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ABSTRACT

Change of UDP-glucose concentration for £-1,3-glucan
production using Agrobacteriin sp. ATCC 31750

Park, Yang-Ho
Advisor : Prof. Lee, Jung—Heon, Ph.D.
Department of Chemical Engineering.

Graduate School of Chosun University

Curdlan is one of biopolymer composed of £-1,3-glucan and dissolved in
alkali solution but insoluble under neutral condition, and when the
temperature of curdlan solution was heated over 80C it became gel.

Agrobacteriim sp. ATCC31750 grow in the presence of nitrogen source
but produce 5-1,3-glucan in the absence of the nitrogen source. Althought
we tried to optimize system for the maximal production of [-1,3-glucan,
the productivity of G-1,3-glucan still low. To increase [G-1,3-glucan
productivity, key metabolite UDP-glucose a precursor of £-1,3-glucan was
selected and its concentration changes was measured.

In this research, analysis of UDP-glucose by high performance liquid
chromatography(HPLC) was established using a reversed phase system.
The column used in this research was YMC-Pack Pro C18 column and 50
mM phosphate buffer solution was used as mobile phase. The flow rate of
mobile phase was 1.0 ml/min, and UV wavelength was fixed at 254 nm.

The change of UDP-glucose concentration was measured during cell
growth and 0G-1,3-glucan production. The UDP-glucose concentration

increases in cell growth level, UDP-glucose revelation activity is differed
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by a pH value in the Agrobacterium sp. fermentation and it was high in
the environment of pH 5.5, also the [-1,3-glucan production showed high
productivity.

Using two-stage continuous fermentation process, the change of
UDP-glucose concentration during G-1,3-glucan production period was
measured. The pH of the first stage fermenter was controlled at pH 7.0,
optimal for cell growth and that of 2nd stage was at pH 5.5, optimal for
B-13-glucan production. When G-1,3-glucan production becomes steady
state, the change of UDP-glucose concentration becomes steady state.

Uracil was added to increase [-1,3-glucan production. The added uracil
was used to activate UDP-glucose production, a precursor of G-1,3-glucan.
When uracil was added at 84 hrs of fermentation the [G-1,3-glucan
productivity was decreased, the UDP-glucose concentration was suddenly
increased and the (-1,3-glucan production was improved about 21 % more
than that without uracil. Consequently, UDP-glucose played an important
role for the synthesis of (G-1,3-glucan. [-1,3-glucan production was

increased under high concentration of UDP-glucose.

- VIl -
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71 Aol HAA AZF 1ES o g5l AT 54
WSS W WA/AY AR e WSS FEs] ALY FAo
GooAbEde gUg msow FANA A BHE FAAE dA

Atk oleld ABE RFTE o gtol AuLe 4

dhe gl ofoll ofste] AyALE = G-Glucan 19661 i shepth w4t 19
Fagd oddtel Af HY BAL AT £ dr @F

Alcaligenes frecalis var. myxogenes 0.2 W W3¢ om o] #3771 AHAs=
g7 S-Glucane T8 Aol 45 7letd 2S5 A= 540 o

“Curdlan”e] g} ®WHs9dY. 53] o] #F9 A9 curdlan 99 %E succinic

acid® 10% T3 bgdgdS ATz o]F  B-GlucanWhHS A= v A
' o5 MEstax sdWolE XSt o™ Alualigenes faecalis var.

myxogenes IFO 13140 ATCC 21680 #FZ /WLl t}, o] F x| &2 HF
Az $-gd aFe ATCC 31749 #55 40 ow o] 2HE B-Glucan
T A= ATCC 31750 7} Philip 2 Lawford(1983)e] <]3}o] 7))
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e A WHAME 75S &dstA st QL EF X (interleukin), 1 E ¥
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Agrobacterium sp.ol A AAAE = 6-1,3-Glucan(Curdlan)& I EAlo] E0]|F

o] ARFE, AF, oorRol SolA B RS wm Y

2
N\

ol
o

of =dHR o W A7t Ay Fol sk ol2fd mAE] o
Ab BAE BAstEd w4 A4 ZEvE 29 (HPLCO)E ol &dte] Al

Aol w2 Ags sla ok PP oga dx meEnlE 289 (reverse

it
Lo

phase high performance liquid chromatography, RP-HPLC):= Ak &3t
g 2 Ao dojA dEAR] A 7]7]olt ALY EE AAFA R
wA ol TheekH, A2 A At el ettt AEE kX

i
Atk & AFelA= RP-HPLCE o]&3te] WAiedes ZE4s8dd. B

b
M
&

-1,3-Glucans A4+ = 3¢ Agrodacterium sp.o A AL =4 s
a1 F9 YAFERA S APt (Figure. 1) 7] ©§49 07 o]43= sugar
S Edllste Alx AR dAY d5 duAder ARE st oE2
glucose® A 33te]  B-13-Glucans A A" Agrosacterium  sp.

