
Supplementary information 

 

Structural insight into substrate recognition by the endoplasmic reticulum folding-sensor 

enzyme: crystal structure of third thioredoxin-like domain of UDP-glucose:glycoprotein 

glucosyltransferase 

 

Tong Zhu1,2,3, Tadashi Satoh3,4 and Koichi Kato1,2,3 

 

1School of Physical Sciences, The Graduate University for Advanced Studies, 5-1 Higashiyama, 

Myodaiji, Okazaki, Aichi 444-8787, Japan; 2Okazaki Institute for Integrative Bioscience and 

Institute for Molecular Science, National Institutes of Natural Sciences, 5-1 Higashiyama, 

Myodaiji, Okazaki, Aichi 444-8787, Japan; 3Graduate School of Pharmaceutical Sciences, 

Nagoya City University, 3-1 Tanabe-dori, Mizuho-ku, Nagoya 467-8603, Japan; 4JST, PRESTO, 

3-1 Tanabe-dori, Mizuho-ku, Nagoya 467-8603, Japan;  

 



Trx1	

Trx1	

Trx1	

Trx2	

Trx2	

Trx3	

Trx3	

β-domain	

β-domain	

β-domain	

CAT domain	

CAT domain	

CAT domain	

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 PROMALS3D49. The 
predicted secondary structure elements are highlighted as in Fig. 1. Predicted disordered segments 
and residues involving the C-terminal α6 helix or detergent interactions are highlighted in orange 
and green, respectively.	

