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Figure S1. SDS-PAGE (4–20% Tris-Glycine gel) analysis of 

B4GalT. Lanes: BI, whole cell extract before induction; AI, 

whole cell extract after induction; L, lysate after induction; 

PP, Ni
2+

-NTA column purified protein; M, protein markers 

(Bio-Rad precision Plus Protein Standards, 10–250 kDa). 

 

 

 

 

 

 

 

 

 

Figure S2. Metal effect of Hp3GlcNAcT (A) and NmLgtA (B). Gray columns, MnCl2; white columns, 

MgCl2; black columns, CaCl2. The reactions were carried out with the addition of different 

concentrations (1, 5, 10, and 20 mM) of different metal ions (MgCl2, MnCl2, CaCl2) or EDTA (10 mM) 

in Tris-HCl buffer (100 mM, pH 8.0) containing UDP-GlcNAc (1 mM), LacMU (1 mM), and 

Hp3GlcNAcT (3 g) or NmLgtA(2 g). Reactions were performed at 30 C for 10 min. The reaction 

without metal ion nor EDTA was used as a control. 
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Figure S3. Sugar nucleotides and derivatives
1-6

 used for donor substrate specificity studies of 

Hp3GlcNAcT and NmLgtA. 

 
 

Figure S4. Protein sequences alignment of Hp4GalT, NmLgtB, and B4GalT analyzed by software 

of ClustalW2 and GeneDoc. 
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Figure S5. HRMS analysis of the acceptor substrate specificities of Hp4GalT, NmLgtB, and B4GalT 

using products obtained from NmLgtA or Hp3GlcNAcT-catalyzed reactions. Starting materials and 

products (m/z values) are shown in red circles. Reference m/z values are shown in green circles. 

Estimated yields are shown. 

 
 

 
 

 
 

lyh  HPLgtB 7 #17-52 RT: 0.16-0.46 AV: 36 NL: 1.28E5
T: FTMS + p ESI Full ms [150.00-1200.00]
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806.3894lyh  NmLgtA 4 #14-66 RT: 0.13-0.60 AV: 53 NL: 9.23E4
T: FTMS + p ESI Full ms [150.00-1200.00]
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     Gal1–4GlcNAc1–3LacMU 
                                           [M+Na] 

Gal1-4GlcNAc1–3LacMU 
                                     [M+Na] 

UDP-GlcNAc 

NmLgtA & Hp4GalT  
Yield: 100% 

 

UDP-GlcNAc 
NmLgtA & NmLgtB  
Yield: 100% 
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xue rx 16 #13-62 RT: 0.15-0.72 AV: 50 NL: 6.79E4
T: FTMS + p ESI Full ms [200.00-1500.00]
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lyh  HPLgtB 8 #18-56 RT: 0.16-0.50 AV: 39 NL: 1.10E5
T: FTMS + p ESI Full ms [150.00-1200.00]
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lyh  NmLgtB 5 #34 RT: 0.30 AV: 1 NL: 1.85E5
T: FTMS + p ESI Full ms [150.00-1200.00]
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                                           [M+Na] 

  Gal1–4GlcNTFA1–3LacMU 
                                          [M+Na] 

Gal1–4GlcNTFA1–3LacMU 
                                         [M+Na] 

 GlcNAc1–3LacMU 
 [M+Na] 

UDP-GlcNAc 

NmLgtA & B4GalT 
 Yield: 90–95% 
 

UDP-GlcNTFA 

NmLgtA & Hp4GalT   
Yield: 100% 
 

UDP-GlcNTFA 
NmLgtA & NmLgtB  
Yield: 95–100% 

 

   780.1960 
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xue rx 19 #20-41 RT: 0.23-0.46 AV: 22 NL: 2.09E5
T: FTMS + p ESI Full ms [200.00-1500.00]