ATCC317508] FA#AolA 7H & 54 dado]l ESAst= dAdolA =
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MAE WSS ER5tn, AAYo] nZdEAE thA A2 W3tz 5-1,3-Glucan
= A
v F13-Glucans FAst=d 9 AT oln Fa tie] 9&S ).
olo] UDP-glucose 55 FATOZHN Al 29 a84S dold & 9l
U= 7S WaA Jnh A 2 AFo A= Key metabolite® A 74§
J3&}7] &l HPLC systemS o]-&3le] A ZH
= AR olFdY A4 B &8 B, olsAdY FY S 54 949
HASE Tl £ A" HASE ol FuA 53l

AN Agrobacteriim sp. ATCC317502 ©]-& 3 (5-13-glucan A4 A o
Hoto] B2 A7 AAHL = A w el AlE FHA pH 7.0

AOAE BEE FAA F Asge] wgEe o o4 AX/ A ®

(@
)
)
©,
c
o
o
w0
(@)
off
8!
il
B\
N

O:

st B-13-glucans AAtst= Al HE pHE 552 Zx4Aste [-1,3-glucan
S st ¥4e AR 28y AAEAAE F5E0] vl
A MFE T G 13-glucan BAF FAHAA= w7z ©SEo] Ak
dE Eoled T wxeol Ha v olYd olf = [-13-glucan Ml ¥
Aol UDP-glucose?] AFE4d &2 H7Fste] G-1,3-glucan A4ko]
G4 e At Radz doem Adadde Aojste] AANS FF
N AT AvE BaE g

w Aol EA M TN A7 Asts ARG dado] n

o

i

He A" 283 G-13-glucans FA SIS ZA oA 9 UDP-glucose ¥ =&
=243l 5-13-glucang A s+ HA A UDP-glucose & F =W 3171 of
W gk JFe v A=A AR

AEZ A4 =213 G-1,3-glucan A 279 zolE o] &3to] ME A%
@A ¢ B-13-glucan A SAIE FElete] 2¢F A& vl FAS =4EkS

3L
-

t}. Ist reactore= AXE WY FTAHOLZHN A

oX,
o
N
1
o]

T
r o
~
o
o
ftl
Mo
2

S 3y 7148 FYste] 1, 2nd reactors FA S AT PE AEXE

Aoz B-13-glucand AAtel= FH oz A 2HF Z719 pH 55=2
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2 std A oluje] UDP-glucose % W3E

AR B-13-glucan A @439 BAE AHELEE st E3

UDP-glucosed A+EA = 4#A uracile H7Fge =z <ls] UDP-glucose
% Walel olo] W2 B-13-glucan® AaPA o] 3] Arw w19

ARA o w E AFdAME [S-13-glucan®] A S Eol7] &) A X el

A B-13-glucan Ao #o]dlE= key metaboliteE S AEd 1 A HF3}Hsl¢]
LEA metabolite W35 wFeL HAEFS HARFOoEHN L

13-glican A4t FaF A8 ot wuMASe) P FUaT AN
el RANSES ARAYOZA F13-glcans] BALES Fold
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Figure. 1. £1,3-Glucan synthesis pathway
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b, #F 2 Ry

B Ao A4 FF= Agrobacterium sp. ATCC317502 AF&391 o
H, dFaAmA g A 30 T2 2 day ¥ & = HZ4ZFe2~3(300 ml A7
o] 100 ml ¢ wix]& ¥ 30 C 150 rpmoll Al 20 hr & #j )l &

4 HolEth ARAAL 235 AH £5@ ALY AR F 02 mld LB

L

medium< #H7}skar, 50 % glycerol 0.8 mlE ¥ 1 & wwte) =vho gz Az

sto] 70 Col HaAstm F wjFol AFE-35H3

L. wi A

BoAFo] A3 F wjeF wix] FAH o= MHE 20 g/L, yeast extract 5
g/L, peptone 5 g/LZE AZ % 121 ColA] 15 min B+ & HESAH. 30
e s = S T )
Aol Ao ZE sugar 100 g/L, MgSOs - 7H.O 05 g/L, NH4Cl 4 g/L,

