘǘǘǇǎΥκκǿǿǿΦŎƳπŜǾƻǊŀΦǇǘκǎŜǎǎŀƻπŜǎǇŜŎƛŀƭπŎƻǾƛŘπмфπŘŜǳπ

ǇŜǊǎǇŜŎǘƛǾŀπŘŀπǇŀƴŘŜƳƛŀπŜƳπŜǾƻǊŀκύΦ  

 

! ǇŀƴŘŜƳƛŀ /h±L5πмф ŘŜǎŀŦƛƻǳ ŀ ŎƻƳǳƴƛŘŀŘŜ ƎƭƻōŀƭƳŜƴǘŜΣ ŀŦŜǘŀƴŘƻ ǇǊƻŦǳƴŘŀƳŜƴǘŜ ƴƻǎǎƻ ƳƻŘƻ ŘŜ ǾƛŘŀΦ 

h ƻōƧŜǘƛǾƻ ŘŜǎǘŀ ǎŜǎǎńƻ Ş ŀǇǊŜǎŜƴǘŀǊ ŀǎ ŎŀǊŀŎǘŜǊƝǎǘƛŎŀǎ ŘŜǎǘŀ ǇŀƴŘŜƳƛŀ Ŝ ŘƛǎŎǳǘƛǊ ƻǎ ŘŜǎŀŦƛƻǎ ǉǳŜ ŀǎ ŜƴǘƛŘŀŘŜǎ 

ƎƻǾŜǊƴŀƳŜƴǘŀƛǎΣ ƛƴǎǘƛǘǳƛœƿŜǎΣ ŀ ŎƻƳǳƴƛŘŀŘŜ ŎƛŜƴǘƝŦƛŎŀ Ŝ ƻ ǇǵōƭƛŎƻ ŜƳ ƎŜǊŀƭ ŜƴŦǊŜƴǘŀƳΦ tǊŜǘŜƴŘŜ ŀƛƴŘŀ 

ŎƻƴǘǊƛōǳƛǊ ǇŀǊŀ ŀ ŎƻƴǎǘǊǳœńƻ ŘŜ ƴƻǾŀǎ ǇŜǊǎǇŜǘƛǾŀǎΣ ǇƻǘŜƴŎƛŀƴŘƻ ŀōƻǊŘŀƎŜƴǎ ƛƴǘŜǊŘƛǎŎƛǇƭƛƴŀǊŜǎ ƴƻ ŎƻƴǘŜȄǘƻ 

Řŀǎ ƛƴǘŜǊǾŜƴœƿŜǎ ŜƳ {ŀǵŘŜ tǳōƭƛŎŀ όƴƻǘŀ ŘŜ ƛƳǇǊŜƴǎŀ ŜƳ ƘǘǘǇǎΥκκǿǿǿΦŎƳπŜǾƻǊŀΦǇǘκǎŜǎǎŀƻπŜǎǇŜŎƛŀƭπŎƻǾƛŘπмфπ

ŘŜǳπǇŜǊǎǇŜŎǘƛǾŀπŘŀπǇŀƴŘŜƳƛŀπŜƳπŜǾƻǊŀκύΦ 
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/ƘŀƛǊǎΥ ±ƛŎǘƻǊ wŀƳƻǎ ό5ƛǊŜǘƻǊ Řŀ 9{5IΣ ¦;ǾύΤ DǊŀœŀ {ƻǾŜǊŀƭ όCC¦[Σ tǊŜǎƛŘŜƴǘŜ Řŀ {t.ύ 

/ŀǊƭƻǎ tƛƴǘƻ {ł 
 

wŜǎǇƻǎǘŀǎ Ŝ ŘŜǎŀŦƛƻǎ ǎƻŎƛŀƛǎ Řƻ ƳǳƴƛŎƝǇƛƻ 

!ƴŀ /ƻǎǘŀ 
CǊŜƛǘŀǎ 
 

wŜǎǇƻǎǘŀǎ Ŝ ŘŜǎŀŦƛƻǎ Řƻ 9ƴǎƛƴƻ {ǳǇŜǊƛƻǊ 

wƛŎŀǊŘƻ aŜȄƛŀ ά5ŜǎŀŦƛƻǎ ŀƻ ƴƝǾŜƭ Řŀ {ŀǵŘŜ tǵōƭƛŎŀΥ ŀǇǊŜƴŘƛȊŀƎŜƴǎ Ŝ ŜǎǘǊŀǘŞƎƛŀǎ 
ŘŜ ǇǊŜǾŜƴœńƻέ 

LǎŀōŜƭ tƛǘŀ ά5ŜǎŀŦƛƻǎ ǇŀǊŀ ŀ ƎŜǎǘńƻ ŘŜ ǳƳ IƻǎǇƛǘŀƭ tǵōƭƛŎƻκ{b{ ŜƳ 
tŀƴŘŜƳƛŀέ 

aƛƎǳŜƭ 
/ŀǎǘŀƴƘƻ 
 

ά5ŜǎŀŦƛƻǎ ŘŜ ƴŀǘǳǊŜȊŀ ƳƻƭŜŎǳƭŀǊ ƴŀ ŎƻƳǇǊŜŜƴǎńƻ Řŀ /h±L5πмфΥ ƻ 
ǇŀǇŜƭ Řŀ ōƛƻǉǳƝƳƛŎŀ ǇǊŜǎŜƴǘŜ Ŝ ŦǳǘǳǊƻέ 

https://www.cm-evora.pt/sessao-especial-covid-19-deu-perspectiva-da-pandemia-em-evora/
https://www.cm-evora.pt/sessao-especial-covid-19-deu-perspectiva-da-pandemia-em-evora/
https://www.cm-evora.pt/sessao-especial-covid-19-deu-perspectiva-da-pandemia-em-evora/
https://www.cm-evora.pt/sessao-especial-covid-19-deu-perspectiva-da-pandemia-em-evora/
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{¦t[9a9b¢!w ̧LbChwa!¢Lhb   
 

 

1. /ƻƳǳƴƛŎŀǘƛƻƴǎ ǇǊŜǎŜƴǘŜŘ ƛƴ ǘƘŜ ŎƻƴƎǊŜǎǎ 

 

wŜƎƛǎǘǊŀǘƛƻƴǎ мсо 

tƭŜƴŀǊȅ ƭŜŎǘǳǊŜǎ όрлҌмл ƳƛƴΦύΣ t[ п 

LƴǾƛǘŜŘ ƭŜŎǘǳǊŜǎ όнрҌр ƳƛƴΦύΣ L[ мт 

hǊŀƭ ŎƻƳƳǳƴƛŎŀǘƛƻǎ όуҌн ƳƛƴΦύΣ h/ оф 

CƭŀǎƘ ŎƻƳƳǳƴƛŎŀǘƛƻƴǎ όоҌн ƳƛƴΦύΣ C/ сф 

¢ƻǘŀƭ ŎƻƳƳǳƴƛŎŀǘƛƻƴǎ мнф 

 

 

2. tƭŀŎŜǎ ŦǊƻƳ ǘƘŜ ǎǇŜŀƪŜǊǎ ŀƴŘ ǘȅǇŜ ƻŦ ŎƻƳƳǳƴƛŎŀǘƛƻƴǎ ǇǊŜǎŜƴǘŜŘ 

 

