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RESULTS AND DISCUSSION
Protein purification; SDS PAGE                                         

                           
Fig 2a: Lane 1: Protein ladder; Lane 

3:Purified 76E5 MW ( 80kda)                             Fig 2b: Lane 1: Protein ladder Lane 3:Purified 76E1 
(MW 65kda)

             
Fig 2c: Lane 1: Protein ladder 

Lane 3:Purified 76D1 (MW 65kda)             Fig 2d: Lane 1: Protein ladder Lane 3:Purified 76E2 (MW 
65kda)
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ACCEPTOR LIBRARY USED 
Name Structure Molecular weight
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17 Salicin
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24 Resveratrol
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37 Myricetin
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Table 1:  Library of acceptor compounds screened



MASS SPECTRA SUMMARISED IN GAR SCREEN 
A) 76E1 Acceptor screening result
MS spectra; UDP Glucose (MW 162) was added to the test aglycones. m/z of target peaks 
(glycosylated products) are shown in bold in the red boxes below.
i) Apigenin

        
Fig 3a: MS spectrum of 76E1 glycosylation of apigenin (Full scan)       Fig 3b: MS spectrum showing   
fragmentation of apigenin  glucoside (Product ion scan)

MS/MS was used to fragment apigenin glucoside (MW 431). The observation of apigenin 
(MW 269) confirms the glucoside formation, and hence the glycosylation process.

ii) Esculetin

  

Fig 3c: MS spectrum of 76E1 glycosylation of esculetin (Full scan) 3d: MS spectrum showing 
fragmentation of esculetin glucoside (Product ion scan)

431.0        269.1

339.1   177.0  



iii) Quercetin

   

Fig 3e: MS spectrum of 76E1 glycosylation of quercetin 
(Full scan) 3f: MS spectrum showing fragmentation of quercetin glucoside (Product ion scan)

iv) Diosmetin

463.0   301.0  



 

Fig 3g: MS spectrum of 76E1 glycosylation of diosmetin (Full scan)    3h: MS spectrum showing 
fragmentation of diosmetin glucoside (Product ion scan)

v) Hesperetin

461.0   299.1  



  

Fig 3i: MS spectrum of 76E1 glycosylation of hesperetin 
(Full scan) 3j: MS spectrum showing fragmentation of hesperetin glucoside (Product ion scan)

vi) Naringenin

463.0   301.0  



  

Fig 3k: MS spectrum of 76E1 glycosylation of naringenin (Full scan) 3l: MS spectrum showing 
fragmentation of naringenin glucoside (Product ion scan)

vii) Eriodictyol

433.0   271.0  



  

Fig 3m: MS spectrum of 76E1 glycosylation of 
eriodictyol (Full scan)   3n: MS spectrum showing fragmentation of eriodictyol glucoside (Product ion 
scan)

viii) Kaempferol
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Fig 3o: MS spectrum of 76E1 glycosylation of kaempferol (Full scan)   3p: MS spectrum showing 
fragmentation of kaempferol glucoside (Product ion scan)

ix) Fisetin

 
Fig 3q: MS spectrum of 76E1 glycosylation of fisetin (Full scan) 3r: MS spectrum showing fragmentation 
of fisetin glucoside (Product ion scan)

B) 76E2 Acceptor screening

447.0   285.0  

447.0   285.0  



i) Quercetin

  
Fig 4a: MS spectrum of 76E2 glycosylation of quercetin (Full scan) 4b: MS spectrum showing 
fragmentation of quercetin glucoside (Product ion scan)

ii) Myricetin

   
Fig 4c: MS spectrum of 76E2 glycosylation of myricetin (Full scan) 4d: MS spectrum showing 
fragmentation of myricetin glucoside (Product ion scan)

iii) Fisetin

463.0   301.0  

479.0   317.0  



   
Fig 4e: MS spectrum of 76E2 glycosylation of fisetin (Full scan) 4f: MS spectrum showing fragmentation 
of fisetin glucoside (Product ion scan)

