Proteolytic cleavage of Cherry leaf roll virus polyproteins to form functional proteins.

Proteases are required for the proteolytic processing of polyproteins produced by many viruses including the nepoviruses (Rott et al., 1995; Wellink and van Kammen, 1988).  The predicted polyprotein sequence P1 of Cherry leaf roll virus – cherry isolate ‘Olm1’ contains all the highly conserved residues associated with the protease co-factor (F426-W-L-L-E460), NTP binding domain (G705-GKS/T710-712-DDL/F755-757); catalytic triad (H1193-E1241-C1346) and RdRp (D1674-FD1678-1679-G1731/1735-TV1739-1740-NS1743-1744- GDD1778-1780) within aa positions 396-460, 700-761, 1190-1367 and 1672-1782, respectively (Dessens and Lomonossof, 1991; Gorbalenya et al., 1989; Li et al., 2000; Margis and Pinck, 1992; Rott et al., 1995) (supplemental Fig. 1).  Based on the locations of predicted dipeptide cleavages sites of the polyproteins of CLRV-Ch, the genome organization and size of mature peptides can be predicted and compared to those of other nepoviruses (supplemental Fig. 2).
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   ___Protease co-factor__
   __NTP Binding domain__                               _Cystein protease_

                    396      426                                 460       695             711                    746 755                       803       884            1027            1194      1327              1345

