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ABSTRACT

Construction of soluble glucan producing Escherichia colr
by cloning B —1,3—glucan synthase from Agrobacteirum

sp. ATCC31750

Chun—1Ji Yin
Advisor: Prof. Lee, Jung—Heon, PhD.
Department of Chemical Engineering.

Graduate School of Chosun University.

The water—soluble B —1,3—glucan is produced by recombinant
FE.coli in fermentation reactor. Following B —1,3—glucan synthesis
metabolic pathway, UDP—glucose is the exclusive precursor for the
synthesis of B —1,3—glucan. But UDP—glucose on as much as 8—1,3—
glucan production outsides the conversion is possible even with the UDP-—
galactose. When the UDP—glucose increases conversions with g —1,3—glucan, it
is that B —1,3—glucan synthase do to be revelation plentifully. In this study, for
increase UDP—glucose to B —1,3—glucan reaction, we developed recombinant
E.coli contain B —1,3—glucan synthase gene site. For a develop recombinant
E.coli , From the Data Base of the NCBI the Putative of Agrobacterium
sp.ATCC31749 p—1,3—glucan synthase catalytic subunit (gi:40556679) it
used gene site.

Finally, the PCR reaction it amplified the DNA fragment and using
[ X



electrophoresis confirmed DNA fragment size. That purified protein

have mass of 72kDa, 62KDa, 42KDa, 31KDa on SDS—PAGE

respectively.

Keywords: Agrobacterium  Sp. ATCC31750; B —1,3—glucan

synthase gene; Soluble £ —1,3—glucan.
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glucan 2] &2 FWHLAstH FosHA A dA=4, 7158 |1

S7HAl, s 5 JAUEA, QA WY E9A o ® AFS-EIL QT
#H Lol FAFETIesE vAdES ol&% wwzl " glucan
AL7) o] ol o] X o ARl vAERE i W anE
AbE-3star ok X8E A= Aol =2 ZTTE ©l 85t
ANz FgTTE NEFoeExR wAdES ol&T vdw A
Almsky, TN Az o)l A Hrh mEa YAk o] 5%
g 2 gaXgES olEste] AMx FaE NEToRM sk
AEs a&rer Wol AgAatall izt st=d HZF o] k. ol# gk
Az =2 Vlems ol&3ste] 84 glucan & AAtE W= A=
NEgH7E NE3=d 33t A% o] JEgE glow AAbE =
g H 2% g —glucan, @ —D-glucan %°] it} G829 a1y
FH o] Az dATEF o]l &3t 784 B8 —glucan FAitel 33k AF=
A B thF3E gene site & FRYSIY] XY 5 s o 24
3w BAFE AR Aae &arEND g Aol FHol=
1g/IL. ZA AAitde] @F2 Aol oy UgyFdAFS &3t =k
TE

1,3—glucan 2] =8 Aiks A
=& s —1,3—glucan W=F HiS At AME3 Agrobacterium sp.
strain w2 /IES A3 vrl ok 1 A TG = Agrobacterium
sp. ATCC31749 5 Wl oI g —1,3—glucan § Tzt “E&=
3ty wzElse FAHEE B —1,3—glucan synthase ©f 3319
Z=Hdxo0or AGFE s e p—1,3—glucan synthase 2] gene

sequence = 9311 1 gene 2] Hydropathy profil o] &3 A=

_2_



Regdro mm whufz oA S FE 28k B Ftolsll vt
o] AT Aol 7]x3dte] X AT AHelA = olv] B—1,3—glucan A
Al A=2E Fdstar 2D-PAGE %5 WHES AFgsted 1 @A el
ZQ3F 29SS 3} key metabolite 5% olu] @AE3)] W), 2229

= ATl ol Aol 28] Ak el del i
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ZTAE &8l tE S SucroseXi= glucose=ZFE B —1,3—glucan?]
A1 UDP—glucoseZlA] = #}A] &3l Aol 7Fs3dt 5 [Figure
1]el2==2 p—1,3—glucan®] At sty H Qs B —1,3—glucan
synthase® 2d&d & AEF st B —1,3—glucan?] FAto] 7}k

NzZ% E coliz NWE3HA
2 Ao A= B —1,3—glucan synthase gene? T4l A= 24
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Hydropathy profile of CrdS

8 M vw ww

-2.0 I
-3,01 97~375AA : putative catalytic domain

(50 100 150 200 250 300 350 400 4SO 500 550 600 650
Centre amino acid in 17 amino acid window

Figure 2. Hydropathy profile of CrdS. The plot(Kyte and Doolittle,
1982)is of the derived amino acid sequence of CrdS,
using a window of 17 residues. The number of amino
acids i1s plotted on the x—asis, and hydrophathy is plotted
on the y—axis. The bracket indicates the location of the
region containing the conserved motifs shared by
CrdS(amino acid residues 97~375) also a putative
catalytic domain sequence.



Sucrose

b

> Glucose
Fructose—6
Fructose—1,6P2 l
Glucose—6P
Glyceroldehydrate— 1
Glycerate—1,3P2
l Glucose—-1P
Glycerate—-3P
v
Glycerate—2P UDP—glucose
Phosphoeno | - : 8 —1,3—glucan :

synthase(2.4.1.34)

!

TCA cycle e '

Figure 3. Metabolic pathway of E. co/f mutant strains (In this figure
the dotted line box means inserted part.)



