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Abstract. Common bioinformatics approaches for protein function prediction 
are  based  on  sequence  classification  and  annotation  transfer  from known 
proteins  to  their  closest  homologous.  These  approaches  are  restricted  to  
homogeneous  superfamilies  and  are  not  able  to  predict  new  activities.  
Structural biology offers a new insight to overcome this problem by adding  
protein structure information. Using a 3D modeling approach, we developed 
a method to predict evolution of catalytic sites in superfamilies.  We present  
results obtained during a computational Grand Challenge on the 350 Tflops  
CCRT French Supercomputing Facility that illustrate how high performance  
computing provide new perspectives for understanding protein evolution and 
function. 

Resumo. As abordagens mais utilizadas para predição de função de proteínas  
são baseadas na classificação de sequências e na transferência de funções de  
proteínas conhecidas para seus homólogos mais próximos. Estas abordagens  
são restritas às super-famílias homogêneas e não são úteis na predição de  
novas atividades. A biologia estrutural oferece novos meios de superar esta  
limitação  através  da  agregação  da  informação  sobre  as  estruturas  de  
proteínas. Neste trabalho, apresentamos os resultados do Grand Challenge,  
um desafio do supercomputador francês CCRT de 350TFlopss que ilustra as  
novas perspectivas que este tipo de tecnologia juntamente com as técnicas de  
e-Science nos fazem vislumbrar rumo ao entendimento das funções e evolução  
de proteínas.
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1. Introduction
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Table 1. PFAM (v. 23.0) families lackingq annotation with structural information
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O&6&'3"',%0'%#$&%*((-)*(7%01%#$&%+#)-(#-)*5%"'10).*#"0'4%0'&%(*'%)&*($%3"11&)&'#%
5&:&5%01%&5-("3*#"0'%01%#$&%)&5*#"0'+$"6+%/&#;&&'%+#)-(#-)&%*'3%1-'(#"0'8%H#%$",$%5&:&5%01%
)&+05-#"0'4 % /"0($&."(*5 % )&*(#"0' % .*7 % /& % 6)&3"(#&3 % -+"', % .05&(-5*) % .03&5"', % *'3%
+-/+#)*#& % 30(="', %.&#$03+8 %H# % 50;T)&+05-#"0' % 5&:&54 % 1053 % *++",'.&'# % *'3 % NO%.0#"1%
+&*)($"',%(*'%+-660)#%1-'(#"0'*5%*''0#*#"0'8%G0)%&<*.65&4%(0'+&):&3%+#)-(#-)*5%(*:"#"&+%
"'%*%6)0#&"'%1*."57%*)&%*'%"'3"(*#0)%01%*(#":&%+"#&+8%U&+"3-&+%"'%#$&+&%(*:"#"&+%*)&%+-/R&(#%
#0 % 3"11&)&'# % +&5&(#":& % 6)&++-)&+ % +0 % #$*# % .-5#"65& % *5",'.&'#+ % (*' % )&:&*5 % (0'+&):&3%
6)01"5&+8%?"33&'%@*)=0:%@03&5+%K?@@+L%6)0:"3&%*%(0$&)&'#%+#*#"+#"(*5%#$&0)7%10)%#$"+%
*'*57+"+8

S'%#$"+%+#-374%;&%*665"&3%*%)&(&'#%3&:&506&3%.&#$03050,7%#0%IN%OPG+%families 
present in the Cloaca meta-genome data studied at Genoscope (1 million prokaryote 
sequence proteins from Evry Waste Water Anaerobic Plant). The modelling of VC4CCC%
+&2-&'(&+% KD4CCC%.03&5+% 10) % &*($%+&2-&'(&L%;&)&%0/#*"'&3%3-)"',%*%W0.6-#*#"0'*5 %
X)*'3%W$*55&',&%6)060+&3%/7%#$&%G)&'($%9-6&)TW0.6-#"',%G*("5"#7%WWU>%01%#$&%WYH%
KW0.."++*)"*# % Z % 5[Y'&),"& % H#0."2-& % &# % *-< % Y'&),"&+ % H5#&)'*#":&+L8 % >$& %VC8DCV%

,&'&)*#&3%.03&5+ %*)&%+#0)&3%"'%*%'&;%+#)-(#-)*5%3*#*/*+&4% "'#&,)*#"',%"'10).*#"0'%0'%
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+&2-&'(&4%+#)-(#-)&%*'3%(0'+&):&3%60(=&#+8%S'"#"*5%*'*57+"+%01%+0.&%1*."5"&+%*550;&3%#$&%
"3&'#"1"(*#"0'%01%'&;%&'J7.*#"(%1-'(#"0'+%*'3%+6&("1"("#"&+8