C 150 rpmel A 20 hr W< %

ke

Hj ¥

)
ofN

KH:POs 1 g/L, 2] 10 ml/Le " =484 (0.1 N HCl 1 Lol FeSO; -
7TH.O 5 g, MnSO4 - H:O 2 g, CaCl: 05 g, ZnClo 1 g, CoClo - 6H0 1 g=
Egeto] Ax)o w2 wWgFAE Azt 2 W WA= autoclaveol A 121
C, 15 min 8¢ F Al&sl9 o, pH 222 2 N HCI# 2 N NaOHS A&

stol =59
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Table 1. Media composition for G-1,3-glucan production

Component Concentration (g/L)
Sucrose 100
NH4CI 4
KH>PO4 1
MgSO4 + 7TH20 0.5
Trace element 10 ml/L

Initial pH 7.0
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2. HPLCZ o] £ 3 UDP-glucose ¥ % B4 74 =X

7F. AleF 2 7] 7]
UDP-glucose #%55 F43t7] $13l HPLC systeme AF§3Ath 7] &7]
€47 HFAZ Young-Lin SDV30 plus(Solvent degassor & Valve module)Z

A5

i
5

= Young-Lin M930 Solvent delivery pumpS A}-§ 3%t}
Young-In M720 UV detectorg A+-&3to] UDP-glucose ¥ 25 =4 3ttt
Column< YMC-Pack Pro C18(S-5um, 12 nm, 250x4.6 mm LD)<& o] &3}
o}, e AE 33 AH]E = Sonic Dismemberator(Fisher 100 model)S A}
&

st o] EdE A A7) ¢8] High speed centrifuge(dr= 4 3}shH=

o
offl

>
Lo
BN

AE ¢3ste] HPLC H Methanol(Fisher), Acetonitrile(Fisher),
Phosphate buffer solution2 A}-&3}% 3L, UDP-glucose =2 =A3l7] 93
standard A ¢Fo 2+  Uridine-5'-diphosphoglucose Disodium salt (Fluka,

18 C WE BIE SR

b A5 d A
TAoA #HI sampled ME T 2 g/L2 FHslo] und AR ZE 4

T, 12000 rpmolA] 10 min ¢ YAEHE st HAAES FFFZE 23 A

ro"

T oA 1A 2dste] AExEE AFHEAT. JAE A Fo] o]sHoR
A3 50 mM phosphate buffer solution 1 mlE 7} & d&E<] 10 min

dstdeh AEy wwd Wby AgAE A dS5E B A
sonicatorg ol&stol AEZE FHIsto] AT AL 2HE HoAH. AE

3 5 Azl ¥ 4 CTolA 30 min W Basith ol& 1d& AR
=
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ok o]l Fd XA

50 mM Phosphate buffer solution (pH 6.0)& %= F Phosphoric acidZ
o] &3te] pHE 5302 ZH39 Y. 045 uym membrane filterS ©]§3}o] o]
245 AAT F Helium gasE o€ 10 min ©€7] A A oS AHoE ALE

=]
A

=

ol
-
>0

A up

1 O

19
%

H

o},

HPLCE o] &3}o] UDP-glucose =25 =A3%l7] 935to] standard A %<
Abgel ZAE o s A tsol Mg Aol A samples 2 g/L9
TEE Hsted Alg A AE Fd 20 uEs T s EElee Ad gt
HA e 2dE AASH] ek 27] olF
wavelengthS 254 nm= 1A 3] UDP-glucose F55 24380t 24 F
A 21E 47 A8 F£5S 05, 075, 1.0, 1.25, 1.5 ml/min 22 WA A
HA F5S AAsa, IS 200, 210, 230, 254, 270 nm= W 3ststo] FH A

44e AAGAT oldd =155 A 8T o2H UDP-glucose ¥25 =
485 e 24 Fysd
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A
ox

3. wWF FAN WE UDP-glucose 5= A3}

2 o7 AgE et R 243 pH 24, $242 FE 34 3

i

s AH&3 =29 E7|(Inchon Korea, KF-5L)E Al&3&gdcr. wks$>r

volume< 5 L, 7 L& working volumeg =4 3w 2939}

. 3|82 v ¥ A A2l UDP-glucose 5= =3
B Ao A Wy FAHAE= working volume 3 Lo 10 %ol 333}