A2Fg AdAs H Y
A1E AFA=

2 AFA AR AR Agrobacterium sp. ATCC31750
Escherichia coli BL21(DE3) Y FEscherichia coli DHS5 o S o]t}
(Table 1) =3 & AF94= DNeasy Tissue kit(QIAGEN, USA),
Plasmid extraction kit (QIAGEN, USA), Gel extraction kit
(QIAGEN,USA), Agarose—LE (Amersham bioscience, USA), PCR
Cloning kit (QIAGEN, USA), Restriction enzyme(New FEngland
Biolabs, USA). T4 DNA Ligase (New England Biolabs, USA), T4
DNA Ligase Buffer (New England Biolabs, USA), glycerol(99%)
(DC, KOREA), Acetic acid glacial (Merk, GERMANY), Acrylamide
(Sigma, USA), Tris (hydroxylmethyl, KOREA) aminomethane
(Sigma, USA), Ammonium peroxodisulfate (Sigma, USA),
Bromophenol Blue (Showa, Japan), N,N,N’° N’ —tetra methylene
diamine (Sigma, USA), Glycine (Amersham Bioscience, USA), 30%
Acrylamide/Bis Solution (Bio Rad, KOREA) & A]2k& A}&£3F3 ).

Ag3F 7712 DNA SZF89°%F Peltier thermal cycler (MJ
Research PTC—200), 1xd7]9&s& X2+ Mini electrophoresis
(Bio—red, USA)Z= A}83t9 3., DNA Agarose gel dA7]F A 2=
Run one!'™ Electrophoresis cell (Embitec, USA)S A}&3lg o,
DNA 7|9 %5382 Syngene bio imaging phramatech (Ingenios,
USA) & AFg3t3ltr. Al a7 8 9% Sonic Dismemberator (Fisher
100 model, USA)E AF&3ar AlEF-E €22 Small high speed
refrigerated centrifuge (Hanil Scientific, KOREA)S A}-&3}3 0

Enzyme reactions® WSS F53H7] #38 circulator bath (RW-—
_7_



0525G, USA) & AF&-33itth.



A 2 d 584 8—-1,3—glucan BAE 3 A=XJ
a7 N

2—1. ¥ 13 U ZZ23 vk vixFA

r.l

o Ao AR ¥ Agrobacterium sp. ATCC31750 5=
FGFaAw Aol 30CE  24ZF Wikt F, 4TCelA R¥siu
2kt Althujekste] AAIFAN S FA4SFP 3L long term stock O &
WEolA —80TCe W#IIATE.  Escherichia coli BL21(DE3) &=
DFaA A A 37CE 1Y FF HFs 5, 4TeA Hasa
25 vtttk AldiuFstel AAIEAd S FASFA 3L long term  stock=
TSl A =80T Rt

Agrobacterium sp. ATCC31750 Wi Alelli= YP B *] (Sucrose
20g/l., yeast extract 5g/L, peptone 5g/I)E A}F&3F S 30T,
200rpmol Al wl<FstA et Escherichia coli  BL21(DE3) 5
v kAl o= LB WA (Tryptone 10g/L, Yeast 5g/L, NaCl 10g/L) =
AbE-stgl o™ 37°C, 200rpme] Z 75kl A wl kst o).

|



2—-2. Ax? dZ3IZF AL

Glucan A2 A= 5 NEsH7] #1351 NCBIL] Data base=Z4H-E
Agrobacterum sp. ATCC317492] putative B —1,3—glucan synthase
catalytic  subunit gene (gi:40556679) 2] full site AHRE

o] 83} o}, [Figure 4.] 3k = T ol A A& = o<
Agrobacterium sSp. ATCC31750 Agrobacterium Sp.

rlo

ATCC317492%E A U2 #5224 FHASFHORE 99% ©l7d &
7= g, ageE=s B =RdAME= Agrobacterium  sp.
ATCC31749¢ DBE w2  Agrobacterium sp. ATCC31750¢9]
2 g3ttt Figure 3.°o14 R i=wkel o] it B —1,3—glucan

synthase ¥F ¥ Fchd o] 2 02 glucane AAF & = it}

T84 A—1,3—glucan AiHAdeo]l F=& AxT diFIdATE
MEEstz] fs B AFeAE ordle} B olfE A4 4718 uE
FAXE A s A2 O [Figure 5].

@ Crds—F

X Agrobacterium sp. ATCC31750HA =84 £—-1,3—
glucan< AAirst=dl #ostE a3t @420 B -—1,3—glucan
synthase®] full gene site(1964bp) & W ST =24
st g JHe] AT HFE EAT. E Axd 7
MFEAE Ads B APl F2 AT E o] &5
J ,3—glucans AAFstaLx}F sk HA oA kst

B—1
ANzd #FHS Crds—F= 3kt

TRHA 5+ Stasinopoulos et alll AT-A el A TEO]



putative catalytic domain gene site(288~1124bp) & X33}

gl ad HFES FUHE FRCo R4 Figure 44 gene

site (1~1124bp) ZFAIRE th2d+t o) S 2 3te] sl o
k3!

