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Production of Complex Biopolymer from Chung-guk-jang
by Regulation of Genes involving Enzyme Productivity,
and Development of Food Materials and Cosmetics.
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SUMMARY
(P &8 oFF)

The interests on natural food for health have been increased gradually.
Kimchi, soybean paste and soy sauce 1s major member of Korean
traditional functional food. Superior biological activity have been studied
about those food materials. The Bean is called "the beef produced from
field” in Korea, because the quantity of protein and lipid is very high in
beans. And the bean can be used as a raw materials for chunggukjang
which is produced from the bean by microbial fermentation. The microbial
flora  existing on straw play very important roles in the process of
chunggukjang fermentation.

High amount of protease is contained in chunggukjang, so it shows a
beneficial effect on paralysis, heart disease, sudden death. And polyglutamic
acid is contained in chunggukjang, so it has an ability to transfer taxol, a
kind of anticancer material, in the human body. and it helps Ca uptake,
and it works for water preservation, so it can be applied to cosmetics.
Fragments of amino acids are also inhibit angiotensin converting enzyme,
so it can protect human body from hypertension, Some browning materials
in chunggukjang play an antidiabets and cancer prevention effect, and at
the same time those help the growth of Lactobacillus in intestinal tract. In
addition to the points mentioned above, a lot of biological active materials
are contained in the chunggukjang.

In this study, biopolymers, like %-polyglutamic acis(PGA) and levan
produced by microbes were focused. Mutants producing high amount of
PGA or levan were constructed with NTG treatment on B. subtilis CBP
which was isolated from chunggukjang. And the genes involved in
producing biopolymers were cloned, sequenced and compared with the wild

type the mutants were derived. Those genes were ¥-glutamyltransferase,



v—glutamyltranspeptidase and levansucrase.

The optimal condition for the production of biopolymers were also
studied, and proteomic analysis of wild type biopolymer producing
bacteria(BPB) and mutants were also carried out. From the proteomic
analysis, it was shown that 56 proteins were upregulated during
biopolymer systhesis, including the genes of three kinds of glutamine
synthetase, two kinds of levansucrase, glutamyl-tRNA(Gln)
aminotransferase(large subunit).

In rheological properties, biopolymer produced from chunggukjang(as
below CBP), PBP(higher PGA form) and LBP(higher Levan form) showed
pseudoplastic flow behavior of Non-Newtonian with the index values more
than 1.0. For shear stress changes according to shear rate variation

The Power law model and Herschel-Bulkeley model were used to study
of flow behaviors of all of the three biopolymers according to the changes
of their concentrations, pH and temperature. From the results, flow indexes
"n” calculated from the Power law model showed more than 1.0 in the
pseudoplastic  behavior. The correlation coefficients in the range of 0.90~
1.0 indicates the Power law model with more reliably fit than
Herschel-Bulkeley model.

At the temperature dependency on the apparent viscosity of 4%
biopolymer CBP, PBP and LBP as values of shear rate 2.04"' was
exceptionally well fitted at Arrhenius model equation. At the temperature
dependency on the changes of concentration, biopolymer PBP and LBP
was higher than biopolymer CBP.

At the concentration dependency on the apparent viscosity of biopolymer
CBP, PBP and LBP was well fitted at both Power law model and
Exponential model but Power law model fitness was showed highly.

The purpose of this study was to investigate the effects on
supplementation of chunggukjang biopolymer and PBP and LBP on anti

obesity and anti diabetic mellitus in Sprague-Dawley rats.



In first study, it was examined the effects on supplementation of
chunggukjang and chunggukjang biopolymer on lipid metabolism in normal
rats fed high cholesterol diets and streptozotocin-induced diabetic rats. In
second study, it was examined the effects on supplementation of PBP and
LBP on normal rats fed high cholesterol diets and streptozotocin-induced
diabetic rats.

Experimental groups were divided into normal group which were given
experimental diets with 1% cholesterol for six weeks and diabetic group
which were given experimental diets with 1% cholesterol for four weeks ;
control group were fed a casein-based diet. biopolymer groups were fed
casein-based diet supplemented with 3% biopolymers.

The results of this studies aer as follows :

In first study, the effects of chunggukjang biopolymer supplementation
on lipid metabolism in normal rats fed with high cholesterol diet was as
follows. The serum triglyceride of chunggukjang biopolymer group was
lower than that of the control group. But there were no significant
difference. The level of GPT and GOP of chunggukjang biopolymer group
were significantly lower than those of the control group. Fecal excretion of
bile acids was increased by chunggukjang biopolymer supplementation in
experimental rats, but there were no significant difference.