Chaetomium thermophilum! ! ! !         28  ----SPSINVALKAAFPSPPYLVELLETAASDNTTIYYSLLDRIAKGHF--AEATTDKALYEKFLEVLRDDGHMDPEALSAFKLALSLRTATPRVEAHYQ  121!
Schizosaccharomyces pombe    ! ! !         19  ----AKPLDVKIAATFNAPSFSALIAESLYQEKKEGFIWYLNHLSDLLD--AENTTEKELYINVVNSLKREYVLSDEELSSLQFSLGLFSGAPKLQAFSS  112!
Drosophila melanogaster!     ! ! !         23  ESSQSYPITTLINAKWTQTPLYLEIAEYLADEQAGLFWDYVSGVTKLDTVLNEYDTESQQYNAALELVKS--HVSSPQLPLLRLVVSMHSLTPRIQTHFQ  120!
Homo sapiens !     ! ! !         43  ---DSKAITTSLTTKWFSTPLLLEASEFLAEDSQEKFWNFVEASQNIGS-SDHDGTDYSYYHAILEAAFQ--FLSPLQQNLFKFCLSLRSYSATIQAFQQ  136!
!
!
!
!
Chaetomium thermophilum!    122  YYTATVEPSLSGTQEGCDQWFLIDGEQYCSPTLDTSHGKVKGE-----DQLRTLPFDRKFG---VGSRDVILYADITS---KSFAPFHEVAMDLAKKGKASYRVRYRRSPSHS-RESLSVNGYGVELVLKRTDYIVIDDR  249!
Schizosaccharomyces pombe   113  IVQSRS--------CDCDTWLQLDEESQVCFSDLPKDSPLFSK---------LYSKNPLDYEVVKTSATGIPYAVVVTSFERDLIPFHELYYKLALEGKCNYVIRYSPPSSSKLNSKLYVKGFGTHVSLKRTDYLVVDDR  235!
Drosophila melanogaster!    121  LAEELRSSG----SCQSFTFAQVGSELACSFNELQKKLEVPLAKDSLDASVVTYSFDHIFPGSENNTRTVVLYGDLGS---SQFRTYHKLLEKEANAGRIRYILRHQLAKKD--KRPVRLSGYGVELHLKSTEYKSQDDA  251!
Homo sapiens !    137  IAADEPPP------EGCNSFFSVHGKKTCESDTLEALLLTASE----RPKPLLFKGDHRYPSSNPESPVVIFYSEIGS---EEFSNFHRQLISKSNAGKINYVFRHYIFNPR--KEPVYLSGYGVELAIKSTEYKAKDDT  261!
!
!
!
!
Chaetomium thermophilum!    250  DTGAAAKPA--------EENDQKPLVGHETVLD-------------DGEEIADIKPLEKSELAALGMKAASFVMQS--EKPFEALLKLTQDFPKYSNSLGS-QNVSAEFEAEHRGNREVF-----LPEGSNVLWLNGLHL  360!
Schizosaccharomyces pombe   236  EFPREKG-----------DNPASFTSSRNKRSNERL----------FGMTSDSLQTVTPDKIAILDLLATQSIASS--TDMLTAFRELTQDFPIYAHYLSIQPDVSNDLIEELNQFQSQY-----VPEGINTIWLNGLSL  347!
Drosophila melanogaster!    252  PKPEAGSTS--DEDLANESDVQGFDFKVLKQKHPTLKRALDQLRQRLLQGNDEIAQLKAWEFQDLGLQAAAAIAEIQGDETLQILQYTAHNFPMLARTLLA-HKVTDGLRAEVKHNTEAFGRSLNVAPPDGALFINGLFF  388!
Homo sapiens !    262  QVKGTEVNTTVIGENDPIDEVQGFLFGKLRDLHPDLEGQLKELRKHLVESTNEMAPLKVWQLQDLSFQTAARILASPVELALVVMKDLSQNFPTKARAITK-TAVSSELRTEVEENQKYFKGTLGLQPGDSALFINGLHM  400!
!
!
!
!
Chaetomium thermophilum!    361  IDRQIQPFGLVDLLTRERKLIKSVLDLGLTGQQAVDLLGHAEVAHAKSGDDEPRRFDWRDDIEEGQVIIWLNNLEKDKRYKSFSPSIWVLIHHF-GHGLPQIRRDVFNLVVPVDLTKADDVKIVVEGLLSFVKRLIPVRF  499!
Schizosaccharomyces pombe   348  DLEETDAFSILSLIKKEKDMFDRFEALGIKSSKVLDIVTNEAFANED-SDFKFVKFHCQDDIEDWKAIHWVNEIESNPKYDNWPKSIQILLKPIYPGQLHMLGKQLHTVIYPIFPSSPSSLPLLSE-LIQFSRRPSPVQT  485!
Drosophila melanogaster!    389  DADTMDLYSLIETLRSEMRVLESLHSNNVRGSLASSLLALDLTAS--------SKKEFAIDIRD-TAVQWVNDIENDVQYRRWPSSVMDLLRPTFPGMLRNIRKNVFNLVLVVDALQPTARSVIKL-SESFVIHQAPIRL  518!
Homo sapiens !    401  DLDTQDIFSLFDVLRNEARVMEGLHRLGIEGLSLHNVLKLNIQP---------SEADYAVDIRS-PAISWVNNLEVDSRYNSWPSSLQELLRPTFPGVIRQIRKNLHNMVFIVDPAHETTAELMNT-AEMFLSNHIPLRI  529!
!
!
!
!