‘;‘
Nz FFHLS CN—termo. = 3
® CC—term

A A S+  putative catalytic domain gene site
(288~1124bp) & X393t F o 24 Fas F7F=2 E3AA
WSt 524 Figure 494 gene site(288~1964bp) 7}X] ¥k
gt ol o] vr=E2dnk o] #F = CC—term= AT

@ Crds—C

U A 5 Stasinopoulos er al®] ATFAx e LASHA
hydropathy profileE I3 uw ZAAF =2 I = putative
catalytic domain gene site(288~1124bp) 9FHS &+t <59
2495t AxF w75 /NS putative catalytic domain
gene site 2] hydrophilicdt +x%2% z}ol®E Qldte] H A xT
Nt ot &84 B —1,3—glucan?] old =84 p—1,3—
glucans A Folgp F=FHedvk. a8l I w55 Crds—
Cox sttt

Al AAE el HF55 X5 E coli strain BL21(DE) £
ST2 e FHu. Az d@ddFTToA 29Al HFe 3WA
T F—1,3—glucan & e FAHRFE st loev=
wrdel 4 = AgAkskx] Feud g -
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2—2—1 Genomic DNA Polymerase Chain Reaction

B AFo A= PCR & ©]83Fe] PCR cloning = 2133}y,
Sl Genomic DNA  extraction  kit(QIAGEN) 2  A}-&3}o]
Agrobacterium sp. ATCC31750 Z5-E Template DNA & F=3}3t}.
PCR cloning = 3}7] $13}e] PCR Premix Kit (Bioneer, Korea) =
©]&3}3 a1 primer design[Table 2] Figure 4.°] 2%+ gene
sequence ©l 2JASIA S ™  primer WAL BV F}psEA Lo
o] = skt

PCR RE-G2A S 71212 92~97TCeollA 5 -5t denaturation RE-g-
42~72Co| A primer 2] annealing RF&A1AFTY, 65~80TCe|A Tag
polymerase Rhg= AAFTOREH cDNA = 44994 &
ATelA= e 2 Ads T3 7HE AP PCR =5 3Eskth
94TCelA 3 &t AN E AAT F 94TelA 30 = , 50TA
30 = , 72Te°lx 30 %= ¢ ASe= 30 cycle FTEREE
Al A F O F M primer annealing = R3S 3L Y=o 72T

<k = o=

M cDNA F3EHREE

-

Taq polymerase 213
Akt
PCR Cloning(Polymerase Chain Reaction)2&S 3t ZF DNA

Gel extraction kit(QIAGEN, USA)2 o]&3lo] AASIF 1L
=

v
i
o

PCR (Polymerase chain reaction) A=< 1% Agarose 2
gQlslFtr. Agarose—LE & AFE3}o] 1% Agarose gel & 9H&%a1
DNA loading dye & A3l 5% ¥ DNA ©HS 1% Agrose gel o
loading 3}% 31 running buffer = TAE buffer(Tris—acetate—
EDTA—electro phoresis buffer) & AFE3}tl. DNA #21S 93}
Uv & zxd u WFste= FFE2<l EtBr(Ethidium bromide) &
AFEEEATE. 79 AP ERES 20 + Bt FyYsY o agarose



gel ° UV & =ZAsge=x As#E EtBr
G AT 75 A3 (Figure.d)

°]



2—2—2 Conjugation with pGEM—T easy vector

&

Z}DNA &2
Gel extraction kit(QIAGEN, USA)S& o]&3te] gAlstadct. PCR
S A 3= selsl7] 938te] pGEM—T Easy vector (PCR cloning kit,
QIAGEN) & AF£319 Y. pGEM—T Easy vector ¢} ligation W&
Azl PCR HA¥ES E. coli strain DH5 @ ¢l transformation A] %]
IPTGeF X—Gals °l&3std #WE 2] ddntos A3t pGEM—
T Easy vector2}?] conjugation WFS2 16TColA 4A1%F A3 a1
A3 ES 83 FAA=0 B2 stea7|z=3stdFdd o ¥t

S )
S wrE W E pHCE19 D 2F conjugationA| 3 ).

PCR Cloning (Polymerase Chain Reaction) 2 & -2

r-
Ko e

X
fllo
1o
(0]
KIS

2714 A
2—2—3 Enzyme reaction

29 FAAEA B F pGEM-T Easy vector ©] &% PCR
A== <271 fste] AgaisnNtg HA¥ES skt Restriction
enzyme reaction < 37CeolA 2 A7k ¥k A FH 37 T* DNA ligase 2}
T* DNA ligase buffer ¥ NEBNew England Biolab)A}e] A&
ALgskdtr. AYES 1% agarose AR AR FA=  Gel

extraction kit (QIAGEN, USA) & A}&3}3lt}.
2—2—4 Conjugation with expression vector

HES 25t wAWE pHCE19(DE AMg3F9th (Figure

6) AFarw A= A GARHS vkl FFHE DNA i

ASE VS S v HAWE] pHCE19UD £ 22TColA 4 A1z olAF
1=}

conjugation W& Z &3P a1 WSS F535H7] 98] 60T A 10 #+



S 5ol % £ coli BL21(DE3)  straing  Ad7g ko
AT = AR

ZetavEE DNAERE @ e dAaAId ArjHAg &= o
ME JF ke s fHA EYdTE F drk Ekam|Ee] o] AAS
o] g3ste] ©E DNA S EgkAav| =] DNAge HAFAA
DNA®S] WA Z AFg3Sith ZetAv| =5 AE yrto =z 113ojdl H

iu)
i

aee] dRE AdaLE Beth Atarz Egsvj=e u
#a, £ EFeave bAlel] 71E Fdxe] 54 22l DNAE o

Zkavl=e] Fojxl F-iel
Aedste] AlEZ2 DNAS] 18]& Wh=th tfr2 CaCl, = A gl3td
Aol gkolbxm 219l DNAE wolsRlvh o] wWhye] oA
gzt s=oll DNAel oj& FHdgo] 7hssh Zepav|=s kA=
AHEETE S SR ARESEAL 4Tl Catt g ole] dAEAA
AMZx=F DNAE olo 7istd Z=9l® AxF DNA o3k F Ao
xdAREY 229 Axd T 2l Zeb=v =] AEaEaAel

