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Dextransucrase from Leuconostoc mesenteroides Sikhae
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Abstract — Studies on the changes in rheological properties, molecular weight distribution and
dextran yield after being reacted in 10%(w/w) sucrose concentration were performed with crude
dextransucrase produced from Leuconostoc mesenteroides isolated from Sikhae. The reaction rate
of dextran formation was monitored by sugar analysis with HPLC and by the changes in apparent
viscosity. According to the periodate oxidation test, the dextran produced in this experiment was
estimated to have 89% a-(1—6) main linkages and 11% o-(1—>3) side linkages. The rheological
properties of the dextran solution formed changed with reaction time, and it was related to the
changes in molecular weight distribution of dextran as determined by GPC analysis. As the reaction
proceeded, the rheological behavior changed from Newtonian to non-Newtonian, showing Bingham-
pseudoplastic and thixothropic flow behavior. The apparent viscosity of dextran formed solution
increased with increasing reaction time, reached a maximum value of 2680 cP ('}233.75 s~1 25C)
by enzyme reaction for 8 hours, and then decreased. The temperature dependency of dextran
formed solutions was well expressed by the Arrhenius equation and the activation energy reached
a maximum value of 1.69 kcal/mole by enzyme reaction for 8 hours.
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Table 1. Operating conditions of HPLC analysis for
dextransucrase activity measurement

Column Carbohydrate analysis
column{Waters)

Eluent Acetonitrile(75%, v/v)

Flow rate 2 mi/min

Detector RI detector(Waters 410)

Column temperature 35C

RI detector temperature 35¢

Injection volume

20 W
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Ny . specific viscosity

C . concentration(g/d!)

[n] : intrinsic viscosity(dl/g)
K' ' constant
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Fig. 1. Fermentation profile of Leuconostoc mesenteroi-
des isolated from Sikhae.
(Starting medium volume: 2000 m/, pH: 6.7x 0.1, tem-
perature: 23T, sucrose concentration: 2%{(w/w))
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Fig. 2. Elution profiles of crude dextransucrase by Bio-
Gel A-S(m) (at pH 5.0, 4°C).

Table 2. Structure analysis of NRRL B-512(F) and Si-
khae dextrans by periodate oxidation

Linkage type NRRL B-512(F) dextran

Sikhae dextran

a-1,6 96% 89%
a-1,2 like* 0% 0%
a-1,3 4% 11%

*a-1,2 like: a-1,2 or a-1,4 linkage

2.9 30 40 50
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T2E FHI ZoE  Leuconostoc mesenteroides
NRRL B-512(F) 7} 2 4g} dextran® A% a-(1—6)
2ol 9%, a-(1—3) Age] 4%don, 7lzpu) 2
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AME 22 lem, 443l dextran YT
Leuconostoc mesenteroides NRRI. B-512(F)7} A&}
3h= dextran®] 7% a-(1—-6) Zgte] 95%, a-(1—-3)
Adke] 5% ez deA ¢} (19).

Leuconostoc mesenteroides(Sikhag)7} AAIS}
dextran®| IR spectrum
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Fig. 3. IR spectrum of dextran produced by Leuconostoc mesenteroides isolated from Sikhae.
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Table 3. IR spectrum data of dextran produced by Leu-
conostoc mesenteroides(Sikhae)

Peak Wave number

number  (cm 1) Specification Reference
1 3380 -OH (hydrogen bonded) 20
2 2900 -CH stretching 20
3 1635  liquid water 20
4 1350  -CH: (specific for glucan) 21
5 1015  -CO (polysaccharide ring) 21
6 919  a-D-(1—6) linkages 20
(specific for dextran)
7 875  C-O-C (glucose ring) 20
8 769  «-D-(1—6) linkages 20

(specific for dextran)

Leuconostoc mesenteroides(Sikhae) 7} A A1’ dext-
ran2] IR spectrum-2 Fig. 33} ). Spectrumel] +}
bt 7t peake] &) 4] Table 33 % 2.7 peak No. 6
% 8e] dextran®| EAAH] @-D-(1-6) HEE
el 7Zlelt}(20). 22y} a-D-(1—23) #3338 vie}
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Aes FHsle] Y, ,M%RJE dextraniﬂ FEa ¥l