/ƛǘȅκ/ƻǳƴǘǊȅ tƭŜƴŀǊȅ LƴǾƛǘŜŘ hǊŀƭ CƭŀǎƘ ¢ƻǘŀƭ 

[ƛǎōƻŀ  м мп мс ом 

hŜƛǊŀǎ  м с мп нм 

;ǾƻǊŀ  м п мн мс 

/ƻƛƳōǊŀ м н о с мо 

tƻǊǘƻ  н с п мн 

CŀǊƻ  н м т мл 

.ǊŀƎŀ  м н о с 

/ŀǇŀǊƛŎŀ м м м м п 

.ŀŘŀƧƻȊκ{Ǉŀƛƴ  м  н о 

DŜǊƳŀƴȅ м м   н 

[ŜƛǊƛŀ   м м н 

.ŜƧŀ    н н 

!ǾŜƛǊƻ  м   м 

/ŀƴŀŘŀ  м    м 

.Ǌŀǎƛƭ  м   м 

¦ƴƛǘŜŘ YƛƴƎŘƻƴ  м   м 

/ƘŜŎƪ wŜǇǳōƭƛŎ  м   м 

±ƛƭŀ wŜŀƭ   м  м 

      

 

3. /h±L5πмф /ƻƴǘƛƴƎŜƴŎȅ tƭŀƴ κ tƭŀƴƻ ŘŜ /ƻƴǘƛƴƎşƴŎƛŀ /h±L5πмф 

!ƭƭ ŜŦŦƻǊǘǎ ŀǊŜ ōŜƛƴƎ ƳŀŘŜ ǘƻ ŜƴǎǳǊŜ ǘƘŀǘ ǘƘŜ ŎƻƴƎǊŜǎǎ ƛǎ ƘŜƭŘ ƛƴ ǇŜǊǎƻƴΣ ƘŜƴŎŜ ǘƘŜ ŎƘŀƴƎŜ ƻŦ ŘŀǘŜǎ ǘƻ мпǘƘπ
мсǘƘ hŎǘƻōŜǊ ƻŦ нлнмΣ ǿƘŜƴ ƛǘ ƛǎ ŜȄǇŜŎǘŜŘ ǘƘŀǘ ǘƘŜ ǇŀƴŘŜƳƛŎ ǎƛǘǳŀǘƛƻƴ ǿƛƭƭ ōŜ ƳƻǊŜ ŎƻƴǘǊƻƭƭŜŘΦ ²Ŝ ǿƻǳƭŘ ƭƛƪŜ 
ǘƻ Ǉƻƛƴǘ ƻǳǘ ǘƘŀǘ ǿƛǘƘ ǘƘƛǎ ŀƳŜƴŘƳŜƴǘΣ ǘƘŜ ŘŜŀŘƭƛƴŜǎ ŦƻǊ ǊŜƎƛǎǘǊŀǘƛƻƴ ŀƴŘ ǎǳōƳƛǘǘƛƴƎ ŀōǎǘǊŀŎǘǎ ƘŀǾŜ ŀƭǎƻ ōŜŜƴ 
ŜȄǘŜƴŘŜŘΦ ¢ƘŜ ǊŜƎƛǎǘǊŀǘƛƻƴΣ ƻŦ ǘƘƻǎŜ ǿƘƻ ƘŀǾŜ ŀƭǊŜŀŘȅ ǊŜƎƛǎǘŜǊŜŘΣ ŀǊŜ ƻōǾƛƻǳǎƭȅ ǎŀŦŜƎǳŀǊŘŜŘΦ  

¢ƻŘƻǎ ƻǎ ŜǎŦƻǊœƻǎ Ŝǎǘńƻ ŀ ǎŜǊ ŜƴǾƛŘŀŘƻǎ ǇŀǊŀ ǉǳŜ ƻ ŎƻƴƎǊŜǎǎƻ ǎŜƧŀ ǊŜŀƭƛȊŀŘƻ ƴƻ ŦƻǊƳŀǘƻ ǇǊŜǎŜƴŎƛŀƭΣ ŘŀƝ ŀ 
ƳǳŘŀƴœŀ Řŀǎ Řŀǘŀǎ ǇŀǊŀ мпπмс ŘŜ ƻǳǘǳōǊƻ ŘŜ нлнмΣ ŀƭǘǳǊŀ ŜƳ ǉǳŜ Ş ŜǎǇŜŎǘłǾŜƭ ǉǳŜ ŀ ǎƛǘǳŀœńƻ ǇŀƴŘŞƳƛŎŀ Ƨł 
ŜǎǘŜƧŀ Ƴŀƛǎ ŎƻƴǘǊƻƭŀŘŀΦ /ƘŀƳŀƳƻǎ Ł ŀǘŜƴœńƻ ŘŜ ǉǳŜ ŎƻƳ Ŝǎǘŀ ŀƭǘŜǊŀœńƻ ŦƻǊŀƳ ǘŀƳōŞƳ ŀƭŀǊƎŀŘƻǎ ƻǎ ǇǊŀȊƻǎ 
ŘŜ ƛƴǎŎǊƛœńƻ Ŝ ŘŜ ǎǳōƳƛǎǎńƻ ŘŜ ǊŜǎǳƳƻǎΦ !ǎ ƛƴǎŎǊƛœƿŜǎΣ ŘŜ ǉǳŜƳ Ƨł ǎŜ ƛƴǎŎǊŜǾŜǳΣ Ŝǎǘńƻ ƻōǾƛŀƳŜƴǘŜ 
ǎŀƭǾŀƎǳŀǊŘŀŘŀǎΦ 
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4. wŜƎƛǎǘǊŀǘƛƻƴ ŀƴŘ {ǳōƳƛǎǎƛƻƴǎ 

¢ƘŜ ǊŜƎƛǎǘǊŀǘƛƻƴ ŦŜŜ ƛƴŎƭǳŘŜǎ ǘƘŜ ŎƻƴƎǊŜǎǎ ƳŀǘŜǊƛŀƭǎΣ ŎƻŦŦŜŜπōǊŜŀƪǎΣ ƭǳƴŎƘ όŀƭƭ ǊŜƎƛǎǘǊŀǘƛƻƴ ǘȅǇŜύ ŀƴŘ /ƻƴƎǊŜǎǎ 
5ƛƴƴŜǊ όŦǳƭƭ ǘƛƳŜ ǊŜƎƛǎǘǊŀǘƛƻƴύΦ 

CŜŜǎ 

{ŜƴƛƻǊ WǳƴƛƻǊ όǳƴŘŜǊ орȅύ {ǘǳŘŜƴǘ 

{t. 
aŜƳōŜǊ 

bƻƴ 
aŜƳōŜǊ 

{t. 
aŜƳōŜǊ 

bƻƴ 
aŜƳōŜǊ 

{t. 
aŜƳōŜǊ 

bƻƴ 
aŜƳōŜǊ 

9ŀǊƭȅ CŜŜǎ 
¦ƴǘƛƭ фǘƘ ƻŦ 
{ŜǇǘŜƳōŜǊ 

мул ϵ нрл ϵ млл ϵ мол ϵ ср ϵ млл ϵ 

wŜƎǳƭŀǊ CŜŜǎ 
!ŦǘŜǊ фǘƘ ƻŦ 
{ŜǇǘŜƳōŜǊ 

олл ϵ мрл ϵ мрл ϵ 

hƴŜ Řŀȅ ǊŜƎƛǎǘǊŀǘƛƻƴ 
CŜŜǎ 

рл҈ ǘƘŜ wŜƎǳƭŀǊ ŦŜŜǎ   

{t. ƛǎ ŀǿŀǊŘƛƴƎ ŀ ƭƛƳƛǘŜŘ ƴǳƳōŜǊ ƻŦ ƎǊŀƴǘǎ όмрύΦ CƻǊ ƳƻǊŜ ƛƴŦƻǊƳŀǘƛƻƴΣ ǇƭŜŀǎŜ ǎŜŜ ǘƘŜ {t. ǿŜō ǇŀƎŜΦ 