15 Akl 30 C 150 rpmel Al 20 hr v = 2 W<

pHell 93 9&S Ay r7] 98 st 271 AEX v f A%E pHE 7.0

o7 wAse] HAAYol nAHO [-13-glucane] A EH= AlHA7EA #A

ol
32
o

stgor, ve st 27 pHE 7002 FA%e AL WES FE
o

o

M Axafle] 1z

= Al Ao A pHE 552 x4ddled [B-13-glucan A4k

%2 05 vwvme=® FA Y, wik £X+= 300~600 rpm

Ho
ki
_OL
)
oft
N

AR §E HaFe] 10 %ol HOE 4 5 EoFUA wMFsRy

o 29 A% W FAHAAN Y UDP-glucose 5% 54

2t dAS wjk FAH A= 1st reactor= AE WY FH, 2nd reactor= O
-1,3-glucan A4t 34 o=z FHsG o, AxuF F42 working volume
, pH 55& #A st™ 4% A

2 L, pHE= 7.0, £-13-glucan A4 4L 4 L
EES 3t A4S &4 9d. a8 A% @ 2Z(Watson Marlow, 101U0)
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2}, Uracil & 7}ol w2 UDP-glucose 5= W3}

Ay

%!
FAT PAF AR sugarE glucose®R F&3to] [-13-glucans A AHs}
=Y, A9 02 sugars o] %3 FAHI glucoseE: o] &3 FAHOE Yo
vl 23S gPatdet. =3, G-13-glucan A FAHANA AL A &4

?l UDP-glucosed] AF+EHA= dHZ uracils H7Fgo=zZa AibE oA =

&S AR A WY FAHANA F-1,3-glucano] AAikEoj =] ALk
gAo] Zojux Al A uracil 05 g/L. T2 H# & HAre) FA. #F7)
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Figure. 3. Schematic picture of two-stage continuous fermentation process
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> J5

uh A W
TAZF =4
Ao HAFEs SA87] fete] 2w
micro-tubeo] o} 12,000 rpmol A 10 min YA EH S T
T HA"E MEe B-13-glucan®]l 3 N NaOH 1 mlE& ¥ &
T B-13-glucan®] EF FolyxEE 30 min WX T T3] 5-1,3-glucan
= Fod 12,000 rpmell A 10 min |4 #&lste] A E A ES NaOHel
Holdv B-13-glucans ettt wdE AEE FHTE 33 A ZFH sl
A AAG F 60 CARVIAA 24 hr AFAA F THS A A
£-1,3-glucan =7
G-13-glucan®] A FES 43517 A8 AxE £ A A3 G-1,3-glucan=
50 ml tubeel ©i 3 N HCI 15 mlE % Z Aol Fo. 48 AAst7] A
ko] 40 mlY ZFH+ZS Y1 3,000 rpmoll A 10 min ¢ YA B E gt
TdsA THTE 33 AFHT F 60 T Ax7]oA 48 hr AEAZ & Ax
THe SASAT
YRFolL H gdard 54
RFol& B4 indophenol PO R BAsGon!” Bag & 3
N HClIE o] &3 95 TolA 15 min 7}5E3] A7l 3  dinitrosalicylic
acid(DNS) W& o] geto] Z4a .
UDP-glucose 5% =3
UDP-glucose % 34 YMC-Pack pro Cl8 columns o]§3%k
RP-HPLCE c¢]43te] UV 34 254 nm, ©| 549 % 1.0 m/minz® &%
FH & &2 HE o]&ste] EAEAT AR A AYe AE F=
g/LZ 3t S/F4 05 mlE #B7Fe & 4 T 12,000 rpmolA 10 min ¥4
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nr 23 23 9 &

1. UDP-glucose % z7

Ay
o

UDP-glucose =& =A35}7] ¥t RP-HPLC system= ©]&35%9 0. &
g2 E&0] =2 solventE 27| 93l 4ol & &<l methanol, acetonitrile
2128 3 phosphate bufferg o] £3le] EdHE A st HE A a2}
EaRs ol o 58 &g JIsocratic elution)®} 71+ 7] €2 (Gradient
elution)ol A1 2] 25 vlasl] HA solvents: AA AT EFH o T4
o] &£xo wE UDP-glucose ¥ % W3S A=

