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~SPSINVALKAAFPSPPYLVELLETAASDNTTIYYSLLDRIAKGHF--AEATTDKALYEKFLEVLRDDGHMDPEALSAFKLALSLRTATPRVEAHYQ
—AKPLDVKIAATFNAPSFSALIAESLYQEKKEGFIWYLNHLSDLLD--AENTTEKELY INVVNSLKREYVLSDEELSSLQFSLGLFSGAPKLOAFSS
23 ESSQSYPITTLINAKWTQTPLYLEIAEYLADEQAGLFWDYVSGVTKLDTVLNEYDTESQQYNAALELVKS--HVSSPQLPLLRLVVSMHSLTPRIQTHFQ
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N

Chaetomium thermophilum 122  YYTATVEPSLSGTQEGCDQWFLIDGEQYCSPTLDTSHGKVKGE ~DQLRTLPFDRKFG---VGSRDVILYADIT! KSFAPFHEVAMDLAKKGKASYRVRYRRSPSHS-RESLSVNGYGVELVLKRTDYIVIDDR
Schizosaccharomyces pombe 113 IVQSRS---— LYSKNPLDYEVVKTSATGIPYAVVVTSFERDLIPFHELYYKLALEGKCNYVIRYSPPSSSKLNSKLYVKGFGTHVSLKRTDYLVVDDR
Drosophila melanogaster 121 LAEELRSSG----SCQSFTFAQVGSELACSFNELQKKLEVPLAKDSLDASVVTYSFDHIFPGSENNTRTVVLYGDLGS——-SQFRTYHKLLEKEANAGRIRY ILRHQLAKKD--KRPVRLSGYGVELHLKSTEYKSQDDA
137 IAADEPPP NSFFSVHGKKTCESDTLEALLLTASE----RPKPLLFKGDHRYPSSNPESPVVIFYSEIGS---EEFSNFHRQLISKSNAGKINYVFRHY IFNPR--KEPVYLSGYGVELAIKSTEYKAKDDT
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Chaetomium thermophilum 250 DTGAAAKPA--. ——EENDQKPLVGHETVLD- ——-DGEEIADIKPLEKSELAALGMKAASFVMQS--EKPFEALLKLTQDFPKYSNSLGS-QNVSAEFEAEHRGNREVF - LPEGSNVLWLNGLHL
Schizosaccharomyces pombe 236 EF DNPASFT:! (RSNERL -~ ITSDSLQTVTPDKIAILDLLATQSIASS--TDMLTAFRELTQDFPIYAHYLSIQPDVSNDLIEELNQFQSQY~ ~VPEGINTIWLNGLSL
Drosophila melanogaster 252 PKPEAGSTS--DEDLANESDVQGFDFKVLKQOKHPTLKRALDQLRORLLOGNDEIAQLKAWEFQDLGLQAAAATIAEIQGDETLOILOYTAHNFPMLARTLLA-HKVTDGLRAEVKHNTEAFGRSLNVAPPDGALF INGLFF
262 QVKGTEVNTTVIGENDPIDEVQGFLFGKLRDLHPDLEGQLKELRKHLVESTNEMAPLKVWQLODLSFQTAARILASPVELALVVMKDLSQNFPTKARAITK-TAVSSELRTEVEENQKYFKGTLGLQPGDSALFINGLHM
Chaetomium thermophilum 361 IDRQIQFFGLVDLLTRERKLIKSVLDLGLTGQQAVDLLGHAEVAHAKSGDDEPRRFDWRDDIEEGQVIIWLNNLEKDKRYKSFSFSIWVLIHHF—GHGLPQIRRDVFNLVVP‘IDLTKADDV‘KIVVEGLLSFVKRLIPVRF
Schizosaccharomyces pombe 348 DLEETDAFSILSLIKKEKDMFDRFEALGIKSSKVLDIVTNEAFANED-SDFKFVKFHCODDIEDWKAIHWVNEIESNPKYDNWPKSIQILLKPIYPGQLHMLGKQLHTVIYPIFPSSPSSLPLLSE-LIQFSRRPSPVQT
Drosophila melanogaster 389 DADTMDLYSLIETLRSEMRVLESLHSNNVRGSLASSLLALDLTAS —SKKEFAIDIRD-TAVQWVNDIENDVQYRRWPSSVMDLLRPTFPGMLRNIRKNVFNLVLVVDALQPTARSVIKL-SESFVIHQAPIRL
401 DLDTQDIFSLFDVLRNEARVMEGLHRLGIEGLSLHNVLKLNIQP-. —SEADYAVDIRS-PAISWVNNLEVDSRYNSWPSSLOELLRPTFPGVIRQIRKNLHNMVF IVDPAHETTAELMNT-AEMFLSNHIPLRI
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Chaetomium thermophilum 500 GFVPLTPTGQA —IDQAKVVYYLLENYGLAAATAYLEKSYEEQST-: GQPNERIFNEVIKDKSLRPDGVELSFKDIF-ISEKHEKQIHLSKHWVERLRAG-GDVPTVFFDGFPIPR. —EDNWLRVMN
