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Background. Glycosylation process helps in stabilization and solubilization natural of compounds. 
Glycosyltransferase (YjiC) provides for high efficient glycosylation product with an incredible variety 
of sugar moieties, typically from UDP-glucose. Vitamin C (L-ascorbic acid) is an essential nutrient 
for humans and certain other animal species. Vitamin C functions in many biological processes, 
such as collagen synthesis, antoxidation, intestinal absorption of iron. UDP-glucose acts as a 
starting material for glycosyltransferase (YjiC). In order to recycle UDP-glucose after glycosylation 
with glycosyltransferase (YjiC), sucrose synthase (AtSUS1) carry out than reversible conversion of 
sucrose and UDP to UDP-glucose and fructose. 

Materials and Methods. DNA was extracted than E.coli BL 21 and E.coli JM 109 hosts were used 
for expression of proteins. The purified protein was then analyzed by 12% SDS-PAGE than used for 
enzymatic recycle system. TLC analyse of the products were carried out to the test glycosylation.

Results. In this study, we choose substrate vitamin C for the enhancement of enzymatic recycling 
system glycosylation. In this recycle system due to the high concentration of sucrose and vitamin C 
but low concentration of UDP-glucose with is relatively expensive made the system more economic. 
TLC analyses of the products were carried out to the recycled system worked and glycosylation 
product.
Conclusion. Based on proved function an enzymatic recycling system with glycosyltransferse (YjiC) 
and sucrose synthesis (AtSUS1) to be applicable to enzymatic production of vitamin C glucoside 
and resveratrol glucoside. Further analysis by HPLC and MS will elucidate the products.

Key words: AtSUS1, Enzymatic recycling system, Glycosylation, Glycosyltransferse,                     
Vitamin C, UDP-glucose, YjiC.
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Óäèðòãàë

Âèòàìèí Ñ íü õ¿íèé áèå ìàõáîäèä íèéëýãæäýãã¿é 
ó÷èð æèìñ æèìñãýíý, õ¿íñíèé íîãîîíä õîîë 
òýæýýëýýð çàéëøã¿é àâàõ øààðäëàãàòàé. 
Êîëëàãåíû íèéëýãæèëò, íàðèéí ãýäñýíä òºìðèéí 
øèìýãäýëò çýðýã ôèçèîëîãèéí ¿éë àæèëëàãààã 
õýâèéí ÿâóóëàõàä âèòàìèí Ñ ÷óõàë ¿¿ðýãòýé.
Ãýâ÷ âèòàìèí Ñ íü õèìèéí øèíæ ÷àíàðûí 
õóâüä ìàø òîãòâîðã¿é, õàëààëò, ñààðìàã ðÍ, 
õ¿íä ìåòàëëûí íºëººíä àìàðõàí çàäàðäàã 
[1]. Ãëèêîçèëæèëò íü áàéãàëü äýýðõ íýãäëèéí 
óóñàõ ÷àíàðûã íýìýãä¿¿ëæ, òîãòâîðæóóëäàã [6]. 
Ãëèêîçèëæèëò ÿâàãäàõàä (-OH) ãèäðîêñèëèéí 

á¿ëýã ÷óõàë à÷ õîëáîãäîëòîé [8] áºãººä ãëþêîç 
íü  ãëþêîòðàíñôåðàçà (GT)-èéí òóñëàìæòàé 
ãèäðîêñèëèéí á¿ëýãòýé õîëáîãäîíî. Âèòàìèí 
Ñ áóþó àñêîðáèíû õ¿÷èë íü 2, 3-äèåíîë L-
ãóëîíû õ¿÷ëèéí γ-ëàêòîí áºãººä ãëèêîçèëæèõ 
áîëîìæòîé 4 ãèäðîêñèëèéí á¿ëýã àãóóëäàã. 
Âèòàìèí Ñ-èéí í¿¿ðñòºðºã÷èéí 2 áîëîí 6-ð 
áàéðëàëûí ãèäðîêñèëèéí á¿ëýã íü ãëèêîçèëæèõ 
áîëîìæòàé áºãººä èíãýæ ãëèêîçèëæñýíèé ä¿íä 
âèòàìèí Ñ èë¿¿ òîãòâîðòîé áîëæ àíòèîêñèäàíò 
èäýâõè íýìýãääýã. Âèòàìèí Ñ-èéí ãëèêîçèëæñýí 
AA2G õýëáýðèéã ãàðãàæ àâàõäàà ðåñàéêë ñèñòåì  
àøèãëàñàí. 
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Figure 1: Schematic reaction pathway of recycling system.

