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1
Drosophila NYDVOHLEL YDRHSFKDT 1KVUFLKYNHH"KLKVFVVPHSHNDFEHIﬂTFEEVVHHDTKHILSNHLRHLHDNPEHKFIHH
Anopheles DIRKHIDTIHREHHKESVINHNEEEHETEHLRTDI-IFHPDVOHLNLVEHVSFENIDEEVHKHEHFIKYHPSEHNSHHKLHVFVVPHSHNDPEHIﬂTFDEVVERSTKNIFHNNLRHLDENHENRFIHH
Hono SHFSQGAGSHLLPSQLSL-SYDTAD-CLFASQSGSHNSDYOHLDYYSLISFDNPDGGYHKOGFDITYESHEHDTEP-LQVFYVPHSHNDPGHLKTFNDYFROKTQYIFNNHVLKL KEDSRRKFINS
Hus GNASQGS-THLHSPQLAL-0ADPRD-CLFASQSGSQPROYOHLDYYDLIPFDNPDGGYHKOGFDIKYEADEHDHEP-LAYVFYVPHSHNDPGHLKTFHNDYFRDKTQY IFNNHYLKLKEDSSRKFHHS
Xenopus YHTPHGTHYHPPDPRPSFYSYSPQD-CAFSYANKRAKTOLOHIDYYAQLPFDHYDGGYHKAGFDITYDPKEHDNEP-LAYVFYVPHSHNDPGHIKTFDKYYYDATQHILNNHLVKL HEDPRRKFIHS
Arabidopsis HFGYPGPISSRFLTSRSNRIVKPRKNINR-RPLNDSHSGAYYDITTKOLYDRIEFLDTDGGPHKOGHRYTYKDDEHEKEK-LKIFYYPHSHNDPGHKLTYEEYYQROSRHILDTIVETL SKDSRRKFIHE
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EISYFARFYHDL GENKKLQHKSTYKNGOLEFYTGGHYHPDEANSHHRNYLLOL TEGATHLKQFHN=-=-YTPTASHALDPFGHSPTHPYILOKSGFKNHLIORTHYSYKKELANQROLEFLHROTHDNKGDT
EISYFAQHYDKLAREQKDIVKRLYKKROLEFYTGGHYHPDEANSHHYSHLLOL TEGATHLATRLN--YTPYSSHSIDPFGASATHPYILKQSGFENLL TORTHYIVKKNLALKKQLEFRHROLHDTRGDT
EISYLSKHHDIIDIOKKDAYKSLIENGOLEIVTGGHYHPDEATPHYFALIDOLTEGHOMLENNIG--YKPRSGHALDPFGHSPTHAYLLNRAGLSHHL TORYHYAVKKHFALHKTLEFFHRONHDLGSYT
EISYLAKHHDIIDIPKKEAYKSLLONGOLEIYTGGHYHPDEATPHYFALIDOLIEGHOHLEKNL G-~YKPRSGHALDPFGHSPTHAYLLKRAGFSHHL TORYHYALKKHF SLHKTLEFFHRONHDLGSAT
EISFFSKHHDHINSOKRAAYRRLYASGALEHTTGGHYHPDEANTHYFAHIDOHIEGHAHLKKNID--YTPRSGHAYDPFGHSSTHPYILRLSHL TSHLIORYHYSIKKHFAATASLEFHHRATHDPDSST
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HSYLE 'NKOEAL TKLYKDGOLET' TIEQ. HLNDTIG--YIPKNSHATDPFGYSSTHAYLLRRHGFENHLIORTHYELKKDLAQHKHLEYIHROSHDAHETT
EISFFETHHRDOADEIKKKYKGYLEAGKFEIYTGGHYHTDEANAHYHSHITELFEGHEMIONHLGKSATPQSHHSIOPFGLSPSHPHLL TSANITNAYIORYHYSYKRELALKKNLEF YHROLFGSTGHP
EISFFETHHRDQADEIKKKYKGYLEAGKFEIYTGGHYHTDEANAHYHSHITELFEGHEHIQNHLGKSATPQSHUSTDPFGLSPSHPHLLTSANLTNAYIORYHYSVKRELALKKNLEF YHROLFGSTGHP
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ALFTHHHPFYSYDIPHTCGPDPKYCCOFDFKRAGSF GLS-CPHKYPPRTISDONYARRSDLLYDONKKKAEL YRTNVLLIPL GDDFRFKQNTEHDYORYNYERL FEHINSQAHFNYQAOFGTLQEYFDAY
DLFTHHHPFYSYDYPHTCGPDPKICCOFDFKRLPSHGLS~CPHNYPPKPITDONVAERAEHIVDOHRKKSYL YRTRNYLIPLGDDFRYTTSSEHERQORVNFEQL FRNYINNEPSLNYERKFATLQDYFDAY
DILCHHHPFYSYDIPHTCGPDPKICCOFDFKRLPGGRFG~CPHGYPPETIHPGHYQSRARHLLDOYRKKSKLFRTKYLLAPLGDDFRYCEYTEHDLOFKNYQOL FDYHNSOQSKFKYKIQFGTLSDFFDAL
DILCHHHPFYSYDIPHTCGPDPKICCOFDFKRLPGGRYG-CPHGYPPEAISPGNYQSRAQHLLDOYRKKSKLFRTKYLLAPLGDDFRFSEYTEHDLOCRNYEQLFSYMNSQPHLKYKIQFGTLSDYFDAL
DIFCHHHPFYSYDYPHTCGPDPKICCQFDFRRLPGGRIN-CPHKYPPRATITOSHLAERATILL DOYKKKSKL YRSKYYLYPLGDDFRYDKIQEHDAQFLHYQKL FDYHNSHPELHYQAQFGTLSDYFDAL
DIFYHHHPFYSYDIPHTCGPEPATCCOFDFARHRGFKYELCPHGKHPYETTLENYQERALKLLDOYRKKSTLYRTHTLLIPLGDDFRYISIDEAEAQFRHYQHLFDHINSNPSLNAEAKFGTLEDYFRTY
