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The optimal condition for the production of a glucan and a fructan synthesizing enzymes from Leuconostoc mesenteroides
NRRL B-1149 were studied based on the different medium compositions. Response surface methodology was applied to find
the optimistic condition showing the relationship between the fermentation response (enzyme activities) and the fermentation
variable concentrations of yeast extract, peptone concentration, K;HPOs concentration and sucrose. Optimum medium
composition for both enzymes production was 0.75% yeast extract, 0.72% peptone, 1% K:HPO, and 2.17% sucrose. Using
this medium, the activities produced in culture was 0.90 Ujm¢ for glucosyltransferase (GTase) and 0.96 Ufm¢ for
fructosyltransferase (FTase). After purification of 1149FTase by consecutive chromatographies using Sephadex G-150 and
DEAE-Sepharose, a 1149FTase of 210 kDa on 7% poly acrylamide gel was isolated and it synthesized soluble fructan. The

1149GTase showed a band of 180 kDa on 8%

poly acrylamide gel after purification using Bio-Gel

P-100 gel

chromatography and DEAE-Sepharose ion exchange chromatography and it synthesized insoluble glucan. The linkages of
polymers were determined by methylation using Hakomori reagent and following NMR analysis. The glucan was composed of

a(1—6) and a(1—3) linkages and the fructan was levan.
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2). Leuconostoc 4> 2] GTase?l dextransucrase (EC 2.4. 1.5)
= 84 344 ¢ dRAAAZ AHEHT Qe AL 2
o] dextran T-70 (B TFEAF 70,000)7 dextran T-40 (B
WA 40,000), 283l HaEAEe] 75,000 £ 25000 H)
ol clinical dextran-g AJ4+s}=d] Al4-H dextransucrased] %
Foll i} FAE T dextrand] 7}RAEE FFH [, a(1-2),
a(1-3), a(1—4)] 2 H&o] t}=h3). GTase/} sucroseE 7]
A2 glicang FAste 23 HEC] AL HEd Fo &
g3l £2& 24 OHVIE ZT IFES I7E A%
sucrose2] glucose Z717F H7MgE iR dgFHo] A
237 & FH0] FES FAUTE o) sucroses] ]
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Yol epsE 52 S38ES 484 (acceptors)g} 1M,
o] Whg 71ZE 83 WS (acceptor reaction)o]2} 3t} 4
£ "o o8 IF4E gud &L FHo] IFPEL
B840 FF By ol /A9 sucrosest FEA FTEe

A F Eu
&, 283 AU FEA TR g AHEY 72 3
&o| 24 "vHd, 5).

GTases¥= =7]7} 155~200 kDa A% o]™ sucroseo] 2%
2 B AL 3l catalytic domaino]& B2l N-terminal
¢} sucrose binding domain¥} glucan-binding &S 3=
C-terminal domain® 2 FAEo] e A= €8x YA
9 @A)7HA amylosucraseE A3 3% FRE 8 R A
¢ gkth6). FTases & inulosucrase (EC 2.4.1.9)% fructose7}
sucrosed] pR2—1E 92 % inuling 3§48} 1L levansucrase (EC
2.4.1.10)= fructose?} sucrosedl| p(2—6) +Z 2 AZAH levanS
A&} H T fructand} fructooligosacchride= 43 314
E, A%E 24 Bob 5 494 28 1540 AN 3)
o HA7A 19% 2] Flases®| A2} 7} Genbank 4dl] 58
5o] 3i.

L. mesenteroides NRRL B-11499]4 AAtd FhAe
glucose?t a(1—-3) 2T o2 944" E84 glucans 433}
T Aoz SHAGD. A FHZ B drdedAe L
mesenteroides NRRL B-11497-0] glucoseE a(1—6)3} a(l—
o= At BE4 glicang 43t 84 fructan
& wHTe FARAUG. oy B ATANE L
mesenteroides NRRL B-1149¢| 4] GTase$} FTased] HZA A
S Y3 WA =71 #2893} Box-Behnken designZ
3k Hkg X 2249 (response surface methodology)(8, 9)
y AHEste wix] AREE 2SI, BEA gluicandt &
A fructang FAse E4HE EE FASS 2 st
54% A3t

