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selected enterobacteria phage MS2 capsid protein alignments

123456789%123456789*%123456789*%123456789*%123456789*%1234
ASNFTQFVLVDNGGTGDVIVAPSNFANGVAEWISSNSRSQAYKVTCSVRQSSAQ SEQ-ID 3 ms2
ASNFTQFVLVDNGGTGDVIVAPSNFANGVAEWISSNSRSQAYKVTCSVRQSSAQ taxid 12022 ms2 T59S (1laQ3)
-ATLRSFVLVDNGGTGNVIVVPVSNANGVAEWLSNNSRSQAYRVTASYRASGAD taxid 12018 ga
-ATLRSFVLVDNGGTGNVIVVPVSNANGVAEWLSNNSRSQAYRVTASYRASGAD taxid 12018 ga AS59T G79V (1GAV)
ASNFEEFVLVDNGGTGDVKVAPSNFANGVAEWISSNSRSQAYKVTCSVRQSSAN taxid 12017 fr (1FRS)

11ht! h 1t 111 h ! h 't h! !t h
XX XX x x

60 70 80 90 100 110
56789*%123456789*%123456789*%123456789%123456789*%123456789*%1234
NRKYTIKVEVPKVATQTVGGVELPVAAWRSYLNMELTIPIFATNSDCELIVKAMQGLLKD SEQ-ID 3 ms2
NRKYSIKVEVPKVATQTVGGVELPVAAWRSYLNMELTIPIFATNSDCELIVKAMQGLLKD taxid 12022 ms2 T59S8 (1AQ3)
KRKYAIKLEVPKIVIQVVNGVELPGSAWKAYASIDLTIPIFAATDDVTVISKSLAGLFKV taxid 12018 ga
KRKYTIKLEVPKIVIQVVNGVELPVSAWKAYASIDLTIPIFAATDDVTVISKSLAGLFKV taxid 12018 ga A59T G79V (1GAV))
NRKYTVKVEVPKVATQVQGGVELPVAAWRSYMNMELTIPVFATNDDCALIVKALQGTFKT taxid 12017 fr (1FRS)

1 th h h! 111 11 ht! tith h 111 tth ! 11t th !
X X XX X X x XX

56789%123456789*

GNPIPSATAANSGIY- SEQ-ID 3 ms2

GNPIPSATAANSGIY- taxid 12022 ms2 T59S (1AQ3)

GNPIAEAISSQSGFYA taxid 12018 ga

GNPIAEAISSQSGFYA taxid 12018 ga AS59T G79V (1GAV))

GNPIATATAANSGIY- taxid 12017 fr (1FRS)

11 {th h
x x

P07234 UniProt public domain data base sequence identifier for
levivirus enterobacteria phage GA viral coat protein

P03614 UniProt public domain data base sequence identifier for
levivirus enterobacteria phage FR viral coat protein

! nonhomologus amino acid substitution (SEQ ID NO :3, taxid 12018, taxid 12017)
h homologous amino acid substitution (sidechains have similar size
and electrostatic requirements)
homologous sets (Ser,Thr), (Val,Ile,Leu), (Asp,Asn,Glu,Gln),

(Phe, Tyr,Trp), (Asn,Gln,His), (Arg,Lys),
(Phe, Tyr,Val,Ile,Leu)

x calculated to be substitutable based on sidechain solvent accessibility,

hydrogen bonding requirements and backbone conformational constraints
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structural (jFATCAT rigid) sequence alignment

10 20 30 40 50
EEEE] tt sgggsss 33 3 gsss ttt gssssss lag3 DSSP

123456789*12 3456789*1234567 89*123456 789*123456789*123 4

MASNFTQFVLVDN-GGTGDVTVAPSNFAN--GVAEWISSN-SRSQAYKVTCSVRQSSA--Q lag3:ms2 T59S
snftgFVLVDN-GGTGDVTVAPSNFAN- -GVAEWISSN-SRSQAYKVTCSVRQSSA--Q 2vtu:j vs 2vtu:1

aSNFTQFVLVDN-GGTGDVTVApsnfaN- -GVAEWISSN-SRSQAYKVTCSVRQSSA--Q lag3:a vs 2vtu:j

asnfTQFVLVDN-GGTGDVTVAPSNFAN- - GVAEWISSN-SRSQAYKVTCSVRQSSA--Q lag3:b vs 2vtu:l
MAKLETVTLGNIGKDGKQTLVLNPRGVNPTNGVASLSQAGAVPALEKRVTVSVSQPsrnrK lgbe:Qbeta

* ok Kk * & * & * ko ok ok ok ok ok ok ok ok ok kok  kok kokkokkokokkok Aok kb okokk ok ok conserved in alloleviridae