5. wŜƎƛǎǘǊŀǘƛƻƴ ǇǊƻŎŜŘǳǊŜ 

1. {ƛƎƴ ǳǇ ƛƴ ƘǘǘǇǎΥκκǎƎŜΦǳŜǾƻǊŀΦǇǘ όȅƻǳ ǿƛƭƭ ǊŜŎŜƛǾŜ ŀ ŎƻƴŦƛǊƳŀǘƛƻƴ ŜƳŀƛƭ ǘƻ ŦƛƴƛǎƘ ȅƻǳǊ ǎƛƎƴ ǳǇύ 
2. !ŦǘŜǊ ƭƻƎƛƴ ƛƴ ƘǘǘǇǎΥκκǎƎŜΦǳŜǾƻǊŀΦǇǘ Ǝƻ ǘƻ ά{t. нлнл ··L bŀŎƛƻƴŀƭ /ƻƴƎǊŜǎǎ ƻŦ .ƛƻŎƘŜƳƛǎǘǊȅά 
3. hƴ ǘƘŜ ǊƛƎƘǘ ǎƛŘŜ ƻŦ ǘƘŜ ǇŀƎŜ ŎƘƻƻǎŜ άwŜƎƛǎǘŜǊέ 
4. όhǇǘƛƻƴŀƭ ƛŦ ȅƻǳ ǿŀƴǘ ǘƻ ǎǳōƳƛǘ ŀōǎǘǊŀŎǘύ hƴ ǘƘŜ ǊƛƎƘǘ ǎƛŘŜ ƻŦ ǘƘŜ ǇŀƎŜ ŎƘƻƻǎŜ ά{ǳōƳƛǘ !ōǎǘǊŀŎǘέ 
5. !ŦǘŜǊ ǊŜƎƛǎǘǊŀǘƛƻƴ ŎƘƻƻǎŜ ά/ƻƴŦƛǊƳ wŜƎƛǎǘǊŀǘƛƻƴέ 
6. !ŦǘŜǊ ȅƻǳ ŎƻƴŦƛǊƳ ȅƻǳǊ ǊŜƎƛǎǘǊŀǘƛƻƴΣ ȅƻǳ ǿƛƭƭ ōŜ ƎƛǾŜƴ ǘƘŜ ŀƳƻǳƴǘ ǇŀȅŀōƭŜ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ƻǇǘƛƻƴǎ ȅƻǳ 
ǎŜƭŜŎǘŜŘ ƛƴ ǘƘŜ ƻǇǘƛƻƴ ά/ƻƴŦƛǊƳ ǇŀȅƳŜƴǘέΦ 

6. hǊŀƭ ŀƴŘ tƻǎǘŜǊ DǳƛŘŜƭƛƴŜǎ 

hǊŀƭ /ƻƳƳǳƴƛŎŀǘƛƻƴǎ 

hǊŀƭ /ƻƳƳǳƴƛŎŀǘƛƻƴǎ ƘŀǾŜ ŀ мл ƳƛƴǳǘŜπ ǎƭƻǘ όу ƳƛƴǳǘŜǎ ǇǊŜǎŜƴǘŀǘƛƻƴ Ҍ н ƳƛƴǳǘŜǎ ŘƛǎŎǳǎǎƛƻƴύΦ 
{ƭƛŘŜǎ ǎƘƻǳƭŘ ōŜ ǇǊŜǇŀǊŜŘ ǿƛǘƘ tƻǿŜǊtƻƛƴǘ ƻǊ !ŘƻōŜ wŜŀŘŜǊΦ 
hŦŦƛŎƛŀƭ ƭŀƴƎǳŀƎŜ ŦƻǊ ǎƭƛŘŜǎΥ 9ƴƎƭƛǎƘΦ 
hŦŦƛŎƛŀƭ ƭŀƴƎǳŀƎŜǎ ŦƻǊ ƻǊŀƭ ŜȄǇƻǎƛǘƛƻƴΥ 9ƴƎƭƛǎƘΦ 
{ǇŜŀƪŜǊǎ ƘŀǾŜ ǘƻ ǇǊƻǾƛŘŜ ǘƘŜ ǇǊŜǎŜƴǘŀǘƛƻƴ ōŜŦƻǊŜ ǘƘŜ ōŜƎƛƴƴƛƴƎ ƻŦ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǎŜǎǎƛƻƴΦ 

tƻǎǘŜǊ /ƻƳƳǳƴƛŎŀǘƛƻƴǎΥ Dƻ ŘƛƎƛǘŀƭΗ ς ŜtƻǎǘŜǊ 

¢ƘŜ ··L {t. bŀǘƛƻƴŀƭ /ƻƴƎǊŜǎǎ ƻŦ .ƛƻŎƘŜƳƛǎǘǊȅ нлнл ƛǎ ŜƴǾƛǊƻƴƳŜƴǘŀƭƭȅ ŀƴŘ ŜŎƻƴƻƳƛŎŀƭƭȅ ŦǊƛŜƴŘƭȅΗ 
¢ƘŜ tƻǎǘŜǊǎ ǿƛƭƭ ōŜ ŘƛƎƛǘŀƭ όŜtƻǎǘŜǊύΦ tƻǎǘŜǊǎ ǿƛƭƭ ōŜ ǎǳōƳƛǘǘŜŘ ƛƴ ŜƭŜŎǘǊƻƴƛŎ ŦƻǊƳŀǘ ƻƴƭȅ όŘŜǘŀƛƭǎ ǿƛƭƭ ōŜ ƳŀŘŜ 
ŀǾŀƛƭŀōƭŜ ƛƴ ǘƛƳŜύ ŀƴŘ ǘƘŜ ŀǳǘƘƻǊǎ ǿƛƭƭ ƘŀǾŜ ǘƘŜ ƻǇǇƻǊǘǳƴƛǘȅ ǘƻ ǇǊƻǾƛŘŜ ŀ ǎƘƻǊǘ ǇǊŜǎŜƴǘŀǘƛƻƴ όо Ƴƛƴύ π CƭŀǎƘ 
ŎƻƳƳǳƴƛŎŀǘƛƻƴǎΦ ¢ƘŜ ŜtƻǎǘŜǊǎ ǿƛƭƭ ōŜ ŀǾŀƛƭŀōƭŜ ǘƻ ǾƛŜǿ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ /ƻƴƎǊŜǎǎ ƛƴ Ŝ5Ŝǎƪǎ ŀƴŘ ƛƴǘŜǊŀŎǘƛƻƴ 
ǿƛǘƘ ŀǳǘƘƻǊǎ ŀƴŘ ǾƛŜǿŜǊǎ ǿƛƭƭ ōŜ ŦƻǎǘŜǊŜŘΦ 
 

http://www.spb.pt/Grants.html
https://sge.uevora.pt/
https://sge.uevora.pt/
https://sge.uevora.pt/eventos/ver/802


··L {t. /ƻƴƎǊŜǎǎ .ƻƻƪ                                                 ¢ǳƴƛƴƎ .ƛƻŎƘŜƳƛǎǘǊȅ ǿƛǘƘ [ƛŦŜ {ŎƛŜƴŎŜǎ ŀƴŘ {ƻŎƛŜǘȅ 

161 

 

 

 

{ǘŀǘƛǎǘƛŎǎ  
 

 

CƛƎǳǊŜ мΦ tŀǊǘƛŎƛǇŀƴǘǎ ŘƛǎǘǊƛōǳǘƛƻƴ ōȅ ǎŜȄ όƭŜŦǘύ ŀƴŘ ŀŎŎƻǊŘƛƴƎ ǘƻ {t. ƳŜƳōŜǊǎƘƛǇ όǊƛƎƘǘύΦ 

 

 

 

 

 