2~
T

2 oo o offt

>

al d
= 3

Wi

FEAZ AHSS ©43E3 $AAES Sigma Chemical
Co.(USA)o A FdatRL, 8 A%k GR 579 A& A
A glol AH&-3HA T

=79 ujxA

L. mesenteroides NRRL B-1149% 2% (w/v) glucoseE E g
3 LM HiR| (1 29 F/43 4 g yeast exiract, 2 g peptone,
02 g MgSO, - TH;0, 0.015 g CaCl, - 2H,0, 0.01 g FeSO; -
TH,0, 001 g NaCl, 2 g K;HPO,, 001 g MnSO, - H0)Z o
83t 28T A w3ttt

Table 1. Independent variables and experimental design levels for trial

X Medium condition Standard levels

' (%) -1 0 +1
X Yeast extract 0.25 05 0.75
X; Peptone 0.25 0.5 0.75
X; K:HPO4 1 2 3
X4 Sucrose 1 2 3

*Independent variables
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U
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Table 2. The Box-Behnken design for the four independent variables

o Unit: %
Trial 1o, Yeast extract Peptone K,HPO, Sucrose

0.6)] (X2) (X3) (X)
1 0.25 0.25 2.00 2.00
2 0.75 0.25 2.00 2.00
3 0.25 0.75 2.00 2.00
4 0.75 0.75 2.00 2.00
5 0.50 0.50 1.00 1.00
6 0.50 0.50 3.00 1.00
7 0.50 0.50 1.00 3.00
8 0.50 0.50 3.00 3.00
9 0.25 0.50 2.00 1.00
10 0.75 0.50 2.00 1.00
11 0.25 0.50 2.00 3.00
12 0.75 0.50 2.00 3.00
13 0.50 0.25 1.00 2.00
14 0.50 0.75 1.00 2.00
i5 0.50 025 3.00 2.00
16 0.50 0.75 3.00 2.00
17 0.25 0.50 1.00 2.00
18 0.75 0.50 1.00 2.00
19 025 0.50 3.00 2.00
20 0.75 0.50 3.00 2.00
21 0.50 0.25 2.00 1.00
22 0.50 0.75 2.00 1.00
23 0.50 0.25 2.00 3.00
24 0.50 0.75 2.00 3.00
25 0.50 0.50 2.00 2.00
26 0.50 0.50 2.00 2.00
27 0.50 0.50 2.00 2.00
28 0.50 0.50 2.00 2.00
29 0.50 0.50 2.00 2.00

B4 84 &%

GTase$} FTasee] 4L 7|42 Z7 pH 6.8% pH 6.39)
50 mM sodium phosphate buffero] =<1 200 mM sucroseE
AHE-3te] 28Tl A whg-sted fr2lE @3-S TLC (Silica gel
60 aluminium sheet, Merck Co., Germany) 2 #2438t} ztzt
o wgde 1w Hstdl TLC plated] FH A3t
nitromethane/1-propanol/water (2/5/1.5, viv/v\)E F ¥ A3}
At A7) = TLC plateE 0.3% N-(1-naphthyl)-ethylenediamine
o 5% PAE T NS ol&ate] 2P F ahe)Eol
& fructose F-& glucose %S H 4319 TH10). B4 1 Unit
L 189 4 1 % sucroseE 5B 52 fructose % (GTase
7393} glucose & (FTase 7-$)¢] uymol -2 FH T}

CHy Mgk
HAsA FHAE ME 100 pgoo] Bradford AF 1 miE
¥ SEL A2eA BAF F 595 mmelA FREE S
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A 3}al bovine serum albumin (A-7517, Sigma Chemical Co.,
USA)S %F BAE 3o A gz =& 44sdt
(11).

