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Tables 
Supplementary Table 1: Disulfide bond features.  Table showing the Cα-Cα distance of the cystines in CDR H1 and H3 loops that form a disulfide 
bond.  Details on the position of the cystines are also shown.  sstretched twist, ttwist.   

PDB ID 
H3 

Length 
Cys(Cα)-Cys(Cα) 

(Å) 
Cys Position 

in H1 
Cys Position 

in H3 

Relative Position of Cys in H3 H3 
Midpoint End Start 

1YC7 10 4.0 32 96 n-8 2 5.0 

1ZV5t 12 6.1 33 100B n-4 8 6.0 

1RI8s 17 5.7 33 100B n-9 8 8.5 

1F2Xt 19 5.7 33 100C n-10 9 9.5 

1RJCs 19 5.9 33 100D n-9 10 9.5 

1JTOs 24 5.7 33 100E n-13 11 12.0 

1MELs 24 5.7 33 100E n-13 11 12.0 

1XFPs 24 5.7 33 100E n-13 11 12.0 

1ZMYs 24 5.8 33 100E n-13 11 12.0 

Mean Distance 5.6 

Standard Deviation 0.6 

 

 

 

 



Supplementary Table 2: Comparison of different loop building techniques for long CDR H3 loops (nH3 ≥ 16 residues) using global rmsds.  LowE, 
LowRMS and LowALL indicates the lowest-scoring CDR H3 loop model, the CDR H3 with the lowest global rmsd in the ten-lowest scoring models 
and the model with the lowest global-rmsd observed respectively.  s and t indicates structures whose CDR H3 loops adopt the stretched-twist 
and twist conformations respectively.  c indicates that the native contains a disulfide bond between CDRs H1 and H3. 

 

  
 No constraints with nine 

residue fragments only (Å) 
 Constraints with nine 

residue fragments only (Å) 
 Constraints with three residue fragments following nine 

residue fragments (Å) 
No. of models  5,000  5,000  5,000  20,000 

PDB ID 
CDR H3 
length 

 
LowE LowRMS LowALL 

 
LowE LowRMS LowALL  LowE LowRMS LowALL  LowE LowRMS LowALL 

1ZVHs 16  7.3 3.3 2.9  5.3 2.3 2.2  4.5 3.4 2.3  4.9 3.2 2.3 
1U0Qs,c 16  2.6 2.6 2.5  3.0 2.8 2.8  2.8 2.8 2.8  3.1 2.8 2.1 
3DWTs 16  8.0 3.3 2.6  4.2 3.1 2.5  3.3 3.3 2.6  3.2 3.2 2.6 
1QD0s 16  7.4 3.1 2.5  1.5 1.5 1.5  0.9 0.9 0.9  0.9 0.9 0.9 
1MVFs 17  9.3 4.0 3.5  4.0 3.9 3.2  3.4 3.4 3.4  2.3 2.3 1.8 
1RI8s,c 17  10.0 4.6 4.0  4.8 3.3 2.7  5.1 4.0 2.6  3.6 2.6 2.5 
1ZVYs 18  6.6 6.6 3.0  3.9 3.1 2.8  4.3 3.3 3.0  4.3 3.4 2.2 
1F2Xt,c 19  14.7 9.0 4.5  5.4 4.6 3.5  3.9 3.9 3.3  5.7 3.3 3.0 
1RJCs,c 19  7.1 6.3 4.4  2.5 2.5 2.5  3.6 3.6 2.8  3.6 2.0 2.0 
1JTOs,c 24  10.8 5.2 4.8  4.5 4.1 3.7  6.7 4.3 3.4  5.4 4.3 3.4 
1MELs,c 24  18.6 6.2 3.6  5.1 4.6 3.5  4.0 4.0 3.8  6.3 4.0 3.3 
1XFPs,c 24  12.9 9.4 5.2  5.0 5.0 3.2  4.2 4.2 3.9  4.5 4.2 3.4 
1ZMYs,c 24  7.8 7.6 4.8  4.6 4.6 3.6  3.9 3.9 3.8  4.0 3.9 3.3 

Median  8.0 5.2 3.6  4.5 3.3 2.8  3.9 3.6 3.0  4.0 3.2 2.5 

 



Figure 
 

Supplementary Figure 1: Sequence alignment of cAb VHH and classical VHs.  The camelid VHH are listed 

first with the letter “A” following the four letter PDB ID.  Red (*) and black stars (*) indicate alignment 

positions of newly and previously discovered amino acid mutations.  The classical VHs have the letter “H” 
following their PDB IDs. The CDR regions are annotated in red.  Basic: K,R (red); Hydrophobic: 
A,F,I,L,M,V,W (blue); Polar: N,Q,S,T (green); H,Y (cyan); C (salmon); Acidic: D,E (magenta); Proline 
(yellow); Glycine (orange). 