* * h * h * h *kF h#** ** * * 1QBE vs SEQ NO 3

60 70 80 90 100 110
sgsggsssgss  tt  tt 333 sssssssgssgstt hhhhhhhhhhhhhhh t lag3 DSSP
56789+%123456789*123456789*%123456789+%123456789+%123456789*1234
NRKYTIKVEVPKvatgtvggvelpvaaWRSYLNMELTIPIFATNSDCELIVKAMQGLLKD lag3:ms2 T59S
NRKYTIKVEVPKVAtgtvggvel pvAAWRSYLNMELTIPIFATNSDCELIVKAMQGLLKD 2vtu:j vs 2vtu:1
NRKYTIKVEVPKVATQtvggvelpvaawrsylnMELTIpifatNSDCELIVKAMQGLLKD ag3.qg vs 2vtu.j
NRKYTIKVEVPKVATQTVGGVELPVAAWRSYLNMELTIPIFATNSDCELIVKAMQGLLKD ag3.qg vs 2vtu.l
NYKVQVKIQNPTACTan--gsCDPSVITRQAYADVTFSFTQYSTDEERAFVRTELAALLAS lgbe:Qbeta
* K Kk k ok ok kb ok kokok * ok kkk kokok * & kokkok  kokRk conserved in alloleviviridae
* * *hh * * * * h hhh h * h hh * % 1QBE vs SEQ NO 3
120
t hhhhhhhtt lag3 DSSP
56789+%123456789*123456789*
GNPIPSATAANSGIY lag3:ms2 T59S
GNPIPSAIAANSgiy 2vtu:j vs 2vtu:j
GNPIPSAIAAnsgiy lag3:a vs 2vtu:j
GNPIPSATAANSGIy lag3:a vs 2vtu:1
P-LLIDAIDQLNPAY lgbe:Qbeta
HEE Kk AEE conserved in alloviridae
h  ** * 10BE vs SEQ NO 3

Residues whose backbone differ with respect to 1AQ3 are shown in lower case, a composgite of all
possible monomer-monomer comparisons. Lower case in the 1AQ3 sequence refers to backbone
conformational differences between its 3 indepdendently refined monomers.
DSSP secondary structure assignments (s=strand, h=helix, 3=
* conserved amino acid (SEQ ID NO :3)
h homologous amino acid substitution (sidechains have similar size
and electrostatic requirements)
homologous sets (Ser,Thr), (Val,Ile,Leu), (Asp,Asn,Glu,Gln),
(Phe, Tyr, Trp), (Asn,Gln,His), (Arg,Lys),
(Phe, Tyr,Val,Ile, Leu)
x calculated to be subsgtitutable based on sidechain solvent accessibility,
hydrogen bonding requirements and backbone conformational constraints

FIG. 26
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complete alloleviviridae viral coat protein sequences retrieved from the UniProt