e

4% FH|

€ B ZAYer U HFH A =49 0.75%
yeast extract, 0.72% peptone, 1% K,HPO, 133 2.17%9
sucrose 2 TAE iAo wjFsld AL 3 29 wiYAS
AR (10000 x g, 15¥)8te] 35 FeHd 01%
(w/v) Tween 803} 1 mM CaCly, 0.02% NaN;= &7}t
3435 BANE hollow fiber filtration ¥ (30 kDa cut off,
Millipore, USA)S o] 3141 300 miZ F33%1 ¥39
FAE 20 mM sodium phosphate buffer (pH 6.8)% %43k
F ol wulg Blo o]&¥ zaLHoT FHEHT

1149FTase} 1149GTase2| A |

ZHAYMS 20 mM sodium phosphate buffer (pH 6.8)%
835271 DEAE-Sepharose column (2.5 c¢cm x 35 cm)ol
FHAIL, column 3} Julo] e 2 DL
2 A%FHA 2= guads AF3ge. F84d dude
NaCl FEE 01 M7HA @A F 22 F7EA71HEA 60 mifhr
o f&o2 SEAAY. 77t EF2 25 miftube] YLt
53 Z FTase &4o] 73t A group?} GTase9} FTaseZ A
S 7o) ZE= B growpl® UL FTaseBA S Hole
group A9l &4 +F PEG Mw 20,0000E o] &3l T £
20 mM sodium phosphate buffer (pH 6.8)Z E413}4t}. o]
5 2o buffer2 P33 A7 Sephadex G-150 column (0.7
em x 1.7 m)o] loadingdlx 2& buffer? §23}e] o] &
FTase #4°] e FE& 353dth Flase 4%
GTase EA4S FAd 713 &4 B group2 4% (MW
12,000, cellulose membrane, Spectrum Inc., Canada)®] %
PEG (Mw 20,0000 ©| 83t 53y, v3d @Ha
20 mM sodium phosphate buffer (pH 6.8)2 £413 I &
3 buffer2 ¥ 3}A]7]1 Bio-Gel P-100 column (1.5 cm x
100 cm)ol| loadingd}xl, 22 bufferE o|-&35le] LFA|A
GTased #AS 71X B8-S Fo} 20 mM sodium
phosphate buffer (pH 6.8)2 ¥ &3}A)71 DEAE-Sepharose
column (1.4 em x 20 cm)o] & A7 & NaCl (0-0.5 M)&
o] g3ta] £&5ldd. &4 A RE FAHL 15TOA
Saaheet

e o K

cH Aol MI|HS

Bxo A ARE F9E 24 AEE Laemmelio] W
o] ]3] Tris-glycine buffer (pH 88)Z 1|3 7~8%
polyacrylamide gel-& ©] &3}l 50 mAdA] H7|HFoz &
SEtHtH(12). AvigdEe] ¢ ¥, dwl@de Coomassie
Brilliant Blue R-250 &% & A&t A3t

&4 240 0|XE pH

2 pH9} pH ¢S ZAAY] 93t 20 mMe]
citrate buffer (pH 3~4.5), sodium acetate buffer (pH 3.5~5.5),
sodium phosphate buffer (pH 6.0~8.0) 18] Tris-HCl (pH
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70-9.0) buffers Al4-3ta] pHEZ Fa WS Qo &
429 HZA pHE 200 mM sucroseE 7z} pHO| buffero] 9]
3 B4 28ToA 2087 BHSAI F

BatAch. E£3, pHol B3 84 AL S48

buffers} Eg3tal 124120 B2t 4T 2AF F, 50 mM

FTased] A4S =X ch Zt buffere] pH7} &4 ¥H3
N9l pHel F= JFE A

e HF 2EE A7) A3 ZAAE o &%
4~60TC)ol A pH 6.87 pH 6.32] 20 mM sodium phosphate
buffer pH 6.83} pH 6.30] =21 200 mM sucrose$} 1A]7F ¥H5-
NA 2 H0] U} fructose %3 glucose F& 43
GTase®} FTase®] &4& 77t Fatgon, &= A2
7t eZolX E4F 10213 < WA A7l ¥ pH 6.87
pH 6.39] 200 mM sucrose9} 28°ColA 2083t whg-3lxz Z+
zahe 5o B4E A,

B4 Y0 0jX= 2 A
Q.

