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Mechanism of Dextran Synthesis by Dextransucrase

Myung-Hee Yoon and Yoon-Mo Koo

Department of Biological Engineering, Inha University, Inchon 402-751, Seoul

ABSTRACT

A qualitative study was made on the mechanism of dextran synthesis by dextransucrase. Enzymatic
synthesis of dextran was experimentally studied with initial sucrose concentration from 50 g/¢ to 150
g/¢ . The molecular weight distribution of synthesized dextran was measured by using on-line gel per-
meation chromatographic system. Sucrose was observed not to work as a primer within the range of
concentration tested. At the initial sucrose concentration of 50 g/¢, dextran with molecular weight of
medium range (10*—2x10°) was synthesized due to the mass transfer limitation of sucrose. The
amount of the dextran of medium range decreased with the initial sucrose concentration. Dextran was
likely to be synthesized by radical chain polymerization mechanism since the dextran of medium range

was not produced at higher sucrose concentrations.
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Fig 1. Structure of dextran.
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Fig 2. Reaction of sucrose to give a{1—6) glu-
cose and D-fructose by dextransucrase.

o) sucroseZE-E glucose 1¥3+2] dextrang A
Azl Z23k-e-g 2ot n Sucrose — Dextran(n
-mer)+n Fructose: Fig. 2) (6-8). Sucrose?]
glucose®} fructose H-#o] AA=E acetalketal
fLH vlwd F2& ol 9A](16.7~20.9k]/mol )=
Aol A Fa AEe] e{(1-6)23S A3}
ttﬂ ARt
Dextransucrased]] ¢J& dextran 2447|122 o
ko 2 t}3} 7+& insertion 7)Ao E A EH1
ek, o] A& Ao AT 2749 AIA
7} 9le] 7hrE-al %l glucosyl unite] AHA =]
A FHA 22l 2 intra-enzymatic transfergtcls
ARAlel A%}, Sucrose®] glucosyl unitd dext
—ransucrase®} FFHel BFAE o]Fo], a9}
Atz 9l dextranAtE2®] reducing-end A}ole
$1x8ke] 2 glucosyl unit®] C-OH7} Ak=tx gl
dextrantt&e] C& AAAow FAZFOZH o
(1-6) glucosidic bondE Al AMl=c &
29 FAH9) sl 2709 IAA F wdE 3}
= sucrosed F43%te] &4 -—glucosyl B E
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Glucosyl unit®} ztetx sl dextranAtEE 2709
AAA Abe]lE 4531 reducing-endo A A3
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rane| 2 25€ 4&EE of Y53, acceptor?
%7} 252 hydroxyl7|7} dextran®] Co gk
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AsatE 5-51 Z o deodc}(Fig 3)(9-12).
AR 384 ek AL maltoser}t iso—
maltoses} 7+ zﬂ%x}%ﬂq Folu} AEAle} dext-
rang Zo] si&) FH 3EA=E dextran ©A
vl F7hEateke] o84 dextrand AAE ¢
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Fig 3. Synthetic mechanism of e-(1—6) glucan by
dextransucrase (Leuconostoc mesente—
roides NRRL B-512 F)}-X; and X; repre-
sent nucleophiles at the active site. O—<=
sucrose, O-CH;OH=glucose, <=fruc-
tose, and ~O-O-—=two glucose residues
linked e{(1—#6).
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ol “native” dextran®] AA7)3He& AAH R o
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Leuconostoc mesenteroides NRRL B-512 F(ATCC
10830A)elt}. FFE= 4°CoA peptone 10g/7,
yeast extract 5g/ ¢, sucrose 100g/ ¢, agar 20g/ ¢
o] &hH aA A sl v EE sucrose
15g/¢, potassium phosphate 10g/¢, yeast ex-
tract 2g/4, peptone 5g/4¢, salts solution 5mi/ ¢
(40g/¢ MgSO, + H;0+2g/¢ NaCl+2g/¢ FeSO,
TH,0+2g/¢ MnSO, - H0)% AH&-3hgdc}. Z2Ha
Az (AT FA4L D) 9js) 4 R ddd
5 233t A3kt

g AR FFE 120mle] WAz} £
ol 250ml Zelael] HFAIA Aehuikr| (Vi
sion Scientific Co.)el4 27°C, 150rpme2 124]
7b Eob Awjokstgdct. wlx] 250mi7k £ e
500mle) Furg ZTebazel whRe]l 10%(v/v)el
el Aujeksl wade AAFAA el
Zre z 76l A] 8417k Fat wieFaEkodch