A

mpicillin [50mg/1]1 2] WA S o] 833 ).

o
>

d
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1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921

atgtatttca
attggggcga
ttcagcatca
ttgccgecge
ctgatctcgg
tcagccgttg
gatgtgttta
gcgcaggcga
gaggtaagaa
cacgccaagg
tccgacttca
gtgacgggtc
aacagtgatc
gtcttcttcg
accagcttcg
cttaccgaag
ctgaatgaga
cgcacccgct
cgtggaaatt
tcgaagccge
tcggcgetge
ttctggacct
acccacgccce
ttcgggcgcece
ctcccgacgg
gctgtctatg
tggtccgecg
cgtttcggca
tcaacgagac
ccgtcttcca
cctgcggagce
cggtccattt
ctgatgaaat

gtgctgaagg
tcctgtttge
tcatgttgcet
cggaactctc
tgctttatgce
ccgatcaggg
tctgcactta
tggattatcc
cctattgcga
caggaaatct
tcatggtcct
tcttttcggoa
caattcagca
acgatttcca
tcgtacgcecg
acatgctgcet
agtggagegt
ggtgtctcgg
ttacgctgac
ttatcctgtg
aggtcgatga
attccacctg
tgaccgctgt
cgttcaaagt
goattttttt
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Figure 4. Agrobacterium sp. ATCC31749 putative B —1,3—glucan

synthase

gene

full

sequence

from

NCBI.

(http://www.ncbi.nlm.nih.gov/entrez/viewer.Fcgi?db=nucl

eotide &val=40556679)




Construction strategies for glucan synthase cloning
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Figure 5. £ —1,3—Glucan synthase gene construction for cloning.
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Figure 6. The expression vector used for recombinant £. colr strain
development



Table 1. Bacterial strains and plasmids used in this study

Strain or plasmid Relevant characteristics Reference
of source
Agrobacterium CrdS" type strain ATCC
sp.ATCC31750
CrdS—F(1964bp) Full curdlan synthase gene = This
SF-f-3F mutant study
CrdS—C(836bp) Active catatlytic domain gene & This
SF-f-3F mutant study
CN—term(1124bp) Active catatlytic domain gene site This
4l 1-288 term site & 3¥H-3F study
CC—term (1676bp) mutant
Active catatlytic domain gene site This
9l 1124—-1964 term site & study
SF-f-3F mutant
FEscherichia colr
DH 5« recAl HSDr17 Gibco—
BL21 (DE3) (pLysS) Res—Mod—ompT (ADE3 with T7 BRL
pol ) (pLysS withT7 lysozyme; Novagen

Cmr)

Plasmid
pHCE19D)

plasmid vector; Amp”"




Table 2. List of Used Primers for PCR cloning

(1) Full gene site(CrdS—F) (1964bp):
5 —GAATTCATGTGATGTTCAGATGCG—3" (sense

oligonucleotide)

5 —AAGCTTATTTCACCCGAATGCCCG—3’ (antisense

oligonucleotide)

(2) Active gene site(CrdS—C) (836bp):
5 —GAATTCATGGAACCGACTGGTCA.—3" (sense

oligonucleotide)

5 —AAGCTTATTTCCATGCAGATAGTG—3" (antisense

oligonucleotide)

(3) CN—term (1124bp)
5 —GAATTCATGTGATGTTCAGATGCG—3" (sense

oligonucleotide)

5 —CCATGCAGATAGTGCAGCCGCTGC—3" (antisense

oligonucleotide)

(4) CC—term (1676bp)
5 —CCGAACCGACTGGTCAGCCGTTGC—3" (sense

oligonucleotide)

5 —AAGCTTATTTCACCCGAATGCCCG—3" (antisense

oligonucleotide)




Al 348 pB—1,3—glucan synthase &3 &<l

3
g orgel o] ATt S5ml LB Amp’ wiF| oA 7]

ANz dFEFE 37CelM 443 FF 7l FHe] 100ml LB

507 w3 Sl ok
At @ MEE ODgoo ©IA8 S35 24 2+ $ 10mM
Tris—buffer 2F=gMH o7 3¥ o] A FH3 T I1ml d=gMHNoz JHE

st =53 33 7] (Sonic Dismemberator, Fisher, USA)ZE
o] &3t 10s# 10" v-Fo] st & 15,000rpmellAl 10 A4

pelstel s 84 wwde]l Feli AEu B84 wwo
Belglis A AR 247 s5stel Ayl gk A Ee

10% separating gel¥} 5% stacking gel® ©]Fo1% SDS—PAGE
gel’doll A &3t (Table 3.) @A I 5x SDS Sample Buffer
(60mM Tris—HCI, pH 6.8, 2.5% glycerol, 2% SDS, 14.4mM 2B —
mercaptoethanol, 0.1% bromophenol blue)E& &3] 1007T 4]
782 =E% 3 protein marker (Invitrogen, USA)<l 37
A719s= FTdsAT. A7 9 5 ¥ gel> CBB(Coomassie brilliant

blue R250) fAjefor §IAsta @GN or Gaikg A7) o2
O



Table 3. Solutions for preparing Acrylamide Gels for Tris—glycine
SDS—polyacrylamide Gel Electrophoresis