 

 

 

 

 

 

 

 



Alignment: C:\Documents and Settings\aroop\My Documents\camelids\sure_camelids.fasta
Seaview [blocks=10 fontsize=8 LETTER] on Fri Oct 15 13:25:55 2010

        1
1bzq.A  --QVQLVE-S GGGLVQAGGS LRLSCAASG- YAYT---YIY MGWFRQAPGK EREGVAAMDS G-GG----GT LYADSVKGRF TISRDKGKNT VYLQMDSLKP
1f2x.A  --QVQLVE-S GGGSVQAGGS LRLSCAASG- YTVS---TYC MGWFRQAPGK EREGVATIL- --GG----ST YYGDSVKGRF TISQDNAKNT VYLQMNSLKP
1g9e.A  --QVQLQE-S GGGLVQAGGS LRLSCAASG- RTGS---TYD MGWFRQAPGK ERESVAAINW D-SA----RT YYASSVRGRF TISRDNAKKT VYLQMNSLKP
1hcv.A  ---VQLQE-S GGGLVQAGGS LRLSCAASG- RTGS---TYD MGWFRQAPGK ERESVAAINW D-SA----RT YYASSVRGRF TISRDNAKKT VYLQMNSLKP
1i3v.A  --QVQLQE-S GGGLVQAGDS LKLSCEASG- DSIG---TYV IGWFRQAPGK ERIYLATIGR NLVGPSDFYT RYADSVKGRF AVSRDNAKNT VNLQMNSLKP
1ieh.A  --DVQLQA-S GGGLVQPGGS LRVSCAASG- FTFS---SYH MAWVRQAPGK GLEWVSTINP G-DG----ST YYADSVKGRF TISRDNAKNT LYLQMNSLKS
1jto.A  ---VQLQA-S GGGSVQAGGS LRLSCAASG- YTIG---PYC MGWFRQAPGK EREGVAAINM G-GG----IT YYADSVKGRF TISQDNAKNT VYLLMNSLEP
1kxq.A  --QVQLVE-S GGGSVQAGGS LSLSCAAST- YTDT------ VGWFRQAPGK EREGVAAIYR R-TG----YT YSADSVKGRF TLSQDNNKNT VYLQMNSLKP
1mel.A  ---VQLQA-S GGGSVQAGGS LRLSCAASG- YTIG---PYC MGWFRQAPGK EREGVAAINM G-GG----IT YYADSVKGRF TISQDNAKNT VYLLMNSLEP
1mvf.A  --QVQLVE-S GGGSVQAGGS LRLSCAASG- FTYS---RKY MGWFRQAPGK EREGVAAIFI D-NG----NT IYADSVQGRF TISQDNAKNT VYLQMNSLKP
1op9.A  --QVQLQE-S GGGSVQAGGS LRLSCSASG- YTY------I SGWFRQAPGK EREGVAAIRS S-DG----TT YYADSVKGRF TISQDNAKNT VYLQMNSLKP
1qd0.A  --QVQLQE-S GGGLVQAGGS LRLSCAASG- RAASGHGHYG MGWFRQVPGK EREFVAAIRW S-GK----ET WYKDSVKGRF TISRDNAKTT VYLQMNSLKG
1ri8.A  ---VQLVE-S GGGSVQAGGS LRLSCAVSG- YKDR---NYC MGWFRRAPGK EREGVAVIDS --SG----RT AYADSVKGRF TISRDVALDT AYLQMNSLKP
1rjc.A  ---VQLQA-S GGGSVQAGQS LRLSCATSG- ATSS---SNC MGWFRQAPGK EREGVAVIDT G-RG----NT AYADSVQGRL TISLDNAKNT LYLQMNSLKP
1shm.A  ---VQLQE-S GGGLVQAGGS LRLSCAASG- ATGS---TYD MGWFRQAPGK ERESVAAINW G-SA----GT YYASSVRGRF TISRDNAKKT VYLQMNSLKP
1sjx.A  --QVQLQE-S GGGLVQAGGS LRLSCQASG- NIFR---IND MGWYRQAPGT QRELVAAITS --GG----ST KYADSVKGRF TISKDNAKNT VYLQMNSLKP
1u0q.A  ---VQLQE-S GGGLVQAGGS LRLSCAASG- RTFS---TYA VGWFRQAPGK EREFVGYFGT R-GG----RT YYADSVKGRF TIAIDNAKNT VYLQMNSLKL
1xfp.A  ---VQLQA-S GGGSVQAGGS LRLSCAASG- YTIG---PYC MGWFRQAPGK EREGVAAINS G-GG----ST YYADSVKGRF TISQDNAKNT VYLLMNSLEP
1yc7.A  ---VQLVE-S GGGSVQAGGS LRLSCAVSG- STYS---PCT TGWYRQAPGK EREWVSSISS --PG----TI YYQDSVKGRF TISRDNAKNT VYLQMNSLQR
1zmy.A  --QVQLVE-S GGGSVQAGGS LRLSCTASG- YTIG---PYC MGWFRQAPGG EREAVAAINM G-GG----IT YYADSVKGRF TISRDNAKNT VTLQMNSLKP
1zv5.A  ---VQLVE-S GGGSVQAGES LRLSCAASG- VTYK---NYC IGWFRQAPGK DREGVVFINS D-GG----IT YYADSVKGRF TISQDNAKNT VYLQMNSLKP