CLRV (2113) …FVRALRDQFSDTV(23)WSRNLMDK(4)LRA.LQGSAFFAAALVILGGLVFLVENLLPTGMY…RFVPFWAYFFGKARTGKTIFAN-NF(17)KNARDQFWPKY(8)DDLSS(24)A(4)KG(4)SKMVITTSN(18)R(56)HHEAQA(55)DG(85)LTLPKRAVLRLIQ…YHQ(46)E(85)YKVNVPRSLVGTYPNSVEDCGGL(11)IG
ToRSV(2197) …FVKLLREHFDDTI(23)WAQNMSKK(4)LRV.LRGSALVGVGLLLVSGILYFAEQLLRSFHY…RLAPFWVYLYGGPRCGKSLFAQ-SF(17)KNARDDFWSGY(8)DDLSS(24)A(4)KG(4)SKMVITTSN(18)R(56)HREAQH(55)DG(84)LGLIERATLRAVQ…KHQ(46)E(82)YSNDLPTSIISEYVNSPEDCGAL(11)IG
PRMV (2150) …ILDKCKYCFMSTF(23)WARNLWSK(4)LQA.LGLYAIWALVLTILCGIVYLLESLFITAGW…RRQPFWVYIFGASQCGKSTLAN-YL(17)KDPTEGYWSGY(8)DDLSA(26)A(4)KG(4)SELVISSSN(18)R(80)HFLVED(55)DG(90)LKLAN-DFFPRFS…AHQ(39)E(87)YKRDLNRYLTSSYAAGVHDCGGL(11)VG
ArMV (2285) …ALTLCQKVFNATM(23)WMESLKGK(4)LEV.LAHHAIFALGAIVVGGVIVLVEKVLVVCGM…RQFPFWVYIFGTSQSGKTTIANSVI(17)RPKTGGFWSGY(8)DDFYA(24)A(4)KG(4)SPLVVTTAN(18)R(71)HVLAEE(54)DG(86)LSLSERIYLRLCQ…RHQ(42)E(72)YQNKIRRHIIYAHEAKRNDCGAI(11)IA
GFLV (2284) …ALKFCKRIFDVTM(23)WMESLKSK(4)LEV.MRQHAIFALGAMVIGGVVVLVEKVLIAAGM…RAFPFWVYIFGASQSGKTTIANSII(17)RPKTGGFWSGY(8)DDFYA(24)A(4)KG(4)SPLVVTTAN(18)R(71)HILAEE(44)DG(86)LSLSERIYLRLCQ…RHQ(42)E(72)YQNKIRRYIVYAHEAKKYDCGAL(11)IA
RpRSV(2367) …IIDKVRALFDQYF(22)WAQSVLKN(3)LFSVMWETHCVSFVIIITCACTLLVENVLKELGR…RCVPFWLYIYGPPGVGKTTTMH-EF(17)KSATDKYWSLY(8)DDLGA(23)A(4)KT(4)SKFIVSTSN(18)R(70)HHNAED(56)DG(82)LSLADRVYLRLVQ…KHQ(35)E(73)YRQEIPTAITYRRESVKHDCGAL(11)VG
BRSV (2266) …VCSVMINSFRECI(23)WYNSMLEK(4)LAT.LGTYAMYALAILLGCGLTTLLERCIGGAGR…RCEPVWIYLFGQRHCGKSNFMA-TL(17)NCKDSFFS-GY(8)DDLSS(24)A(4)KP(4)SPFIISSSN(18)R(62)HRAAQE(56)DG(84)LGIDERIYLRTLQ…RHQ(36)E(72)YLHEIPEKITFHYESRNDDCGMI(11)VG
TBRV (2266) …ICSVMMRSFRECI(23)WFYSMLEK(4)LET.LGSYAMYALAILLGCGLTSLLERCIGGQGR…RCEPVWIYLFGQRHCGKSNFMS-TL(17)NCKDAFYS-GY(8)DDLSS(24)A(4)KP(4)SPFIISSSN(18)R(62)HRSAQE(56)DG(84)LRLEERVYLRTLQ…RHQ(36)E(72)YLHEIPEKIVFHYESRNDDCGMI(11)VG
GCMV (2252) …VFSVVIGHFREAL(23)WFDTLLAK(4)LAS.LGKWACYALGILLGIGLCNLIETIIGGHGR…RKEPVWIYLWGPSHCGKSNFMD-VL(17)NVKDSFFS-GY(8)DDLSS(24)A(4)KP(4)SQFVISSSN(18)R(62)HRAAQE(56)DG(84)LNLAERVYLRALQ…RHQ(36)E(72)YIHEIPEKIVFHYESRNNDCGML(11)VG
HGCM (2252) …VFSVVIGHFREAL(23)WFDTLLAK(4)LAS.LGKWACYALGILLGIGLCNLIETIIGGHGR…RKEPVWIYLWGPSHCGKSNFMD-VL(17)NVKDSFFS-GY(8)DDLSS(24)A(4)KP(4)SQFVISSSN(18)R(62)HRAAQE(56)DG(84)LNLAERVYLRALQ…RHQ(36)E(72)YIHEIPEKIVFHYESRNNDCGML(11)VG
CNSV (2336) …VVDAVMSRVNAAI(23)WYTSLCTS(4)LKL.LGKWAGYALGLIVGVGVCHLVEVICAHMGR…RKEPTWIYIFGPSHCGKSNMMD-HL(17)NGQDNFFTTGY(8)DDLSC(24)A(4)KS(4)SPFIISTSN(18)R(64)HRQEQD(57)DQ(82)LQLQERVYLRLIQ…RHQ(36)E(72)YVNELPTSIWFQYQSRNNDCGMV(11)VG
BRV  (2094) …FFQTLKSKFFEFL(23)WATKMWNN(4)LQA.LGDAAWWAIGITMVCGIVTLVEKLLVYLGR…RPEPFWCYIYGKSHCGKSLFME-DV(17)KNARDSFWSGY(8)DDLSA(24)A(4)KG(4)SSIIVTTAN(18)R(58)HRNKEN(38)DD(82)LSLLERIYMRLVQ…KHQ(39)E(86)YRNELPRSISSNCNTSPEDCGAI(11)VG
TRSV (2304) …IFSKMKSLFYDCF(23)WIMNILEK(4)LKV.LRDSAVWSLLLILVGGLILLSERFLQSIGR…RMEPFWVYIHGPSHCGKSLLME-PM(17)KNSCDKYWSRY(8)DDLSA(24)A(4)KG(4)SAILVTSSN(18)R(68)HREKEM(55)DG(83)LGLAERVYLRAVQ…SHQ(37)E(76)YRREIPQYIQYGRPDQLHDCGAI(11)VG
      __  
          