10% separating gels

Components (10% gel) Gel volume (ml)
H>0O 2.6
30% acrylamide mix 1.0
1.5 M Tris( PH8.8) 1.3
10% SDS 0.05
10% ammonium persulfate 0.05
TEMED 0.004

5% Stacking Gels

Components (5% gel) Gel volume (ml)
H>O 0.68
30% acrylamide mix 0.17
1.0 M Tris( PH8.8) 0.13
10% SDS 0.01
10% ammonium persulfate 0.01
TEMED 0.001
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100ul® #FH3F>d 5ml tube culture, 200ml Flask culture & %7AlE
ztdl = Brolb 3 600nmellA F3% FX7F 19 w S A =2Ado]
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4—3. WA =AY

2 Aol Escherichia coli BL21(DE3) 5+ wlFA] AFE¥
& WA= LB(Tryptone 10g/L, Yeast 5g/L, Nacl 10g/L) vl %] o] t},
o oF v X =A< sucrose 60g/L, MgSO, 7H:0 0.5g, NH,CI 4g/L,
KH,PO, 0.5g/L.712]al 10ml/12] w&Fla &< (0.1IN HCl 1Lef| 5g
FeSO4, 7H20, 2g MnSO, H0, 0.5g CaClg, 1g ZnCly, 1g ZnCl,, 1g
CoCly; 6H,0E o] wWhm) o2 wiekals el vix]E 121 °CellA
153 "t Feo Abgstlew pH =H= #3kd 2N HCI, 2N
NaOHE AF&-3sF3 v} [Table 4.]
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7.022 a7gstel Afs skl Wik 37T, wRkSE
Z%=7] 300rpmeolA] 600rpmOoZE EEALAE F&Eo) F3lo] ZZHSEH o
E 7128 0.5vvmO & ZA3le] bl ksl o).
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glucan> °&&= HAHS o]&ste] 3]3ste] 80T dry ovenellA 24
AxsFsS FS433 Y. Glucose 5% #2422 DNS
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Table 4. Media composition for soluble A —1,3—glucan production

Components Concentration (g/1)
Sucrose 60
NH,4Cl 4
KHsPOy4 0.5
MgS0O47H>0 0.5
10ml/1

Trace element

Initial pH 7.0

Trace element
Components Concentration (g/1)
FeS0O,4+7H-,0 5
MnSO,*H:0 2

CaCl, 0.5
7ZnCly 1
CoCly*6H:0 1

Solvent (0.1N HCD
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PCREFSS AHA 971498 AR U= ZZd DNA @)

wEgo] TR o] gl T—easy vector?te] ligation®H-§S F3&l A%}
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PCR : Genomic DNA prep : 5° EcoRI/ 3’ HindIIl primer

CrdS—F(1964b6p)
CC-term (1676bp)

CN-term (1124bp)
CrdS-C(836bp)

Figure 7. 1% Agarose gel electrophoresis of PCR cloned DNA
fragments of crds—F, crds—C and CC—term,CN—term. [Lanes: M:
DNA marker(10,000; 9,000; 8,000; 6,000; 5,000; 4,000; 2,000;
1,500; 1,000; 900; 800; 700; 600; 500; 400; 300; 200; 100 bp);
Crds—F: B —1,3—glucan synthase gene (1964bp);

Crds—C: B —1,3—glucan synthase putative catalytic domain (836bp).
CN—term: Contain Active catatlytic domain gene site and 1—288
term site (1124bp)

CC—term:Active catatlytic Contain domain gene site and 1124 —
1964 term site (1676bp)
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Figure 9°lA H¥= ule} o] AME3S £ coli CrdS—F(72KDa),
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Figure 8.

pPET expression system
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Overexpressed recombinant B —1,3—glucan synthase
gene in E. coll , separated by SDS—PAGE with a 10%
gel under equal condition. Lanes 1, M—marker; Lane 2,
BL21—FZ. col/f BL21(DE3); Lane 3,A— recombinant £Z£.
coli strain crds—F whole cell; Lane 4, B— recombinant
E. coli strain CN—term whole cell; Lane 5, C-—
recombinant £. col/i strain CC—term whole cell; Lane
6,D— recombinant £. co/f strain crds—C whole cell.
Positions of molecular size markers are shown in

kilodaltons.
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Figure 9. Overexpressed recombinant B —1,3—glucan synthase
gene in E. coli, separated by SDS—PAGE with a 10%
gel under equal condition. Lane 1,M—marker; Lane 2, £.
coll BL21(DE3) whole cell; Lane 3 and 4, soluble and
insoluble fraction of £. col// carrying crds—F; Lane 5
and 6, soluble and Insoluble fraction of £. co/i carrying
CN-—term; Lane 7 and 8, soluble and insoluble fraction
of E. coli carrying CC—term; Lane 9 and 10, soluble and
insoluble fraction of £. co// carrying crds—C.Positions of
molecular size markers are shown in kilodaltons.
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Figure 10. Standard curve for the determination of glucose
concentration
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Figure 11. The cell growth, soluble glucan production and glucose
consumption of the recombinant £. co/f Crds—F