DwdExE

et A= Fig 49 72t} =3 7)aal sucrose)
Hk-S-F-AHE-al fructose 2] %El’-ﬂ_ﬁl“‘@ HPLCZ A

kel Table 4] “lehfidct wF2- F 7A17H71%] &
3 Hx S lgle™, - 52 dextran T8
Al Z2A Frbskeia 71Aal sucrosed] Fx= F
23] 7rAstde) Sy Rzt hvdrodynamic vO-
lumeS Yehlle A5 e &7l 8e] vl 27
Hr} dextran A AW H-2E9] *’éi‘r?}?&"l 5171
Z718h 3 o 7 glow o]«= AWAIEl dextran 2
7kt 3 dextran A Y] HEFrV7E Fl9)0.
B 2HEgos Azbch 2y "bS 8AIZE o] TR
B+ d%, ZFHE %9 dextran 5F&¢] it 74
gt ole v AECG AAdNES & [EE £ e
Ao 2 Porodisculus pendulus(22) whoFel ol 4] pe-
ndulan A4 7)ol endo-B-1,3-gluacanases £t
pendulan®] F-sfe} Fre] 2 flqle] L&A 9le 7
$-2} Rhinocladiella mansonii NRRL Y-6272(23) 2]

ol

28

Kor. J. Appl. Microbiol. Biotechnol.

120

3000
’f‘ 2700
® 2400
Ay 3 2100

= 1800

> N

3 W O D
2 EESS
(97|

Intrinsic viscosity(dl/g, &—A4)

—

%

Dextran wield(%(w/w), B—B)
==
P

1200 ‘

G e Ut
C?C:J
Lo

Apparent viscosit
fe

600 EGL, /‘*—1\.
300 Lol / .1
0 0

012345678 91011121314
Reaction time (hr)

Fig. 4. Changes in apparent viscosity (y=33 s, 25°C),

intrinsic viscosity and dextran yield with various reac-

tion times.

Sucrose conc.: 10%, reaction temperature:; 27C, enz-
yme activity: 140 DSU/m/, pH 5.0

Table 4. Changes in contents of sucrose and fructose
in the dextran solutions formed at different reaction
times

Reaction time(hr) Sucrose(mg/m{) Fructose{mg/m/)

2 65.2 15.0
4 38.9 28.0
6 9.3 36.7
8 6.7 42.1

30C, sucrose conc. 10%(w/w), 140 DSU/m/, pH 5.0

b AAANES T} 7o) o} A 7hA] 1 f1qle] ulE]o]
A e At lew 49 A% w3 A
okl ‘depolymerization effectel] 1% th}iE-i
3’ = AwEal glr). Dextran AAIuk-E- o A] Fxa}e]
A2 oeld gloi(24).

SAIZIo| U dextran Aj4oHol BEX|2F 2E O

Fig. 5+ ®F2A17P dextran QAlefe] Hxlek A
2.2 WHEE vepd Zloluvh 2417k uE8-A1%] dextran
AAd el elution profileol] A= Ralek gub A x o
dextran peak #l=Rx] ¢t 1E-} dextran®]
peakite] Elxedrt, ubg-A|7be] 7 3}3le) ule} w
A% dextran peak®l =7 Z7}3kel L 559 tube
A 52 AF-A} dextran®] peaks Az} 73 slel o,
15~50 tube7b] AukH 0 2 peak®] =7|7} Z7}
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Fig. 5. Changes of elution patterns of dextran solutions formed with different enzyme activity by Sepharose CL-

ZB'
Reaction temp.: 30C, sucrose conc.:

10%(w/w), reaction time: 8 hrs, pH 5.0

Table 5. Rheological parameters of dextran formed solutions reacted for different times at 30°C

Reaction time Flow behavior Consistency index Yield Thixotropicity
(hr) index(—) (mPa-s") stress(mbPa) (Pa/s)
0 1.1497 0.0080 0 0
2 0.6356 442.69 6995 0
4 0.5447 1833.87 26896 3288.6
6 0.5372 2548.00 60880 8920.8
8 0.5242 3405.64 69785 11377.8

Sucrose conc. 10%(w/w), 140 DSU/m{, pH 5.0

g2 o 9 el

U2 A|Z10] M2 dextran AHAQHO| Zalglar 9
=M

Table 5+ 3“431%:;]5@—- el vkg 8A|7F 7A]
gh-g-Al7bol] w}hE dextran AN FUH ST oE
o] H3lE UrEJr"ﬂ 730t} uhg 02 7ol & &E-3 o]
velubr] b {537 114975

e HEEAE ehllont wkgo

2}4] pseudoplastic EAle]l 78} .L.