C) 76E5 Acceptor screening 
i) Kaempferol

 Fig 5a: MS spectrum of 76E5 glycosylation of kaempferol (Full scan) 5b: MS spectrum showing 
fragmentation of kaempferol glucoside (Product ion scan)
            
ii) Quercetin

447.0   285.0  

446.9   283.7  

463.0   299.8  



Fig 5c: MS spectrum of 76E5 glycosylation of quercetin (Full scan) 5d: MS spectrum showing 
fragmentation of quercetin glucoside (Product ion scan)

iii) 2,5DHBA

315.0

Fig 5e: MS 
spectrum of 76E5 
glycosylation of 
2,5-
dihydroxybenzoi
c acid (Full scan)

iv) Scopoletin

Fig 5f: MS 
spectrum of 76E5 
glycosylation of 
scopoletin (Full 
scan)

D) 76D1 Acceptor screening
i) 2,5 dihydrobenzoic acid

     
Fig 6a: MS spectrum of 76E5 glycosylation of 2,5 dihydrobenzoic acid (Full scan) 6b: MS spectrum 
showing fragmentation of 2,5 dihydrobenzoic acid glucoside (Product ion scan)

ii) Quercetin

153.0    315.0

191.0    353.0

315.0   153.0  



    Fig 
6c: MS spectrum of 76E5 glycosylation of quercetin (Full scan) 6d: MS spectrum showing fragmentation 
of quercetin glucoside (Product ion scan)

iii) Fisetin

   

6e: MS spectrum of 76E5 glycosylation of quercetin 
(Full scan) 6f: MS spectrum showing fragmentation of quercetin glucoside (Product ion scan)
DONOR SCREENING RESULT AND GLYCOSYLATION POSITION

A) 76E1 Donor screening results
1) UDP glucose and Kaempferol

447.0   285.0  

463.0   301.0  



2) UDP galactose and Quercetin

3) UDP glucose and Quercetin

4) UDP glcnac and Quercetin

447.0   284.8  

447.0   284.8  

463.0   300.9  



Fig 7: MS spectrum of 76E1 recognition of UDP glc, gal and glcnac

B) 76E2 Donor screening
UDP glucose and Quercetin

Fig 8: MS spectrum of 76E2 recognition of UDP glc

C) 76E5   Donor screening
1) UDP glucose (Kaempferol and Quercetin)

  

2) UDP galactose (Kaempferol and Quercetin)

463.0   300.9  

462.8   300.7  

463.0   300.9  447.0   284.8  



     

3) UDP glcnac (Kaempferol and Quercetin)

   

    
     Fig 9: MS spectrum of 76E5 recognition of UDP glc, gal and glcnac

D) 76D1 Donor screening

447.0   284.8  463.0   300.8  

488.0   284.9  487.9   284.9  

463.0   300.9  



i) UDP glucose and Quercetin

           

            Fig 10: MS spectrum of 76E5 recognition of UDP glc

        Table showing m/z of precursor ion and product ion for MS/MS data

Enzyme Reaction Precursor ion
(Glycoside peaks)

Product 
ion

76E1 UDP Glc/Gal + Kaempferol
UDP Glc + Quercetin
UDP GlcNAc + Quercetin

447
463
504

285
301
301

76E2 UDP Glc + Quercetin 463 301

76D1 UDP Glc + Quercetin 463 301

76E5 UDP Glc/Gal + Kaempferol
UDP Glc/Gal + Quercetin
UDP GlcNAc + Kaempferol
UDP GlcNAc + Quercetin

447
463
488
504

285
301
285
301

76E2 N320S UDP Glc/Gal + Kaempferol
UDP Glc/Gal + Quercetin
UDP GlcNAc + Kaempferol
UDP GlcNAc + Quercetin

447
463
488
504

285
301
285
301

Table 2: m/z of precursor and product ions

462.9   300.8  



Sanger Sequencing
The sequencing of mutant plasmids was carried out by Source Bioscience to confirm the 
incorporation of the mutation by template DNAs. The sequence was compared with wild type 
DNA sequences using NCBI BLAST.
76E1 S318N

 

Fig 11: Query and subject sequence; 76E1 S318N and 76E1 wild type respectively. Codon ATT (reverse 
AAT) in query is asparagine while ACT (reverse AGT) in subject is serine.