Schizosaccharomyces pombe 486 GMVCAANDDDE- —~FAQTVCKSFFYISKESGTDSALKFLYKCLNSDSS— -ADLYSLLEEHLP--LSEHDDDTLANLKKDL-SSSFFDHYMSK NRLGID-SSA IVNGRIISH. DENYDRSMY
Drosophila melanogaster 519 GLVFDARDANEDNLA--DYVAITCAYNYVSQKKDARAALSFLTDIYAAVGETKVVTKKDIVKQLTKEFT--SLSF- ~AKAEEFLEEDSTYDYGRELAAEFIQRLGFGDKGQPQALLNGVPMPSNVVTADSDFEEAIF
530 GFIFVVNDSEDVDGMQDAGVAVLRAYNYVAQEVDDYHAFQTLTHIYNKVRTGEKVKVEHVVSVLEKKYP: YVEVNSILGIDSAYDRNRKEARGYYEQTGVG--PLPVVLFNGMPFEREQLD-PDELETITM
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Chaetomium thermophilum 619 HRLMODLOALQOAGYFGMLNESMWLPGFFLEK--ALSRRNTLIFPEDKN-ELTVLNVNKIYIENH STRDDWAALTVVADLDDIEGQELVYYALRFRKSNDGVRLDI
Schizosaccharomyces pombe 605 GIFLEDIPEVQIAVAEGKISEDDNLLDFILRD--ASLTRNPLVYPSAKS-SIKSIDIKRVLENVG---------——--SLNHEDILLIG----———-—-— SSNAKYSFWLVADFNEKEGLEILSLLADLLSENKDANLML
Drosophila melanogaster 650 TEIMTHTSNLQKAVYKGELTDNDVAIDYLMNQPHVMPRLNORILSQEDVKYLDINGVAYKNLGNVGVLNRLSNRDMTATLMDNLKYFGGKKST--ELIGRASLOFLTIWVFADLETDQGRDLLTHALDYVQSGESVRVAF
657 HKILETTTFFQRAVYLGELPHDQDVVEYIMNQPNVVPRINSRILTAERD-YLDLTASNNFFVDDYARFTILDSQGKTAAVANSMNYLTKKGMSSKEIYDDSFIRPVTEWIVGDFDSPSGROLLYDATKHOKSSNNVRISM
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Chaetomium thermophilum 736 —SRSPSVLAQRLKSREDKLLDFTRFLDLE: TALETGEFEPDVAYDASLANFLASSNMKAGDNFVILNGRVLGPITSADDFKKEDFEVELOQAERRTRILPVYKALED
Schizosaccharomyces pombe 718 —~HVVPPLFAKLLSSPKRSSKHLQEILNSS LDPSSGVVNDMDKALKFL— —KKSKAVVKELGLTGECKS--ALLLNGRMICSFSV-DSLNTADLKMLMOMEYDNYLSKLSNIAGS
Drosophila melanogaster 788 IPNTESSSASSRRNLNRLVWAAMQSLPPTQATEQVLKWLKKPKE-————————————o—- KIEIPTQLEDILGSTELHLKMLRVYSQRVLGLNKSQRLVIGNGRLYGPLSSDESFDSADFALLARFSSLQYSDKVRQVLKE
796 INNPAKEISYENTQISRAIWAALQTQTSNAAKNFITKMAKEGAAEALAAGADIAEFSVGGMDFSLFKEVFESSKMDFILSHAVYCRDVLKLKKGORAVISNGRIIGPLEDSELENODDEHLLENIILKTSGQKIKSHIQQ
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Chaetomium thermophilum 847 LGLDDKVSGPLSAAKLTSVTALSTISDLP--QGIFDNAPTVRTTLFKQWNSTYTSFEVGD--ASTATIFFVAVINPASEIGORWVAVLKVLSELEGVHLRVFLNPTVMIEELPVKRFYRYVLSSSPSFDESGKV-KALSA
Schizosaccharomyces pombe 831 SRRL---KNSRAISFLSSYLKTLESTPMSTSSPTKEEKLFPRDFIYNKLGVGNATFETDD--FSKAYYQFVAVLDPLSKDSQKWSAILEAVSKLNGVGVRIHFNPKQTLSELPLTRFYRYSISAEPEFDALGHL-EESYV
Drosophila melanogaster 913 SAQDV--NEEFNSDTLLKLYASLLPR- QTKTRFKLPTDLKTDHSVVKLPPKQENLPHFDVAAVLDPASRAAQKLTPILILLROVLNCQLNLYLIPVPQHSDMPVKNFYRYVVEPEVQFEANGGRSDGPLA
936 LRV----EEDVASDLVMKVDALLSAQ- PKGDPRIEYQFFEDRHSAIKLRPK-EGETYFDVVAVVDPVTREAQRLAPLLLVLAQLINMNLRVFMNCQSKLSDMPLKSFYRYVLEPEISFTSDNSFAKGPIA
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Chaetomium thermophilum 982 EFTGVPRETLLVVGMDVPPAWLVTSK{IAVDDLDNLRIKDIKAKRGTEHVEAIYELEHILIEGHSREIPGAHAPRGVQLVT HFADTIIMANLGYFQFKANPGVYNIRLKEGRSSEIFTLESVGAKGWGPIPGDDN