Ýíýõ¿¿ ðåñàéêë ñèñòåìä ãëþêîòðàíñôåðàçà YjiC 
íü ÓÄÔ-ãëþêîçûã çàäëàæ ãëþêîçûã âèòàìèí Ñ-
òýé õîëáîíî. Ñàõàðîçñèíòàçà AtSUS1 íü ñàõàðîç 
áîëîí ÓÄÔ-èéí ÓÄÔ-ãëþêîç áîëîí ôðóêòîç 
áîëãîí õóâèðãàõ ýðãýõ óðâàëûã õóðäàñãàäàã [3, 9, 
10]. Ýíýõ¿¿ óðâàëûí ¿ð ä¿íä ÓÄÔ-ãëþêîç ýðãýí 
íèéëýãæèæ ðåñàéêëåä ñèñòåì äàõèí ýõëýíý 
(Çóðàã 1). 

Çîðèëãî
ÓÄÔ-ãëþêîç á¿õèé ðåñàéêë ñèñòåì àøèãëàí 
ãëèêîçèëæñýí âèòàìèí Ñ ãàðãàæ àâàõ, ðåñàéêë 
ñèñòåìèéí áóñàä á¿ðýëäýõ¿¿í õýñã¿¿ä áîëîõ 
ñàõàðîç, âèòàìèí Ñ-èéí êîíöåíòðàöèéí 
õàìààðëûã õîëáîí ñóäëàõ çîðèëãî òàâèëàà.

Ìàòåðèàë, àðãàç¿é
Ðåêîìáèíàíò ãëþêîòðàíñôåðàçà YjiC-èéí 
ãåíèéã Bacillus licheniformis DSM 13 îìãîîñ 
ÿëãàí àâ÷ pET302/NT-his âåêòîðò êëîíèíã 
õèéí E.coli BL 21-ä ýêñïðåññëýñýí. Arabidopsis 
thaliana–ààñ ñàõàðîçñèíòàçàãèéí ãåíèéã ÿëãàí 
àâ÷ pQE30 âåêòîðò êëîíèíã õèéí E.coli JM 109-ä 
ýêñïðåññëýñýí. E.coli-èéí îìãóóäûã LB òýæýýëò 
îð÷èíä ºñãºâºðëºí, óëüòðà ñîíèêàòîðîîð 
çàäëàí öåíòðèôóãäýæ, óóñàìòãàé óóðãèéí 
ôðàêöààñ ôåðìåíòèéã ºíäºð äàðàëòàò øèíãýíèé 
õðîìàòîãðàôèéí àðãààð ÿëãàí, öýâýðø¿¿ëñýí. 
ßëãàñàí óóðãèéí ôðàêöûã 12% SDS-PAGE-ä 
øàëãàñàí.

Ôåðìåíòèéí ðåñàéêë ñèñòåìèéí 
ãëèêîçèëæèëòèéí òîõèðîìæòîé íºõöëèéã 
òîäîðõîéëîõäîî àñêîðáèíû õ¿÷ëèéí 100ìÌ, 
ñàõàðîçûí 100ìÌ òîãòìîë íºõöºëä, ÓÄÔ-
ãëþêîçûí 2ìÌ, 4ìÌ, 8ìÌ –í êîíöåíòðàöèä òóñ 
òóñ øàëãàñàí.
Ãëèêîçèëæñýí óðâàëûí á¿òýýãäýõ¿¿íèéã íèìãýí 
¿åèéí õðîìàòîãðàôûí (TLC) àðãààð øàëãàñàí.

¯ð ä¿í, õýëöýìæ
Y jiC áîëîí AtSUS1 öýâýðø¿¿ëñýí ä¿í 
Å.coli BL21-ä ýêñïðåññëýñýí óñàíä óóñàìòãàé 
ôðàêöä àãóóëàãäàõ YjiC õðîìàòîãðàôèéí àìèëîç 
áàãàíà, òóñãàé êèò àøèãëàí ÿëãàí àâñàí. YjiC 
óóðãèéí ôðàêö SDS-PAGE-ä òîä çóðâàñ ÿëãàðàí 
õàðàãäàæ áàéãàà íü ýêñïðåññ àìæèëòòàé áîëæ 

êîíöåíòðàöè õàðüöàíãóé ºíäºð áàéãààã õàðóóëæ 
áàéíà (Çóðàã 2).