&5 SAsAT. UV detector®] 37 Wste] we Az=vEade &<ls)

[e)
aTr
of H&A AL HAAToEZHN UDP-glucosexr =S =Ae7] 3 =1L A

7}. Solvent 24 o W& Retention Time A3}

A4 A YMC-Pack Pro C18 Columng ©°]£3Fe] UDP-glucoses =&
=437 el thakd 249 solventE o] €3l AF AEES A¥H I o]o

w2 retention timed ®W3IE Ay v} TE UDP-glucose &34 A o%F3
Hazxolr FHFT samples AA2 dto] HEHNA= dAE Tl AA
solventg A Aeta S&m &8 71&€7] €8 & vugoEH 4 system

s mAasdd. 9% AL g WEd 40 2 methanol

o)l

acetonitrile 28] 12 50 mM phosphate buffer solutiong ©o|&3t3y 1 z7] %
Ae gl 225 e AHHUTE Table. 2014 HE wpe} o] %H| 2 %
(3]

AE W3t AAFAoH, 7] olF e F%E 05 ml/min, UV 372 254
Table 2.-= UDP-glucose %7 Al%FS Al&3sto] 543 A= AHE UE

Wi ol AA samples FUFHAE W AZvE

a
B7] 93] wE HAoA HE samples Alw WA st FY Sk 2
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Table. 2. Effect of type and composition of mobile phase on resolution

(BS : Phosphate buffer solution, MeOH : Methanol, AN : Acetonitrile)

Solvent %sT B
Retention Time Area (mV x sec)

BS 100 11.25713 1734.821
BS : MeOH 90 : 10 10.56135 1827.18
80 : 20 8.94137 1905.874
70 : 30 5.14138 1961.506
BS : AN 90 :10 12.49916 1818.002
80 : 20 6.367233 1947.951
70 : 30 5.128333 2021.412
BS : MeOH : 90:5:5 6.043867 1874.315
AN 80:15:5 6.164433 1828.498
80:5:15 5.571133 1923.466
70:25:5 5.7422 1818.134
70:5:25 5.369467 1888.494
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Table. 3. HPLC gradient conditions for the analysis of UDP-glucose

Min Sol A (%) Sol B (%)
0 100 0
5 95 5
10 90 10
20 70 30
30 70 30
40 100 0
J 2 Sk
- /—‘J
Fou1aa b 8 & /"—-
_E 0.9922 | /
2 v 4
0. 1433 b k/’(\_/
b ;‘sojx MO0 S V36 10TM1MM2MIa1S1TET 1AW O 172 7IFrad SHE F2ar9303123 2213435360 73813 a0
S M -

Figure. 4. Chromatogram of sample with the gradient elution conditions
Sol A : 50 mM Phosphate buffer solution
Sol B:Sol A:MeOH =9 :1
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Figure. 5. Chromatogram of sample with the Isocratic elution conditions
Solvent : 50 mM Phosphate buffer solution (pH 5.3)
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Figure. 6. Shift of the retention times of UDP-glucose with mobile flow

rates.
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Figure. 7. Effect of flow rates on intensity of UDP-glucose
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Figure. 8. Chromatogram of UDP-glucose with Agrobacteriurmn sp.

001.hwp

2008—05-21 2% 2:59

I
of

I



Y. UDP-glucoses =5 &437] A A 943 24
B-13-glucans AAEs] W= Aol A 9] UDP-glucose & 5& 4317 9
Holx = HA H3Fe Adslr] 93 2dS F

=
kA k. UV wavelength W3} 200, 210, 230, 254, 270 nm= x 43t 4

o
g

S Tt olEAe® 50 mM phosphate buffer solutiong S-&vj &
oz FYFon, ofsdd §%L& 1.0 m/mine® F# vk AlE A
Al s Fall 20 plo A RE FASHAT

UV wavelengthE %43l UDP-glucose 55 =A% AZnEIYPS
Figure. 9.01 Wer2Th 200, 210, 230 nme] o)A 43 A=Zvf=E13
< BEF o] "ol FEe d@do] dojytth. 1ela 254, 270 nme]
A E BF el Fi EFW @4ol dojuA erskd 22y 270
nmETth 254 nmol A =A% UDP-glucose %7 o =4 veEldo=z <l