The effects of chunggukjang biopolymer supplementation on lipid
metabolism in streptozotocin—induced diabetic rats was as follows. The
fasting plasma glucose levels, plasma glycosylated hemoglobin and serum
insulin of chunggujang biopolymer group were lower than those of the
diabetic control group. but there were no significant difference. The serum
triglyceride and total cholesterol of chunggukjang biopolymer group were
lower than that of the diabetic control group. but there were no significant
difference. There were no significant differences in hepatic triglyceride and
cholesterol among all groups.

On the other hands, the effects of supplementation of PBP and LBP on



normal rats fed with high cholesterol diets and streptozotocin-induced
diabetic rats was as follows. The serum triglyceride and total cholesterol
of PBP group was significantly lower than control group and commercial
authentic levan group. The serum triglyceride of LBP group was
significantly lower than control group and commercial authentic levan
group. Fecal excretion of bile acids was significantly increased by PBP
supplementation in normal rats fed with high cholesterol diets.

The effects of PBP and LBP supplementation on lipid metabolism in
streptozotocin—induced diabetic rats was as follows. The level of GPT and
GOP of PBP group were significantly lower than those of the control
group. The serum triglyceride, total cholesterol and LDL-cholesterol were
decreased than those of the control group, but there was no significant
difference. Biopolymer did not affect fasting plasma glucose levels. Plasma
glycosylated hemoglobin and serum insulin were not significantly different
in diabetic rats.

In study for effectiveness on the skin and products from chunggukjang,
current study tested the effect of carbomer and the biopolymer from
chunggukjang on skin.

Skin affinity, moisturization, and UV blocking effects were measured
with the two ingredient of CBP, PBP and LBP.

Upon the measurement of trans epidermal water loss(TEWL), and
electric conductivity of skin(corneometer), PBP and LBP showed better or
similar moisturization effect compared with carbomer which is usually used
in cosmetics. However, the experiments showed that the ingredients could
not block the UV.

The skin pH sustained after long-term use and skin irritation test turned
out the degree of irritation is similar of the D.I. water that used in
cosmetics. These experiments improved the ingredients have skin affinity.
Through the products and safety study for skin care, makeup, hair care

using biopolymer, it turned out that the biopolymer could be a candidate as



emulsion stabilizer, viscosity controller in comparing with other polymers
and the safety was very good.

In the test for the effectiveness on the skin, the biopolymer showed a
similar or better resuts in comparing with other polymers used in

commercial available cosmetics. The polymer showed also skin affinity.
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al
gamma-poly-glutamic acid(¥-PGA)¢} fructose T &A1 Rkl TFER
biopolymer$l ©] 3] A th(Lee YL & 1992).

ke =5 (Kangs ; 2002)3 /\}%”(Kang% ; 2003)S dgow gk Ay
of A d ZFaxsd7F vERgth E3F gamma-poly-glutamic  acid(y
-PGA)= A3F #o A9 ndE Hols HHZ dixate he AekEol
Z7 et oy mFdAold glutamineS BE3 AlolE AFHAZ AL 719
A gkake]l A olwk AAG wroll Hlete] vrokrki BaEtITthLi S et

; 1990). E3t w1l Aol Al glutamines 47 Fo 39S v 5 A WAl
I 2YAME, AEAE F2AHL Y] 2EAMAE FFE HRAATL B
= Atk (Cersosimo E et al ; 1936)

o] ¢} o] A= HAES T4 E] HEHJoH A ade gk B
A= glE AAoth A=A FAGE #FE o] &% Ui natto HEES
EFEES AWOA A ES, AdArs A, LDL-2d 2HE A &%
7F o] RaE vk (Yokota T. et al ; 1996). 23y o]t A E2] &5

2 g7 784 sl 34 &£&57] vl A& biopolymere]

F44

e

_4

JHEg B AFdqNE LIFYHE HolE 3 Fo e nd
o= A=A biopolymer 2 PGA$$Y biopolymer, levan %
biopolymer, A ¥ levanS 20| & X3S w 39 vt 53 2L g

wqgY 5 F 2xd N g3 dolr 1zt st}

AN
do

oE
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F

Ofor

H 2% el Z7[s4e

FAE 2D uAZ] o] AAEE AALEAE A (biopolymer) ol & L AF
peptide, T (polysaccharide), ILEAH+7]4F ©@eld slabR{ Fo] it
(Sutherland, 1979 : Kang and Cottrell, 1989). w]A =09 2]3 hiopolymer2]