Glucose[g/L]

A cell mass|[E.coli CN-term]
—l- Glucose[E.coli CN-term]
—@- Soluble glucan[E.coli CN-term]

Cell mass, Soluble glucan[g/L]

0 5 10 15 20 25
Time[hr]

Figure 12. The cell growth, soluble glucan production and glucose
consumption of the recombinant £. co/fi CN—term
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Figure 13. The cell growth, soluble glucan production and
glucose consumption of the recombinant £. co/i CC—term
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Figure 14. The cell growth, soluble glucan production and glucose
consumption of the recombinant £. co/fi CrdS—C



A4 d 2

= ATelA AT AT AIEEAS Ads W Aiksol F=2
g ol &5t =84
Al ZFSE AL ol Z sty ol F Rl Agrobacterium sp. ATCC31750%
¥ B -—1,3—glucandAtell 7 93t &S St B—1,3—
glucan—synthase gene°l|l #3t ARE A3 ozt FAZRE
thgatel] o]l gskink et FAAUAAAE S AvEd B3-1,3—
glucan= AAFsi= A oA UDP—glucoseol A £ —1,3—glucan=
dAdst= FrEst Mg s a0 B —1,3—glucan synthase 7}
k. ol#sk Are 2lste] gt e] At el A B —1,3—glucan?]
ool Hesk @ shve] Fes a4
gene siteVls YolFmo=2ZX Az L= /Idstth. p—1,3—
glucan synthase gene2 ZF=2Y 3o X A= Ndsta
Sl Hadds AR B B —1,3—glucan = BAFSHA|

J

Elen
ekt 84 B —1,3—glucan %

Ql p—1,3—glucan—synthase

oz
2
2
=
)
£
ol
26
38
Kl
o2
)
[eS
|
l—‘
w
|

glucan synthase gene2 ZTF=Z24Y3A
[e]

o
olsfo] A& o] WEto]] W2 xlo|7F At
AT2¥ ofdiel FE AES AT

2 AFA AFESE Agrobacterium  sp.ATCC31750¢ 23|
o] gy AEjeAMRt ABAHE= E8A B —1,3—glucan &
|32 membraneoll A AAE I ol AERFe] ®WEEHS AEE
Z#aL 1= biopolymerelth, A x3 it +5 o] &3t 28744 8-
1,3—glucan< AAbste L Al=sidxvt =84 B —1,3—glucan®t
Aarsts olf= Wd I T Agrobacterium sp.ATCC317502] +x4
zFololl A yERGTL. Agrobacterium  sp.ATCC317502 vl 2]ol2]
AdForxA AEHLS gFe FEE ZFEE L zta =4 o] gk

W fAa FEE At

r

()
k>
o

x

H

flo

N



e glom u Atolo] Autyl
== ztar Qlth ol#st S xF  FolE 1Skl Agrobacterium
rEaEgs o AAEHE 584 B -
1,3—glucan< AlEPoA AAAE T =<0 AEHS S8 A=
biopolymer ©|X|%F tiFH> F FoE FAHE AMxEEy gF>
AMEH S FFxA ol ® Qlste] AxETreA B84 B —1,3—glucans
7d kA Skt

T3k, g —1,3—glucan A 25t B —1,3—glucan synthase
genes U3 gene site® ZF=EY3ste] 7BIgt 4718 A= FFF
o] &3t 4844 p—1,3—glucan A% ttE&Ho|v}. g —1,3—glucan

synthase®] hydropathy prophile®] 73}9] gene siteE 47}X]

£
o3l
£t
10
>
H
E
rlo
£
18
[
o
12
lo
!

sp. ATCC31750°] 2Jsl] & A<o]

P52 Y52}l B —1,3—glucan synthase gene sitex= hydrophilicgt
TZxE TR %13l active catalytic domain gene @ sitei
hydrophobicd Tx& 77Xl v} oj#|gt %% Xjo]= <15}
AAAE= 848 B-—1,3—glucan®] AibE HZolE &otr 7] 2|3t

47vA w55 s e ed dds st A dda5 o

Hydrophobic3dt +ZE 7431 Q= AExT Y+ CrdS—C+=
vz e] w5l M Be =84 8
hydrophilicdt 725 7FXa A= Az hgd5 CrdS—F= +8&4
B —1,3—glucan Aitoll 7]oI3F%] eF=1}.

2 AarE Foked F2Y ske] ¥ gene siteo] 7FxF Zpolel 9%k

—1,3—glucan AAHE S H {1

AAakE o] zpol S Loty UEgFFAHFS FE AT
#HF AFEQJ 84 B —1,3—glucan®] AT S 133
&

848 B-1,3—glucan?®] ABAFS =ol7] Sl R



Aged o o A9 92 Qow Amw



2 a5 3

Chan, T.W.D., P.K. Chan, and K.Y. Tang, Determination of
molecular weight profile for a bioactive [betal] —(1 ——> 3)
polysaccharides (Curdlan). Analytica Chimica Acta, 2006.
556 (1): p. 226.

Colleoni—Sirghie, M., D.B. Fulton, and P.J. White, Structural
features of water soluble (1,3) (1,4)— [betal ——glucans from
high— [beta] —glucan and traditional oat lines. Carbohydrate
Polymers, 2003. 54(2): p. 237.