                  __________________RdRp________________

               1533           1588             1605                1640                  1663                  1709                                     1750              1780                1829                    1892

CLRV (2113) MHVAGSEGYP(10)GK(38)PILIGMEIPKDERLKESKI(5)RTF(7)NLLLR(13)RHRLPCAVGVNPYSNEWTRIFDGL(10)DYKSFDGKLNFQ(23)NLIMAMYARYSLCGSQVYEVRAGLPSGCAITVIMNSIFNEIL(16)FNHFVKLVVYGDDNLI(24)FDG(13)ITDGSDK(14)FLKR(7)G(5)L(8)L(21)LRE(15)F…
ToRSV(2197) MHVAGSEGYP(10)GK(41)PLLIGMDVPKDERLKPSKV(6)RTF(7)NLLLR(13)RHRLACAVGTNPYSRDWTDIYQRL(10)DYSRFDGLLNYQ(22)NLLMAMYGRWSVCGQRVFEVRAGMPSGCALTVIINSLFNEML(16)FKQEVCLIVYGDDNLI(9) FNG(13)ITDGSDK(14)FLKR(7)G(5)L(8)L(20)LRE(15)F…
PRMV (2150) LHVAGSEGYP(10)GK(35)PVLNCVECLKDECLKKRKV(3)RLF(7)NILLR(13)RIYLSACVGTNPYSREWTTLYDRL(10)DYSKFDGLISHQ(24)NLLLMFIGRRSICGRQVYMVRGGMPSGCALTVVINSIFNEIL(16)FNKYVRLMVYGDDNLL(9) FDG(13)ITDGTDK(14)FLKR(7)G(5)L(8)L(23)LEE(16)F…
ArMV (2285) MLVSGSEGYP(10)GK(34)PSLISIETPKDERLKRSKI(5)RLF(7)NLLLR(13)RSHLPCQVGINPYSREWTDLYHRL(10)DYKGFDGLITEQ(23)NLLLAICGRLSICGNQVYETEAGIPSGCALTVVINSIFNELL(16)FDRCVVLITYGDDNVF(9) FTG(13)ITDGKDK(14)FLKR(7)G(5)L(8)L(21)LVE(15)F…
GFLV (2284) MLVSGSEGYP(10)GK(34)PSLVSIETPKDERLKRSKI(5)RLF(7)NLLLR(13)RGHLPCQVGINPYSREWTDLYHRL(10)DYKAFDGLITEQ(23)NLLLAICGRLSICGNQVYATEAGIPSGCALTVVLNSIFKELL(16)FDRCVVLITYGDDNVF(9) FTG(13)ITDGKDK(14)FLKR(7)G(5)L(8)L(21)LVE(15)F…
RpRSV(2367) MLV GSEGYP(10)GK(34)PQLIIKESAKDELLKEGKV(9)RLF(7)NIVVR(13)RRTLSSQVGIVVGSREWDDLAARL(11)DYSKFDGLMTPQ(24)NLLMGICNRISICGSQVYRVEAGMPSGFALTVDFNSIFNEIL(16)FSNNVVLIVYGDDNVL(9) FNG(13)ITDGADK(14)FLKR(8)G(5)L(8)L(21)LYE(15)F…
BRSV (2266) MLVAGSPGYP(11)GK(35)PELVVIECTKDELLPERKI(5)RLF(7)NLFLR(13)RHVLPCQVGTNPYSREWGHMLNRL(11)DYSGFDGLLNAQ(27)NMLMALVGRYAFVGPEVYKVNCGLPSGFALTVVVNSVFNEIL(16)FNQVVCLLVYGDDNLI(9) FTG(13)ITDGSDK(14)FLKR(7)G(5)L(8)L(36)LME(15)F…
TBRV (2266) MLVAGSPGYP(11)GK(35)PELVVIECTKDELLPERKI(5)RLF(7)NLFLR(13)RHRLPCQVGTNPYSREWGHMLNRL(11)DYSGFDGLLNPQ(27)NMLMALVGRYAFVGQQVYKVNCGLPSGFALTVVVNSVFNEIL(16)FGSTVCLLVYGDDNLI(9) FTG(13)ITDGSDK(14)FLKR(7)G(5)L(8)L(36)LME(15)F…
GCMV (2252) MLVAGSPGYP(9) GK(35)PELVVIECPKDELLPARKI(5)RLF(7)NLLLR(13)RHRLPCQVGTNPYSREWGHLLNRL(11)DYSGFDGLLTPQ(27)NMIMALCGRYALVGTQVYKVNCGLPSGFALTVVMNSIFNEIL(16)FGINVCLLVYGDDNLI(9) FTG(13)ITDGSDK(14)FLKR(8)G(5)L(8)L(36)LVE(15)F…
HGCM (2252) MLVAGSPGYP(9) GK(35)PELVVIECPKDELLPARKI(5)RLF(7)NLLLR(13)RHRLPCQVGTNPYSREWGHLLNRL(11)DYSGFDGLLTPQ(27)NMIMALCGRYALVGTQVYKVNCGLPSGFALTVVMNSIFNEIL(16)FGINVCLLVYGDDNLI(9) FTG(13)ITDGSDK(14)FLKR(8)G(5)L(8)L(35)LVE(15)F…
CNSV (2336) LLVAGSPGYP(10)GK(35)PELVVIECPKDELLKTEKV(4)RPF(7)NLFLR(13)RHKLACQVGTKAYSHDWTHMYQRL(10)DYSSFDGLLNSQ(27)NMINALFGRLAITGQEVMRVRAGLPSGFALTVVINSVFNEIL(16)FSTYVTLLVYGDDNLM(9) FNG(13)ITDGSDK(14)FLKR(7)G(5)L(8)L(35)LTE(15)F…
BRV  (2094) MHVASSEGYP(10)GK(36)PEMVCIETPKDECLPLRKI(6)RLF(7)NLLLR(13)RDTLPTQVGVNPYSREWGELLQRL(10)DYASFDGLLTGQ(24)NLLMSIVNRKSICGARVYEVRAGIPSGCALTVLLNSIFNEFL(16)FSQYVTLLIYGDDNLI(9) FNG(13)ITDGSDK(14)FLKR(7)G(5)L(8)L(21)LLE(15)F…
TRSV (2304) LVISTSEGYP(10)GK(36)PEMVCIECPKDELLVERKV(6)RNF(7)NMLFR(13)RWCLPCQVGIVVQGREWGLLMDRL(10)DYSKFDGLMSCQ(38)NLLMSIFGRKCLARSQVFEVRGGIRRG-ALTVLLNSVFNEIL(16)FETFVTLVVYGDDNLI(9) FTG(13)ITDGSDK(14)FLKR(7)G(5)L(8)L(21)LQE(15)F…
Suppl. Fig. 1 Alignment of the CLRV RNA1 encoded polyprotein P1 with conserved residues with other members of the genus Nepovirus [CLRV (CLRV-Ch, JN104386), ToRSV (L19655), PRMV (AF016626), PRMV (AAB69867), ArMV (EU617326), GFLV, (D00915), RpRSV (AY303787), BRSV (D00322), TBRV (AY157993), GCMV (NC_003622), HGCM (x15346), CNSV (AB073147), BRV (NC_003509) and TRSV (U50869)].  The region showing conserved motifs of putative protease cofactor, NTP-binding protein, cysteine protease, and RNA dependent RNA polymerase (RdRp) is shown based on sequence comparisons.  The numbers above the aligned sequences indicate amino acid positions on the polyproteins of CLRV RNA-1 (CLRV-Ch) only.  Highly conserved residues among viruses are represented by red characters.  Number in parentheses next to virus name represents the size of the respective polyprotein (P1) of each virus.  
 [image: image1.emf] 


