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Modeling of the SARS coronavirus main proteinase and conformational flexibility of the
active site

LIU Shiyong” PEI Jianfeng® CHEN Hao* ZHU Xiaolei LIU Zhenming MA Wenzhe HE Fenglei LAI
Luhua®

State Key Laboratory of Structural Chemistry of Stable and Unstable Species College of Chemistry and Molecular Engi-
neering & Center for Theoretical Biology Peking University Beijing 100871 China

KEY WORDS SARS coronavirus 3CL proteinase Comparative modeling Homodimer Conformational
{lexibility

SUMMARY SARS coronavirus 3CL proteinase is the key enzyme for virus replication which may serve
as the target for drug discovery against SARS. A 3D structure model has been built for SARS coron-
avirus 3CL proteinase by comparative protein modeling. A homodimer model of the proteinase was also
built. Analysis of the dimeric interface suggests the 3CL proteinase may have dimer form in solution.
The conformational flexibility of the active site has been simulated by molecular dynamics combined
with multi-canonical sampling. The active site loops have two typical conformations which may be re-
lated to the conformational movement associated with the enzymatic reaction.
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Transmissible gastroenteritis virus(1LV0) SGLREMAQPSGLVEPCIVRVSYGNNYLNGLWLGDEYICPRHVIASDTTRY

Porcine epidemic diarrhea virus AGELRKMAQPSGVVEKC TVRVCYGNMALNGLWLGDIVMCPRHV IASSTTST
Human coronavirus AGLRKMAQPSGFVEKCYVRVCYGNTVLNGLWLGDIVYCPRHV IASNTTSA
Murine hepatitis virus SGIVEMVSPTSKVEPCIVSVTYGNMTLNGLWLDDKVYCPRHV ICSSADMT
Bovine coronavirus SGIVEMVNPTSKVEPCIVSVTYGNMTLNGLWLDDKVYCPRHV I CSASDMT
SARS human coronavirus SGFREMAFPSGKVEGCMYQYTCGTTTLNGLWLDDTVYCPRHY ICTAEDML
Avian infectious bronchitis virus SGFKKLVSPSSAVEKCIVSYSYRGNNLNGLWLGDTIYCPRHYLGKFSGD -
krokD ok bk kik ok sekdorckok, k7 sokkokok: |

Transmissible gastroenteritis virus(1LVO) T-NYENEMSSVRLHNFSVSKNN-VFLGYVSARYKGVNLVLEVNQVNENTP

Porcine epidemic diarrhea virus I-DYDYALSVLR-HNFSISSGN-VFLGVVSATMRGALLQTKVNQNNYHTP
Human coronavirus I-DYDHEYSIMRLHNFSITSGT-AFLGVVGATMHGV TLK I KVSQTNMUTE
Murine hepatitis virus DPDYPNLLCRVTSSDFCYMSGR-MSL. TVMSYOMQGCQLVL.TVTLONPNTP
Bovine coronavirus NPDYTNLLCRVTSSDFTVLFDR-LSLTVMSYQMQGCMLVLTVYTLONSRTP
SARS human coronavirus NPNYEDLLIRKSNHSFLYQAGN-VQLRY IGHSMQNCLLRLKYDTSNPKTP
Avian infectious bronchitis virus —~QWNDVLNLANNHEFEVTTQHGVTLNVVSRRLKGAVLILQTAVANAETP
H A - L [ SN ki

Transmissible gastroenteritis virus(I1LY0) EHKFKSTKAGESFNILACYEGCPGSYYGVNMRSQGT IKGSFIAGTCGSYG
Porcine epidemic diarrhea virus KYTYRTVRPGESFNILACYDGAAAGYYGVNMRSNYTIRGSFINGACGSPG
Human coronavirus RHSFRTLKSGEGENILACYDGCAQGVFGVNMRTNWT IRGSF INGACGSPG
Murire hepatitis virus KYSFGYVKPGETFTVLAAYNGRPQGAFHVTLRSSHT IKGSFLOGSCGSYG
Bovine coronavirus KYTFGYVKPGETFTYLAAYNGKPQGAFHVTMRSSYTIKGSFLCGSCGSYG
SARS human coronavirus KYKFVRIQPGQTFSVLACYNGSPSGYYQCAMRPNHT IKGSFLNGSCCSVG
Avian infectious bronchitis virus KYKFIKANCGDSFTIACAYGGTVVGLYPVTMRSNGTIRASFLAGACGSVC
L . R .o DR &k kR kidokk ok