DLRSHIHPFYSYDIPHTCGPEPSYCCOFDFRRHPEGGKS~CDHGIPPOKINDDNYAHRAEHIYDOYRKKSOLFKNNYIFQPLGDDFRYDIDFEHNSOYENYKKLFEYHNSKSEHNYHAQF GTLSDYFKKL
DLRSHIHPFYSYDIPHTCGPEPSYCCOFDFRRHPEGGKS-CDHGIPPOKINDDNYAHRAEHIYDOYRKKSQLFKNNYIFQPLGDDFRYDIDFEHNSOYENYKKLFEYHNSKSEHNYHAQF GTLSDYFKKL
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Drosophila HQAERA-GOAE: ~FPTLSGOFF TYADRSDNYHSGYYTSRPYHKRHDRYLHHYYRAREHL SAH=mmmmml HSHD---GHARTEERL EQARREL SLFQHHDGITGTAKTHYYYDYEQRHQEALK
finopheles RSTSGASGHEQ: ~FPSLTGDFF TYADYNODYNSGYF TSRPY| TLLHYIRSAEMLHAM MKPLAERLEYARRQL SLFQHHDGLTGTAKDHYMED YAKRMSRATE
Hono DKADETQRDKGASH: ~FPYLSGOFFTYADRDDHYNSGYF TSRPFYKRMDRTHESHL RAAE IL YYFALRQAHKYKINKFLSSSLYTAL TEARRNL GLFQHHDALTGTAKDHYYVDYGTRLFHSLH
Hus EKAVAREKKSSOSY: ~FPALSGDFF TYADRDDHYNSGYF TSRPFYKRHDRIHESRIRAREIL YOLALKOAQKYKINKFLSSPHYTTL TEARRNLGLFOHHDALTGTAKDHYYVDYGTRLFQSLN
Xenopus YKRHGYSPGHKPP! ~FPYYSGOFFSYADREDHYNTGYYTSRPFYKSHDRVLESHL RGAE TL YSLATHHARKAGHESKYPLSDYALL TDARRNL GLFQHHDATTGTAKEAYVIDYGYRLLHSLH
frabidopsis REEADRYNYSRPGEVGSGQYYGFPSLSGDFFTYADRQODYNSGYYYSRPFFKAYDRYLEHTLRGAE THMSFLLGYCHRIQCEKFPTSFTYK~L TRARRNLALFOHHDGYTGTAKDYYYADYGTRMHTSLQ
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=LPTFSGDFFTYADRDDHYHSGYF TSRPFYKALDRYLOHYLRSAEIAFTLA: ~NIEEEGHYEAKIFEKLYTARRALSLFAHHDGYTGTAKDHYYLDYGOKHIDALN
~LPTFSGDFFTYADRDDHYHSGYFTSRPFYKQLDRYLOHYLRSAETAFTLA: NIEEEGHYEAKIFEKLYTARRALSLFOHHDGYTGTAKDHYVLDYGOKHIDALN
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ACOMVHOQSVYRLL TKPS=TYSPDFSFSYF TLDDSRHPGSGYEDSRTTIILGEDILPSKHYVHHNTLPHHUREQLVDFYYSSPFYSYTDLANNPYEAQYSPYHSHHHDTL TKTTHPQGSTTKYRIIFKARY
DCKFYHOQSVYRLL TKPS-VYQPDPAFHYLSIDDSRTY-NGSONVRPTLTLGEE-LPSKQVVLHNSLPYTRSEVVEFYYASPFYTYLDGNGGTYPSOTAPYHSHHTRP-DSISQPOPSNTKYRLLFRANY
YLEKTIGNSAFLLILKDKLTYDSYSPDTFLENDLKQ--~KSQDSLPQKNITRL SA-EPRYLVYYNPLEQDRISLYSYYYSSPTVQYFSASGKPYEVOVSA-VHDTANT - SETAYEISFRAHI
SLEKIIGDSAFLLILKDKKLYQSDPSKAFLENDTKQ---SSQDSLPOKIIIOLSAQEPRYLYYYNPFEQERHSYVSIRYNSATGKYLSDSGKPYEYOVSA-VHNDHRT SQARYEYSFLAHI
NLKRIIINAAHYL YYADKEKYHYDHSVPFFSTDESR--~L TQESLPEKTVIKLST-SPRYVLYFNPYEQNRLCYYSLLYNTYNVRYL TEDGQPYAROLSP-VHOSYTD~ NPDYYQVSFTYRL
DLQIFHSKATEVL L GIRHEKEKSDQSPSFFEREQHR---SKYDARPYHKPIRAREGNSHTVILFHPSEQTREEYYTVYVHRAEISYL DSHATCYPSOTSPEYOHDDTK-- FTGRHRLYHKAST
ACEDILSEALYVLLGID LLPEKRVYKIG=-=~0NVVLFNTLSRNRNEPTCIQVDSLDAGY~EADPPIKKQQVSPYIAYDEEKKTLYY===~KNGIFEL CFHLSL
ACEDILSEALYVLLGID VNENLLPEKRYYKIG-~-~ONYVL FNTLSRNRNEPICIQVDSLDAGY~EADPPIKKQOYSPYIAYDEEKKTLYY~-~~KNGIFEL CFHLSL
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PPHGLATYYLTISDSKPEH--TSYASHLLLRKNPTSLPLGQ-YPEDYKFGDPREISLRY--GNGPTLAFSEQGLLKSIQLTADSPHYPYHFKFLKYGYRSHGDR--
PPLGLSYYTINSKNSAEESLGYTYTKVIILSKSPFTYNLAAGYPEDIDHASPTENSLRFEEGGSTSAAF TSKGLLKSLTIENNOATYPYHLEF YRYGHOLSSGK:
PPLGLKYYKILESASSHSHLAD----YYL YKNK-VEDS----GIF TIKNHINTEEGITLENSFYLLRFD-QTGLHKAHHTKEDGKHHEYNYQF SHYGTTIKRDK:
PPLGLKYFKILESQSSSSHLAD--~~YVLYNNDGLAEN: IFHVKNHVDHEDRITIENFFLRIHFD—RSGLHEKVRRKEDSRHHELKVQFLHYETTNKRDK-
PSLGLSIFOLYASIDTHTTLKSHYRYYLHGRELTIKKQ: AFPYKYLESHTDDFYIENQYHQVHFSGTTGLLKSTI IN SGAYLFLPDGEGKPYTP
PALGLRTY-FIANGNVECEKATPSKLKYRSEFDPFPCP- 'PYSCSKLDH-- DVTEIRNEHQTLVFDVKHGSLRKIVHR-NGSETVVGEEIENVSS- —=PE~: -SGAYLFKPDGERAPTYQ
GPHESYSFRLYKNTTTS-: ~KYELITHNAREFKE: SFKSSSTSG---DF TYKNDKYEREFDGENGHIKRATSLYDDKPIDLNSHF IHYGARKSKRKFANGNEDNPAGAYL FLPDGEARELKK
GPHESYSFRLYKNTTTS- ~KVEIITHNAREFKE----TSFKSSSTSG---DF TYKNDKYEREFDGENGHIKRATSLYDDKPIDLNSHF IHYGARKSKRKFANGHEDNPAGAYL FLPDGEARELKK
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-SGAYLFLPNGPASPYEL
-SGAYLFHPAGNATLHTY
-SGAYLFLPDGNAKPYYY
-SGAYLFLPDGOGOPYYS
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Drosophila GOPYYL ~YTKGKLESSYSYGLPSYYHOTIH=———=~~| RGERPEIRNLVDI-—ESLDNTEIVNRLETHIDSEDIFVTDLNGLﬂFIKRRRLDKLPLQHNYYPIPSGNFIEDRN-TRLTLLTﬁﬂPLEE
Anopheles DAPIVL: =YHKGPLETSITAGLPFAYHATIL - IYHRLOTHINSGATFYTDLNGHOIIKRKRFOKLPIOARYYPYPSTHFIEDDH-YRLTLLGGOPLGG
Hono TTPPFYR- -VTHERIVSEVTEFFDHVTHRURLYHIQEI-EGQSVEVSNIVDI--RKVVHREIHHKISSDIKSQNRFYTDLNEYQIQPRHTLSKLPLQRNVVPHTIHRVIQDRK-HRLTLLSRQSLEV
Hus  LRPPFYR-—---YTRGRIYSDYTCFLEHYTHKVRLYNIQGI-EGQSHEYSNIVNI--RNYHNREIVHRISSKINNQNRYYTDLNGYOIQPRRTHSKLPLOANYYPHCTHAY IODAE-HRLTLLSAOSLGA
Xenopus  KDPPYYR-———-VTEGPFFSEYTCAYQHYQQYHRLYNLPGT-EGLSLDISLLIDI--RDHYNKEIAHRLSTDIASGDTFFTDLNGFOIQPRKFFKKLPLAANF YPHPTHAYIODEQ-HRLTLHTAOALGY
Arabidopsis PDEHVVTSEGLLVﬂEVFSVPKTKHEKSPLSQKTRLYTEENTLnDnVVEIEVHVELLENDFDDRELIVRVKTDVDNKKVFVSDLNGFHHSRRETVDKIPLQENYYPHPSLRFIQESNGRRFSVHSRﬂSLEV
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=L YKGEYYOKVFATPNNDLKILQTYTLYQGLPH--IDLDNEVDY: ELALRI FTDLNGHOMIKRRRATKLPTOANF YPHSAGYYIEDDT-TRHSIHSAOALGY
-LUKEEVVnKUFRTPNNDLKILHTVTLVQELPH--IDLDNEVDU--RSKENFELRLRFSSSVNSﬁDEFFTDLNEHHHIKRRRQTKLPTURNFYPHSREVVIEDDT-IRHSIHSHHHLEV
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Drosophila SSLASGELEIMQDRRLASDDERGLGOGYLONKPYLHIYRLYLEKYNNCYRP-SKLHPAGYLTSAAHKASQSLLDPLOKF IFAEN---EHIGAQGO-FGGDHPSAREDLDYSYHRRLT -~
Anopheles SSLSSGEMEIMQDRRLTRDDDRGLGOGYQDHLPYLHLFRLYLESRESCTKP-DPDYPTGFLTLPAHAGLAOSLLHPLDKLIYHEN:
Hono  SSLHSGOIEVIMDRRLHQDDHRGLEQGIQDHKITANLFRILLEKRSAVNTEEEKKS-YSYPSLLSHITSSLHNHPY-IPHANKF---SPTLELOGEFSPLASSLPCDIHLYHLRTIO:
Hus SSHASGOIEVFHDRRL ITAHLFRILLEKRSAYNHEEEKKSPYSYPSLLSHHTSSFLHNHPF-LPHYLSGOLPSPAFELLSEFPLLASSLPCDIHLYHLRTIO:
Xenopus SSLKNGELEVILDRRLI GOGLKDNKRLCSRFRILHEKRSPYNKSLGNAL -YSFPSLLSHHTSHHLNHDP-LLHAYT---~NEKGPYLKSFOPLSATLPCDFHILNLRTLE:
Arabidopsis ASLKEGHLEIHLDRRL' TYYFHLLAESNISQADPASNTHPRN-PSLLSHLIGAHLNYPINTFIAKKPADISYRYPOYGSFAPLAKPLPCDLHIYNFKYPRPS---KYSQOLEE
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SSLSSGOIETHLDRRLSSDDNRGLOOGYRDNKRTYAHFRIVIEPHSSSSGNKKEER-YGFHSHYGHLATHSLHYPLYKHI~
SSLSSGOIETHLDRRLSSDDNRGL OOGYRDHKRTYAHFRIVIEPHSSSSGNKKEER-YGFHSHYGHLATHSLHYPLYKH