Chaetomium thermophilum!    500  GFVPLTPTGQA--------IDQAKVVYYLLENYGLAAATAYLEKSYEEQST------GQPNERIFNEVIKDKSLRPDGVELSFKDIF-ISEKHEKQIHLSKHWVERLRAG-GDVPTVFFDGFPIPR-----EDNWLRVMN  618!
Schizosaccharomyces pombe   486  GMVCAANDDDE------FAQTVCKSFFYISKESGTDSALKFLYKCLNSDSS------ADLYSLLEEHLP--LSEHDDDTLANLKKDL-SSSFFDHYMSKSNSWVNRLGID-SSASEVIVNGRIISH-----DENYDRSMY  604!
Drosophila melanogaster!    519  GLVFDARDANEDNLA--DYVAITCAYNYVSQKKDARAALSFLTDIYAAVGETKVVTKKDIVKQLTKEFT--SLSF-----AKAEEFLEEDSTYDYGRELAAEFIQRLGFGDKGQPQALLNGVPMPSNVVTADSDFEEAIF  649!
Homo sapiens !    530  GFIFVVNDSEDVDGMQDAGVAVLRAYNYVAQEVDDYHAFQTLTHIYNKVRTGEKVKVEHVVSVLEKKYP----------YVEVNSILGIDSAYDRNRKEARGYYEQTGVG--PLPVVLFNGMPFEREQLD-PDELETITM  656!
!
!
!
!
Chaetomium thermophilum!    619  HRLMQDLQALQQAGYFGMLNESMWLPGFFLEK--ALSRRNTLIFPEDKN-ELTVLNVNKIYIENH-------------DLMSKVPVIEASKE-------STRDDWAALTVVADLDDIEGQELVYYALRFRKSNDGVRLDI  735!
Schizosaccharomyces pombe   605  GIFLEDIPEVQIAVAEGKISEDDNLLDFILRD--ASLTRNPLVYPSAKS-SIKSIDIKRVLENVG-------------SLNHEDILLIG-----------SSNAKYSFWLVADFNEKEGLEILSLLADLLSENKDANLML  717!
Drosophila melanogaster!    650  TEIMTHTSNLQKAVYKGELTDNDVAIDYLMNQPHVMPRLNQRILSQEDVKYLDINGVAYKNLGNVGVLNRLSNRDMTATLMDNLKYFGGKKST--ELIGRASLQFLTIWVFADLETDQGRDLLTHALDYVQSGESVRVAF  787!
Homo sapiens !    657  HKILETTTFFQRAVYLGELPHDQDVVEYIMNQPNVVPRINSRILTAERD-YLDLTASNNFFVDDYARFTILDSQGKTAAVANSMNYLTKKGMSSKEIYDDSFIRPVTFWIVGDFDSPSGRQLLYDAIKHQKSSNNVRISM  795!
!
!
!
!
Chaetomium thermophilum!    736  VHNPKDT------SRSPSVLAQRLKSREDKLLDFTRFLDLE-----------------------TALETGEFEPDVAYDASLANFLASSNMKAGDNFVILNGRVLGPITSADDFKKEDFEVFLQAERRTRILPVYKALED  846!
Schizosaccharomyces pombe   718  IQEGKN-------HVVPPLFAKLLSSPKRSSKHLQEILNSS-----------LDPSSGVVNDMDKALKFL------KKSKAVVKELGLTGECKS--ALLLNGRMICSFSV-DSLNTADLKMLMQMEYDNYLSKLSNIAGS  830!
Drosophila melanogaster!    788  IPNTESSSASSRRNLNRLVWAAMQSLPPTQATEQVLKWLKKPKE---------------KIEIPTQLEDILGSTELHLKMLRVYSQRVLGLNKSQRLVIGNGRLYGPLSSDESFDSADFALLARFSSLQYSDKVRQVLKE  912!
Homo sapiens !    796  INNPAKEISYENTQISRAIWAALQTQTSNAAKNFITKMAKEGAAEALAAGADIAEFSVGGMDFSLFKEVFESSKMDFILSHAVYCRDVLKLKKGQRAVISNGRIIGPLEDSELFNQDDFHLLENIILKTSGQKIKSHIQQ  935!
!
!
!
!
Chaetomium thermophilum!    847  LGLDDKVSGPLSAAKLTSVTALSTISDLP--QGIFDNAPTVRTTLFKQWNSTYTSFEVGD--ASTATIFFVAVINPASEIGQRWVAVLKVLSELEGVHLRVFLNPTVMIEELPVKRFYRYVLSSSPSFDESGKV-KALSA  981!
Schizosaccharomyces pombe   831  SRRL---KNSRAISFLSSYLKTLESTPMSTSSPTKEEKLFPRDFIYNKLGVGNATFETDD--FSKAYYQFVAVLDPLSKDSQKWSAILEAVSKLNGVGVRIHFNPKQTLSELPLTRFYRYSISAEPEFDALGHL-EESYV  964!
Drosophila melanogaster!    913  SAQDV--NEEFNSDTLLKLYASLLPR-----------QTKTRFKLPTDLKTDHSVVKLPPKQENLPHFDVAAVLDPASRAAQKLTPILILLRQVLNCQLNLYLIPVPQHSDMPVKNFYRYVVEPEVQFEANGGRSDGPLA 1039!
Homo sapiens !    936  LRV----EEDVASDLVMKVDALLSAQ-----------PKGDPRIEYQFFEDRHSAIKLRPK-EGETYFDVVAVVDPVTREAQRLAPLLLVLAQLINMNLRVFMNCQSKLSDMPLKSFYRYVLEPEISFTSDNSFAKGPIA 1059!