2. Active Site Modeling and Clustering

S'%*%)&(&'#%;0)=%A@&50T@"'*)3"%!"#$%84%BCDCE4%;&%3&:&506&3%H9@W%K\H(#":&%9"#&%
@03&5"',%*'3%W5-+#&)"',L4%*%.&#$03050,7%10)%*'*57+"+%01%)&+"3-&+%01%6)0#&"'%(*:"#"&+%#0%
3&#&(#%3&#&)."'*'#%0'&+%"':05:&3%"'%(*#*57#"(%0)%&'J7.&%+6&("1"("#78%])"&1574%#$&%H9@W%
.&#$03%"+%*'%-'+-6&):"+&3%.&#$03%10)%#$&%(5*++"1"(*#"0'%01%6)0#&"'%+&2-&'(&+%/*+&3%0'%
+#)-(#-)*5 % "'10).*#"0' % 01 % 6)0#&"' % 60(=&#+8 %H9@W%(0./"'&+ % $0.050,7 %.03&5"', % 01%
1*."57 % .&./&)+4 % +#)-(#-)*5 % *5",'.&'# % 01 % .03&5&3 % *(#":& % +"#&+ % *'3 % * % +-/+&2-&'#%
$"&)*)($"(*5%(0'(&6#-*5%(5*++"1"(*#"0'8%W0.6*)"+0'%01%6)01"5&+%0/#*"'&3%1)0.%(0.6-#&3%
(5-+#&)+ % *550;+ % #$& % "3&'#"1"(*#"0' % 01 % )&+"3-&+ % (0))&5*#&3 % #0 % +-/1*."57 % 1-'(#"0'%
3":&),&'(&4%(*55&3%+6&("1"("#7%3&#&)."'"',%60+"#"0'+8%S'+#&*3%01%-+"',%*%,50/*5%@9H4%;&%
-+&%+#)-(#-)*5%*5",'.&'#+%01%#$&%6)&3"(#&3%(*:"#7%)&+"3-&+8%G)0.%#$&+&+%*5",'.&'#+4%;&%
*)&%*/5&%#0%3":"3&%#$&%6)0#&"'%1*."5"&+%"'#0%,)0-6+%01%+"."5*)%6)01"5&+%-+"',%(0'(&6#-*5%
(5-+#&)"', % AG"+$&)4 % D^I_E8 % >$& % *'*57+"+ % 3&#&(#+ % "'#)*T1*."57 % :*)"*#"0'+ % #$*# % (*' % /&%
)&+60'+"/5&%10)%1-'(#"0'%*'3`0)%+6&("1"("#78

>$&%3"11&)&'#%+#&6+%01%#$&%H9@W%.&#$03%*)&%+-..*)"J&3%"'%1",-)&%Da

Figure 1. ASMC method diagram
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3. Results
!&%+(*5&3%-6%#$&%.&#$03050,7%#0%6)060+&%*%+7+#&.*#"(%1-'(#"0'*5%*''0#*#"0'%01%

'&; % 1*."5"&+4 % 10(-+"', % 0' % 600)57 % *''0#*#&3 % 0'&+8 % G)0. % BCI % 1*."5"&+ % "3&'#"1"&3 % "'%
FGH@4%;&%)&+#)"(#&3%0-)%*'*57+"+%#0%IN%1*."5"&+%6)&+&'#%"'%&'()*+,!%3*#*%1)0.%#$&%Y:)7%
;*+#&;*#&) %@&#*,&'0."(+ % 6)0R&(#4 % ;$"($ % *)& % 01 % +6&("1"( % "'#&)&+# % 10) % #$& % +#-37 % 01%
*'*&)0/"( %6)0=*)70#& %.&#*/05"+.%K.*"' % )&+&*)($ %6)0R&(# %01 %X&'0+(06&L8 %G0) % #$&%IN%
1*."5"&+4 % #$& % VC8DCV% .03&55"', % R0/+ % K@03&55&) % :8 % ^8VL % ;&)& % )-' % 0' % #$& % bF5*#"'&c%
+-6&)(0.6-#"', % 1*("5"#7 % *# % WYH`WWU>8 % F5*#"'& % "+ % * % (5-+#&) % 01 % d0:*+(*5& % +&):&)%
"'(5-3"', % ^NB % (0.6-#"', % '03&+ % *'3 % BV % *3."'"+#)*#"0' % 0) % Se % '03&+8 % Y*($ % '03& % "+%
(0.60+&3%01%f%D8V%X$J%/"T(0)&+%S'#&5g%S#*'"-.8%Y*($%'03&%$*+%*%Bf%X/%.&.0)78%>$&%
d0:*+(*5&%+&):&)+4%)-''"',%5"'-<4%*)&%"'#&)(0''&(#&3%/7%*%h05#*")&%'&#;0)=%KS'1"'"]*'3%
OOUL8%>$&%M9G%/*#($%+7+#&.%"+%6)0:"3&3%/7%#$&%F5*#10).%W0.6-#"',%(0.6*'74%*'3%
-+&%)&+0-)(&+%01%95-).g8%>$&%R0/+%;&)&%3"+6*#($&3%0'%fCCC%6)0(&++0)+%10)%*%#0#*5%01%
BIC4CCC%WFP%$0-)+8%>$&%)&+-5#+%;&)&%0/#*"'&3%"'%_C%$0-)+8%G)0.%#$&%(0.6-#&3%.03&5+4%
(*:"#"&+%;&)&%3&#&(#&3%*'3%(0'+&):*#"0'%6)01"5&+%;&)&%(0.6-#&38%W*:"#"&+i%=&7%)&+"3-&+%
;&)&%"3&'#"1"&3%*'3%1*."5"&+%;&)&%(5-+#&)&3%"'#0%+-/1*."5"&+8%H55%)&+-5#+%*)&%*:*"5*/5&%*#%
K$##6a``/"0"'108+6&&383((8-1.,8/)`N3/"0`)*2-&5(.`3-1+`"'3&<8R+6j"3"0.*k"',5&+L8