Polymer &tA

AAH GTase (32 U/ml)9+ FTase (4.6 U/ml) 2+zHS 300
mM sucrose®} 28C o)A sucrose’t 25 ARE w7lA] ¥k
A &, wedE Y4 BEste EE8A4H 484
polymer® W11, E&A polymers B2 ofz] W Ao A
ZA7)1, 7849 polymere 89 28] 3]l ethanol
£ Hubsle AAA7 3 o]E FBol A FZola HAA
7l AAE 29 wEdd d3E AAS 5% 84
polymer?HS 931t}

Polymero] F2x=HEAM

GTase®} FTaseo| <3 TAH polymerd JTE+=
methylation®} NMR #2418 o]&3}l9t. FHl® polymers
HakomoriA) 2k ©. 2 methylationd}32, 2 M trifluoroacetic acid
2 2 ks Fol 7M5ES AEES TLC plated] 3
3} & acetonitrile/chloroform/methanol (3/9/1, v/v/vZ F ¥
AMEe] B4 rhi3). NMR EX o2+ B4 glucan
o] A4 DMSO (Merck, Germany)E ©]-£3to] =ojx, 4
A fructand] 7= DO (Merck, Germany)d] ¢} carbon
NMR (125 MHz, Bruker AMX-500)% proton NMR (500
MHz, Bruker AMX-500)& =383t}

o

284

=24 922 20 mM sodium phosphate buffer (pH 6.8)
o oA FH|E 200 mM sucrose®} Z4z+e] F&A: o]F
5 [maltose {glc a(l—4) glc}, isomaltose {glc a(l-—6) glc},
cellobiose {glc B(1—4) glc}, turanose {glc a(l—3) fru}, B
-gentiobiose {gle B(1—6) glc}1E7 A< [panose {gle a(1—6)
maltose}, raffinose {glc a(1-»6) sucrose}, maltotriose {glc a(1—

°0

I

4) maltose}, isomaltotriose {glc a(1—6) maltose}]-S- GTase (3.2
U/me)9t E&ste] 28TolA 29 Sk ¥kgstnh w34t
Ee dhgd | = TLC plated] HHF F WA



Lee, J. H., Purification and Characterization of Glycosyltransferases

nitromethane/1-propanol/ water (2/5/2, vjv/jv)2 A & Z&
3] T#j thA]  ethylacetate/ethanol/acetic acid/boric acid
G, yVVWE AASAS. E2E gedtEe] dES
NIH Image Programg ©]&-3}e] EA3}4 )3, 10, 14).

zn o o

s 9 WA =4 AL 98 v

o] &3l HTHS, 9). 1 A3} GTase9} FTase 5]1‘}
iz FAL 0.75% yeast extract, 0.72% peptone, 1%
KHPO, 181 2.17%¢] sucrose$lTHTable 3, Tabel 4). ©]
WA ZAA A2H GTase FAL 09 U/mL R, FTased
7Z5-9l= 0.96 U/mio] A tKTable 4).

Table 3. Experimental and theoretical predicted values for enzymes activity

GTase FTase
Trial (U/mt) (U/mt)
no Experimental Predicted Experimental Predicted
values values values values

1 0.68 0.71 047 0.48
2 0.65 0.70 0.55 0.62
3 0.79 0.78 0.61 0.59
4 0.72 0.73 0.74 0.78
5 0.66 0.65 0.72 0.67
6 0.27 0.25 0.45 0.47
7 0.68 0.74 047 0.50
8 0.48 0.54 0.22 031
9 049 0.50 0.60 0.60
10 0.46 0.51 0.66 0.67
11 0.86 0.73 0.33 0.33
12 0.75 0.66 0.60 0.60
13 0.86 0.80 0.48 0.46
14 0.89 0.84 0.77 0.85
15 0.52 049 0.60 0.52
16 0.56 0.55 0.37 0.39
17 0.83 0.89 0.56 0.57
18 0.87 0.88 0.81 0.77
19 0.58 0.60 0.40 0.40
20 0.59 0.56 0.60 0.54
21 047 0.44 0.54 0.59
22 0.45 045 0.68 0.65
23 0.56 0.59 0.36 0.35
24 0.61 0.68 0.64 055
25 0.68 0.68 0.57 0.57
26 0.65 0.68 0.57 0.57
27 0.67 0.68 0.58 0.57
28 0.70 0.68 0.58 0.57
29 0.69 0.68 0.58 0.57

