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Table S1 GIfT2 homologs used in the multiple sequence alignment.

GenBank

Accession Number

or NCBI Reference
Abbreviation | Sequence Source of sequence (bacterial species)
Nbr BAF46769.1 Nocardia brasiliensis
Nf1 YP_116420.1 Nocardia farcinica IFM 10152
Rrl YP 704064 .1 Rhodococcus sp. RHA1
Ser YP_001107843.1 Saccharopolyspora erythraea NRRL 2338
Bde ZP_02917795.1 Bifidobacterium dentium ATCC 27678
Ban ZP_02964173.1 Bifidobacterium animalis subsp. lactis HNO19
Bl1 NP_695433.1 Bifidobacterium longum NCC2705
Mth NP_218325.1 Mpycobacterium tuberculosis H37Rv
Mtc NP_338467.1 Mycobacterium tuberculosis CDC1551
Mma YP 001853631.1 Mycobacterium marinum M
Mul YP_908340.1 Mycobacterium ulcerans Agy99
Mle NP_301191.1 Mycobacterium leprae TN
Mav YP _879503.1 Mycobacterium avium 104
Map NP_959146.1 Mycobacterium avium subsp. paratuberculosis K-10
M;jl YP_001073654.1 Mycobacterium sp. JLS
Mmc YP_642179.1 Mycobacterium sp. MCS
Mva YP_956420.1 Mycobacterium vanbaalenii PYR-1
Mgi YP_001132430.1 Mycobacterium gilvum PYR-GCK
Msm YP_890616.1 Mycobacterium smegmatis str. MC2 155
Mab YP_001700925.1 Mycobacterium abscessus
Rr2 YP_704009.1 Rhodococcus sp. RHA1
Nf2 YP 116383.1 Nocardia farcinica IFM 10152
Cur YP_001799546.1 Corynebacterium urealyticum DSM 7109
Cje YP_249900.1 Corynebacterium jeikeium K411
Cgl NP_602073.1 Corynebacterium glutamicum ATCC 13032
Cg2 YP_227122.1 Corynebacterium glutamicum ATCC 13032
Cg3 BAC00276.1 Corynebacterium glutamicum ATCC 13032
Cgr YP_001139691.1 Corynebacterium glutamicum R
Cef NP_739324.1 Corynebacterium efficiens YS-314
Cdi NP_940506.1 Corynebacterium diphtheriae NCTC 13129
Sel YP_001107844.1 Saccharopolyspora erythraea NRRL 2338




Se2

YP_001102444.1

Saccharopolyspora erythraea NRRL 2338

Rsa YP 001624767.1 Renibacterium salmoninarum ATCC 33209

Afb YP 832172.1 Arthrobacter sp. FB24

Aau YP_948391.1 Arthrobacter aurescens TC1

Kra YP 001363614.1 Kineococcus radiotolerans SRS30216

Krh YP_001854751.1 Kocuria rhizophila DC2201

Njs YP_922603.1 Nocardioides sp.1S614

Cms YP_001709406.1 Clavibacter michiganensis subsp. Sepedonicus

Cmm YP_001221762.1 Clavibacter michiganensis subsp. michiganensis NCPPB
382

BI2 NP_695432.1 Bifidobacterium longum NCC2705

Sen ZP_02701557.1 Salmonella enterica subsp. enterica serovar Newport str.
SL317

Seh ZP_02665507.1 Salmonella enterica subsp. enterica serovar Heidelberg str.
SL486

Sew 7P_02832148.1 Salmonella enterica subsp. enterica serovar Weltevreden
str. HI_NO05-537

Sep YP_001589014.1 Salmonella enterica subsp. enterica serovar Paratyphi B
str. SPB7

Ses 7P_02663925.1 Salmonella enterica subsp. enterica serovar
Schwarzengrund str. SL480

Sev ZP_02706803.1 Salmonella enterica subsp. enterica serovar Virchow str.
SL491

Sej ZP 02653520.1 Salmonella enterica subsp. enterica serovar Javiana str.
GA_MMO04042433

Rba ZP _01014392.1 Rhodobacterales bacterium HTCC2654

Gox YP_191889.1 Gluconobacter oxydans 621H
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Figure S1. DDD motif is conserved among GIfT2 variants. Sequences are labeled according
to Table S1, and the label for GIfT2 is in red. The DDD motif (Asp256—Asp258 for GIfT2) is
invariant among these homologs, and the nearby residues are conserved. This alignment is
colored using ClustalW2 coloring to indicate conservation.