S' %0)3&) % #0 % "55-+#)*#& %6&)+6&(#":&+ %06&'&3%/7% #$&+&%)&+-5#+4 %;&%;"55 %6)&+&'# %*%
3&#*"5&3%+#-37%0'%*%1*."57%10)%;$"($%*%'&;%&'J7.*#"(%*(#":"#7%$*+%/&&'%($*)*(#&)"J&3%
A]&55"'J0'" % &# % *584 % BCDDE8 %G0) % #$"+ % 1*."574 %OPGIf^4 % 3*#* % 1)0.% +#)-(#-)*5 %.03&55"',%
6)0:"3&3 % =&7 % "'+",$#+ % 10) % &'J7.*#"( % .&($*'"+. % &5-("3*#"0' % *'3 % 10) % *'*57+"+ % 01%
&:05-#"0'%01% #$&%*(#":"#7 % "'+"3&% #$&%6)0#&"'%+-6&)1*."578 %>$&%.*"'%6)&3"(#&3%(5-+#&)+%
K1",-)&%BL%;&)&%#&+#&3%10)%&'J7.*#"(%*(#":"#"&+%*'3%6)&+&'#&3%3"11&)&'#%)&+60'+&8

%

Figure 2. Mapping of catalytic site clusters and profiles on the evolutive tree of the 
DUF 849 family.
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4. Conclusion
G0) % #$& % )&(&'# % 7&*)+4 % .*'7 % &110)#+ % *)& % 6)0:"3&3 % #0 % -'3&)+#*'3 % (0.65&<%

.05&(-5*) %*'3%(&55-5*) % +7+#&.+% "'(5-3"',%'&;%(0.6-#*#"0'+ %*'*57+"+4 %.03&55"', %*'3%
+".-5*#"0' % (*6*/"5"#"&+8 % >$"+ % ;0)= % 6)&+&'#&3 % *' % "'"#"*#":& % #0 % *66)0<".*#& % #;0%
(0.6-#*#"0'*5%3"+("65"'&+%01%#$&%/"050,74%/"0"'10).*#"(+%*'3%($&.0T"'10).*#"(+8%!$"5&%
/"0"'10).*#"(+ % 10(-+&+ % .*"'57 % #0 % 5*),& % +(*5& % *'3 % ,&'0."(+ % +&2-&'(& % *'*57+"+4%
#)*3"#"0'*5 % ($&.0"'10).*#"(+ % ;0)=+ % 10(-+&3 % 0' % +6&("1"( % .05&(-5*) % *'3 % &'J7.*#"(%
*+6&(#+8 %W-))&'# % 3&:&506.&'# % 01 % "'10).*#"(+ % "'1)*+#)-(#-)& % *'3 % #$& % 3&:&506.&'# % 01%
+-6&)(0.6-#"', % 1*("5"#"&+ %06&'%'&;%6&)+6&(#":&+ %;$"($ %(0./"'&%/0#$% +#*#"+#"(*5 % *'3%
3*#*%."'"',%*66)0*($&+%#0%.*#$&.*#"(*5%.03&55"',%*66)0*($&+8%9-($%*66)0*($&+%(*'%
/)"', %'&;% ".6-5+&+% #0 %/"050,7%/7%6)0:"3"', %&' # ,&%&-*% #005+%*/5&% #0 %6)&3"(# %.!#'*/*#
/"050,"(*5%1-'(#"0'+8
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