 

 

 

 

CƛƎǳǊŜ нΦ tŀǊǘƛŎƛǇŀƴǘǎ ŘƛǎǘǊƛōǳǘƛƻƴ ŀŎŎƻǊŘƛƴƎ ǘƻ 
ǊŜƎƛǎǘǊŀǘƛƻƴ ƳƻŘŜΦ 

 

 

 

CƛƎǳǊŜ оΦ 5ƛǎǘǊƛōǳǘƛƻƴ ƻŦ tŀǊǘƛŎƛǇŀƴǘǎ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜƛǊ ƛƴǎǘƛǘǳǘƛƻƴǎΦ  
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··L {t. /ƻƴƎǊŜǎǎ tǊƛȊŜ !ǿŀǊŘǎ 
 

!ǿŀǊŘŜŘ hǊŀƭ ŎƻƳƳǳƴƛŎŀǘƛƻƴǎ 
 

OS1a Inês V. da Silva 
Peroxiporins and pancreatic cancer: new roles for aquaporin-3 and 
aquaporin-5 in tumor biology 

OS2 Joana Figueiredo 
Inside proteomics: uncovering cultivar specific grapevine apoplast 
dynamics 

OS3 Patrícia Alves 
Effects of cannabidiol and delta-9-tetrahydrocannabinol on 
placental extravillous trophoblast cells migration 

OS4/S7 Henrique Fernandes 
The Nitrate and Nitrite Reductase Activity of Xanthine Oxidase: a 
Computational Study 

OS1b/S5 Margarida Saramago Targeting SARS-CoV-2 ribonucleases to combat COVID-19 

OS8 

Ana Cláudia Leite 
 

Ricardo Soares 

Cell cycle-dependent regulation of ATP synthase beta subunit 
9ȄǇƭƻǊŀǘƛƻƴ ƻŦ ǘƘŜ 5ŜǎǳƭŦǳǊƻƳƻƴŀŘŀƭŜǎ άŎȅǘƻŎƘǊƻƳƻƳŜέΦ 

Purification of multiheme cytochromes involved in the 
extracellular respiration of Desulfuromonas acetoxidans 

OS9 Ana Salomé Veiga 
Anti-HIV-1 activity and mode of action of pepRF1, a viral-derived 
CXCR4 antagonist 

 
 

!ǿŀǊŘŜŘ CƭŀǎƘκtƻǎǘŜǊ ŎƻƳƳǳƴƛŎŀǘƛƻƴǎ 
 

t{мŀ .łǊōŀǊŀ aŀǘƻǎ 
/ƘǊƻƴƛŎ ŜȄŜǊŎƛǎŜ ǘǊŀƛƴƛƴƎ ŀǘǘŜƴǳŀǘŜǎ ǇǊƻǎǘŀǘŜ ŎŀƴŎŜǊπƛƴŘǳŎŜŘ 
ƳƻƭŜŎǳƭŀǊ ǊŜƳƻŘŜƭƭƛƴƎ ƛƴ ǘƘŜ ǘŜǎǘƛǎ 

t{н !ƴŀ !ƭƘƛƴƘƻ 
¢ƘŜ ŘȅƴŀƳƛŎǎ ƻŦ ŦƭƻǿŜǊ ŘŜǾŜƭƻǇƳŜƴǘ ƛƴ ǎǿŜŜǘ ŎƘŜǎǘƴǳǘ ǘǊŜŜ 
ό/ŀǎǘŀƴŜŀ ǎŀǘƛǾŀ ƳƛƭƭΦύ 

t{о {ŀƴŘŜǊ bƻƻǊŘŀƳ 
tƘƻǘƻŜƭŜŎǘǊƻŀǳǘƻǘǊƻǇƘƛŎ ƎǊƻǿǘƘ ƻŦ wƘƻŘƻǇǎŜǳŘƻƳƻƴŀǎ ǇŀƭǳǎǘǊƛǎ 
¢L9πмΥ ¢ƘŜ ǊŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ ŎȅǘƻŎƘǊƻƳŜ Ŏн ŀƴŘ ǘƘŜ ǊŜŀŎǘƛƻƴ 
ŎŜƴǘŜǊ 

t{пκ{т /ŀǘŀǊƛƴŀ DΦ tƛƳǇńƻ 
¦ƴǊŀǾŜƭƛƴƎ ǘƘŜ ƳŜŎƘŀƴƛǎƳ ƻŦ ŀǉǳŀǇƻǊƛƴπмл ƛǊǊŜǾŜǊǎƛōƭŜ ƛƴƘƛōƛǘƛƻƴ ōȅ 
ƻǊƎŀƴƻƎƻƭŘ ŎƻƳǇƻǳƴŘǎ 

t{мōκ{р 

.ŜŀǘǊƛȊ aŀǊǘƛƴǎ 
 
 

5ŀƴƛŜƭŀ !ƭǾŜǎ 

LƴŦƭŀƳƳŀǘƛƻƴ ƛƴŘǳŎŜǎ ǊŜǘƛƴŀƭ ǇƛƎƳŜƴǘ ŜǇƛǘƘŜƭƛǳƳ ƳƻƴƻƭŀȅŜǊ 
ŘƛǎǊǳǇǘƛƻƴ ŀƴŘ ǊŜƭŜŀǎŜ ƻŦ ŘƛǎǘƛƴŎǘ ǇƻǇǳƭŀǘƛƻƴǎ ƻŦ ŜȄǘǊŀŎŜƭƭǳƭŀǊ 
ǾŜǎƛŎƭŜǎ 

¢ƘŜ ǊƻƭŜ ƻŦ ǳƴŘŜǊǎǘǳŘƛŜŘ ǇƻǎǘπǘǊŀƴǎƭŀǘƛƻƴŀƭ ƳƻŘƛŦƛŎŀǘƛƻƴǎ ƻƴ {¢!¢о 
ōŜƘŀǾƛƻǊ ŀƴŘ ŦǳƴŎǘƛƻƴ 

t{сκ{уκ{ф 

tŀǘǊƝŎƛŀ !ǇǳǊŀ 
 

!ƴŀ {ƛƭǾŀ 
 

Lƴşǎ .Φ ¢ǊƛƴŘŀŘŜ 

! ǎƘƻǊǘ ǘǊƛǇ ǘƻ ǘƘŜ ǿƻǊƭŘ ƻŦ tǎŜǳŘƻƳƻƴŀǎ ǇǳǘƛŘŀΩǎ ǊƛōƻƴǳŎƭŜŀǎŜǎ 

/ȅǘƻŎƘǊƻƳŜ Ŏ ƳŀǘǳǊŀǘƛƻƴ {ȅǎǘŜƳ LLLΥ Ŏŀƴ ŀƴ ŜǳƪŀǊȅƻǘƛŎ ǎȅǎǘŜƳ 
ǇǊƻŘǳŎŜ ƳǳƭǘƛƘŜƳŜ ŎȅǘƻŎƘǊƻƳŜǎΚ 

DƘƻǎǘ ƘǳƴǘƛƴƎΥ CƘǳC π ŀ ŦŜǊǊƛŎπǎƛŘŜǊƻǇƘƻǊŜ ǊŜŘǳŎǘŀǎŜ ƻŦ ǳƴƪƴƻǿƴ 
ǎǘǊǳŎǘǳǊŜ 
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tǊŜǾƛƻǳǎ {t. /ƻƴƎǊŜǎǎŜǎ όмфстπнлнмύ 
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{t. ς ŦǊƻƳ ǘƘŜ tŀǎǘ ǘƻ ǘƘŜ CǳǘǳǊŜ 
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{t. /ƭƛƴƛŎŀƭ .ƛƻŎƘŜƳƛǎǘǊȅ ²ƻǊǎƘƻǇǎ 
 