A Z718kedc) dutH o g gy wEA FA L]
Txot Had FAEFES F7ks 8999 pseudoplastic
B8 Z7 A7 A 5w (25,26), 2 A3 2] vkgA]7t
3ol upE pseudoplastic A4 Z7} o A] dextran$]
MAek Z7kel A dextrane] HFEAEF Z=710)
Tl Aoz AzEeh g5 S A4 dext-
ran AT ool wE Al A AYHe F
7toll &gt Aoz Azl

ey

W..-

SA|Zio| WE dextran MHYL| AZISE 54
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33.75s '~1080 s 7= 8] FHYH HXolA dext-
ran A4 Y 2] uk-$-A17h8 hysteresis curve’del A up-
curve®} down-curve Alele] WA F  thixothropy
24¢ wlmaleleh(Table 5). 2417 ¥H3A1Z) 7+
e ARElEEA0] tiehtAl Q3o whge] A
31 =lo] wlg} thixothropy SAde] A} F7)stei o
o] dextran JAJ=FF} dextran o] HAFEAF
Z7tet A3 AEe vepl i

2 A|ZI0f| 2 dextran AdAYY FE o R ojE
o

Hl8- A7 dextran AJANE 2%(15~65C)7}
Zz713tel| wet Apgrdos AR/|HEs}E st
A}, SN Her} LxF7lel] e} Fhadtes A2
gane] dsfale) ofs] S Expire] Aujrt Ho
2|31 o) &ls)] ®xp7t ZAjE o] ok3bE 7] wjFolH,
dextran AN el & ¢ o]F:Ale c}-2-9] Arrhenius®
gurr]o g #AIE F stk eqn 3).

Nasp = K ce” Ea/RT (3)

o714 E, & 54 F oA, R 7] A A(1.9872
cal/gmole-K), K= A5 vepiict, o] 248 A4t
%] 8417} wkeA17l dextran A el fFE5EAI5} o
z]= 1.69 kcal/gmole & o]+ ®]5=3t HEE e}
Y= 0.05%(w/w) xanthan gum -8°42] 187 kcal/
gmol(26)3} u]3:3F FAo)w, 1¥F- 50%(w/w) E
vl E A 2] 7.65 kcal/gmole(27) 2o} 2H& dto =4
dextran JAoe] AMr= w3l oz ZA H
&slx] @282 o 4 slch Eyring 5(28)& &%
At 2] 2] 2ok Sy ALk WRARH, F
FZo g AFA L F7lel]l 7 Aeletar
7} A3}o] ohE dextran AN 543
=] 2] 27} 4] dextran A= F7lell wE
Bap7r W5 AgEe St W s griEo

2 o

7hApu] Alsl el 4] 2] §F Leuconostoc mesenteroides
(Sikhae) E8E] AAHE dextransucrase T& AmYof
10% sucrose® ¥WH-A|A AL dextran 2]
W7 JAE dextrand] FAF FE R 4ES 4
e 27 2 zA3lgdth Dextran PAAHF=+= vHe-
¢} HPLCE ¢]43 @My HrHHow FA
715349}, Periodate oxidation A1 ZEAI AHAXE

% r
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dextran& 89%<2] a-(1—6) HEl 11%< a-(1
—3) F-H3to] A3l o B wekEw, vk-g-X] 7|
737 3tel| whet dextran WA NYL w2 FEH S 2
Bingham-pseudoplastic ##54-S vtehigich w#H3-
A)7ko] 74 #3tell whe} A)7He]s& E-Ad (thixothropicity)
o] Z7lstg e ol#igt S GPC 45 F3}
dextran A MY 2=} dextran®] H]-&Z7}el 2§t
A4S o 209k Dextran AP H-L& kg 827
Fo] HuHE(2680cP, y=3375s7", 25C)& }E}
o, 11 o|FHE A+ ohr] s =&
dextran AJdNL X7} Frlgtel wel HErh 3t
23l om o= Arrhenius®] dulrje g FA|F
glgltl. Arrhenius 222 8§t dextran A}
5 AR HFE-R|ZFe] gt w2l F
7}alglow, 84]7F HRg-AlZ] dextran A el 75
1.69 kcal/gmole AT ZH] SxZ7}o| o7 HEwHs}
71 vl HIFE o T Uik
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