780 800 820 840 860 880 900 920 940

m/z

0

20

40

60

80

100

120

140

160

180

R
e
la

tiv
e
 A

b
u
n
d
a
n
ce

942.2430

879.2824
780.1901

811.4830

824.2789

838.1487 926.2029884.6175795.5854 861.0004

lyh  HPLgtB 9 #24 RT: 0.22 AV: 1 NL: 7.23E4
T: FTMS + p ESI Full ms [150.00-1200.00]
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xue rx 21 #24 RT: 0.28 AV: 1 NL: 1.12E5
T: FTMS + p ESI Full ms [200.00-1500.00]
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Gal1–4 GlcNAcN31–3LacMU 
                                             [M+Na] 

Gal1–4 GlcNAcN31–3LacMU 
                                             [M+Na] 

Gal1–4 GlcNTFA1–3LacMU 
                                         [M+Na] 

GlcNTFA1–3LacMU 
[M+Na] 

UDP-GlcNTFA 

NmLgtA & B4GalT  
Yield: 60–65% 
 

UDP-GlcNAcN3  

NmLgtA & Hp4GalT   
Yield: 100% 

 

UDP-GlcNAcN3  
NmLgtA & NmLgtB 
Yield: 100% 
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xue rx 22 #20-43 RT: 0.23-0.49 AV: 24 NL: 5.71E4
T: FTMS + p ESI Full ms [200.00-1500.00]

760 780 800 820 840 860 880 900 920

m/z

0

20

40

60

80

100

120

140

R
e

la
tiv

e
 A

b
u
n

d
a
n

ce

866.3108
811.5404

767.2186

929.2704

830.0179

924.2569795.6533 878.5507 895.9484

779.3998

856.5017

834.6177

xue rx 1 #24-50 RT: 0.22-0.50 AV: 27 NL: 5.71E4
T: FTMS + p ESI Full ms [200.00-1200.00]
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xue rx 2 #16-45 RT: 0.19-0.52 AV: 30 NL: 5.70E4
T: FTMS + p ESI Full ms [200.00-1200.00]
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NmLgtA & B4GalT  
Yield: 35–40% 
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Yield: 75–80% 

 

UDP-GlcNGc 

Hp3GlcNAcT & NmLgtB  
Yield: 90–95% 
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xue rx 23 #17-46 RT: 0.20-0.53 AV: 30 NL: 4.85E4
T: FTMS + p ESI Full ms [200.00-1500.00]
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xue rx 25 #19-47 RT: 0.22-0.54 AV: 29 NL: 5.61E4
T: FTMS + p ESI Full ms [200.00-1500.00]
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Gal1–4 GlcNAcPh1–3LacMU 
                                            [M+Na] 

Gal1–4 GlcNAcPh1–3LacMU 
                                            [M+Na] 

GlcNAcPh1–3LacMU 
[M+Na] 

 802.2482          GlcNAcPh1–3LacMU 
          [M+Na] 

       Gal1–4 GlcNAcPh1–3LacMU 
                                                   [M+Na] 

UDP-GlcNAcPh  

NmLgtA & Hp4GalT   
Yield: 50% 
 

  802.2486 

UDP-GlcNAcPh  
NmLgtA & NmLgtB  

Yield: 100% 

 

UDP-GlcNAcPh  

NmLgtA & B4GalT  
Yield: 20–25% 
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xue rx 27 #32-57 RT: 0.38-0.66 AV: 26 NL: 1.27E4
T: FTMS + p ESI Full ms [200.00-1500.00]
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xue rx 8 #19-42 RT: 0.23-0.39 AV: 16 NL: 5.51E4
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xue rx 4 #22-53 RT: 0.26-0.61 AV: 32 NL: 4.09E4
T: FTMS + p ESI Full ms [200.00-1200.00]
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UDP-GlcNAcPhPh  
NmLgtA & NmLgtB  
Yield: 100%  
 

     Gal1–4GlcNAc6N31–3LacMU 
                                                   [M+Na] 

UDP-GlcNAc6N3  

HpLgtA & Hp4GalT   
Yield: 100% 

         Gal1–4 GlcNAcPhPh1–3LacMU 
                                                        [M+Na] 