1zvh.A  --DVQLVE-S GGGSVQAGGS LRLSCAASG- YIAS---INY LGWFRQAPGK EREGVAAVSP A-GG----TP YYADSVKGRF TVSLDNAENT VYLQMNSLKP
1zvy.A  --DVQLVE-S GGGSVQAGGS LRLSCAASG- STDS---IEY MTWFRQAPGK AREGVAALYT H-TG----NT YYTDSVKGRF TISQDKAKNM AYLRMDSVKS
2bse.A  ---VQLQE-S GGGLVQAGGS LRLSCTASR- RTGS---NWC MGWFRQLAGK EPELVVALNF D-YD----MT YYADSVKGRF TVSRDSGKNT VYLQMNSLKP
2p49.A  GSQVQLVE-S GGGLVQAGGS LRLSCAASG- YAYT---YIY MGWFRQAPGK EREGVAAMDS G-GG----GT LYADSVKGRF TISRDKGKNT VYLQMDSLKP
3cfi.A  ---VQLQE-S GGGLVQPGGS LRLSCAASG- FAFS---GYA MSWVRQAPGK GLEWVSGINR --DG----ST SYTAPVKGRF TISRDNAKNI LYLQMNSLRP
3dwt.A  ---VQLVE-S GGGSVQAGGS LRLSCTASGG SSYS---TFS LGWFRQAPGQ EREAVAAIAS M-GG----LT YYADSVKGRF TISRDNAKNT VTLQMNNLKP
3ezj.A  --QVQLQE-S GGGLVQAGGS LRLSCAASG- SIFS---INS MDWDRQAPGK QRELVATITS --GG----ST NYADSVKGRF TISRDNAKNT VYLQMNSLKP
1a6t.H  -----LQQ-S GPDLVKPGAS VKISCKASG- YSFS---TYY MHWVKQSHGK SLEWIGRVDP D-NG----GT SFNQKFKGKA ILTVDKSSST AYMELGSLTS
1bj1.H  -----LVE-S GGGLVQPGGS LRLSCAASG- YTFT---NYG MNWVRQAPGK GLEWVGWINT Y-TG----EP TYAADFKRRF TFSLDTSKST AYLQMNSLRA
1bql.H  -----LQQ-S GAELMKPGAS VKISCKASG- YTFS---DYW IEWVKQRPGH GLEWIGEILP G-SG----ST NYHERFKGKA TFTADTSSST AYMQLNSLTS
1cgs.H  -----LLE-S GAELMKPGAS VQISCKATG- YTFS---EYW IEWVKERPGH GLEWIGEILP G-SG----RT NYREKFKGKA TFTADTSSNT AYMQLSSLTS
1clz.H  -----LVE-S GGGLVQPGGS LKVSCVTSG- FTFS---DYY MYWVRQTPEK RLEWVAYISQ G-GD----IT DYPDTVKGRF TISRDNAKNS LYLQMSRLKS
1dba.H  -----LVQ-S GPELKKPGET VKISCKASG- YAFT---NYG VNWVKEAPGK ELKWMGWINI Y-TG----EP TYVDDFKGRF AFSLETSAST AYLEINNLKN
1dqq.H  --EVQLQE-S GPSLVKPSQT LSLTCSVTG- DSVT---SDY WSWIRKFPGN KLEYMGYISY --SG----ST YYHPSLKSRI SITRDTSKNQ YYLQLNSVTT
1f58.H  --DVQLQQ-S GPDLVKPSQS LSLTCTVTG- YSIT--SGYS WHWIRQFPGN KLEWMGYIHY S-AG-----T NYNPSLKSRI SITRDTSKNQ FFLQLNSVTT
1fbi.H  -----LQQ-P GAELVKPGAS VKLSCKASG- YTFT---SYW MHWVKQGPGQ GLEWIGEIDP S-DS----YP NYNEKFKGKA TLTVDKSSST AYMQLSSLTS
1fgn.H  -----LQQ-S GAELVRPGAL VKLSCKASG- FNIK---DYY MHWVKQRPEQ GLEWIGLIDP E-NG----NT IYDPKFQGKA SITADTSSNT AYLQLSSLTS
1for.H  -----LQQ-S GAELVRPGSS VKISCKASG- YAFS---SFW VNWVKQRPGQ GLEWIGQIYP G-DG----DN KYNGKFKGKA TLTADKSSTT AYMQLYSLTS
1fpt.H  -----LQQ-S GAELVRPGTS VKVSCKASG- YAFT---NYL IQWIKQRPGQ GLEWIGVINP G-SG----GT DYNANFKGKA TLTADKSSSI VYMQLSSLTS
1g9m.H  --QVQLLE-S GAEVKKPGSS VKVSCKASG- DTFI---RYS FTWVRQAPGQ GLEWMGRIIT I-LD----VA HYAPHLQGRV TITADKSTST VYLELRNLRS
1hzh.H  --QVQLVQ-S GAEVKKPGAS VKVSCQASG- YRFS---NFV IHWVRQAPGQ RFEWMGWINP Y-NG----NK EFSAKFQDRV TFTADTSANT AYMELRSLRS
1igm.H  -----LLE-S GGNLVQPGGS LRLSCAASG- FTFN---IFV MSWVRQAPGK GLEWVSGVFG S-GG----NT DYADAVKGRF TITRDNSKNT LYLQMNSLRA
1igt.H  -----LQE-S GGGLVQPGGS LKLSCATSG- FTFS---DYY MYWVRQTPEK RLEWVAYISN G-GG----ST YYPDTVKGRF TISRDNAKNT LYLQMSRLKS
1iqd.H  --QVQLVQ-S GAEVKKPGAS VKVSCKVSG- YTLT---ELP VHWVRQAPGK GLEWVGSFDP E-SG----ES IYAREFQGSV TMTADTSTNI AYMELSSLRS