HA 4E 254 nmE 1A 5 A
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Table. 4. Condition of analysis for UDP-glucose concentration

Reversed-phase HPLC system

Column : YMC-Pack Pro C18 (S-5 um, 12 nm, 250 X 4.6 mm LD)
UV wavelength : 254 nm

Flow rate of mobile phase : 1.0 ml/min

Injection volume : 20 ul

Solvent : 50 mM Phosphate buffer solution (pH 5.3)
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Figure. 10. Standard curve of UDP-glucose concentration
68% = 30
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2. 3|82 vl FAA UDP-glucose &%= W3}
Agrobacterium sp. ATCC31750 T 55 o]&35to] [-13-glucans A4tst=

sAol Table 1.9 24 o= wiAS FHlsdth 271 45 5 Alx i w

¥ 7 F pHol 93 UDP-glucose % W3S =A37] e A

7008 HFAE 1 e WS xE= B-13-glucan A FFH =*
2 ZAETJo M [-13-glucan BAS FEACk. ojuo] AE
A7 Ao A e UDP-glucose &% ¥Wael Ardo]l nzdsEE Ao
T2 W3 a8z G-1,3-glucane AAASIE HAo A2 UDP-glucose &%

WstE SA4To=AN [B-1,3-glucan A AAE FHHEES AT

7t AlE A A7 9] UDP-glucose 5= W3}

Z7] AE v ¥ FA A2 UDP-glucose %= W3S 2y 1 gk} (Figure.
12) M X s=7F F7Fste FAoA A H UDP-glucoses =& EHH A X9
TE7F 7FEF 5 UDP-glucose ¥ 94 S7tg<= & F7F v o= 2
Aol EA57] wWlEo 5-13-glucanS AA o] HA A vk A X wjok A
o] A AEW thAl E &<l UDP-glucose’} AlXE wjoko] o8 o] Z=71E S
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Figure. 11. Standard curve for Cell mass measurement
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Figure. 12. The changes of UDP-glucose concentration and cell mass in
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U, A42Y 172X UDP-glucose 5= W3}

Agrobacterium sp. ATCC31750 o+ Yo fol o3 AL 4 =7}

17 = ARAAE FF B UDP-glucose ¥ =7F fHaste
FE& BAY. o= AE A FAHAA A4 " UDP-glucose’t LB
-1,3-glucano. & HIAF o 2ZH AREH+= AoZ ALFEU}. Figure. 15914 H
= npe} o] pHol 9% B-13-glucan A4 &4 9 AolE & 471 A}, pH
705 FA 3 FANAE UDP-glucose %71 743 & B-13-glucano] A

B sed A 10 hr AE QAT FEE welu 2FH Z/s e,

pHE (-13-glucan A4t =79 pH 552 ZA3 FAHNAME= diado] gt
He AFHEE G-1,3-glucan &4 o] F7Fstal 91+ UDP-glucose ¥ 5 &

Ao zH I F=7F YUY olE T [-13-glucan A FAANA A9

ok pHel o dFo] Wi F5 & ¢ dnew, o] d xS0 AE

Sl v eF FAOA ME Y e SFo] g FAS SHIFAS
uj ] UDP-glucose Fx¢ [5-1,3-glucan %% Z Figure. 13.9] YeHAT. =
71 AE A 7o A= UDP-glucose %7} =7tslebrt A4

ANHAAN F43] T2/t 2T B 5 Ak o] ¥ 10 hr A%

rir

flol FAET f-13-glucano] HA = AlHlM ==4 Frbsta, B
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-1,3-glucan A AteFo] F7}sl= Al AH oA UDP-glucose 5% 9A F7} 3%
o 28y G-1,3-glucan A4 &4 o] A ste Al HHH & UDP-glucoses
AAl 2 W3t glo] dASA FAESE & F v pHE AX A% =1
7002 FA o] FA7] Wil F-13-glucan®] i 18 A ekokal
UDP-glucose ¥ =% S A4S Yeld ),