WF AN YA TEA YANE A tHEsie FRI DF) A B

I o]

g, A 3, dASugrisd 9% =2 A4, 2adaEe] =4
J

I, A4 gk @ B3] 5o FAHE E}(Sutherland 1979).
v A E 9] biopolymer®d2ZA] A 2 83l Qe EZLS gEE 1A

= ANEXeE EuHsE dAA49  extracellular polysaccharide®] ¢

ofN
r o

xanthan gum, alginate, pullulan, curdlan, dextran % levans 9 Y& E+

£ v 3dF =2 (Ninomiya et al, 1968 : Kang and Cottrell, 1979 : Hatcher,
1989 : Auer and Seviour, 1990)3 Alcaligens%s, Pseudomonas3:,
Azotobacter?: 55 ©]&3F polyhydroxy butyric acid ( PHB ) A4 59
7} @aaltk(Sutherland, 1979 @ Kang and Cottrell, 1989).

A bioploymere =4, A4 545 o]&dte] AEFETdolA B
Al AREEI AT =, =A% 54 g EANEA, F3HAl, b8Al, S
150 b A3AS7kE S
2 % Tt Ad A mpz
g A AARAA Arjxd S AAEEHT Adth(Moore et al, 1984 : Nakas
and Henwood, 1989). X3+ biopolymers A7|H37]%59 EA o= <lslo]

o5 BAL ol8F or U A

)
f
2
o
o
o,
L)
i
N
)
o
EE
il
ofr
o
a
ofo
ot
>
o o

©
of
s
=2
ki
Ko
©
ol
2L
X
o,
oo
i)
=
¥
)

=
Biopolymere] A A4} F54&

2 e BAE ol8® 548 AF BH
A QAFFRA, $EE F AT oS AA A B ohe, gelH
Bl 7198 WAEHEA, FTIAFY SJpEoRA A7t Ay 9

tH(Burdon et al., 1976 : Yashida et al., 1988). &3k 3tF ALY o] H A3 &
SHA} TaEH AAA To=z, AddEFoZA AvpAl, HEAA, =5, A

21( controlled release ) ©]&3F Fxa], FEADFT tholoE AE T
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of o]2717k4] FHHSA S-8% 3 AtH(Shimamura et al., 1987 : Yoshida,
1988). ©]2]3 biopolymereE = ILEAlpeptidedt T EFE= mAEL FHo
capsule(FEhH ot} slime(F A E)o] FElE EAlst=t], o5 nAEo WY

&, A giAr AbERA wpolE o] el dia ANE HEshe Vet

0

SAEH T S8 2ol BARZD Ve, s57F 2t ' A E
e ALA, B 24 FAes 7sdE e AeR A dvh(Kang

and Cottrell. 1979 : Moore et al, 1984). 53] ¥4 biopolymer= 94
M FPdomAMe S Zhe 5A4S o] &sto] AlTEE e WAl
ol &% 1 9 tH(Singh et al., 1974 : Nakayama et al., 1979).

FEvete] A= Ao nattoo] Wae| ¥oldt= Bacillusg: Al (
Bacillus subtilis$t Bacillus natto )°©] A2elE A EZ S polysaccharide®
el levan( polyfructan ) polypeptide’d &2 <2l polyglutamic acid(PGA)7}
&35 o] 7 biopolymers A olth(Hara and Ueda, 1982 : Lee et al, 1992).
Levan<s A®S 7|d 2 sto] AAE = [-2,6 polyfructan ZA] 2] Ao &
As= B-2,1 polyfructanAl ¢ inulind = tE FRAZ A3, JEHY
e Pseudomonasss, Xanthomonas<s, gram %49 Bacillus% 3}
Streptococcus?; 2 HAEA odA AJikE i dth(Bacan and Edelman,
1950 : Whiting and Coggins, 1967 : Elisashvili, 1984). 53] v =] 23] A
AabE = levand F2 ey 271 S wlSAIZE 2= wje

qo

7] pH AL

’

=
Rrlole %

ATk, wkEE ol o3 ol wikuiA f @A, Fa, S
of FEA 2l FagAd o) BiFd SAe] FAs-Eva dEA 3l