 

²ƻǊƪǎƘƻǇ [ƻŎŀƭ !ƴƻ ¢ŜƳŀ /ƻƻǊŘŜƴŀŘƻǊ 

L tƻǊǘƻ нлло tŀǘƻƭƻƎƛŀǎ LƴŦƭŀƳŀǘƽǊƛŀǎ bŀǘŞǊŎƛŀ ¢ŜƛȄŜƛǊŀ 

LL tƻǊǘƻ нллс {ƛƴŀƭƛȊŀœńƻ Ŝ ŘƻŜƴœŀ bŀǘŞǊŎƛŀ ¢ŜƛȄŜƛǊŀ 

LLL tƻǊǘƻ нллу 5ƻŜƴœŀǎ ŜƳŜǊƎŜƴǘŜǎ Řƻ 
ǎŞŎΦ ··L 

bŀǘŞǊŎƛŀ ¢ŜƛȄŜƛǊŀ 

L± CŀǊƻ нлмл LƴǘŜǊŀŎǘƛƻƴǎ ōŜǘǿŜŜƴ 
ōƛƻŎƘŜƳƛǎǘǊȅ ŀƴŘ ŎƭƛƴƛŎŀƭ 

ǇǊŀǘƛŎŜ 

aŀƴǳŜƭ !ǳǊŜƭƛŀƴƻ 

± /ƻƛƳōǊŀ нлмн ¢Ǌŀƴǎƭŀǘƛƻƴŀƭ ƳƻƭŜŎǳƭŀǊ 
ōƛƻŎƘŜƳƛǎǘǊȅ 

/ŀǘŀǊƛƴŀ hƭƛǾŜƛǊŀ κ 

aΦ DǊŀȊƛƴŀ 

±L [ƛǎōƻŀ нлмп tŜǊƻȄƛǎǎƻƳŜǎ ŀƴŘ 
ƳƛǘƻŎƘƻƴŘǊƛŀ 

LǎŀōŜƭ !ƭƳŜƛŘŀ 

±LL tƻǊǘƻ нлмс hōŜǎƛŘŀŘŜΥ 5ŀ ǾƛŘŀ ƛƴ 
ǵǘŜǊƻ Ł ǘŜǊŎŜƛǊŀ ƛŘŀŘŜ 

bŀǘŞǊŎƛŀ ¢ŜƛȄŜƛǊŀ 

±LLL ;ǾƻǊŀ нлму !ƭƭŜǊƎȅ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘ /Şƭƛŀ !ƴǘǳƴŜǎ 

L· Κ Κ Κ Κ 
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9ŘǳŎŀǘƛƻƴ ƛƴ .ƛƻŎƘŜƳƛǎǘǊȅ ƛƴ tƻǊǘǳƎŀƭ 
 

 