Cui, W., N.A.M. Eskin, and C.G. Biliaderis, NMR
characterization of a water—soluble 1,4—linked [betal] ——

glucan having ether groups from yellow mustard (Sinapis alba

L.) mucilage. Carbohydrate Polymers, 1995. 27(2): p. 117.

Degani, H., et al., 13C— and 1H—NMR studies of
osmoregulation in Dunaliella. Biochimica et Biophysica Acta

(BBA) — Molecular Cell Research, 1985. 846(3): p. 313.

Dorion, S. and J. Rivoal, Quantification of uridine 5&prime;—
diphosphate (UDP) —glucose by high—performance liquid
chromatography and its application to a nonradioactive assay
for nucleoside diphosphate kinase using UDP—glucose
pyrophosphorylase as a coupling enzyme. Analytical

Biochemistry, 2003. 323(2): p. 188.



10.

11.

12.

Funane, K., et al., Water—soluble and water—insoluble
glucans produced by Escherichia coli recombinant
dextransucrases from Leuconostoc mesenteroides NRRL B—

512F. Carbohydrate Research, 2001. 334(1): p. 19.

Gao, H.—J., Q. Wu, and G.—Q. Chen, Enhanced production of —
(=) —3—hydroxybutyric acid by recombinant Escherichia coli.

FEMS Microbiology Letters, 2002. 213(1): p. 59.

Hanada, N., et al., Cloning and nucleotide sequence analysis of
the Streptococcus sobrinus gtfU gene that produces a highly
branched water —soluble glucan. Briochimica et Biophysica

Acta (BBA) — General Subjects, 2002. 1570(1): p. 75.

Harada, T., A. Misaki, and H. Saito, Curdlan: A bacterial gel—
forming [betal —1, 3—glucan. Archives of Biochemistry and

Biophysics, 1968. 124: p. 292.

Harada, T., et al., Effect of heating on formation of curdlan

gels. Carbohydrate Polymers,1994. 24(2): p. 101.

He, H.—J., et al., High—Level Expression of Human
Extracellular Superoxide Dismutase in Escherichia coli and

Insect Cells. Protein Expression and Purification, 2002.

24(1): p. 13.

Igarashi, I., et al., Babesia bigemina: In Vitro and in
VivoEffects of Curdlan Sulfate on Growth of Parasites.

Experimental Parasitology, 1998. 90(3): p. 290.



13.

14.

15.

16.

17.

18.

19.

Kabir, M.M. and K. Shimizu, Gene expression patterns for
metabolic pathway in pgi knockout Escherichia coli with and
without phb genes based on RT—PCR. Journal of
Biotechnology, 2003. 105(1—2): p. 11.

Kai, A., et al., Analysis of the biosynthetic process of
cellulose and curdlan using 13C—labeled glucoses.

Carbohydrate Polymers, 1994. 23(4): p. 235.

Kai, A., et al., Biosynthesis of 13C—labeled branched
polysaccharides by pestalotiopsis from 13C—labeled glucoses
and the mechanism of formation. Carbohydrate FPolymers,

1998. 35(3—4): p. 271.

Kei, M., et al., 13C—NMR investigations of synthetic branched
polysaccharides. Carbohydrate Polymers, 1986. 6 (2): p. 155.

Kim, M.—K., et al., Enhanced production of (1 ——> 3) —
[betal] ——glucan by a mutant strain of Agrobacterium species.

Biochemical Engineering Journal, 2003. 16(2): p. 163.

Kim, Y.—T., et al., Structural characterization of [beta] ——
(1——>3, 1——>6) —linked glucans using NMR spectroscopy.
Carbohydrate Research, 2000. 328(3): p. 331.

Lee, Y.—J., J.J. Choi, and S.—T. Kwon, Cloning, expression,
and partial characterization of a family B—type DNA

polymerase from the hyperthermophilic crenarchaeon



20.

21.

22.

23.

24.

Sulfophobococcus zilligii. Enzyme and Microbral Technology,
2006. 38(6): p. 821.

Li, M., et al., Effect of IpdA gene knockout on the metabolism
in Escherichia coli based on enzyme activities, intracellular
metabolite concentrations and metabolic flux analysis by
13C—labeling experiments. Journal of Biotechnology, 2006.
122(2): p. 254.

Pei, D., et al., Expression of both Chlamydia pneumoniae
RNase HIIs in Escherichia coli. FProtein Expression and

Purification, 2005. 40(1): p. 101.

Phue, J.—N. and J. Shiloach, Transcription levels of key
metabolic genes are the cause for different glucose utilization
pathways in E. coli B (BLL21) and E. coli K (JM109). Journal
of Biotechnology, 2004. 109(1—2): p. 21.

Sanchez, A.M., G.N. Bennett, and K.—Y. San, Novel pathway
engineering design of the anaerobic central metabolic
pathway in Escherichia coli to increase succinate yield and

productivity. Metabolic Engineering, 2005. 7(3): p. 229.

Seljelid, R., et al., A soluble [betal] —1,3——glucan derivative
potentiates the cytostatic and cytolytic capacity of mouse
peritoneal macrophages in vitro. /mmunopharmacology, 1984.

7(1): p. 69.



25.

26.

27.

28.

29.

30.

31.

Sugawara, T., et al., Refinement of the structures of cell—wall
glucans of Schizosaccharomyces pombe by chemical
modification and NMR spectroscopy. Carbohydrate Research,
2004. 339(13): p. 2255.