Hbel] Al Wl 231 pH 7022 AxE S23 A A F Aad

dato] Ad& stk (Figure. 13) AAdo] nads = AAZA AxE7 A%
=
o

st M X7 Ao uwEl UDP-glucose

Aado]l nzdy s AFdodA IA] w27 F42%E 2yt 289y pHE 55
2 243 % ulE UDP-glucose %7l T71ete AL £ 5 Ao,
Aul X 4A] kol G-13-glucane] AAAH= AS & & AAT. 70 hr + A3}

o] 60 g/L9 (-13-glucang ¢S & YR ow, UDP-

= FEdAE F-1,3-glucan®] Aol FTrtete AEFS RAT 2Ela 70
hr o] %58 AitsFo] A A FAH= FEolA= UDP-glucose &%
aeldY. o]E 3 UDP-glucose 5 %7F G-13-glucan A4 A T2

Az He 4 7 AT
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Figure. 13. Change of beta-1,3-glucan and UDP-glucose concentration in a
batch fermenter (pH 7.0)
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Figure. 14. Change of beta-1,3-glucan and UDP-glucose in a batch

fermenter (pH 5.5)
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g2}, pH W34 W& UDP-glucose 3= W3}

5-13-glucane AAkst= F Ao A pHel <93 UDP-glucose % W3
Ao H 7] 98] Figure. 15.9] ¥ ustd . dageo] 1z¥ o] UDP-glucose
TE7F Aadte ARFE FAS vk = AEA dHelHE A5 pH
2 7002 11Ase] 43 FAAAE UDP-glucose F=7F A UERO
o pHE [G-13-glucan A4+ HA Z79 552 ZAs3ste] [-1,3-glucan A4t

S 5% FAHA A= UDP-glucose 5%7F =4 YyElwY. =3 pHE 552
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>

A H-E UDP-glucose ¥%7F 571 o 24 [-13-glucan A4kl =
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Figure. 15. Change of UDP-glucose in beta-1,3-glucan production level
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. B-1,3-glucan B Z A X UDP-glucose &% W3}t

2nd reactort [-1,3-glucan A4S #Fx37] 98 pH 55, 4 L working
volumel & 4L 39 oW, Figure. 18.° YelWdck. Ax7F AAs=
Ao Al UDP-glucose ¥ %7} F7Fst A3l Ist reactorol A o] &= Ao

3}
IS
A UDP-glucose ¥%7} 7+A3sA &x Z718t= A4S Holm Yt} B
-1,3-glucan°o] A= =27] AHoA E=2 FLEE Hola 9low gL
-1,3-glucan A2to] dAA FA e HFEoNA = UDP-glucose =71 %
 ZAAahgdo=EMA F-13-glucan A4 FAJo] A4t YS5S HAF 9l
Figure. 192> 40 hr We] A =rEI#SE e olth S-1,3-glucans A
Abetm A o] Fa3vt f AAESE 2 F dsdH, ol G-1,3-glucang AAF
gte AAoA tiA =HEY S dn 8 o =L 552 27 A&
A AAE & FriRkE o2 AlgE )
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Figure. 19. Chromatogram of UDP-glucose from Agrobacterium sp. in 2nd
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4 924 WY FANN @29 2 uracil A7 A 3

722 v FANAN Agrodacterium sp. ATCC31750 #F5 o] &35to] B
-13-glucan &A WA A== FA3T Figure. 1.2 XY, sucroseE glucose
2 Ba)slaz UDP-glucoseE A (-13-glucans A sHA Hh olo &4
Yo 2 sugarst glucose= sl M AR G-1,3-glucan BAHA, 1

23l uracilS #7F 39S W UDP-glucoseE Ao =2HA [-1,3-glucan

7}y. B-1,3-glucan B2 FARAANA @A Qo W& UDP-glucose 3= W3}

S| E2 vk FAANA [-13-glucans A7) $18te] BFAY O 2 sugar
9} glucosed ©o]&3t9tt. 47 100 g/Le &% Y3t TA4S A3A
o, x7] pHE Ax A% HA 219 7002 st dadde] 17y
o] (-1,3-glucan®] TAHE A Hd pHE F-1,3-glucan A2 H& z7AA
pH 552 ZAsto 24 (-13-glucan BAS FE3AT. F 3 E2 vk ¥

Ho 2o FAT YRR FANYT

= =2 [e] .
Figure. 20.2 ®©4A¢ 02 sugarg o|&3lFn &Y Y TAS T3 O
-1,3-glucan= AJAikst FA ] dlo]lgo|tl. Figure. 21.2 glucoses B4 Yo