Lƴǎǘƛǘǳǘƛƻƴ /ƛǘȅ ¸ŜŀǊ 

tƻƧŜŎǘ 

ό9/¢{ύ hǇǘƛƻƴǎ 

!Ŏǘǳŀƭ 

5ƛǊŜŎǘƻǊ ό.{Ŏύ ϝу a{Ŏ 

¦ƴƛǾŜǊǎƛŘŀŘŜ ŘŜ 
/ƻƛƳōǊŀ  

/ƻƛƳōǊŀ мфул мн сϝм [ǳƝǎ aŀǊǘƛƴƘƻ Řƻ 
wƻǎłǊƛƻ 

ƭǊƻǎŀǊƛƻϪǳŎΦǇǘ 

.ƛƻŎƘŜƳƛǎǘǊȅ 

¦ƴƛǾŜǊǎƛŘŀŘŜ Řƻ 
tƻǊǘƻ  

tƻǊǘƻ мфум му н tŀǳƭŀ DŀƳŜƛǊƻ 
ŀƎǎŀƴǘƻǎϪŦŎΦǳǇΦǇǘ 

.ƛƻŎƘŜƳƛǎǘǊȅ 

¦ƴƛǾŜǊǎƛŘŀŘŜ ŘŜ 
[ƛǎōƻŀ 

[ƛǎōƻŀ мфум л о !ƴǘƽƴƛƻ CŜǊǊŜƛǊŀ 
ŀŜŦŜǊǊŜƛǊŀϪŦŎΦǳƭΦǇǘ 

.ƛƻŎƘŜƳƛǎǘǊȅ 

¦ƴƛǾŜǊǎƛŘŀŘŜ Řƻ 
!ƭƎŀǊǾŜ 

CŀǊƻ мффо л ƻǊ мнϝн п ƻǊ нϝо aŀƴǳŜƭ !ǳǊŜƭƛŀƴƻ 
ƳŀŀƭǾŜǎϪǳŀƭƎΦǇǘ 

/ŜƭƭǳƭŀǊ ŀƴŘ 
aƻƭŜŎǳƭŀǊ 
.ƛƻŎƘŜƳƛǎǘǊȅ 
όнллпύϝп 

¦ƴƛǾŜǊǎƛŘŀŘŜ Řŀ 
.ŜƛǊŀ LƴǘŜǊƛƻǊ  

/ƻǾƛƭƘń мффт с м wŜƴŀǘƻ .ƻǘƻ 
ǊōƻǘƻϪǳōƛΦǇǘ 

.ƛƻŎƘŜƳƛǎǘǊȅ 

¦ƴƛǾŜǊǎƛŘŀŘŜ ŘŜ 
;ǾƻǊŀ 

;ǾƻǊŀ мффу мр п !ƴǘƽƴƛƻ /ŀƴǘƻ 
ŀƳƳŎϪǳŜǾƻǊŀΦǇǘ 

.ƛƻŎƘŜƳƛǎǘǊȅ 

¦ƴƛǾŜǊǎƛŘŀŘŜ bƻǾŀ 
ŘŜ [ƛǎōƻŀ 

/ŀǇŀǊƛŎŀ нллп мр рϝр /Ǌƛǎǘƛƴŀ /ƻǎǘŀ 
ƳŎƻŎϪŦŎǘΦǳƴƭΦǇǘ 

мΦ.ƛƻŎƘŜƳƛǎǘǊȅ 
όнлмнύ 

нΦ.ƛƻŎƘŜƳƛǎǘǊȅ ŀƴŘ 
IŜŀƭǘƘ όнлмоύ ϝс 

¦ƴƛǾŜǊǎƛŘŀŘŜ ŘŜ 
¢ǊłǎπƻǎπaƻƴǘŜǎ Ŝ 
!ƭǘƻ 5ƻǳǊƻ  

±ƛƭŀ wŜŀƭ нллр мн н [ǳŎƛƴŘŀ wŜƛǎ 
ƭǾǊŦƛǎŎƻϪǳǘŀŘΦǇǘ 

.ƛƻŎƘŜƳƛǎǘǊȅ 

¦ƴƛǾŜǊǎƛŘŀŘŜ ŘŜ 
!ǾŜƛǊƻ  

!ǾŜƛǊƻ нллс мп м aŀƴǳŜƭ !ƴǘƽƴƛƻ {ƛƭǾŀ 
ƳŀŎϪǳŀΦǇǘ 

.ƛƻŎƘŜƳƛǎǘǊȅϝт 

¦ƴƛǾŜǊǎƛŘŀŘŜ Řƻ 
aƛƴƘƻ  

.ǊŀƎŀ нллт мр п /Şƭƛŀ tŀƛǎ 
ŎǇŀƛǎϪōƛƻΦǳƳƛƴƘƻΦǇǘ 

!ǇǇƭƛŜŘ 
.ƛƻŎƘŜƳƛǎǘǊȅ 

¦ƴƛǾŜǊǎƛŘŀŘŜ Řŀ 
aŀŘŜƛǊŀ 

CǳƴŎƘŀƭ нллт тΦр п tŀǳƭŀ /ŀǎǘƛƭƘƻ 
ǇŎŀǎǘƛƭƘƻϪǎǘŀŦŦΦǳƳŀΦǇǘ 

!ǇǇƭƛŜŘ 
.ƛƻŎƘŜƳƛǎǘǊȅ 

ϝм с ŜƭŜŎǘƛǾŜǎΣ с 9/¢{ ŜŀŎƘΦ  

ϝнLŦ н ƻǇǘƛƻƴŀƭ ŘƛǎŎƛǇƭƛƴŜǎ ŎƘƻǎŜƴΦ 

ϝоLŦ ǇǊƻƧŜŎǘ ŎƘƻǎŜƴΦ  

ϝп aŀǎǘŜǊ ǿŀǎ ƴƻǘ ȅŜǘ ƻǇŜƴ ŦƻǊ ǘƘŜ ǎǘǳŘŜƴǘǎΦ 
 ϝр н ƻǇǘƛƻƴǎ о 9/¢ǎ ŀƴŘ о ƻǇǘƛƻƴǎ с 9/¢{Φ 

ϝсaŀǎǘŜǊ ƛƴ !ǎǎƻŎƛŀǘƛƻƴ ōŜǘǿŜŜƴ о hǊƎŀƴƛȊŀǘƛƻƴŀƭ ¦ƴƛǘǎ ƻŦ ¦b[Σ C/¢Σ L¢v. ŀƴŘ C/aΦ 

ϝт ²ƛǘƘ о ŘƻƳŀƛƴǎ ƻŦ ǎǇŜŎƛŀƭƛȊŀǘƛƻƴΥ .ƛƻƳƻƭŜŎǳƭŀǊ ƳŜǘƘƻŘǎΣ CƻƻŘ .ƛƻŎƘŜƳƛǎǘǊȅΣ /ƭƛƴƛŎŀƭ .ƛƻŎƘŜƳƛǎǘǊȅΦ  

ϝу 9ǾŜƴǘǳŀƭƭȅΣ ŀŎǘǳŀƭƛȊŀǘƛƻƴ ƻŦ ǘƘŜ 5ƛǊŜŎǘƻǊ ƳƛƎƘǘ ƘŀǾŜ ƻŎŎǳǊǊŜŘΦ 
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bŜǿǎ ŀƴŘ tǊŜǎǎ wŜŀƭŜŀǎŜǎ ŦǊƻƳ ǘƘŜ ··L {t. 
/ƻƴƎǊŜǎǎ нлнл 

 

 

{ǇŜŎƛŀƭ {Ŝǎǎƛƻƴ /h±L5πмф Ƙŀǎ ƎƛǾŜƴ ŀ ǇŜǊǎǇŜŎǘƛǾŜ ƻƴ ǘƘŜ ǇŀƴŘŜƳƛŎ ƛƴ ;ǾƻǊŀ κ {Ŝǎǎńƻ 
9ǎǇŜŎƛŀƭ /h±L5πмф ŘŜǳ ǇŜǊǎǇŜŎǘƛǾŀ Řŀ ǇŀƴŘŜƳƛŀ ŜƳ ;ǾƻǊŀ 

 

! /h±L5πмф {ǇŜŎƛŀƭ {Ŝǎǎƛƻƴ ǘƻƻƪ ǇƭŀŎŜ ƻƴ hŎǘƻōŜǊ мсΣ ŀǘ ǘƘŜ ά{ŀƭńƻ bƻōǊŜ ƻŦ ǘƘŜ tŀœƻǎέ ƻŦ 

aǳƴƛŎƛǇŀƭƛǘȅ ƻŦ ;ǾƻǊŀΦ Lǘ ǿŀǎ ŎŀǊǊƛŜŘ ƻǳǘ ǿƛǘƘƛƴ ǘƘŜ ǎŎƻǇŜ ƻŦ ǘƘŜ ··L {t. bŀǘƛƻƴŀƭ /ƻƴƎǊŜǎǎ ƻŦ 

.ƛƻŎƘŜƳƛǎǘǊȅ нлнмΣ ǿƘƛŎƘ ǘƻƻƪ ǇƭŀŎŜ ŦǊƻƳ мп ǘƻ мс hŎǘƻōŜǊ ƛƴ ;ǾƻǊŀΦ Lǘ ǇǊƻǾƛŘŜŘ ŀ ōŜǘǘŜǊ 

ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜ ǎƛǘǳŀǘƛƻƴ ƛƴ ;ǾƻǊŀ ŀƴŘ ǇŀǊǘƛŎǳƭŀǊƭȅ ƻƴ Ƙƻǿ ƛǘ ǿŀǎ ƳŀƴŀƎŜŘ ōȅ ǘƘŜ ¦ƴƛǾŜǊǎƛǘȅΣ 

ǘƘŜ IƻǎǇƛǘŀƭ Řƻ 9ǎǇƝǊƛǘƻ {ŀƴǘƻ ŀƴŘ ǘƘŜ /ƛǘȅ /ƻǳƴŎƛƭΦ 

όwŜǇǊƻŘǳŎǘƛƻƴ ƻŦ ƴŜǿǎ ŜȄǘǊŀŎǘ ǇǳōƭƛǎƘŜŘ ōȅ ;ǾƻǊŀ /ƛǘȅ /ƻǳƴŎƛƭΣ ƛƴ нфǘƘ hŎǘƻōŜǊ нлнм ŀƴŘ ŀŎŎŜǎǎƛōƭŜ 

ŀǘ ƘǘǘǇǎΥκκǿǿǿΦŎƳπŜǾƻǊŀΦǇǘκǎŜǎǎŀƻπŜǎǇŜŎƛŀƭπŎƻǾƛŘπмфπŘŜǳπǇŜǊǎǇŜŎǘƛǾŀπŘŀπǇŀƴŘŜƳƛŀπŜƳπŜǾƻǊŀκύ 

 

 

¦Ƴŀ {Ŝǎǎńƻ 9ǎǇŜŎƛŀƭ /h±L5πмф ǘŜǾŜ ƭǳƎŀǊ ƴƻ Řƛŀ мс ŘŜ ƻǳǘǳōǊƻΣ ƴƻ {ŀƭńƻ bƻōǊŜ Řƻǎ tŀœƻǎ Řƻ 

/ƻƴŎŜƭƘƻ ŘŜ ;ǾƻǊŀΦ Cƻƛ ŦŜƛǘŀ ƴƻ ŃƳōƛǘƻ Řƻ ··L {t. /ƻƴƎǊŜǎǎƻ bŀŎƛƻƴŀƭ ŘŜ .ƛƻǉǳƝƳƛŎŀ нлнм ǉǳŜ 

ŘŜŎƻǊǊŜǳ ŘŜ мп ŀ мс ŘŜ ƻǳǘǳōǊƻ ŜƳ ;ǾƻǊŀΦ CŀŎǳƭǘƻǳ ǳƳŀ ƳŜƭƘƻǊ ŎƻƳǇǊŜŜƴǎńƻ Řŀ ǎƛǘǳŀœńƻ ǾƛǾƛŘŀ 

ŜƳ ;ǾƻǊŀ Ŝ ƴƻƳŜŀŘŀƳŜƴǘŜ Řŀ ŦƻǊƳŀ ŎƻƳƻ Ŧƻƛ ƎŜǊƛŘŀ ǇŜƭŀ ¦ƴƛǾŜǊǎƛŘŀŘŜΣ ǇŜƭƻ IƻǎǇƛǘŀƭ Řƻ 9ǎǇƝǊƛǘƻ 