Figure 2: SDS – PAGE of purifiedYjiC protein. 
Lane M, protein marker; Lane 1, Purified YjiC 
soluble protein eluted by 100 mM imidazole; Lane 
2, Purified YjiC soluble protein eluted by 200 mM 
imidazole;  Lane 3, Purified YjiC soluble protein 
eluted by 500 mM imidazole; (44.7kDa).

Å.coli JM109-ä ýêñïðåññëýñýí óñàíä óóñàìòãàé 
ôðàêöä àãóóëàãäàõ AtSUS1-èéã õðîìàòîãðàôèéí 
àìèëîç áàãàíà àøèãëàí, òóñãàé êèò àøèãëàí 
ÿëãàí àâñàí. AtSUS1 óóðãèéí ôðàêö SDS-PAGE-ä 
òîä çóðâàñ ÿëãàðàí õàðàãäàæ áàéãàà íü ýêñïðåññ 
àìæèëòòàé áîëæ êîíöåíòðàöè õàðüöàíãóé ºíäºð 
áàéãààã ãýð÷èëæ áàéíà (Çóðàã 3).

Figure 3: SDS – PAGE of purified AtSUS1 protein. 
Lane 1, Purified AtSUS1soluble protein eluted by 
100 mM imidazole; Lane 2, Purified AtSUS1soluble 
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protein eluted by 200 mM imidazole, Lane, 3 
Purified AtSUS1 soluble protein eluted by 500 mM 
imidazole; M, Protein marker; (88kDa).

¯ð ä¿íãýýñ õàðàõàä YjiC íü 44.7 kDa, AtSUS1 íü 
88 kDa áàéãàà íü ìîëåêóë ìàññûí õóâüä òîõèð÷ 
áàéíà. 

Íèìãýí ¿åèéí õðîìàòîãðàôèéí ¿ð ä¿í
ªòãºð¿¿ëñýí äýýæýý íèìãýí ¿åèéí 
õðîìàòîãðàôèéí àðãààð øàëãàñàí. Íèìãýí ¿åèéí 
õðîìàòîãðàôèéí óóñãàã÷óóäààð ýòèë àöåòàò; 
öóóíû õ¿÷èë; øîðãîîëæíû õ¿÷èë¿¿äèéã (6: 1: 1) 
òóñ òóñ àøèãëàñàí. Ñòàíäàðò AA2G, ñàõàðîç, 
ÓÄÔ-ãëþêîç, âèòàìèí Ñ-òýé õàðüöóóëñàí 
õðîìàòîãðàìä AA2G-òýé íýã ò¿âøèíä øèíý öýã 
èëýðñýí íü ãëèêîçèëæñýí á¿òýýãäýõ¿¿í áàéãààã 
èëòãýæ áàéíà (Çóðàã 4). 

Figure 4: TLC analysis of in vitro glycosylation 
of L-ascorbic acid. 1.Sucrose 100mM, 2. UDP-
glucose 8 mM, 3. L-Ascorbic acid 100mM, 4. AA2G 
standart 10mM , 5. Control without UDP-glucose, 
6. Rxn-with 2mM UDP-glucose, 7. Rxn-with 4mM 
UDP-glucose, 8.Rxn-with 8mM UDP-glucose.

Ýíý ðåñàéêë ñèñòåìèéã õýðýãëýñíýýð AtSUS1-
ààð õàðüöàíã¿é ¿íýòýé ñóáñòðàò ÓÄÔ-ãëþêîçûã 
ñàõàðîçûí çàäðàëààð ýðãýí ¿¿ñãýõ áîëîìæòîé 
áàéãààã 2ìÌ ,4ìÌ, 8ìÌ-ä õýðýãëýñýí íèìãýí 
¿åèéí õðîìàòîãðàôèéí ¿ð ä¿íãýýð õàðàãäàæ 
áàéíà.

Ä¿ãíýëò:
YjiC áîëîí AtSUS1 ôåðìåíò á¿õèé 
ðåñàéêë ñèñòåìä ãëèêîçèëæñýí C âèòàìèí 
òîäîðõîéëîãäñîí. Càõàðîçûã ºíäºð 
êîíöåíòðàöèòàé, ÓÄÔ-ãëþêîçûã áàãà 

êîíöåíòðàöèòàé ðåñàéêë ñèñòåìèéí õýðýãëýõ 
áîëîìæòîé þì. ¯ð ä¿íã áàòàòãàõûí òóëä HPLC 
áîëîí ìàññ- ñïåêòðîñêîïîîð (MS) øàëãàõ 
øààðäëàãàòàé. 
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