1jhl.H  -----LQQ-S GAELVRPGAS VKLSCKASG- YTFI---SYW INWVKQRPGQ GLEWIGNIYP S-DS----YT NYNQKFKDKA TLTVDKSSST AYMQLSSPTS
1jpt.H  -----LVE-S GGGLVQPGGS LRLSCAASG- FNIK---EYY MHWVRQAPGK GLEWVGLIDP E-QG----NT IYDPKFQDRA TISADNSKNT AYLQMNSLRA
1k4c.H  -----LQQ-P GAELVKPGAS VKLSCKASG- YTFT---SDW IHWVKQRPGH GLEWIGEIIP S-YG----RA NYNEKIQKKA TLTADKSSST AFMQLSSLTS
1kb5.H  -----LQQ-S GPELEKPGAS VKISCKASG- YSFT---GYN MNWVKQSNGK SLEWIGNIDP Y-YG----GI SYNQKFKGRA TLTVDKSSST AYMQLKSLTS
1kem.H  -----LVE-S GGGLGQPGGS LRLSCATSG- FTFT---DYY FNWARQPPGK ALEWLGFIRN KAKG---YTT EYSASVKGRF TISRDNSQGI LYLQMNTLRA
1mcp.H  -----LVE-S GGGLVQPGGS LRLSCATSG- FTFS---DFY MEWVRQPPGK RLEWIAASRN K-GN--KYTT EYSASVKGRF IVSRDTSQSI LYLQMNALRA
1mlb.H  -----LQE-S GAEVMKPGAS VKISCKATG- YTFS---TYW IEWVKQRPGH GLEWIGEILP G-SG----ST YYNEKFKGKA TFTADTSSNT AYMQLSSLTS
1nca.H  -----LVQ-S GPELKKPGET VKISCKASG- YTFT---NYG MNWVKQAPGK GLKWMGWINT N-TG----EP TYGEEFKGRF AFSLETSAST ANLQINNLKN
1qbl.H  -----LQQ-S GAELVKPGAS VKLSCTASG- FNIK---DTY MHWVKQRPEK GLEWIGRIDP A-SG----NT KYDPKFQDKA TITADTSSNT AYLQLSSLTS
1tet.H  -----LVQ-S GPELKTPGET VRISCKASG- YTFT---TYG MSWVKQTPGK GFKWMGWINT Y-SG----VP TYADDFKGRF AFSLETSAST AYLQINNLKN
1vfa.H  -----LQE-S GPGLVAPSQS LSITCTVSG- FSLT---GYG VNWVRQPPGK GLEWLGMIWG --DG----NT DYNSALKSRL SISKDNSKSQ VFLKMNSLHT
1wc7.H  -----LQE-S GGGLVQPGHS LRLSCATSG- FTFT---DYY MSWVRQPPGK ALEWLGLIRN KANG---YTK EYSASVKGRF TISRDNSQSI LYLQMNALRA
1ynt.H  -----LQQ-S GAELVRPGVS VKISCKGSG- YTFT---DYG MHWVKQSHAK SLEWIGIIST Y-SG----DA SYNQKFKGKA TMTVDKSSST AYMELARLTS
1z3g.H  --QVQLQQ-P GAELVKPGAS VKLSCKASG- YTFT---SYW MHWVKQRPGQ GLEWIGMIHP H-SG----ST NYNEKFKSKA TLTVDKSSST AYMQLSSLTS
1zan.H  -----LKE-S GPGLVQPSQT LSLTCTVSG- FSLT---NNN VNWVRQATGR GLEWMGGVWA --GG----AT DYNSALKSRL TITRDTSKSQ VFLKMHSLQS
1ztx.H  -----LQQ-S GSELMKPGAS VQISCKATG- YTFS---DYW IEWVKQRPGH GLEWIGDILC G-TG----RT RYNEKLKAMA TFTADTSSNT AFMQLSSLTS
2adf.H  -----LVQ-S GPELKKPGET VKISCKASG- YTFI---NYG MNWVKQAPGK GLKWMGWKNT N-TG----ET TYGEEFRGRF AFSLETSVST AYLQINNLKN
2adg.H  -----LVE-S GGDLVKPGGS LKLSCAASG- FTFS---SYG MSWVRQTPDK GLEWVATISS G-GS----YT YYPDNVKGRF TISRDNAKNT LYLQMSSLKS
2aep.H  -----LVE-S GGGLVQPGGS LSLSCATSG- FTFI---DYY MSWFRQPPGK ALEWLGLIRN KGNG---YTM EYSASLKGRF TISRDNSQSI VYLHMNTLTA
2ai0.H  --DVKLVE-S GGGLVKPGGS LRLSCAASG- FTFR---NYG MSWVRQTPEK RLEWVAAISG N-SL----YT SYPDSVKGRF TISRDNAKNN LYLQMSSLRS
2aj3.H  -----LLE-S GPGVVKPSET LSLTCTVSG- ASVN---NYY WTWVRQPPGK GLEWIGNVYD --SG----DT NYNPSLSSRL SLSMDTSKNQ FSLRLSSVTA
2aju.H  -----LSE-S GPGLVKPSQS LSLTCTVTG- YSIT--TNYA WTWIRQFPGN KLEWMGYIRS --SV----IT RYNPSLKSRI SITQDTSKNQ FFLQLNSVTT
2b2x.H  -----LVE-S GGGLVQPGGS LRLSCAASG- FTFS---RYT MSWVRQAPGK GLEWVAVISG --GG----HT YYLDSVEGRF TISRDNSKNT LYLQMNSLRA