{ŀƴǘƻ Ŝ ǇŜƭŀ /ŃƳŀǊŀ aǳƴƛŎƛǇŀƭΦ 

όwŜǇǊƻŘǳœńƻ ŘŜ ŜȄǘǊŀǘƻ ŘŜ ƴƻǘƝŎƛŀ ǇǳōƭƛŎŀŘŀ ǇŜƭŀ /ŃƳŀǊŀ aǳƴƛŎƛǇŀƭ ŘŜ ;ǾƻǊŀΣ ǇǳōƭƛŎŀŘƻ ŜƳ 

нф ŘŜ ƻǳǘǳōǊƻ ŘŜ нлнмΣ ŀŎŜǎǎƝǾŜƭ ŜƳ ƘǘǘǇǎΥκκǿǿǿΦŎƳπŜǾƻǊŀΦǇǘκǎŜǎǎŀƻπŜǎǇŜŎƛŀƭπŎƻǾƛŘπмфπŘŜǳπǇŜǊǎǇŜŎǘƛǾŀπ

ŘŀπǇŀƴŘŜƳƛŀπŜƳπŜǾƻǊŀκύ 

 
 

 

ϝϝϝ 

 
 

¦; Ƙƻǎǘǎ ǘƘŜ ··L {t. bŀǘƛƻƴŀƭ /ƻƴƎǊŜǎǎƻ Ŧ .ƛƻŎƘŜƳƛǎǘǊȅ ǿƛǘƘ ŀ {ǇŜŎƛŀƭ {Ŝǎǎƛƻƴ ŎƻǾƛŘπ
мф κ ¦; ǊŜŎŜōŜ ··L {t. /ƻƴƎǊŜǎǎƻ bŀŎƛƻƴŀƭ ŘŜ .ƛƻǉǳƝƳƛŎŀ ŎƻƳ ǎŜǎǎńƻ ŜǎǇŜŎƛŀƭ 
ŎƻǾƛŘπмф 
  

Lƴ ƻǊŘŜǊ ǘƻ ǇǊŜǎŜƴǘ ǘƘŜ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ ǘƘŜ /ƻǾƛŘπмф ǇŀƴŘŜƳƛŎ ŀƴŘ ŘƛǎŎǳǎǎ ǘƘŜ ŎƘŀƭƭŜƴƎŜǎ ǇƻǎŜŘ 
ǘƻ ƎƻǾŜǊƴƳŜƴǘ ŜƴǘƛǘƛŜǎΣ ƛƴǎǘƛǘǳǘƛƻƴǎΣ ǘƘŜ ǎŎƛŜƴǘƛŦƛŎ ŎƻƳƳǳƴƛǘȅ ŀƴŘ ǘƘŜ ƎŜƴŜǊŀƭ ǇǳōƭƛŎΣ ǘƘŜ ¦ƴƛǾŜǊǎƛǘȅ 
ƻŦ ;ǾƻǊŀ ƻǊƎŀƴƛȊŜǎ ŀ /h±L5πмф {ǇŜŎƛŀƭ {ŜǎǎƛƻƴΣ ǿƘƛŎƘ ǿƛƭƭ ǘŀƪŜ ǇƭŀŎŜ ŀǘ ǘƘŜ {ŀƭńƻ bƻōƭŜ ƻŦ ǘƘŜ ;ǾƻǊŀ 
/ƛǘȅ /ƻǳƴŎƛƭΣ ƻƴ hŎǘƻōŜǊ мсΣ ŀǘ нΥол ǇƳΦ 

{ǇŜŀƪŜǊǎ ŀǘ ǘƘŜ ǎŜǎǎƛƻƴ ǿƛƭƭ ōŜ wƛŎŀǊŘƻ aŜȄƛŀΣ ǇǊŜǎƛŘŜƴǘ ƻŦ ǘƘŜ bŀǘƛƻƴŀƭ !ǎǎƻŎƛŀǘƛƻƴ ƻŦ tǳōƭƛŎ IŜŀƭǘƘ 
tƘȅǎƛŎƛŀƴǎ ό!ba{tύ ŀƴŘ aƛƎǳŜƭ /ŀǎǘŀƴƘƻΣ ǊŜǎŜŀǊŎƘŜǊ ŀǘ ǘƘŜ LƴǎǘƛǘǳǘŜ ƻŦ aƻƭŜŎǳƭŀǊ aŜŘƛŎƛƴŜ ƻŦ ǘƘŜ 

https://www.cm-evora.pt/sessao-especial-covid-19-deu-perspectiva-da-pandemia-em-evora/
https://www.cm-evora.pt/sessao-especial-covid-19-deu-perspectiva-da-pandemia-em-evora/
https://www.cm-evora.pt/sessao-especial-covid-19-deu-perspectiva-da-pandemia-em-evora/
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CŀŎǳƭǘȅ ƻŦ aŜŘƛŎƛƴŜ ό¦ƴƛǾŜǊǎƛǘȅ ƻŦ [ƛǎōƻƴύΣ ōǊƛƴƎƛƴƎ ǘƻƎŜǘƘŜǊ ŎƻƴǘǊƛōǳǘƛƻƴǎ ŦǊƻƳ /ŀǊƭƻǎ tƛƴǘƻ {łΣ 
aŀȅƻǊ ƻŦ ;ǾƻǊŀ ŀƴŘ ŎƘŀƛǊƳŀƴ ƻŦ ǘƘŜ 5ƛǎǘǊƛŎǘ /ƛǾƛƭ tǊƻǘŜŎǘƛƻƴ /ƻƳƳƛǎǎƛƻƴΤ !ƴŀ /ƻǎǘŀ CǊŜƛǘŀǎΣ 5Ŝŀƴ 
ƻŦ ǘƘŜ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ;ǾƻǊŀ ŀƴŘ LǎŀōŜƭ tƛǘŀΣ ŎƭƛƴƛŎŀƭ ŘƛǊŜŎǘƻǊ ƻŦ ǘƘŜ IƻǎǇƛǘŀƭ 5ƛǎǘǊƛǘŀƭ ŘŜ ;ǾƻǊŀΦ 
  
!ǘ ǘƘŜ ǘŀōƭŜΣ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ DǊŀœŀ {ƻǾŜǊŀƭΣ ǇǊŜǎƛŘŜƴǘ ƻŦ ǘƘŜ tƻǊǘǳƎǳŜǎŜ {ƻŎƛŜǘȅ ƻŦ .ƛƻŎƘŜƳƛǎǘǊȅΣ 
ǇǊƻŦŜǎǎƻǊ ŀǘ ǘƘŜ CŀŎǳƭǘȅ ƻŦ tƘŀǊƳŀŎȅ ƻŦ ǘƘŜ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ [ƛǎōƻƴΤ ±ƛŎǘƻǊ wŀƳƻǎΣ 5ƛǊŜŎǘƻǊ ƻŦ ǘƘŜ {ŎƘƻƻƭ 
ƻŦ IŜŀƭǘƘ ŀƴŘ IǳƳŀƴ 5ŜǾŜƭƻǇƳŜƴǘ ŀǘ ǘƘŜ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ;ǾƻǊŀ ŀƴŘ /Şƭƛŀ !ƴǘǳƴŜǎΣ ǇǊƻŦŜǎǎƻǊ ŀǘ ǘƘŜ 
5ŜǇŀǊǘƳŜƴǘ ƻŦ aŜŘƛŎŀƭ {ŎƛŜƴŎŜǎ ŀƴŘ IŜŀƭǘƘ ŀǘ ǘƘŜ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ;ǾƻǊŀ ƛƴ ǘƘŜ ƻǊƎŀƴƛȊŀǘƛƻƴ ƻŦ ǘƘŜ 
bŀǘƛƻƴŀƭ /ƻƴƎǊŜǎǎ ƻŦ .ƛƻŎƘŜƳƛǎǘǊȅΣ ǘƻ ōŜ ƘŜƭŘ ŦǊƻƳ мп ǘƻ мс hŎǘƻōŜǊ ŀǘ ;ǾƻǊŀ ¦ƴƛǾŜǊǎƛǘȅΦ 