-GDATPKSISSKNYEQELNCDLHLYTFRTLASPTTYEANERSTA
-GDATPKSISSKNYEQELHCDLHLVTFRTLASPTTYEANERSTA
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Drosophila KTORYGYYLHRTHLH~- =~QCGTPEEHTOKLDYCHLLPNVARCERT TLTFLQN==============1 EHLDGHYAPEVCPHETARYVSSHSS
Anopheles GASPYGLIVHRTNFE: ~-DCGS
Hono  HSNERALILHRKGFDCRFSSKGTGLFCSTTAGK-ILYOKLLNKFIVESLTPSSLSLHHS: PPGTANISE--INLSPHEISTFRIOLR
Hus  YSDEAALILHRKGFDCQFSSRGIGLPCSTTOGK-HSYLKLFNKFAYESLYPSSLSLHHS. LSPHEISTFRIRLRHT
Xenopus PSPDHHLILHRKGFDEELEHKNLHFNDTTSQEK-LSLGELFLELDIETVﬂHTSLTLHYS—-—-------—-LﬂSPSNNSHPTVSHDPHEISTVRLRFS
Arabidopsis DKPRFALILHRRAMDSAYCHKGRAYNC TSHANEPYNFSDHFKDLAASKYKPTSLHLLOEDHEILGYDDOELPRDSSOPREGRYSISPHEIRAYKLELRPHK
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AEKKARHYHHRYYPDCRSRLTLPDTSCLATG---LETEPLKLISTLKSAKKTSLTHLYE: GNKAEQFRLAPNDISSILYSF
AEKKARHYHHRYYPDCRSRLTLPDTSCLATG---LETEPLKLISTLKSAKKTSLTHLYE: GNKAEQFRLOPHDISSILYSF
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Fig. S1. A multiple sequence alignment comparing amino acid sequences of GMII from Drosophila melanogaster, Anopheles gambia, Homo sapiens, Mus
musculus, Xenopus laevis, Arabidopsis thaliana, and Caenorhabditis elegans. Highlighted residues are essential for substrate binding and catalysis.
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holding