2b4c.H  --EVQLLEQS GAEVKKPGSS VQVSCKASG- GTFS---MYG FNWVRQAPGH GLEWMGGIIP I-FG----TS NYAQKFRGRV TFTADQATST AYMELTNLRS
2bdn.H  -----LQQ-S GAELVKAGAS VKLSCPASG- LNIK---DTY MHWVKQRPEQ GLEWIGRIDP A-NG----NT KFDPKFQGKA TITADTSSNT AYLQLSSLTS
2c1p.H  ---VQLQQ-S GAELVRPGTS VKLSCKASG- YSFT---NYW MNWLRQRPGQ GLDWIGMIHP S-DS----ET RLNQKFKDKA TLTVDRSSST AYIQLSSPTS
2cju.H  -----LVE-S GGGLVQPGGS LRLSCATSG- FTFT---NYY MNWVRQPPGK ALEWLVSIRN KANG---YTT DYSASVKGRF TISRDNSQSI LYLEMNNLRA
2ddq.H  --KVKLQE-S GPELVKPGAS VKMSCKASG- YTFT---SYV MHWVKQKPGQ GLEWIGYINP Y-ND----GT KYNEKFKGKA TLTSDKSSST AYMELSSLTS
2dqu.H  -----LVE-S GGGLVKPGGS LKLSCAASG- FTFS---NYA MSWVRQTPEK RLEWVVSISS --GG----SI YYLDSVKGRF TVSRDNARNI LYLQMTSLRS
2fbj.H  -----LLE-S GGGLVQPGGS LKLSCAASG- FDFS---KYW MSWVRQAPGK GLEWIGEIHP D-SG----TI NYTPSLKDKF IISRDNAKNS LYLQMSKVRS
2fd6.H  -----LQQ-S GPEVVKPGAS VKISCKASG- YSFT---NFY IHWVKQRPGQ GLEWIGWIFH G-SD----NT EYNEKFKDKA TLTADTSSST AYMQLSSLTS
2fjg.H  -----LVE-S GGGLVQPGGS LRLSCAASG- FTIS---DYW IHWVRQAPGK GLEWVAGITP A-GG----YT YYADSVKGRF TISADTSKNT AYLQMNSLRA
2fjh.H  -----LVE-S GGGLVQPGGS LRLSCAASG- FTIN---ASW IHWVRQAPGK GLEWVGAIYP Y-SG----YT NYADSVKGRF TISADTSKNT AYLQMNSLRA
2g5b.H  -----LVE-S GGGLVQPGGS LRLSCATSG- FTFI---DNY MSWVRQPPGK ALEWLGFIRN KVNG---YTT EYGPSVKGRF TISRDDSQSI LYLQMNTLRT
2h1p.H  -----LVE-S GGGLVKLGGS LKLSCAASG- FTFS---SYF LSWVRQTPEK RLELVATINS N-GD----KT YHPDTMKGRF TISRDNAKNT LYLQMSSLKS
2h2p.H  -----LLE-S GGGLVQPGGS LKLSCAASG- FDYS---RYW MSWVRQAPGK GLKWIGEINP V-SS----TI NYTPSLKDKF IISRDNAKDT LYLQISKVRS
2jel.H  -----LAQ-S GPELVRPGVS VKISCKGSG- YTFT---TYA MHWVKQSHAK SLEWIGLIST Y-SG----YT NYNQKFKGKA TMTVDKSSST AYMELARLTS
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      101
1bzq.A  EDTATYYCAA GGYELRDRT- ---------- -YGQWGQGTQ VTVS------ ---------- ---
1f2x.A  EDTAIYYCAG STVASTGWCS RLRPYD---- -YHYRGQGTQ VTVSS----- ---------- ---
1g9e.A  EDTAVYTCGA GEGGT----- ---------- -WDSWGQGTQ VTVS------ ---------- ---
1hcv.A  EDTAVYTCGA GEGGT----- ---------- -WDSWGQGTQ VTVSS----- ---------- ---
1i3v.A  EDTAVYYCAA KTTTWGGNDP NN-------- -WNYWGQGTQ VTVSS----- ---------- ---
1ieh.A  EDTAVYYCAK YSGGA----- ---------- -LDAWGQGTQ VTVSSQSEQK LISEEDLNHH HHH
1jto.A  EDTAIYYCAA DSTIYASYYE CGHGLSTGGY GYDSWGQGTQ VTVSS----- ---------- ---
1kxq.A  EDTGIYYCAT GNSVRLASWE G--------- -YFYWGQGTQ VTVSS----- ---------- ---
1mel.A  EDTAIYYCAA DSTIYASYYE CGHGLSTGGY GYDSWGQGTQ VTVS------ ---------- ---
1mvf.A  EDTAMYYCAA SSRWMDYSAL TAKA------ -YNSWGQGTQ VTVSSR---- ---------- ---
1op9.A  EDTAMYYCAA TEVAGWPLDI GI-------- -YDYWGQGTE VTVSS----- ---------- ---
1qd0.A  EDTAVYYCAA RPVRVADISL PVG------- -FDYWGQGTQ VTVSS----- ---------- ---