T}(Ninomiya and Kizaki, 1968 : Jarrell et al, 1979 : Sutherland et al,
1979 : Auer and Seviour, 1990). w"AE] <Jg levane] A
levansucrase®| #-&o °a] o]Folxttir de A Qlil(Hestrin et al., 1943 :
Tanaka, et al., 1978 : Tizuka, 1988) I &4 & o] &3 levand Aty &4
of tig 54 9 A7 Hixo] Jtk(Matton et al, 1955 @ Hestrin et
al., 1956 : Dedonder and Peaud-Lenoel, 1957 : Tanaka et al., 1979 : Reilly,
1990). o]# 3t levano] t3dl S8 biopolymere $838% =Wy {AFso]
A (Han, 1990), <Fgla3 F7Al(Leibovici et al, 1985 : Stark and
Leivovici, 1986), 1% 3 < ( Whiting and Coggins, 1967 : Elisashvili, 1984 :
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Hatcher 1989 : Han, 1990), 2] <& ok(Shioda et al., 1971)5 FHSS o] &
I GEEokel g A7F AefA L

PGA+= homopolypeptide’d E# &M 1937 Bacillus anthracis®] @
capsule ) E o2 A& TAEAJY. Bacillus%9 4% #F(B. anthracis, B.
megaterium's )9l 23| = BA M FA AE] AAEZEZH P FAHAARS
2 ZAstY B subtilis?t 7L WolFe s AELE PGAE Aibste
Aoz dHA Aot ti7l, B. anthracis® PGATAAEL D-glutamic acid
29 A s EEo|X v B subtilis$t B. megateriumt7F AAksl=
PGAAES D-A ¢ L-A9 glutamic acid’} £& ¥ o] EA3vta ¥ i15 o]
9 tH(Watson et al., 1947 : Thorne et al., 1954). £3|, B. subtilisel A Ak
H= PGAol tigh A47F A&EH o w s o] Thornes(1954)¢] wiA] 9]
S WHAA g s AT wEde 58S FAFsE HH(Leonard et
al., 1958). PGAZ4Hg wieF wixul K', Mn”, Mg®, Fe’', PO," 59 714
o] A AEE PGAS A4 D-, L- A vld & A4S A= Ao
2 438 A At (Housewright, 1962). " A& <3 AAEH= PGAY
glutamic  acid®] FEl= v-Z2AFY HEEA ol v-AF
-glutamylpolypeptidasegt= &A7F #ojstes Aoz el FHleonard, et

al, 1958). yv-Glutamyltransferase &+ 2714 FHZ A= AAA =

o,

—~

=,

v

glutamineo| 4] Z}% amine® & y-glutamyl’] & HolsiFE= G40l F WA
+ glutathion®] ¥-glutamyl”] & o}v|x=4te]u} peptide= HoldlF& aiolth

(Housewright, 1962). ¥4, PGA9 y—glutamyl”| ] Hol= v
-D-glutamyl-D,L-glutamic acid®] AgA o] #ed3tE= transpeptidase’} =i
e Aoz gd¥Ad gt o] &4E D-, L- glutamine® 7FEEsu
glutamine® glutamic acidA}°]®] transamidation, ¥-D-glutamyl-D,L-
g4 4eA Jrh(Willans and
Thorne, 1954 a, b : Williams et al, 1955). PGA2] &&3t% =wo|Aq &
7HA de ] vtRe AAE dolzhg, ddAd =4, €% TEFA Sl W

$-go] ¥ 9QtH(Thorne, 1954 a, b. : Housewright, 1962). &, & ol &=

glutamic acid®] transpeptidation®l] #o]3sl=

FRHEY - dig A4 A A dig AL HE o= plastic
S A = 9= biodegradable polymerZ# PGA®] 3k o84 AF7}
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N

X oo Wol e ol&Ha JrH(ard ], 1987). 1T AE
S

|32 S0l 9 of&¥a vk 53] Al

Ao olgh & F W ooy 2o 4 glo] §3ol Thestte el o
th(Kao et al., 1974 : Fordor and Alfoldi, 1976 : Schaeffer, et al., 1976). T
| ml A Eo] AWASEE= biopolymere Aol PV BEEtn 7)EA AR
o] tgstol S543 &EREA o] 8ol FHLASA AL Au. E=3 FH
ol B3 59| biopolymer®] 3}t T2 B ZASHA S SA w3 7]
A9} B Eo] alginate, xanthan gum% ¢ ©dHFE AAEE mAEY #
AR 24 Y &8 E=ole AT 553 7]5S 712 biopolymerE
Abste mAES] #F A A7 o] Fojx i dtHGoldberg and Ohman,
1987 : Harding et al, 1987 : Morris, 1990). L&}, Al o7 o] &Aoo =
om 3 WAV dHAA G ATEAEA e FHAA 22 HE3gshal
levan®} PGA<} #& E3 35S 743 9 bioplymers AAHs=
Bacillus% w7 gk F3% 2l gk #Alo] molAw thekst A7t
g A ot gt Awgk AdE Akl olzA Zahal e AA

ol o}.

v
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o2t

H 3% drygsd e & 22

A1A H 7o &?