Fc simulated annealing omit map electron density in the dGMII active site. The electron density is contoured to 3.0 o to show
the quality of the density in the region of the catalytic and holding sites. When contoured at 2.0 o, density for the complete saccharide is present.

Fig. 2. Mans fitted to the F, —
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Fig. S3. Oligosaccharide position M4 (a1,3-linked mannose) packing tightly into the holding subsite. Positions 3 and 4 of M4 pack tightly against a wall of
conserved residues, particularly R343 (not shown). The coloring of the protein reflects sequence conservation as determined by a multiple sequence alignment.
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Fig. S4. A comparison of the atomic structures of the dGMII (blue) and bLM (magenta) catalytic sites. Relevant protein side chains are shown in stick
representation and are numbered and colored respective to their protein. The M5 position as solved from the dGMIll-substrate structure is presented in
transparent yellow. Note that the side chains of the catalytic sites superimpose quite favorably, particularly those residues involved directly in saccharide
coordination.
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Fig.S5. Comparison of the atomicstructures of the dGMII (blue) holding (A) and anchor (B) sites and the equivalent regions in bLM (magenta). Relevant protein
side chains are shown in stick representation and are numbered and colored respective to their protein. The M4 and G3 positions as solved from the
dGMll-substrate structure are presented in transparent yellow
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Table S1. Data collection and refinement statistics