Table 4 Enzyme activities in culture of optlmum medlum composmon

Medium composition (%)

Enzyme Actvity
Yeast Peptone  K,HPO.  Sucrose (Ufmt)
extract
GTase 0.28 0.73 111 2.10 0.92
FTase 0.72 0.73 1.40 1.52 0.87
Both 0.75 0.72 1.00 2.17 0.90(GTase)
0.96(FTase)
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1149FTase2} 1149GTase2| A A|

NRRL B-1149¢] #2409]S DEAE-
Sepharose column®. 2 13} FA| & H3FS FTase?} GTase
9 &AL HolE F growplZ ¥t Group AE
FTased] A4S Z3lA Bgow, group Be| Z-$+= FTase
¢} GTased] B4E FAld EArh Zz49 grouwps W=
A A%&te] group Ae] FTase?] A% Sephadex G-1503}
DEAE-Sepharose columnS ©] 83l A4 §4F Ao
AAE 1149FTase2] 739 7% poly acrylamide geloﬂ Al 210
kDa®] A7]E BAU=U(Fig. 1), tF# = gote]
FTaseso| +A}go] 50~100 kDa7}#] HEEHo i, S
salivarius®] FTase H2}32 140 kDao] HEo] 9l
(15-17), 1149FTase™= THE FTases®t} E93] Hxjzfo] 2
AL FolstHutt. 3H, group B 7% Bio-Gel P-1003}
DEAE-Sepharose column chromatography A ©]%¢] 180
kDa #A7]e] EAS Holx 1149GTases 2913} o}(Fig.
1). o= S mutans, L. mesenteroides, S. sobrinus, S.
salivarius®] GTases®] W EA ko] ¢k 13004 180 kDa
A A vmstd B Av|e 4 oHIYES ¢ F
A A TH18-20).

L. mesenteroides

kDa

200 b

116 §.ows
[ —

66 Wy

1 2 3

Figure 1. Purification of 1149FTase and 1149GTase. Lane 1:
Molecular mass standard marker, lane 2: FTase of L. mesenteroides
NRRL B-1149 after purification with Sephadex G-150 gel
chromatography and DEAE-Sepharose ion-exchange chromatography,
lane 3: GTase after purification with Bio-Gel P-100 gel
chromatography and DEAE-Sepharose ion exchange chromatography.

Polymer2] Methylation} NMR Spectroscopy= £35I
7= 24

1149FTaseo]| 2J3} FA R fructan®] 7% NMRE-A ZAwo]
wa} 560, 104.0, 76.1, 75.4, 802, 60.7 ppme] shift Z+S R
old], oJ= imlinBth= levane] C-1, C-2, C-3, C4, C-5,
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C-69} fAle chemical shift A7} (Table 5)(21), 1149FTase
fructan& fructose7t p2—6) Aol FZAHR! levandS
& ATk

Table 5. Chemical shifts” for "C-NMR spectra of 1149FTase D-fructan

Carbon atom

Fructan

c-1 c2 c3 c4 cs c6
Levan” 609 1033 770 743 811 622
Inulin” 599 1042 763 752 803 634

Fructan(1149)  56.0 104 76.1 75.4 80.2 60.7

%in ppm, “Assignment cited from ref (21).
2,3, 4, 5-Med-Gle . Y

2, 3, 6-Me3-Glc §
2, 4, 6-Me3-Glc
2, 3, 4-Me3-Gle

= »
x

2, 4-Me2-Gle Q Q "

&

b
1 2 3 4

Figure 2. Methylation of 1149GTase D-glucans. Lane 1 to 4 are the
methylation and acid hydrolysis products of maltotriose, alternan,
gentiobiose and 1149GTase glucan.