Nbr 383 ¥ GI F 440
Nfl 381 G F 438
Rrl 377 a GI KYF 434
gzr 414 VEFG 2 AGYF 471

e 430F : PSRTWEEYFF 488
Ban 428 F G PGRTWEEYFN 486
Bll 391F G PARGWEEYF 449
Mth 370 ADYG AT w AYF 428
Mtc 370 A G AT w A F 428
Mma 368 A G AT w A F 425
Mul 368 A G AT w H F 425
Mle 371 A G AT w H F 428
Mav 365 A G AT w A F 422
Map 368 A G AT w A F 425
Mjl 381 A G AT w A F 438
Mmc 381 A G AT w A F 438
Mva 391 A G AT w A F 448
Mgi 384 A G AT w A F 441
Msm 382 A G AT w A F 439
Mab 382 g G AT w ﬂ F 439
Rr2 381 AEYG AT AYF 438
Nf2 380 v G AT w A F 437
Cur 418 ! FG AT w A F IVAAIQHDG- 475
Cje 445 G FG AT w A F IVAAIQHDG- 502
Cgl 403 ; G AT w ﬂ F VV. HOG- 460
Cg2 406 AEYG AT AYF VV. HOG- 463
Cas 396 hilalNe iRl vvanliioc 157
Cgr 396 A G AT w A F VV. HOG- 453
Cef 438 A G AT w A F IVAAMNHDG- 495
cdi 395 A G AT A F IVGAIE-NG- 451
Sel 395 v G LNWOEYFL 452
Se2 392 H S ATDWTAYF 450
Rsa 397 E G H F n 455
Afb 403 G AYFHA 461
Aau 402 AEYS A 460
Kra 400 H G. I w H 458
Krh 368 E FG I a A : 426
Nis 396 S FG w A E 454
Cms 401 A A z z 459
e 401 WiARNAL o vQarPEA 159
B12 380N v GVR2 OSF 0 : I 438
Sen 338 GDD! m OMDFER--KISVLNSYLNF 391
Seh 338 ) “ OMDFER--KISVLNSYLNF 391
Sew 338 ) “ OMDFER--KISVLNSYLNF 391
Sep 338 ) * OMDFER--KISVLNSYLNF 391
Ses 338 ) w OMDFER--KISVLNSYLNF 391
Sev 338 ) w K OMDFER--KISVLNSYLNF 391
Sej 338 ) MHKK OMDFER--KISVLNSYLNF 391