76E5 S311N

Fig 12: Query and subject sequence; 76E5 S311N and 76E5 wild type respectively. Codon ATT (reverse 
AAT) in query is asparagine while ACT (reverse AGT)in subject is serine.



76E2 N320S

Fig 13: Query and subject sequence; 76E2 N320S and 76E2 wild type respectively. Codon ACT (reverse 
AGT) in query is serine while ATT (reverse AAT) in subject is asparagine.



WILD TYPE SEQUENCING
76E5

Fig 14: Query and subject sequence; 76E5 recombinant plasmid and 76E5 sequence on database 
respectively. 



76E2

Fig 15: Query and subject sequence; 76E2 recombinant plasmid  and 76E2 sequence on database 
respectively. 



76D1

Fig 16: Query and subject sequence; 76D1 recombinant plasmid  and 76D1 sequence on database 
respectively. 



76E1

Fig 17: Query and subject sequence; 76E1 recombinant plasmid  and 76E1 sequence on database 
respectively. 



MUTAGENESIS EXPERIMENTS - MASS SPECTRA
76E2 N320S DONOR SCREEN (New activity)
UDP Galactose + Kaempferol

    
Fig 18a: MS spectrum of 76E2 N320S glycosylation of kaempferol (Full scan) 18b: MS spectrum showing 
fragmentation of kaempferol galactoside (Product ion scan)

UDP Galactose + Quercetin

     
Fig 19a: MS spectrum of 76E2 N320S glycosylation of quercetin (Full scan) 19b: MS spectrum showing 
fragmentation of quercetin galactoside (Product ion scan)

463.0   301.0  

447.0   285.0  



UDP GlcNAc + Kaempferol

    
Fig 20a: MS spectrum of 76E2 N320S glycosylation of kaempferol (Full scan) 20b: MS spectrum showing 
fragmentation of kaempferol glycoside (Product ion scan)

UDP GlcNAc + Quercetin

   
Fig 21a: MS spectrum of 76E2 N320S glycosylation of quercetin (Full scan) 21b: MS spectrum showing 
fragmentation of quercetin glycoside (Product ion scan)

488.0   285.0  

504.0   301.0  



UDP Glucose + Kaempferol

 
Fig 22a: MS spectrum of 76E2 N320S glycosylation of kaempferol (Full scan) 22b: MS spectrum showing 
fragmentation of kaempferol glucoside (Product ion scan)

UDP Glucose + Quercetin

 
Fig 23a: MS spectrum of 76E2 N320S glycosylation of quercetin (Full scan) 23b: MS spectrum showing 
fragmentation of quercetin glucoside (Product ion scan)

447.0   285.0  

463.0   301.0  



76E1 S318N and 76E5 S311N DONOR SCREEN (Loss of activity)
UDP Glucose + Kaempferol

Fig 24a: MS spectrum of asparagine mutants showing no glycosylation with kaempferol (Product ion 
scan)

UDP Glucose + Quercetin

Fig 24b: MS spectrum of asparagine mutants showing no glycosylation with quercetin (Product ion scan)

No target peak 
447.0 observed 

No target peak 
463.0 observed 



UDP Galactose + Quercetin

Fig 24c: MS spectrum of asparagine mutants showing no glycosylation with quercetin (Product ion scan)

UDP Galactose + Kaempferol

Fig 24d: MS spectrum of asparagine mutants showing no glycosylation with kaempferol (Product ion 
scan)

No target peak 
463.0 observed 

No target peak 
447.0 observed 



UDP GlcNAc + Kaempferol

Fig 24e: MS spectrum of asparagine mutants showing no glycosylation with kaempferol (Product ion 
scan)

UDP GlcNAc + Quercetin

Fig 24f: MS spectrum of asparagine mutants showing no glycosylation with quercetin (Product ion scan)