1ri8.A  EDTAMYYCAA GWSSLGSCGT NRNR------ -YNYWGQGTQ VTVSS----- ---------- ---
1rjc.A  EDTAMYYCAA DTSTWYRGYC GTNPNY---- -FSYWGQGTQ VTVS------ ---------- ---
1shm.A  EDTAVYTCGA GRIGRSVFNL RRESW----- -VTWWGQGTQ VTVSS----- ---------- ---
1sjx.A  EDTAVYYCAA EDRHRIGT-- ---------- -VGYWGQGTQ VTVSS----- ---------- ---
1u0q.A  DDTAVYYCAV RMPYSGDYRS SGT------- -YDYWGQGTQ VTVSS----- ---------- ---
1xfp.A  EDTAIYYCAA DSTIYASYYE CGHGLSTGGY GYDSWGQGTQ VTVS------ ---------- ---
1yc7.A  EDTGMYYCQI QCGVRSI--- ---------- -REYWGQGTQ VTVS------ ---------- ---
1zmy.A  EDTAMYYCAA DSTIYASYYE CGHGLSTGGY GYDSWGQGTQ VTVSS----- ---------- ---
1zv5.A  EDTASYYCAA GYRNYGQCA- ---------- -TRYWGQGTQ VTVS------ ---------- ---
1zvh.A  EDTALYYCAA ARQGWYIPLN SYG------- -YNYWGQGTQ VTVS------ ---------- ---
1zvy.A  EDTAIYTCGA T-RKYVPVRF ALDQSS---- -YDYWGQGTQ VTV------- ---------- ---
2bse.A  EDTAIYYCAA RSGGFSSNRE L--------- -YDGWGQGTQ VTVSS----- ---------- ---
2p49.A  EDTATYYCAA GGYELRDRT- ---------- -YGQWGQGTQ VTVSS----- ---------- ---
3cfi.A  EDTAVYYCAK -WL--GGR-- ---------- DWYDRGQGTQ VTVS------ ---------- ---
3dwt.A  EDTAIYYCAA VRGYFMRLPS SHN------- -FRYWGQGTQ VTVSSR---- ---------- ---
3ezj.A  EDTAVYYCNA NVKTWAGMT- ---------- -RDYWGQGTQ VTVSS----- ---------- ---
1a6t.H  EDSAVYYCAR RDDYY----- ---------- -FDFWGQGTS LT-------- ---------- ---
1bj1.H  EDTAVYYCAK YPHYYGSS-- HWY------- -FDVWGQGTL VT-------- ---------- ---
1bql.H  EDSGVYYCLH GNYD------ ---------- -FDGWGQGTT LT-------- ---------- ---
1cgs.H  EDSAVYYCTR GYSS------ ---------- -MDYWGQGTS VT-------- ---------- ---
1clz.H  EDTAMYYCAR GLDDG----- AW-------- -FAYWGQGTL VT-------- ---------- ---
1dba.H  EDTATYFCTR GDYVNWY--- ---------- -FDVWGAGTT VT-------- ---------- ---
1dqq.H  EDTATYYCAS WG-------- ---------- -GDVWGAGTT VTVSS----- ---------- ---
1f58.H  EDTATYYCAR EEAMPYGNQA YYYA------ -MDCWGQGTT VTVSS----- ---------- ---
1fbi.H  EDSAVYYCAS LYYYGTSYGV ---------- -LDYWGQGTS VT-------- ---------- ---
1fgn.H  EDTAVYYCAR DNSYY----- ---------- -FDYWGQGTT LT-------- ---------- ---
1for.H  EDSAVYFCAR SGNYPYA--- ---------- -MDYWGQGTS VT-------- ---------- ---
1fpt.H  DDSAVYFCAR DFYDYDVG-- ---------- -FDYWGQGTT LT-------- ---------- ---
1g9m.H  DDTAVYFCAG VYEGEADEGE YRNN-----G FLKHWGQGTL VTVTS----- ---------- ---
1hzh.H  ADTAVYYCAR VGPYSWDDSP QDNY------ YMDVWGKGTT VIVSS----- ---------- ---
1igm.H  EDTAIYYCAK HRVSYVLTG- ---------- -FDSWGQGTL VT-------- ---------- ---
1igt.H  EDTAMYYCAR HGGYYA---- ---------- -MDYWGQGTT VT-------- ---------- ---
1iqd.H  DDTAVYYCAV PDPDA----- ---------- -FDIWGQGTM VTVSS----- ---------- ---
1jhl.H  EDSAVYYCTR DDNYGA---- ---------- -MDYWGQGTT VT-------- ---------- ---
1jpt.H  EDTAVYYCAR DTAAY----- ---------- -FDYWGQGTL VT-------- ---------- ---