Rba 335 IEYGC GVETICLPGVAVWHESFHHK- - DM AS 391
Gox 298 AEYGLRLKRAGFP PGVYVAHPNLON--QTRPWHHY¥DRRNALICALLERGAV 354

Figure S2. DDA motif is conserved among GIfT2 variants. Sequences are labeled according
to Table S1, and the label for GIfT2 is in red. The Asp residues in the DDA motif (Asp371-—
Ala373 for GIfT2) are invariant among these homologs, and nearby residues are conserved.
This alignment is colored using ClustalW?2 coloring to indicate conservation.
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Figure S3. Alignment used for homology model of GIfT2. This alignment was generated by the SWISS-
MODEL server and used as the basis for the homology model shown in Figure 3B. This region of the
GIfT?2 sequence corresponds to its GT2 domain. The DDD and DDA motifs in GIfT2 are highlighted in
red. This alignment showed 14.8% identity between the two sequences with an e-value of 3.6 x 107,
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Figure S4. GIfT2 catalysis is metal-dependent. Spectra from MALDI-TOF MS analysis of GIfT2
reactions are shown. Products corresponding to addition of n Galf residues to compound 3 (left) or
compound 5 (right) are observed from reactions of GIfT2, acceptor, and UDP-Galf only when metal
(Mg**; “no EDTA”) is present. In the presence of EDTA and absence of added metal, no products are
observed from reactions with either acceptor (bottom spectra).
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Figure S5. Analysis of STD NMR spectra for GIfT2 variants binding to UDP-Galf. Addition of wild-type
GIfT2 (B), D371A GIfT2 (C), D372A GIfT2 (D), D256A GIfT2 (E), or D258A GIfT2 (F) to a solution
containing UDP-Galf results in saturation transfer difference NMR signals at the indicated protons in the
UDP-Galfligand (A). The signal for each distinct proton is plotted to give an STD NMR profile.
Comparison of STD NMR profiles for the variants indicates that D372A and wild-type GIfT2 bind UDP-
Galf'in a similar manner, D256A and D258 A bind UDP-Galf similarly to each other but distinctly from
wild-type GIfT2, and D371A binds UDP-Galf in a manner distinct from wild-type GIfT2.
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Figure S6. GIfT2 D371E variant shows wild-type polymerization activity. Spectra from MALDI-TOF
MS analysis of 20 h incubations of GIfT2 D371E with either compound 3 (top) or compound S (bottom)
show polymeric products. To orient these spectra with those shown in Figure 5, certain peaks that
correspond to [M+Na]", where M equals the mass of the acceptor plus n Galf residues, are labeled with
the appropriate value of n. Labels are shown only for the short products (n = 1, 2) and for the highest-
intensity peak of the polymeric products (n = 21, 27).
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Figure S7. GIfT2 DDA motif variants show impaired activity with tetrasaccharide acceptor substrate.

GIfT2 D371A,D372A, and D372E do not promote addition of Galf residues to a tetrasaccharide acceptor
that is elongated by wild-type GIfT2 (up to +37 Galf residues) or D371E GIfT2 (up to +17 Galf residues).
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Figure S8. Sequence alignments used for homology modeling of other GT-2 glycosyltransferases. (A)
Alignment of hyaluronan synthase from Streptococcus pyogenes (SpHasA; GenBank accession number
AAA17984.1) with the sequence of a glycosyltransferase PDB ID: 3BCV. This alignment, generated
automatically by SWISS-MODEL, was used for the subsequent homology model of SpHasA, which
showed 18.6% identity between the two sequences and gave an e-value of 1.3x10™*. (B) Alignment of
cellulose synthase from Gluconacetobacter xylinus (CesA; GenBank accession number P21877.3) with
the glycosyltransferase UDP-GalNAc:polypeptide a-N-acetylgalactosaminyltransferase-T1 (PDB ID:
1XHB). This alignment was generated automatically in SWISS-MODEL and was used for subsequent
homology modeling. This alignment showed 13.1% sequence identity between the two sequences with an
e-value of 1.6x10™".



Table S2. Oligonucleotide primers used for site-directed mutagenesis. For each desired mutation, the
primer indicated in the table and its reverse complement (not shown) were used together in the PCR
mixture.

GIfT2 D256A | 5’— CAGATCCTATTCATGGCCGACGACATCCGCCTC—3’

GIfT2 D256E | 5°— CAGATCCTATTCATGGAGGACGACATCCGCCTC—3’

GIfT2 D258A | 5°— CTATTCATGGACGACGCCATCCGCCTCGAGCCG—3’

GIfT2 D258E | 5°’— CTATTCATGGACGACGAGATCCGCCTCGAGCCG—3’

GIfT2 D371A | 5°— GCCGTTGTTCATCAAATGGGCCGACGCCGATTACGGCC—3’

GIfT2 D371E | 5°’— GCCGTTGTTCATCAAATGGGAAGACGCCGATTACGGCC—3’

GIfT2 D372A | 5°— GCCGTTGTTCATCAAATGGGACGCCGCCGATTACGGCC—3’

GIfT2 D372E | 5°— GCCGTTGTTCATCAAATGGGACGAAGCCGATTACGGCC—3’