!
!
!
!
Chaetomium thermophilum!    982  RFTGVPRETLLVVGMDVPPAWLVTSKVAVDDLDNLRIKDIKAKRGTEHVEAIYELEHILIEGHSREIPGAHAPRGVQLVLETENNPHFADTIIMANLGYFQFKANPGVYNIRLKEGRSSEIFTLESVGAKGWGPIPGDDN 1121!
Schizosaccharomyces pombe   965  EFDNLPADTLLTMDIEARDAWTVMQKDVDIDLFNIKLEHTSEAEALDSHTAIYELKNILVQGYSQEEFRKSPPRGMQLKLGNLTNSHVTDTIVLSNLGYFQLKANPGVWTLEPMDGRSSQFYEILSLNKKNS-----YKD 1099!
Drosophila melanogaster    1040  KFSGLPANPLLTQQLQVPENWLVEAVRAVYDLDNIKLTDIGG-----PVHSEFDLEYLLLEGHCFDAASGAPPRGLQLVLGTQSQPTLVDTIVMANLGYFQLKANPGAWSLRLREGKSADIYAISHIEGTNTHHSAGSSE 1174!
Homo sapiens !   1060  KFLDMPQSPLFTLNLNTPESWMVESVRTPYDLDNIYLEEVDS-----VVAAEYELEYLLLEGHCYDITTGQPPRGLQFTLGTSANPVIVDTIVMANLGYFQLKANPGAWILRLRKGRSEDIYRIYSHDGTDS--PPDADE 1192!
!
!
!
!
Chaetomium thermophilum    1122  TEVVLMDFQGTTLYPRLRRKPGMEEEDVLEPSTKSGEESGSGARNLVSRGIKFAEGLLGRGNKAAEATKSVSKTEHAEINIFSVASGHLYERMLNIMMASVMHHTNHTVKFWFIEQFLSPSFKDFIPHMAAEYGFKYEMV 1261!
Schizosaccharomyces pombe  1100  PQVIVDSFEGVTLNPVMRRKPGFESADIMDEDLSSH-----KFFDKIKKSL----------------SFFNFKRKEASINIFSVASGHLYERFLYIMTKSVIEHTDKKVKFWFIENFLSPSFKSSIPAIAKKYNFEYEYI 1218!
Drosophila melanogaster    1175  VQVLITSLRSHVVKLRVSKKPGMQQAELLSDDNEQAAQ--SGMWNSIASSF-----------GGGSANQAATDEDTETINIFSVASGHLYERLLRIMMVSLLKHTKSPVKFWFLKNYLSPQFTDFLPHMASEYNFQYELV 1301!
Homo sapiens !   1193  VVIVLNNFKSKIIKVKVQKKADMVNEDLLSDGTSENE---SGFWDSFKWGF-----------TGQ-KTEEVKQDKDDIINIFSVASGHLYERFLRIMMLSVLKNTKTPVKFWFLKNYLSPTFKEFIPYMANEYNFQYELV 1317!
!
!
!
!
Chaetomium thermophilum    1262  TYKWPHWLRQQKEKQREIWGYKILFLDVLFPLSLDKVIFVDADQIVRTDMYDLVEHPLDGAPYGFAPMCDSRVEMEGYRFWKTGYWANYLKGKPYHISALYVVDLQRFRELAAGDRLRQQYHALSADPNSLANLDQDLPN 1401!
Schizosaccharomyces pombe  1219  TYNWPHWLRKQEEKQREIWGYKILFLDVLFPLELHKVIYVDADQIVRADLQELMDMDLHGAPYGYTPMCDSREEMEGFRFWKKGYWKKFLRGLKYHISALYVVDLDRFRKMGAGDLLRRQYQLLSADPNSLSNLDQDLPN 1358!
Drosophila melanogaster    1302  QYKWPRWLHQQTEKQRTIWGYKILFLDVLFPLNVRKIIFVDADAIVRTDIKELYDMDLGGAPYAYTPFCDSRKEMEGFRFWKQGYWRSHLMGRRYHISALYVVDLKRFRKIAAGDRLRGQYQALSQDPNSLSNLDQDLPN 1441!
Homo sapiens !   1318  QYKWPRWLHQQTEKQRIIWGYKILFLDVLFPLVVDKFLFVDADQIVRTDLKELRDFNLDGAPYGYTPFCDSRREMDGYRFWKSGYWASHLAGRKYHISALYVVDLKKFRKIAAGDRLRGQYQGLSQDPNSLSNLDQDLPN 1457!
!
!
!
!
Chaetomium thermophilum    1402  HMQFTIPIATLPQEWLWCETWCSDETLKDARTIDLCNNPMTKEPKLDRARRQVPEWTKYDEEIAELARRVREEKPKKKEEEKVQKNPKSRRLDGDEEEVK----------TVREKDEL 1509!
Schizosaccharomyces pombe  1359  HLQHLIPIYSLPQDWLWCETWCSDESLKTAKTIDLCQNPLTKEKKLDRARRQVSEWTSYDNEIASVLQTASSQSDKEF------------------EEKD----------NNSSPDEL 1448!
Drosophila melanogaster    1442  NMIHQVAIKSLPDDWLWCQTWCSDSNFKTAKVIDLCNNPQTKEAKLTAAQRIVPEWKDYDAELKTLMSRIEDHENSHS----------RDS-AVDDSVDDSVEVTTVTPSHEPKHGEL 1548!
Homo sapiens !   1458  NMIHQVPIKSLPQEWLWCETWCDDASKKRAKTIDLCNNPMTKEPKLEAAVRIVPEWQDYDQEIKQLQIRFQKEKETGA----------LYKEKTKEPSRE----------GPQKREEL 1555!
!
!
	  