1k4c.H  EDSAVYYCAR ERGDGY---- ---------- -FAVWGAGTT VT-------- ---------- ---
1kb5.H  EDSAVYYCAR SRTDLYY--- ---------- -FDYWGQGTT LT-------- ---------- ---
1kem.H  EDSATYYCAR WGSYA----- ---------- -MDYWGQGTS VT-------- ---------- ---
1mcp.H  EDTAIYYCAR NYYGS----- TWY------- -FDVWGAGTT VT-------- ---------- ---
1mlb.H  EDSAVYYCAR GDGN------ ---------- -YGYWGQGTT LT-------- ---------- ---
1nca.H  EDTATFFCAR GEDNFGSL-- ---------- -SDYWGQGTT VT-------- ---------- ---
1qbl.H  EDTAVYYCAG YDYGN----- ---------- -FDYWGQGTT LT-------- ---------- ---
1tet.H  EDTATYFCAR RSWY------ ---------- -FDVWGTGTT VT-------- ---------- ---
1vfa.H  DDTARYYCAR ERDYR----- ---------- -LDYWGQGTT LT-------- ---------- ---
1wc7.H  EDSATYYCVR DKGSYGNYE- AW-------- -FAYWGQGTT VT-------- ---------- ---
1ynt.H  EDSAIYYCAR SSTWYY---- ---------- -FDYWGQGTT LT-------- ---------- ---
1z3g.H  EDSAVYYCAR GWD------- ---------- -VAYWGQGTL VTVSA----- ---------- ---
1zan.H  EDTATYYCAR DGGYSSST-- LYA------- -MDAWGQGTT VT-------- ---------- ---
1ztx.H  EDSAVYYCAR SASYGDY--- ---------- -ADYWGHGTT LT-------- ---------- ---
2adf.H  EDTATYFCAR DNPYYA---- ---------- -LDYWGQGTT VT-------- ---------- ---
2adg.H  EDTAMYYCAR HEDGNWNY-- ---------- -FDYWGQGTT LT-------- ---------- ---
2aep.H  EDSATYYCAR VDYGTN---- ---------- -YDYWGQGTT LT-------- ---------- ---
2ai0.H  EDTALYFCAR HDDYYGKS-- PYF------- -FDVWGAGTT VTASS----- ---------- ---
2aj3.H  ADTATYYCAR YHRHFIRGPL S--------- -FDYWGRGTL VT-------- ---------- ---
2aju.H  EDTATYYCAR YDYYGNT--- ---------- -GDYWGQGTS VT-------- ---------- ---
2b2x.H  EDTAVYYCTR GFGDGGY--- ---------- -FDVWGQGTL VT-------- ---------- ---
2b4c.H  DDTAVYYCAR DFGPDWEDGD SYDGSGRGF- -FDFWGQGTL VTVSS----- ---------- ---
2bdn.H  EDTAVYYCAR GVFGF----- ---------- -FDYWGQGTT LT-------- ---------- ---
2c1p.H  EDSAVYYCAR DDYD------ ---------- -GAFWGQGTL VTVSA----- ---------- ---
2cju.H  EDSATYYCAR GYYYG----- --AW------ -FAYWGQGTL VT-------- ---------- ---
2ddq.H  EDSAVYYCAP Y--------- ---------- -GGYWGQGTT VTVSS----- ---------- ---
2dqu.H  EDTAMYFCAR VSHYDGSRDW Y--------- -FDVWGAGTS VT-------- ---------- ---
2fbj.H  EDTALYYCAR LHYYGY---- ---------- -NAYWGQGTL VT-------- ---------- ---
2fd6.H  EDSAVYFCAR WGPHWY---- ---------- -FDVWGQGTT VT-------- ---------- ---
2fjg.H  EDTAVYYCAR FVFFLPYA-- ---------- -MDYWGQGTL VT-------- ---------- ---
2fjh.H  EDTAVYYCAR WGHSTSPWA- ---------- -MDYWGQGTL VT-------- ---------- ---
2g5b.H  EDSATYYCVR DNGSDY---- RWY------- -FDVWGAGTT VT-------- ---------- ---
2h1p.H  EDTALYYCAR RDSSASLY-- ---------- -FDYWGQGTT LT-------- ---------- ---
2h2p.H  EDTALYYCAR LYYGYGYWY- ---------- -FDVWGAGTT VT-------- ---------- ---
2jel.H  EDSAIYYCAR VMGEQY---- ---------- -FDVWGAGTT VI-------- ---------- ---