A7 (Chung-guk-jang)o| & <3l Z& A2 Al&3sle], nAEo] dFg=
Fstoz A ALHEE AT Folth ey AE AarAldie] o]n A4k
g o] g9 HAr} 150089 A= Hoha A
o] mAE #3t X

=2 T
s o= AR e A=A Ags] AL = AN, ddIEe

A Zhekstd, 1 A

N
_?K_',
},
30,
R
o
2
lo
>,
=
i
3
B
Y
o
o
l-flj
AN
lo
BN
ox
il

7 = pohy - glutamic acid {or v -P&SA0)

Fig.3.2.1. %-poly-glutamic acid(or v-PGA)

Ao A AatE = 2 biopolymer + ¥-PGAS} levan ©]t}. ¥-PGA A
P4 =mE a9 3229 #Zol BAME F gloH, o] T M 8T Bh
2 IdAE = dE AL y—glutamyltransferase$t v-glutamyltranspeptidase®]
t}. levan 9 AgA 2 levansucrase 7} w3, sucroseE 7| A2 Al 3}o]

o] o] 1t}

V-PGAE AFge] EHEAT P Yror, £84, SoleH, 4
g, % Age] ohvmiel ;A 2AlZA o OFE, $4E, B4, T4

£ A To2 AL HUt wl$- thdet Biopolymer °©lth. B. subtilis IFO
333590 ¢olgt v-PGAS 34 A=ZE v 2t} (Ing-Lung Shih, 2001)
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Fig. 3.2.2. Pathway of ¥-polyglutamic acid synthesis in B. subtilis IFO3335

Fig. 3.2.3. Poly-Y-glutamic acid ¢ +%
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V-PGA®S Fxv 7125477 =& de Fol2Ade 1EAEA, D
L-glutamate’} V-amide Z2%S AX F o

V-PGAE D-PGA, L-PGA, DL-PGAZ T4 =&, =4y d¥o v
o x©elg wFEAO B subtilis = WHEES DL-PGAS At
(Ashiuchi M, 2001)

nCi2H2On  ————> (CeH1205)n + n(CeH;20¢)

sucrose levan glucose
I _. ] 1 | Y ) 5 | L r
% PR ", Al ™ Fa PP /

Fig.3.3.4. Structure of Levan
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WolF5 Egstr] fdte] UVEAL 2 3518 Wo
N-nitroso guanidine (MNNG)Z] 2] & 3)3}o] WHo 3]

T+AS Y9428 ZE phosphate buffer® 23] MFH3E 3 Aekstz 22 UV
2 MNNGE Agste] A Ao A Fejaoz Wstd WHo|FE5 12483
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o
'L
As)
=
i<}
fo
ot
iy
r o3

]
]

= =
=

i
=
o
N
i
B
ofN
2

%
_O‘E
38
o

_29_



3) Biopolymer® TAlH] =3
Biopolymer 410 AM8H A 8E EHF B subtilis CBP¥ 270¢] Wol
FE 44 TSBoA A¥jF A7 AS biopolymer4tg v X o] HF3slo] 3

7Ce 3A DeudrloA 200 rpme 2 397 v T YA B sle] o
A

O
o
2
=
[\]
=z
(o]
0,
lo,
B
e
=
Q
5
o,
[
X0
N
NS
o
)
)
W
filo
tol,
B
ol
o,
2
ui
o,
)
rN
i
o
ui

3 24A7F FAAIZIAL, o5 T2 ZAZAF biopolymeriA Ad ol Al

A8,

4) Biopolymer®] TAY st&F =4

Levan® TA9<¢ fructosed#HS =43t7] Y3Fe] biopolymer 10 mge
Z}zy A &Fskal 3 N-HCI 10 & H7Fete] 100C, 3AIZF Ab7bEaiA1zl A
< 3 N NaOH=A F3} &, o|& 7Y sFA17 HPLCE S/ 10 meel =)
g8 AlHTY. o] fHME 045 mm membrane filter® o] 3A]A  Sep-Pak
Cl8(Waters Co)o 2 Held F HPLCE ®Aatith oju AM8-¥ HPLCY
A Z2 Table 13 Z22H fructosed &S AFEZH] Hl#H =0 dg 1