.ȅ aŀǊŎƻ /ŀǊŘƻǎƻΣ /ƻƳƳǳƴƛŎŀǘƛƻƴ hŦŦƛŎŜΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ;ǾƻǊŀ 
тǘƘ hŎǘƻōŜǊ нлнм 

 

 

/ƻƳ ƻ ƻōƧŜǘƛǾƻ ŘŜ ŀǇǊŜǎŜƴǘŀǊ ŀǎ ŎŀǊŀŎǘŜǊƝǎǘƛŎŀǎ Řŀ ǇŀƴŘŜƳƛŀ /ƻǾƛŘπмф Ŝ ŘƛǎŎǳǘƛǊ ƻǎ ŘŜǎŀŦƛƻǎ ƭŀƴœŀŘƻǎ 
Łǎ ŜƴǘƛŘŀŘŜǎ ƎƻǾŜǊƴŀǘƛǾŀǎΣ Łǎ ƛƴǎǘƛǘǳƛœƿŜǎΣ Ł ŎƻƳǳƴƛŘŀŘŜ ŎƛŜƴǘƝŦƛŎŀ Ŝ ŀƻ ǇǵōƭƛŎƻ ŜƳ ƎŜǊŀƭΣ ŀ 
¦ƴƛǾŜǊǎƛŘŀŘŜ ŘŜ ;ǾƻǊŀ ƻǊƎŀƴƛȊŀ ǳƳŀ {Ŝǎǎńƻ 9ǎǇŜŎƛŀƭ /h±L5πмфΣ ǉǳŜ ǘŜǊł ƭǳƎŀǊ ƴƻ {ŀƭńƻ bƻōǊŜ Řŀ 
/ŃƳŀǊŀ aǳƴƛŎƛǇŀƭ ŘŜ ;ǾƻǊŀΣ ƴƻ Řƛŀ мс ŘŜ ƻǳǘǳōǊƻΣ ǇŜƭŀǎ мпƘолΦ 

! ǎŜǎǎńƻ ǘŜǊł ŎƻƳƻ ƻǊŀŘƻǊŜǎ wƛŎŀǊŘƻ aŜȄƛŀΣ ǇǊŜǎƛŘŜƴǘŜ Řŀ !ǎǎƻŎƛŀœńƻ bŀŎƛƻƴŀƭ ŘŜ aŞŘƛŎƻǎ ŘŜ 
{ŀǵŘŜ tǵōƭƛŎŀ ό!ba{tύ Ŝ aƛƎǳŜƭ /ŀǎǘŀƴƘƻΣ ƛƴǾŜǎǘƛƎŀŘƻǊ Řƻ Lƴǎǘƛǘǳǘƻ ŘŜ aŜŘƛŎƛƴŀ aƻƭŜŎǳƭŀǊ Řŀ 
CŀŎǳƭŘŀŘŜ ŘŜ aŜŘƛŎƛƴŀΣ ǊŜǳƴƛƴŘƻ ƻǎ ŎƻƴǘǊƛōǳǘƻǎ ŘŜ /ŀǊƭƻǎ tƛƴǘƻ {łΣ tǊŜǎƛŘŜƴǘŜ Řŀ /ŃƳŀǊŀ 
aǳƴƛŎƛǇŀƭ ŘŜ ;ǾƻǊŀ Ŝ ǇǊŜǎƛŘŜƴǘŜ Řŀ /ƻƳƛǎǎńƻ 5ƛǎǘǊƛǘŀƭ ŘŜ tǊƻǘŜœńƻ /ƛǾƛƭΤ !ƴŀ /ƻǎǘŀ CǊŜƛǘŀǎΣ wŜƛǘƻǊŀ 
Řŀ ¦ƴƛǾŜǊǎƛŘŀŘŜ ŘŜ ;ǾƻǊŀ Ŝ ŘŜ LǎŀōŜƭ tƛǘŀΣ ŘƛǊŜǘƻǊŀ ŎƭƝƴƛŎŀ Řƻ IƻǎǇƛǘŀƭ 5ƛǎǘǊƛǘŀƭ ŘŜ ;ǾƻǊŀΦ 

bŀ ƳŜǎŀΣ ŀ ǇǊŜǎŜƴœŀ ŘŜ DǊŀœŀ {ƻǾŜǊŀƭΣ ǇǊŜǎƛŘŜƴǘŜ Řŀ {ƻŎƛŜŘŀŘŜ tƻǊǘǳƎǳŜǎŀ ŘŜ .ƛƻǉǳƝƳƛŎŀΣ 
ǇǊƻŦŜǎǎƻǊŀ ƴŀ CŀŎǳƭŘŀŘŜ ŘŜ CŀǊƳłŎƛŀ Řŀ ¦ƴƛǾŜǊǎƛŘŀŘŜ ŘŜ [ƛǎōƻŀΤ ±ƛŎǘƻǊ wŀƳƻǎΣ 5ƛǊŜǘƻǊ Řŀ 9ǎŎƻƭŀ ŘŜ 
{ŀǵŘŜ Ŝ 5ŜǎŜƴǾƻƭǾƛƳŜƴǘƻ IǳƳŀƴƻ Řŀ ¦ƴƛǾŜǊǎƛŘŀŘŜ ŘŜ ;ǾƻǊŀ Ŝ ŘŜ /Şƭƛŀ !ƴǘǳƴŜǎΣ ǇǊƻŦŜǎǎƻǊŀ Řƻ 
5ŜǇŀǊǘŀƳŜƴǘƻ ŘŜ /ƛşƴŎƛŀǎ aŞŘƛŎŀǎ Ŝ Řŀ {ŀǵŘŜ Řŀ ¦ƴƛǾŜǊǎƛŘŀŘŜ ŘŜ ;ǾƻǊŀ ƴŀ ƻǊƎŀƴƛȊŀœńƻ Řƻ 
/ƻƴƎǊŜǎǎƻ bŀŎƛƻƴŀƭ ŘŜ .ƛƻǉǳƝƳƛŎŀΣ ŀ ŘŜŎƻǊǊŜǊ ŘŜ мп ŀ мс ŘŜ ƻǳǘǳōǊƻ ƴŀ ¦ƴƛǾŜǊǎƛŘŀŘŜ ŘŜ ;ǾƻǊŀΦ 

tƻǊ aŀǊŎƻ ŎŀǊŘƻǎƻΣ DŀōƛƴŜǘŜ ŘŜ /ƻƳǳƴƛŎŀœńƻΣ ¦ƴƛǾŜǊǎƛŘŀŘŜ ŘŜ ;ǾƻǊŀ 
т ŘŜ ƻǳǘǳōǊƻ нлнм 
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··L {t. /ƻƴƎǊŜǎǎ tƘƻǘƻ DŀƭƭŜǊȅ  
 

 
hŎǘƻōŜǊ мпǘƘ 
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²ŜƭŎƻƳŜ ǊŜŎŜǇǘƛƻƴ 
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hŎǘƻōŜǊ мрǘƘ 
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[ǳƴŎƘ ǘƛƳŜ 
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/ƻƴƎǊŜǎǎ 5ƛƴƴŜǊ 
 
 

 

 

 

 

 

 

 

 

 

  