     Gal1–4GlcNAc6NH21–3LacMU 
                                                 [M+H] 

 GlcNAc6NH21–3LacMU 
 [M+H] 

UDP-GlcNAc6NH2  

HpLgtA & Hp4GalT 
Yield: 20% 
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xue rx 5 #18-43 RT: 0.22-0.50 AV: 26 NL: 1.21E5
T: FTMS + p ESI Full ms [200.00-1200.00]
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xue rx 5 #18-43 RT: 0.22-0.50 AV: 26 NL: 2.38E4
T: FTMS + p ESI Full ms [200.00-1200.00]
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xue rx 11 neg #17-53 RT: 0.15-0.46 AV: 37 NL: 5.77E4
T: FTMS - p ESI Full ms [200.00-1500.00]
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                                              [M-H] 
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                                                   [M+Na] 

GlcNAc6N31–3LacMU 
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UDP-GlcNAc6N3  
HpLgtA & NmLgtB  
Yield: 5–10% 
 

UDP-GlcNAc6N3  
HpLgtA & NmLgtB  
Yield: 5-10% 
 

UDP-GlcNAc6SO3  

HpLgtA & Hp4GalT   
Yield: 100% 
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xue rx 33 #26-47 RT: 0.29-0.53 AV: 22 NL: 5.51E4
T: FTMS + p ESI Full ms [200.00-1500.00]
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xue rx 33 #26-47 RT: 0.29-0.53 AV: 22 NL: 3.75E4
T: FTMS + p ESI Full ms [200.00-1500.00]
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                              [M+Na] 

                 Glc1–3LacMU 
                           [M+Na] 

UDP-Glc  
NmLgtA & NmLgtB  
Yield: 95–100%  
 

UDP-Glc  
NmLgtA & NmLgtB 
 Yield: 95–100%  
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Table S1. 
13

C NMR chemical shifts assignment of LacProN3 (Gal1–4GlcProN3) and GalNAc1–

3Gal1–4GlcProN3 (1). 
 

Residue Carbon atom Chemical shift (ppm) 

Glc C LacProN3 GalNAc1–3Gal1–4GlcProN3 (1) 

 1 101.99 101.97 

 2  72.67 72.65 

 3  74.23  74.22 

 4  78.22  78.20 

 5 74.64  74.63 

 6 59.92 59.92 

Gal(1-4) 1 102.79 102.81 

 2 70.82 69.93 

 3  72.37 81.63 

 4  68.41 67.61 

 5  75.22  74.84 

 6  60.89  60.82 

GalNAc(1-3) 1  103.20 

 2  69.93 

 3  70.59 

 4   68.34 

 5   74.74 

 6  60.85 

 C=O 174.61 175.03 

 CH3  22.37  22.09 

ProN3 OCH2CH2CH2N3  67.24  67.23 

 OCH2CH2CH2N3  28.10  28.10 

 OCH2CH2CH2N3  47.73  47.73 
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Table S2. 
13

C NMR chemical shifts assignment of Lac (Gal1–4Glc) and Gal1–3Gal1–4Glc (2). 

 
Residue Carbon atom Chemical shift (ppm) 

Glc C Lac (-isomer) Gal1–3Gal1–4Glc (-isomer) (2) 

 1 91.68 91.70 

 2 71.28 71.27 

 3 71.01 71.03 

 4 78.27 78.08 

 5 69.97 68.43 

 6 60.92 60.87 

Gal(1–4) 1 102.75 102.39 

 2 70.83 69.95 

 3 72.38 81.75 

 4 68.43 68.28 

 5 75.22 74.65 

 6 59.94 59.80 

Gal(1–3) 1  104.21 

 2  70.07 

 3  72.36 

 4  68.30 

 5  74.85 

 6  59.94 
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1
H and 

13
C NMR spectra of GalNAc1–3Gal1–4GlcProN3 (1) 
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1
H and 

13
C NMR spectra of Gal1–3Gal1–4Glc (2) 
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