dGMII(D204A)-GnMansGn

dGMII(D204A)-Mans

dGMII(D204A)

Data collection
Space group
Cell

P242424

P212424

P242424

dimensions
a b c A 68.9, 109.6, 139.0 68.7, 110.0, 139.3 68.8, 109.9, 138.5
o, B,y e 90, 90, 90 90, 90, 90 90, 90, 90
Resolution, 30-1.40 (1.44-1.40) 30-1.60 (1.62-1.60) 30-1.30 (1.39-1.30)
A
Reym 0.10 (0.49) 0.07 (0.28) 0.11(0.33)
I/al 14.7 (4.9) 16.5 (5.5) 11.2 (3.7)
Completeness, 99.94 (99.55) 98.5 (96.5) 99.4 (96.9)
%
Redundancy 9.2 (7.0) 5.9 (5.0) 6.8 (4.0)
Refinement
Resolution, 1.40 1.60 1.30
A
No. 194,389 135,195 238,288
reflections
Rwork/Riree 0.187/0.209 0.159/0.180 0.192/0.216
No. atoms
Protein 8434 8,375 8,415
Ligand 84 57 Not applicable
Water 1216 1,190 1,499
B factors
Protein 15.51 15.35 11.25
Ligand 19.11 29.2 Not applicable
Water 29.51 28.3 28.92
rms
deviations
Bond 0.008 0.015 0.007
lengths, A
Bond 1.21 1.6 1.21
angles, o
PDB structure
ID 3CZN 3CVS 3CZS
Number in parentheses are for the highest-resolution shells.
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Table S2. dGMII-GnMansGn interactions

Oligosaccharide

Protein

Residue Atom Residue Atom Interaction type
M5 02 Y269 OH Hydrogen bond
M5 03 H471 NE2 Hydrogen bond
M5 04 Y727 OH Hydrogen bond
M5 02 Zn Metal coordination
M5 03 Zn Metal coordination
M5 W95 Stacking

M5 Y727 Stacking

M4 03 R343 NE Hydrogen bond
M4 04 R343 NE Hydrogen bond
M4 o4 R343 NH, Hydrogen bond
M4 D340 Stacking

M2 Q64 Stacking

M1 o4 Y267 OH Hydrogen bond
G3 03 H273 NE2 Hydrogen bond
G3 Y267 Stacking

G3 P298 Stacking

G3 P299 Stacking
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Table S3. Key residues in the dGMII catalytic site with their

structurally aligned bLM equivalents

dGMII bLM Role

W95 w77 M5 stacking
Y269 Y261 M5 H-bonding
H471 H446 M5 H-bonding
D472 D447 M5 H-bonding
Y727 Y660 M5 H-bonding
Zn Zn M5 coordination
H90 H72 Zn coordination
D92 D74 Zn coordination
H470 H445 Zn coordination
H471 H446 Zn coordination
D204 D196 Nucleophile
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