Transmissible gastroenteritis virus{lLVQ) YVLENGILYFVYMHHLELGNGSHVGSNFEGEMYGGYEDQPSMQLEGTNVM

Porcine epidemic diarrhea virus YNINNGTVEFCYLHQLELGSGCHVGSDLDGVMYGGYEDQPTLOVEGASSL
Human coronavirus YNLENGEVEFVYMHQI ELGSGSHVGSSFDGVMYGGFEDQPNLQVESANGM
Murine hepatitis virus YVLTGESYRFY YMHQLELSTGCHTGTDRFSGNFYGPYRDAQVVQLPVQDYT
Bovine coronavirus YVIMGDCVKFVYMHQLELSTGCHTGTDENGDFYGPYKDAQVVQLPYQDY T
SARS human coronavirus FNIDYDCYSFCYMHHMELPTGVHAGTDLEGKFYGPFYDRQTAQAAGTDTT
Avian infectious bronchitis virus FNTEKGYVNFFYMHHLELPNALHTGTDLMGEFYGGYVDEEVAQRYPPDNL
T Dok ok Tkek | ok kz, c ok ik o+ 3k *

Transmissible gastroenteritis virus(1LV()) SSDNVVAFLYAALINGE-———— RWFVTNTSMSLESYNTWAKTNSFTEL
Porcine epidemic diarrhea virus FTENVLAFLYAAL INGS——————~TWWL.SSSRTAVDRFNEWAVHNGMTTV
Human coronavirus LTVNVVAFLYAAILNGC-————- TWWLKGEKLFYEHYNEWAQANGFTAM
Murine hepatitis virus QTVNVVAWLYAATFNRC—— - ———NWFVQSDSCSLEEFNVWAMTNGESS I
Bovine coronavirus QSYNFVAWLYAATLNNC—————- NWFVQSDKCSVEDFNVWALSNGFSQY
SARS human coronavirus ITLNVLAWLYAAY INGD—-~-—-RWFLNRF 1T TLNDFNLVAMKYNYEPL
Avian infectious bronchitis virus VINNIVAWLYAATTSVKESSFSLPKW-LESTTVSYDDYNKWAGDNGETPE
DOk ok kekdekn ® oL ook ok . .

Transmissible gastroenteritis virus(1LVO) 55--TDAFSMLAAKTGQSVEKLLDSIVR-LNKG-FGGRTILSYGSLCDEE
Porcine epidemic diarrhea virus GN—TDCFSILAAKTGVDVQRLLASIQS-LHKN-FGGKQILGHTSLTDEF
Human coronavirus NG—EDAFS1LAAKTGYCVERLLHATQV-LNNG-FGGKQILGYSSLNDEF
Murine hepatitis virus KADLV—--LDALASMTGVTVEQVLAATKR-LHSG-FQGKQILGSCYLEDEL
Bovine coronavirus KSDLV-—TDALASMTGVSLETLLAATKR-LENG-FQGRQTMGSCSFEDEL
SARS human coronavirtus TQPHVDILGPLSAQTG LAYLDMCAALKELLQNG-MNGRT ILGSTILEDEF
Avian infectious bronchitis virus ST——STATTKLSAITGVDVCKLLRTIMV——KNSQWGGDPILGQYNFEDEL
Dokinokk o o : * kg, HEE -

Transmissible gastroenteritis virus(1LVO) TPTEVIRQMYGVNLQ

Porcine epidemic diarrhea virus TTGEVVRQMYGVNLQ
Human coronavirus SINEVVKQMPGVNLQ
Murine hepatitis virus TPSDVYQQLAGVKLQ
Bovine curoenavirus TPSDYYQUQLAGIKLQ
SARS human coronavirus TPFDVVRQCSGVTERQ
Avian infectious bronchitis virus TPESVFNQIGGVRLG
M N R T S
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Figure 1 Sequence alignment of 3C-like proteinase from seven coronavirus. * represents conserved residues and. represent similar residues
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Figure 2 Structure model of the SARS coronavirus 3CL proteinase
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Figure 3 The dimeric structure of the SARS coronavirus 3CL proteinase
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Figure 4 Two typical conformations of the active site loops
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in the SARS coronavirus 3CL proteinase
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