Suppl. Fig. 2 Predicted genomic expression strategy of CLRV RNA1 and RNA2.  The predicted cleavage sites for P1 and P2 of CLRV were identified by sequence alignments with previously characterized genome of CLRV (Scott et al., 1993), ToRSV (Rott et al., 1991a, 1991b; 1995); BRV (Pacot-Hiriart et al., 2001; Latvala-Kilby and Lehto, 1999, Susi, 2004); PRMV (Lammers, et al., 1999).  Shaded rectangles with different color and texture in each RNA map represents open reading frame (ORF).  Non coding sequences are represented by solid lines.  Putative matured proteins encoded by each genome are shaded uniquely.  The putative function of each protein domain is indicated.  Letters above shaded boxes (Q/G, Q/S, Q/M) are known or predicted dipeptide cleavage sites of each virus.  The molecular weight of each putative protein for CLRV, ToRSV, BRV, PRMV were computed using the sequence manipulation suit using sequence information from GenBank.  ^^^ represent no sequence information.  The scale of the ruler is based on the number of amino acid residues encoded by each RNA. (=VPg
(a)
ToRSV_RNA1(1-150)   MSSICFAGGNHARLPSKAAYYRAISDRELDREGRFPCGCLAQYTVQAPPPAKTQEKAVGRSADLQKGNVAPLKKQRCDVVVAVSGPPPLELVYPARVGQHRLDQPSKGPLAVPSAKQTSTAMEVVLSVGEAALTAPWLLCSYKSGVSSPP