* * * * **

aroop
Typewritten Text
<-----------------H3--------------->



 

Supplementary Figure 2: Plot of Rosetta energies of models versus RMSD from the native crystal 
structure in Ångstroms, comparing refinement of crystal conformation (red) and ab initio loop building 
(green) of the CDR H3 loop in the native crystal environment. 

 
 

 

 

 

 

 

 



Rosetta Command Lines 
The protocols used in this paper are available in Rosetta 3.2 (Fall 2010) using the following command 
lines, where $ROSETTA3 and $ROSETTA3DB are environment variables pointing to the Rosetta 3.0 source 
and database paths.  $RosettaAntibody is the environment variable pointing to the RosettaAntibody 
directory, typically $ROSETTA3/antibody. 

CDR Grafting 
$ROSETTA3/antibody_mode.default.linuxgccrelease  

-database $ROSETTA3DB -nstruct 1  
-s FR02.pdb  -native 1mvf.pdb -in::file::fullatom -out::file::fullatom -
out::prefix aa 
-graft_h1 -graft_h2 -graft_h3 -camelid  
-ex1aro -ex1 -ex2  
-detect_disulf true -run::rebuild_disulf true -run::find_disulf true  
-mute core -unmute protocols.AntibodyModeler -out::level 550 

CDR H3 Loop Modeling 
$ROSETTA3/antibody_mode.default.linuxgccrelease  

-database $ROSETTA3DB -nstruct 5000  
-s FR02.pdb -in::file::native 1mvf.pdb -in::file::fullatom -out::file::fullatom -
out::prefix aa  
-model_h3 -camelid -constraints::cst_file camelid.cst 
-loops::strict_loops -loops::frag_sizes 9 3 -loops::frag_files 
aaFR02_09_05.200_v1_3 aaFR02_03_05.200_v1_3  
-ex1aro -ex1 -ex2  
-mute core -unmute protocols.AntibodyModeler -out::level 550 
-in::fix_disulf FR02.disulf -run::rebuild_disulf [optional flags: only if H1 and 
H3 both have CYS] 

Master Script 
The cAb VHH sequence should be provided in a file, e.g. query_h.fasta.  A master script executed from 
the directory containing the FASTA sequence will carry out all steps necessary for camelid antibody 
modeling: 

perl -P $RosettaAntibody/scripts/ram_buildloop_wrapper.pl pdb1xyz_chothia.pdb 1 1 1 1 
1 1 5000 query_h.fasta camelid 

Fragments 
Protein fragments must be built for loop building.  H3 sequences plus one N-terminal and two C-
terminal step residues can be submitted to the Robetta server (http://www.robetta.org) or generated 
with the nn_make.pl script included in the Rosetta2.x distribution. 
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