!
!
!
	  	  
	  
	  
	  
	  
	  
	  
	  
	  
	  



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. 	
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(a)	

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. 	
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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. 	
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Chaetomium 
thermophilum 

Schizosacchar
omyces pombe 

Drosophila 
melanogaster Homo sapiens 

Full-length (28−1509) 

Chaetomium 
thermophilum 

- 35.3% 32.0% 34.5% 

Schizosacchar
omyces pombe 35.3% - 31.0% 29.9% 

Drosophila 
melanogaster 32.0% 31.0% - 44.2% 

Homo sapiens 34.5% 29.9% 44.2% - 

Folding sensor region (28−1198) 

Chaetomium 
thermophilum 

- 26.8% 24.6% 26.7% 

Schizosacchar
omyces pombe 26.8% - 22.6% 20.8% 

Drosophila 
melanogaster 24.6% 22.6% - 37.0% 

Homo sapiens 26.7% 20.8% 37.0% - 

Catalytic domain (1199−1509) 

Chaetomium 
thermophilum 

- 67.3% 58.5% 64.0% 

Schizosacchar
omyces pombe 67.3% - 60.7% 63.7% 

Drosophila 
melanogaster 58.5% 60.7% - 73.9% 

Homo sapiens 64.0% 63.7% 73.9% - 

Table S1. Sequence identity of UGGT among species 