Dextransucrase =542 H|=

HFEatake] 65x 10t A x el o] R4+ pH6ET
3} 23°Ce BEERAA HZ AAEE AR
Bygs ¢lovk(l,2) HARE 274 150rpm
o2 8A17F Tt Alvhulofatdc). ad 250mlE
25°C, 8000rpmellA] 5¥7F YARelste] FAE
AAs et QAR F dojAl A 100mlel
& 29 A A ol 5mM CaCl, 3mlE #7138k sde}. 0.IN
NaOH4& 48 AHg-sho] 4439 234 pHel pH
528 ZAdd o]7lg Zaad 0B AMEI)
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sion Scientific Co.)ellA] A 8ha}edem, Fuke-9
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5o gl 500ml St~ 30C 2o s}
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1) Eluent: D. W. 2) Operation condition () flow rate:
0.45ml/min. @ temp.:25C @ injection vol.:0.45ml
3) Data processing: LOTUS 123 4) Gel:Sephacryl S~
400 HR (D bead size:25~75um @ dextran MW
range: 2X10°~4X10° () globular protein MW
range: 1 X 10*~1.5X10°

Fig 4. Schematicdiagram for on-line GPC sys-
Xtem.

o] GPC system$ AHgdtdy, 7 2AEE Fig 4
of Yelslr}. ABelEad@ e 2 Ae] lcm,
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Jacketo. 2 # 9o o}aUPE A3t mTMlE
a2 T 225 25CE A5k c). A8l gel
< A7) WAEA7E 73 Al oiste] Eaje
2x10*~8x10%2] 32, dextrano] ©js}o] R =}k
1x10*~2x10°2 Sephacryl S400 HR(Pharma-
cia LKB, Sweden)e]gic}. o] gel& Ab4Eqw gl=
27] WA ZRrtE 1AL gel Tl £ ®
Ak WH7E 7H e geld] sholnt. o) Abgh
F-ol peristaltic pumps} three-way valveS 17
stod Al g} SeH(33 SF5)E #9 <F045ml
o] AAF {FE&o B FHIch 9 sdie
flow—celle] #2t=l 233335 A (Spectronic 601,
Milton Roy Co.)& <173} 197nme] z}ate) 4]

9 FY5E A3l onlinee s 9I4¥ 7Eg
o4 7S 9JHukgicl a8 LOTUS package

5 A3t gEAzte)] dig UVEREE 482
e g ehfgich

A RERE A7) Y8 AH43 iFEAe
Dextran T40( 3752k 39, 100), Dextran T-
70(Fd-EAF 66, 700)o1%lx, el FIFHIe}
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Fig 5. GPC chromatograms of dextran produced
by dextransucrase with reaction time as a
parameter at the initial sucrose concentra-
tion of 50g/% .
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Fig 6. GPC chromatograms of dextran produced
by dextransucrase with reaction timeasa
parameter at the initial sucrose concentra-
tion of 100 g/ .
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Fig 7. GPC chromatograms of dextran produced

by dextransucrase with reaction time as a

parameter at the initial sucrose concentra-

tion of 150g/£.
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o, 7 o|5}9) sucrose ¥ &A= sucrosed] A
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Fig 8 Peak area fraction of high molecular
weight(>2 X 10°) dextran to the total peak
area with sucrose concentration as a pa-
rameter: @, 50g/¢; M, 100 g/¢; A, 150g/L.
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Fig 9. Peak area fraction of low molecular
weight(<10%) dextran to the total peak
area with sucrose concentration as a pa-
rameter: @, 50g/2; M, 100 g/2; A, 150g/2.
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Fig 10. Total dry weight of dextran produced by
dextransucrase with sucrose concentra-
tion as a parameter: @, 50g/2; W, 100g/
2; A, 150g/8,
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F3 slch. A FEHYNM BAE dextrang]
272%o| sucrose ¥To vl#sls o 1}
elgdcl. s medla GPCY £ Ale] yolx]e=
A& (Fig. 5~7 %) & ode} F3ub-d o A
gukrlo} dejzlch= AR, @ F9o ARk
dextran®tt A& o] wEAF dextrane]
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