Table 6. Chemical shifts” for °C NMR spectra of 1149GTase D-glucans

Glucan from L. mesenteroides

Carbon atom
B-512F" B-1299” B-742Y B-1149
a1, 2 - 97.20 - -
ol a1, 3 - 96.40 10030 100.02
a-1, 4 - - - -
a-1, 6 98.76 98.80 98.80 98.32
c2 7125 7130 7130 7143
s Us? 72.46 72.50 7250 72.11
0s? - - 81.70 82.95
us? 74.45 74.50 74.50 73.44
C4 os? ) ) ) )
C-5 70.65 70.70 70.70 70.49
e uUs? - 61.40 61.50 60.83
os? 66.72 66.70 66.50 66.16

%in ppm, b)assignmem cited from ref (21), “unsubstituted, D0-substituted

Korean J. Biotechnol. Bioeng., Vol. 19, No. §

Fig. 29] lane 4Z5E GTaseo] 9&|Ax TAE glucand
glucose7} a(1—6)# a(1—3)28 AZAE alternand H)$:=3t
A% T2F Holn, NMREA ZAZ=2REe] 97] chemical
shifti= L. mesenteroides B-7429] dextransucraseol|A] $A4H
glucan®} H]5=3} shifisE Ko, 1149 GTaseo]| 28] FA€
glucane a(1—-6)3 a(1-3)2 42" B8A9 alternative
comb dextran]-S #-<l5}% tHTable 6).

Acceptors

B Acceptor
o

G Dextran

Relative amount (%)

Figure 3. Synthesis of acceptor reaction products by 1149GTase.

HA 54 E4

FTase= 28°C, pH 6.30)| 4], GTase= 28°C, pH 6.8 4 3
A 848 Bt tds desES FEAR oo o
7EA Y A wE AES FASHAThFig. 3). Panose,
maltose, maltotriose®] 7-% Ztz} 45%, 43% 18] 31 40% 2] &
A HEE Aalete o] E0] 1149GTased] £ FEAAS &
o139l 18t a(1—6)A 9] isomaltose®} isomaltotriose 2]
AFAE 35%9 37%8 & 9 &S HYon p-4
9] cellobiose$} gentiobiose®] 7-$-olx z+2 17% <} 25% 2]
AE&E B9} o] 3 1149GTase 9} 1149FTase o] t}oksl 12
o FEAE o] &3}y F8A WS IFES A e THL2
AMEE 72 AF L I3 4 24 A4S 93 &8 7154
£ 71 E 5 YA

o of
a

Leuconostoc mesenteroides NRRL B-11492X.E| E8A]
glucan®} F~8-A fructang FA et LS Arse 3
WA 24 A Fi, I 3AEL AASHUTE ar9 A
AL WA A AL vhs 3 BEAYS o859 T, F
HujA] 2AL 0.75% yeast extract, 0.72% peptone, 1%
K-HPO, 18)11 2.17%9] sucrose o™, o] Z A Aitg
40 AL GTase?] 7AFols 09 UmlHD Flaseo] 7%
o= 096 U/m{th. DEAE-Sepharose column chromatography
WS o] 85ty 23] vkE A & B84 glucanS A4kslE
GTase®} 84 fructang AJAFsl= FTased] E38& 23
At} FTased E4& vehlle £35S Sephadex G-150
column AA o]Fd] 210 kDa¢] AL Jeh)l&= wler}t A
719% ¥ FAHJDh GTased] EAS Yehlie 32
Bio-gel P-100 column A o]Fo)| 180 kDa =Z7]9] A&
ehiE WES Hel0] 9. o] BaZol BAT el
TF2E methylation 2 °C NMR #4902 3Qlslgon, &
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&4 glucane a(1-6)2 a(1—3)¢8] AFE 7HAE alternative
comb dextran© 2 #Qlo] FHw, +84 fructane levand]S
gty &AE o]838to sucrosed FANE T 58
HHSETE FdEEen, 98 74A S8l sucrose]
glucose7} FAold S IS 5 AU

ad Al

BEEL BEr)ER 2047] ZEE AT 1T
FANEL71EMEAE 2D (Grant MG02-0301-004-1-0-0) ]|
ool AT Hgen olo] FALEPY T
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