Takahashi, F., et al., Structure of curdlan that is resistant to
(1 ——> 3) [betal ——glucanase. Carbohydrate Polymers, 1986.
6(6): p. 407.

Vergunst, A.C. and P.J.J. Hooykaas, Recombination in the
Plant Genome and its Application in Biotechnology. Critical

Reviews in Plant Sciences, 1999. 18(1): p. 1.

Yalin, W., P. Yuanjiang, and S. Cuirong, Isolation, purification
and structural investigation of a water—soluble
polysaccharide from Solanum lyratum Thunb. /nfernational

Journal of Biological Macromolecules, 2005. 36 (4): p. 241.

Yuan, L.Z., et al., Chromosomal promoter replacement of the
isoprenoid pathway for enhancing carotenoid production in Z.

coli. Metabolic Engineering, 2006. 8(1): p. 79.

Zhang, H., et al., A molecular description of the gelation
mechanism of curdlan. /nternational Journal of Biological

Macromolecules, 2002. 30(1): p. 7.

Rajaram A. Pai, Michael F.Doherty and Michael F. Malone,

DeSIGN OF Reactive extraction systems for Bioproduct



32.

33.

34.

35.

Fecovery, AIChE Journal, Vol. 48, 1ssue 3(2002) pages
514—526.

Yulei Wang, Aindrila Mukhopadhyay, Victoria F. Howitz,
Andrew N. Binns, DFavid G.Lynn, Construction of an efficient
expression system for Agrobacterium tumefaciens based on
the coliphage T5 promoter, Gene, vol. 242 (2000), pages
105—114.

Tara Karnezis, Helen C.Fisher, Gregory M. Neumann, Bruce A.
Stone and Vilma A. Stanisich, Cloning and Characterization of
the phosphatidylserine syntase Gene of Agrobacterium sp.
Strain ATCC 31749 and Effect of Its Inactivation on
Production of High—Molecular—Mass(1—>3)— 8 —D—

Glucan (curdlan), Journal of Bacteriology, Vol. 184 (2002),
pages 4114—4123.

Zonglie Hong, Zhongming Zhang, john M. Olson, and Desh Pal
S. Verma, A Novel UDP—Glucose Transferase Is Part of the
callose synthase complex and interacts with phragmoplastin at
the forming cell plate, Plant cell, Vol. 13, No. 4 (2001), pages
769—780

Stan J.Stasinopoulos, Paul R. Fisher, Bruce A.Stone and Vilma
A.Stanisich, Detection of two loci involved in (1—>3)— 8 —
glucan (curdlan)biosynthesis by Agrobacterium sp.
ATCC31749, and comparative sequence analysis of the
putative curdlan syntase gene, G/ycobiology, Vol. 9, No.

1(1999), pages 31—44.



36.

37.

38.

39.

40.

Topological characterization of an inner membrane (1—>3) —
B —D—glucan (curdlan) synthase from Agrobacterium sp.
strain ATCC31749, Glycobiology, Vol. 13, No. 10(2003),
pages 693—706.

Lee, M.H., Studies on the Separation and Application of
Biopolymer Produced by Agrobacterium sp. ,M.S. Thesirs,
Chosun University, 2003.

Srienc, F., B. Arnold, J. E. Bailey, Characterizationof
intracellular accumulation of poly— @ —hydroxybutyrate ( PHB)
in individual cells of Alcaligenes eutrophus H16 by flow

cytometry. Briotechnol Bioeng. 36:982—987, 1984

Miller, G.L. Use of dinitrosalicylic acid reagent for
determination of reducing sugar. Anal. Chem. 31:426—428,
1959.

Campbel, J.A., G.Davies, V. Bulone, and B.Henrissat. A
classification of nucleotide —diphospho—sugar

glycosyltransferase based on amino acid sequence similarities.

Biochem. J. 326:929—-939.1997.



	제1장
	제2장 실험재료 및 방법
	제1절 실험재료
	제2절 수용성 β-1,3-glucan 생산을 위한 재조합 대장균주 개발
	2-1 균주보관 및 플라스크 배양 배지조성
	2-2 재조합 대장균주 개발
	2-2-1 Genomic DNA Polymerase Chain Reaction
	2-2-2 Conjugation with T-easy vector
	2-2-3 Enzyme reaction
	2-2-4 Conjugation with expression vector
	2-2-5 Transformation to Escherichia coli Strain BL21(DE3)


	제3절β-1,3-glucan synthase의 발현확인
	제4절 회분식 발효공정실험을 이용한 수용성 β-1,3-glucan 생산
	4-1 시약 및 기기
	4-2 균주 및 보관
	4-3 배지조성
	4-4 배양방법
	4-5 균체량, glucose 및 수용성β-1,3-glucan 농도측정
	4-6 NMR 분석을 이용한 수용성β-1,3-glucan 구조분석


	제3장 결과 및 고찰
	제1절 PCR을 이용한 DNA 증폭
	제2절 재조합 균주 개발
	제3절 SDS-PAGE실험을 이용한 단백질 발현확인
	제4절 회분식발효를 이용한 수용성 β-1,3-glucan의 생산
	4-1 재조합 대장균주Crds-F와CC-term의 회분식발효를 이용한 수용성 β-1,3-glucan 생산성 확인
	4-2 재조합 대장균주CC-term와Crds-C의 회분식발효를 이용한 수용성 β-1,3-glucan 생산성 확인


	제4장 결론
	참고문헌