ToRSV_RNA2(1-150)   MSSICFAGGNHARLPSKAAYYRAISDRELDREGRFPCGCLAQYTVQAPPPAKTQEKAVGRSADLQKGNVAPLKKQRCDVVVAVSGPPPLELVYPARVGQHRLDQPSKGPLAVPSAKQTSTAMEVVLSAEEAAITAPWLLRPCKG-EAPPP

ToRSV_RNA1(151-300) PPMTQRQQFAAIKRRLVQKGQQIIRELIRARKAAKYAAFAARKKAAAVAAQKARAEAPRLAAQKAAIAKILRDRQLVSLPPPPPPSAARLAAEAELASKSASLQRLKAFHRANRVRPVLNNSFPSPPLACKPDPALLERLRLATPSRCTV


ToRSV_RNA2(151-300) PPLTQRQQFAALKKRLAVKGQQIIREHIRARKAAKYAAIAKAKKAAALAAVKAAQEAPRLAAQKAAISKILRDRDVAALPPPPPPSAARLAAEAELASKAESLRRLKAFKTFSRVRPALNTSFPPPP---PPPPARSSELLAAFEAAMNR

(b)
CLRV_RNA1(1-150)    MVRPIVFSNGESVLPKALISEAKMVAAFLKSTRNPAGFWVTFLAQGTSLTPSQVALCAINGLVSRQTVEIHSHGPSAEVFWSALQARLRSFLRAHRQRVTSLLALCCEAYEARDLCRYQRQRAAYLARGAACRAKALRKKKTALRKERAA

CLRV_RNA2(1-150)    MVRPIVFSNGESVLPKALISEAKMVAAFLKSTRNPAGFWVTFLAQGTSLTPSQVALCAINGLVSRQTVEIHSHGPSAEVFWSALQARLRSFLRAHRQRVTSLLALCCEAYEARDLCRYQRQRAAYLARGAACRAKALRKKKTALRKERAA

CLRV_RNA1(151-300)  QLAQRQLEGERRAAARRARLARKGQQVLRRRLAALFSPPLPFPTSEWAWEPLPSSPLPAFRDFFTSPLLEVEAPWSPPMGPVGFNKSTPQALYCAVRARLSTFSKSTGSLFPMVSFDRLVPGHLMMFQLMHRLVAAYSACPVLSLIEDGL


CLRV_RNA2(151-300)  QLAQRQLEGERRAAARRARLARKGQQVLRRKLAALFSPPPPFPTSEWAWEPLLSSPLPAFRDFFPDATIVAKAQGKG----A---------------SLLSTLPEGVDSFLPASFPKRLT------LQSAQTLTGNYGAFIWRTIYKA--

Suppl. Fig. 3 Alignment of the first 300 amino acid residues of RNA1 and RNA2 of Tomato ringspot virus (ToRSV) (a) and Cherry leaf roll virus-Ch (CLRV) (b) polyproteins.  The positions of the aligned sequences in the polyproteins are indicated in parentheses.  
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