2 ol&e FAHol. w©aYde wWsle] et MxX Aol dstow, B
-1,3-glucan At = 93 v S ¢ 5 v}, Sugars oL v FA

oM 26 hroll 6 g/Le] AZ F%5 ®olx glor} glucosed o &3 wjk
th o] &= Mo Al B2 A sugarZb AlEL] wieF FA o] glucose HUh U
= 2SS 4 = Yok =, G-1,3-glucand A Fo =

IS mA=H ol AE FE7F 7] WiEel f-13-glucan®] Aol F

IR wY FAHLE A3l [-13-glucans AASIE FAANA B
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-1,3-glucan A4t &Aool £ A H A= UDP-glucose =7 &A1 =7 o]
HAx Aol Fihde AHAAE TRV A HAFEES Edl
UDP-glucose %7} O-13-glucan A4t Ao %2 43S vxu Y=

Y. Uracil Z7to] W& (-1,3-glucan AA &

BAS g=2A dte] wjd F FAHo UDP-glucose ATFEd = &

™

uracils #F71g oz s UDP-glucose 5% W3lel B5-13-glucan AAAHA ol
oju gt g W A=A AF H kT

B-13-glucan A4t FAJo] A3 A1 84 hr Wl uracil 5% 05 g/L
2 Alxete] A F 2E Tl dAC H7F Ak uracild] H7bE S
UDP-glucose ¥%7} & F o2 F78t9 &S Figure. 20, 21.& S8 & +
A T G-13-glucand A4 &4 o] TZAastE Al A uracilel s £
-1,3-glucan®] A2k o] sugarg ol & Waxs= 125 g/ F7F A
glucoseE o433 WHax+= 16 g/L o F71E AL S Yel Jdy. A+

242 AFEE uracile 9dF oz <¢ls] UDP-glucose T &=7F =7

-
ot
-
32
R
°

l

S 58 fG-13-glucan® AAE = Zh2b 216, 343 %ol 7HhE =2 FFS
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Figure. 20. Cell mass, beta-1,3-glucan and UDP-glucose concentrations
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Figure. 21. Cell mass, beta-1,3-glucan and UDP-glucose concentrations

profiles in a batch fermentation process.
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Table 5. F-1,3-glucan productivity in a batch process

uracil addition .

and efficiency by

Uracil addition
Improvement
Carbon source Batch process (0.5 g/L) in (%)
%
batch process
Sugar 579 g/L 704 g/L 216 %
Glucose 46.7 g/L 62.7 g/L 343 %
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Iv. 48

Agrobacterium sp. ATCC31750& o]&3 AA nE2R Edd [-13-
glucanS ALt FAA Fa Al 4= 3243 += UDP-glucose 5%
5 SAToZN [-13-glucan] A4t &6 ojus JFS A=A 4y
Bt & A& Fal ofA 2 wueAw o W A EAE EAE W
TEE SAToRHN oY YA ARE WY v NS FE 9 =

A 5 Qe /e sy

1. HPLCE o] &3t Fa tAIE=<S UDP-glucose =5 =A 3%t}
YMC Pack-pro C18 columng °]§3te] 580 &elHS T oeide] =
AL Ay B Ay 50 mM Phosphate buffer solution (pH 5.3)% o] €3t9<
W ol et By ARty HEHgAE WAS AyReks w1

ml/min® F&E£oE o]FAS T FH, 254 nmoll A UV detector® o] &3}

A

UDP-glucose 525 SAUS W 71 £2 HE 22 E e AL

l

ﬁd
rr

2. Agrobacterium sp. ATCC31750 @+ F 5 o] &3to] [-1,3-glucans A 4FS

m&‘i
0_1.4

woF FANA S UDP-glucose 355 Ao =2HR G-13-glucan HAF 3

of HlA& TS AHRUT M ET FAEE dAAA UDP-glucose &%

T S7Ee ¢ 5 Addor, AAYo]l mAEE A A= UDP-glucose
TevF At 29y pHel wel v S B 5 dd=d AE A
o #7 pHS 7022 FA e wef FAHAAE F-1,3-glucans A4EsH7] A
23t = A A = UDP-glucose %7} Z71etsE A A71A BE& A ko] 28
Hgolom ANEE 041 g/L-hr2 wokd. a2y Ax wY¢ 0

-1,3-glucan A4t =749 pH 5582 x4 & FAAAE AAaYde] nadyE=
Al oA UDP-glucose &%=7F #AstA AR pH =4 & nl2 UDP-glucose

TE7F Skt B-1,3-glucano]l A H 7] AlzFekdth. olwo] AR =
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