Schizosaccharomyces pombe 965 EFDNLPADTLLTMDIEARDAWTVMQKDVDIDLFNIKLEHTSEAEALDSHTAIYELKNILVQGYSQEEFRKSPPRGMOLKLGNLTNSHVTDTIVLSNLGYFQLKANPGVWTLEPMDGRSSQFYEILSLNKKNS -~~~ YKD
Drosophila melanogaster 1040 KFSGLPANPLLTQQLQOVPENWLVEAVRAVYDLDNIKLTDIGG: -PVHSEFDLEYLLLEGHCFDAASGAPPRGLOLVLGTQSQPTLVDTIVMANLGYFQLKANPGAWSLRLREGKSADIYAISHIEGTNTHHSAGSSE
1060 KFLDMPQSPLFTLNLNTPESWMVESVRTPYDLDNIYLEEVDS- ~VVAAEYELEYLLLEGHCYDITTGQPPRGLQFTLGTSANPVIVDTIVMANLGYFQLKANPGAWILRLRKGRSEDIYRIYSHDGTDS--PPDADE
( pdomain 3 1 GAT domain )
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Chaetomium thermophilum 1122 TEVVLMDFQGTTLYPRLRRK: DVLEPSTK RNLVSRGIKFAEGLLGRGNKAA 'VSKTEHAEINIFSVASGHLYERMLNT KFWFIEQFLSPSFKDF IPHMAAEYGFKYEMV
Schizosaccharomyces pombe 1100 PQVIVDSFEGVTLNPVMRRKPGFESADIMDEDLSSH FFDKIKKSL FFNFKRKEASINIFSVASGHLYERFLYIMTKSVIEHTDKKVKFWFIENFLSPSFKSSIPAIAKKYNFEYEYI
Drosophila melanogaster 1175 VQVLITSLRSHVVKLRVSKKPGMOQAELLSDDNEQAAQ--: IASSF——— GGSANQAATDEDTETINIFSVASGHLYERLLRIMMVSLLKHTKSPVKFWFLKNYLSPQFTDFLPHMASEYNFQYELV
1193 VVIVLNNFKSKIIKVKVQKKADMVNEDLLSDGT 'WDSFKWGF"- TGQ-KTEEVKQDKDDIINIFSVASGHLYERFLRIMMLSVLKNTKTPVKFWFLKNYLSPTFKEFIPYMANEYNFQYELV
( CAT domain )
Chaetomium thermophilum 1262 TYKWPHWLRQQKEKQREIWGYKILFLDVLFPLSLDKVIFVDADQIVRTDMYDLVEHPLDGAPYGFAPMCDSRVEMEGYRFWKTGYWANYLKGKPYHISALYVVDLORFRELAAGDRLROQYHALSADPNSLANLDQDLPN
Schizosaccharomyces pombe 1219 TYNWPHWLRKQEEKQREIWGYKILFLDVLFPLELHKVIYVDADQIVRADLQELMDMDLHGAPYGYTPMCDSREEMEGFRFWKKGYWKKFLRGLKYHISALYVVDLDRFRKMGAGDLLRRQYQLLSADPNSLSNLDQDLPN
Drosophila melanogaster 1302 QYKWPRWLHQQTEKQRTIWGYKILFLDVLFPLNVRKIIFVDADAIVRTDIKELYDMDLGGAPYAYTPFCDSRKEMEGFRFWKQGYWRSHLMGRRYHISALYVVDLKRFRKIAAGDRLRGQYQALSQODPNSLSNLDQDLPN
1318 QYKWPRWLHQQTEKQRIIWGYKILFLDVLFPLVVDKFLFVDADQIVRTDLKELRDFNLDGAPYGYTPFCDSRREMDGYRFWKSGYWASHLAGRKYHISALYVVDLKKFRKIAAGDRLRGQYQGLSQDPNSLSNLDODLPN
( CAT domain }
Chaetomium thermophilum 1402 HMQOFTIPIATLPQEWLWCETWCSDETLKDARTIDLCNNPMTKEPKLDRARRQVPEWTKYDEEIAELARRVREEKPKKKEEEKVOKNPKSRRLDGDEEEVK==========! TVREKDEL 1509
Schizosaccharomyces pombe 1359 HLQHLIPIYSLPQDWLWCETWCSDESLKTAKTIDLCONPLTKEKKLDRARRQVSEWTSYDNEIASVLQTASSQSDKEF: EEKD: DEL 1448
Drosophila melanogaster 1442 NMIHQVAIKSLPDDWLWCQTWCSDSNFKTAKVIDLCNNPQTKEAKLTAAQRIVPEWKDYDAELKTLMSRIEDHENSHS==========] RDS-AVDDSVDDSVEVTTVTPSHEPKHGEL 1548
1458 NMIHQVPIKSLPQEWLWCETWCDDASKKRAKTIDLCNNPMTKEPKLEAAVRIVPEWQDYDOEIKQLQOIRFQKEKET LYKEKTKI QKREEL 1555
. . . .
Fig. S1. Structure-based sequence alignment of full-length UGGT among species. The amino