No target peak 
504.0 observed 

No target peak 
488.0 observed 



MALDI-TOF CONFIRMATION OF PROTEIN EXPRESSION
1. 76E5

Fig 25: MALDI spectrum to confirm protein expression

GST Tag

76E5 Fusion protein



The empirical determination of 76E5 molecular weight (using our sequenced DNA data, was 
converted into protein sequence and lastly used to calculate the weight) was determined. This 
was confirmed by the MALDI-TOF data, 80.69kda.

https://web.expasy.org/translate/ (DNA sequence conversion to protein sequence)
https://www.bioinformatics.org/sms/prot_mw.html (protein sequence changed to molecular 
weight)

KINETICS DATA
1) 76E1 UDP GLUCOSE

Michaelis menten plot

S(uM) V (uM/min)
0 0

10 0.0032
20 0.0042
50 0.0058

100 0.006
200 0.0064
500 0.0065

Lineweaver Burk
1/S 1/V

0.1 312.5
0.05 238.0952
0.02 172.4138
0.01 166.6667

0.005 156.25
0.002 153.8462

Km 10.5± 1.38 M
kcat/KM 0.79 s-1mM-1

kcat 0.00832 s-1

Fig 26: Michaelis menten and Lineweaver-Burk plots for 76E1
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2) 76E2 UDP GLUCOSE

Michaelis menten plot
S (uM) V 

(uM/min)
0 0

10 0.0048
20 0.0064
50 0.0073

100 0.0076
200 0.0084
500 0.0084

Lineweaver Burk
1/S 1/V

0.1 208.3333
0.05 156.25
0.02 136.9863
0.01 131.5789

0.005 119.0476
0.002 119.0476

Km
kcat/KM
kcat

8.75 ± 1.38M
   1.23 s-1mM-1

   0.0107 s-1

Fig 27: Michaelis menten and Lineweaver-Burk plots for 76E2
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3) a) 76E5 UDP Glucose

Michaelis menten plot
S (uM) V (uM/min)

0 0
10 0.0087
20 0.0116
50 0.014

100 0.0146
200 0.0151
500 0.0153

Lineweaver Burk
1/S
1/V

0.1 114.9425
0.05 86.2069
0.02 71.42857
0.01 68.49315

0.005 66.22517
0.002 65.35948

Km 8.79± 1.64 M
kcat/KM 2.21  s-1mM-1

kcat 0.0194 s-1

Fig 28a: Michaelis menten and Lineweaver-Burk plots for 76E5 
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b) 76E5 UDP Galactose

Michaelis menten plot

S (uM)
V 
(uM/min)

0 0
0.1 0.0019
0.2 0.0034
0.5 0.0046

1 0.0084
5 0.0102

10 0.0103

Lineweaver Burk
1/S 1/V

10 526.3158
5 294.1176
2 217.3913
1 119.0476

0.2 98.03922
0.1 97.08738

Km 0.57± 0.19 M
kcat/KM 22.8  s-1mM-1

kcat 0.0130 s-1

Fig 28b: Michaelis menten and Lineweaver-Burk plots for 76E5

c)  76E5  UDP N-acetyl glucosamine

Michaelis menten plot
S (uM) V (uM/min)

0 0
0.5 0.006

1 0.007
2 0.0105
5 0.013

10 0.0131
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1/S 1/V

2 166.6667
1 142.8571

0.5 95.2381
0.2 76.92308
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Km
kcat/KM

kcat

0.78 ± 0.28M
   21.3 s-1mM-1

   0.0166 s-1

Fig 28c: Michaelis menten and Lineweaver-Burk plots for 76E5

4) 76D1 UDP GLUCOSE

Michaelis menten plot
S 
(uM) V (uM/min)

0 0
10 0.0009
20 0.0016
50 0.0029

100 0.0034
200 0.0037
500 0.0037

Lineweaver Burk
1/S 1/V

0.1 714.2857
0.05 625
0.02 344.8276
0.01 294.1176

0.005 270.2703
0.002 270.2703

Km
kcat/KM

kcat

25.77 ± 8.82 M
   0.185 s-1mM-1

   0.00476 s-1

Fig 29: Michaelis menten and Lineweaver-Burk plots for 76D1
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