database and aligned using their BLAST multiple alignment with default values

*kkh R** h*#* * K ko ok ok ok ok ok ok R ok khkRhkk kkkkkkkkkhohk kkkkk

FIGURE 27A

for weighting array choice, gap penalties, etc.
sequence

-MAKLETVTLGNIGKDGKQTLVLNPRGVNPTNGVASLSQAGAVPALEKRVTVSVSQPSRN P03615 COAT BPQBEI1
-MAKLQATITLSGIGKNGDVTLNLNPRGVNPTNGVAALSEAGAVPALEKRVTISVSQPSRN Q9TOR9 CAPSD BPMX11
-MAKLNQVTLSKIGKNGDQTLTLTPRGVNPTNGVASLSEAGAVPALEKRVTVSVAQPSRN P09673 COAT BPSP
-MAKLETVTLSNIGKDGKQTLVLNPRGVNPTNGVASLSEAGAVPALEKRVTVSVSQPSRN (C8YJJ2 C8YJJ2 BPQBE1
-MAKLQATITLSGIGKKGDVTLDLNPRGVNPTNGVAALSEAGAVPALEKRVTISVSQPSRN Q9T0S0 Q9T0S0_9VIRU1L
-MAKLNKVTLTGIGKAGNQTLTLTPRGVNPTNGVASLSEAGAVPALEKRVTVSVAQPSRN Q9TORS8 Q9TOR8_9VIRU1
-MAKLETVTLSNIGKDGKQTLVLNPRGVNPTNGVASLSEAGAVPALEKRVTVSVSQPSRN (8YJIS8 C8YJI8 BPQBE1
-MAKLETVTLSNIGKDGQKTLNLNPRGVNPTNGVASLSEAGAVPALEKRVTISVSQPSRN (C8YJJ6 C8YJJ6_ BPQBE1
-MAKLETVTLSNIGKDGQQTLVLNPRGVNPTNGVAALSQAGAVPALEKRVTVSVSQPSRN (C8YJIO C8YJIO BPQBE1
-MAKLNTVTLTKLGKEANKTMTLTPRGVNPTNGVATLSEAGAVPALEKRVTVSVAQPSRN A0T121 AQT121 9VIRU1
-MAKLNQVTLTKLGKAGDQTLTLTPRGVNPTNGVASLSEAGAVPALEKRVTVSVAQPSRN C(C8YL75 C8YL75 9VIRU
-MAKLNQVTLSKIGKNGDQTLTLTPRGVNPTNGVASLSEAGAVPALEKRVTVSVAQPSRN (8YL83 C8YL83_ 9VIRU1
-MAKLNKVTLTGIGKAGDQTLTLTPRGVNPTNGVASLSEAGAVPALEKRVTVSVAQPSRN (C8YL79 C8YL79 9VIRU1
-MAKLNQVTLSKLGKNGDQTLTLTPRGVNPTNGVASLSEAGAVPALEKRVTVSVAQPSRN (C8YL87 C8YL87_ 9VIRU1
-MAKLNQVTLSKIGKNGDQTLTLTPRGVNPTNGVASLSEAGAVPALEKRVTVSVAQPSRN G4WZS5 G4WZS5_ BPSP1
-MAKLNQVTLSEIGKNGDQTLTLTPRGVNPTNGVASLSEAGAVPALEKRVITVSVAQPSRN G4WzZS9 G4WZS9 _BPSP1
-MAKLETVTLGNIGKDGKQTLVLNPRGVNPTNGVSSLSQAGAVPALEKRVTVSVSQPSRN G4WZR7 G4WZR7_BPQBE1
-MAKLETVTLGNIGKDGKQTLVLNPRGVNPTNGVASLSQAGAVPALEKRVTVSVSQPSRN Q774G0 Q774G0_BPQBE
-MAKLNQVTLSKIGKNGDQTLTLTPRGVNPTNGVASLSEAGAVPALEKRVTVSVAQPSRN DOUl1H3 DOU1H3 BPSP1
-MAKLETVTLGNIGKDGKQTLVLNPRGVNPTNGVASLSQAGAVPALEKRVTVSVSQPSRN DOUl1F3 DOUIF3 BPQBE1
-MAKLNQVTLSEIGKNGDQTLTLTPRGVNPTNGVASLSEAGAVPALEKRVTVSVAQPSRN DOUl1H7 DOU1H7 BPSP1
-MAKLNQVTLSKIGKNGDQTLTLTPRGVNPTNGVASLSEAGVVPALEKRVTVSVAQPSRN DOU1G9 DOU1G9 BPSP
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RENYKVQVKIQNPTACTANGSCDPSVITRQAYADVIFSFTQYSTDEERAFVRTELAALLAS
RENYKVQVKIQNPTSCTASGTCDPSVIRSAYADVIFSFTQYSTDEERALVRTELKALLAD
RENFEKVQIKLONPTACTR-DACDPSVITRSAFADVITLSFTSYSTDEERALIRTELAALLAD
RENYKVQVKIQNPTACSANGSCDPSVITRQAYADVITFSFTQYSTDEERAFVRTELAALLAG
RENYKVQVKIQNPTSCTASGTCDPSVIRSAYSDVIFSFTQYSTVEERALVRTELQALLAD
RENYKVQIKLONPTACTK-DACDPSVITRSGSRDVILSFTSYSTERERALIRTELAALLKD
RENYKVQVKIQNPTACPANGSCDPSVITRQAYADVITFSFTQYSTDEERAFVRTELAALLAG
RENYKVQVKIQNPTACSANGSCDPSVIRQAYADVITFSFTQYSTDEERAFVRTELAALLAD
RENYKVQVKIQNPTACTANGSCDPSVIRQAYADVIFSFTQYSTDEERAFVRTELIALLAS
RENFRKVQIKLONPTACTK-DACDPSVITRSAFADLTLSFTSYSTDEERALIRTELAALLAD
RENYKVQIKLONPTACTK-DACDPSVITRSAFADLTLSFTSYSTDAERALIRTELAALLQD
RENFRKVQIKLONPTACTK-DACDPSVITRSAFADVTLSFTSYSTDEERALIRTELAALLQD
RENYKIQIKLONPTACTK-DACDPSVITRSAFADLTLSFTSYSTDVERALVRTELAALLKD
RENFRKVQIKLONPTACTK-DACDPSVITRSAFADVTLSFTSYSTDAERALIRTELAALLQD
REKNFKVQINLONPTACTK-DACDPSVITRSAFADVITLSFTSYSTDEELALIRTELAALLAD
RENFRKVQIKLONPTACTK-DACDPSVITRSAFADVITLSFTSYSTDEERALIRTELAALLAD
RENYKVQVKIQNPTACTANGSCDPSVITRQAYADVIFSFTQYSTDEERAFVRTELAALLAS
RENYKVQVKIQNPTACTANGSCDPSVITRQAYADVIFSFTQYSTDEERAFVRTELAALLAS
RENFRKVQIKLONPTACTK-DACDPSVITRSAFADVITLSFTSYSTDEERALIRTELAALLAD
RENYKVQVKIQNPTACAANGSCDPSVITRQAYADVITFSFTQYSTDEERAFVRTELAALLAS
RENFRKVQMKLQKPTACKK-DACDPFVITRSAFADVTLSFTSYSTDEERALIRTELAALLAD
RENFRKVQIKLONPTACTK-DACDPSVITRSAFADVITLSFTSYSTDEERALIRTELAALLAD

#kkh*h* hh *%* * kkk kkk | khkhkkk kkk ok kRhkkkk kwk

FIGURE 27B
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