acid sequences of UGGT from fungi to human are aligned using the program PROMALS3D#°. The
predicted secondary structure elements are highlighted as in Fig. 1. Predicted disordered segments
and residues involving the C-terminal a6 helix or detergent interactions are highlighted in orange
and green, respectively.
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Fig. S2. Comparison of the Trx3 domain with homologous structures. (a) Trx3 domain of C.
thermophilum UGGT (Form 1). (b) DsbA/C homologue, Salmonella enterica ScsC (PDB code:
4GXZ). (c) E. coli DsbC (PDB code: 1EEJ). For clarity, the N-terminal dimerization domain (residues
1-60) is not shown in the model. (d) E. coli thioredoxin (PDB code: 2TRX). The secondary structures
are colored as in Fig. 1.



(a) .... *, Insertion loop I(g;zr_h;g:sl)o ops '-
: : (226-293) A :

-
[}
o

o

Y

(b)

-
(e
o

o

Y

=N
_“’L P
=]
o

Fig. S3. Comparison of the overall structures of Trx-like domains in UGGT. (a) Homology model
of the Trx1 domain (residues 168-379). An insertion loop (residues 226-293) is shown in dashed
line. (b) Homology model of the Trx2 domain (residues 467-624). (c) Crystal structure of the Trx3
domain (residues 671-831, Form 1). The secondary structures are colored as in Fig. 1.



Fig. S4. Comparison of the Trx-like domains of UGGT in terms of surface hydrophobicity.
(a) Homology model of the Trx1 domain. (b) Homology model of the Trx2 domain. (c) Crystal
structure of the Trx3 domain (Form 1). The hydrophobic residues are colored green.



Table S1. Sequence identity of UGGT among species

Chaetomium Schizosacchar Drosophila H. .
thermophilum omyces pombe melanogaster omo sapiens
Full-length (28—-1509)
Chaetomium - 35.3% 32.0% 34.5%
thermophilum
Schizosacchar 35.3% ) 31.0% 29.9%
omyces pombe
Drosophila 32.0% 31.0% - 44.2%
melanogaster
Homo sapiens 34.5% 29.9% 44.2% -
Folding sensor region (28—1198)
Chactomium i 26.8% 24.6% 26.7%
thermophilum
Schizosacchar 26.8% ) 22.6% 20.8%
omyces pombe
Drosophila 24.6% 22.6% - 37.0%
melanogaster
Homo sapiens 26.7% 20.8% 37.0% -
Catalytic domain (1199-1509)

Chactomium - 67.3% 58.5% 64.0%
thermophilum
Schizosacchar 67.3% - 60.7% 63.7%
omyces pombe
Drosophila 58.5% 60.7% - 73.9%
melanogaster
Homo sapiens 64.0% 63.7% 73.9% -