2 87843 ( R2=0.9995 ) 0. AbE3tgith

5) Biopolymer?] glutamic acid¥ % =4A

Polyglutamic acid(PGA)ZE FAl sl glutamic acid %2 ZAMsH7] 98|
biopolymerE 77} 10 mg A& A Fste], 6N HCI 10 mE H7F % 110TCAl
A 2473 rpEEste] 2t FE5AIZ] AL sodium citrate buffer(pH 2.1)
10 meoll HE3hAIA 045 gm membrane filter® ] #3+ 3 Amino acid auto
analyzer24] Table 29 Z71o2 R A3t} olw] glutamic acid S X

#3149 glutamic acid WA H ZEE AFEH 9o}
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Table 3.1.1. HPLC conditions for sugar analysis of biopolymer.

Items Conditions
Analytical HPLC, LC-10A(Shimadzu Co.
Instrument
Japan)
Column puBondapak NH> column( 3.9 mmx300 mm )
Column heating temperature 60T
Detector RID-10A
Mobil phase Acetonitrile : water, 75: 25 ( v/v )
Flow rate 1.0 m¢/min
Sample injection volume 20 ©l
Integrator program Class LC 10(Shimadzu Co.)

Table 3.1.2. Amino acid autoanalyzer conditions for amino acid analysis of

biopolymer.
Items Conditions
Instrument Auto amino acid analyzer(SYKAM Co., Germany)
Column 150 x 4.0mm(PEEK)
Mobile phase Sodium citrate buffer( pH 2.1 )
Reagent flow rate 0.25 mf/min
Reactor temp. 130C
Injection volume 100 b
Channel 440nm, 570 nm

2. 4738 s L A7
7} v-PGAY AAaZEH =

A2

o]l 2 levansucrase A Ztiw o]l F 9

X t51 Bacillus subtilis CBP 55 UV % MNNG=EA w®o] A& g
A& CMolA i ks & 21 & MMolA ABFstA e *F 5 FHtHoe
2 W37 e 309FS 1A AEesith 1x Ade #FE dde=m
biopolymer AAFef=] o] AA wj<ksle] wj A biopolymer AALZo] ¢35k
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Hol 109FS  2x4¥ sl Y. ©o]E  biopolymerE W #4314
biopolymer(PGA ¢} levan)d] TAH|7} EdF¢ £94d3] thE Ho|F: 2% &
T A s

2) Biopolymer?] 4]

7}) Biopolymer®] vz 2 ZtF3lk

el 2719 wWolFrE AAMStE biopolymerd] TAAE S ZA
PGAS} levan® &3S 747t diide =y Fdo FHFoz A Aye

Table 3.2.19F #t}. Wol5 PBPT 7} A4FsE biopolymer(A)7} Tl glafFo]
555% % Ao r F dF Ho =2 Zo®E YEWT E B subtilis
CBPo] A4F3l+= biopolymer(C)e] w9

biopolymer(B)e] @@ ga2  20.1% K o] ‘5:19}14. Mol PBP9
biopolymer”’} t& % biopolymer®t} @ildhako] o AL AHor =
2 v-GTPEA s A E PGAZF levan Bl ghaFo] @r] wjEl Zo
2 AlmE

=9 32 biopolymer A7} 40.8%, biopolymer B7} 70.9%, biopolymer C7}
62.5%= et mEkA biopolymere] AR E w gy} F o
YERAS o biopolymer AE PGAS levano] W 55 1 400 F
biopolymer B¥ 20 : 702 %, biopolymer C= 17 : 629 H| &% FTAFHo
= Aem FEL & Ut ey oleh 2 uMdEy FY FHoRA
biopolymere] /4ol tigt vl&= TR kol gk AFekst ol
e W ted Aoew AbmE
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Table 3.2.1. Protein and total sugar contents of biopolymer produced by
mutants and B. subtilis CBP.

Composition Biopolymer sample
Items A B C
Protein(%) 555 £ 15 201 £ 1.2 175 + 0.9
Total sugar(%) 40.8 £ 1.2 709 £ 1.7 625 £ 2.7
Others(%) 2.7 2.4 3.2

* A ! Biopolymer sample produced by Mutant PBP
* B ! Biopolymer sample produced by Mutant LBP
* C ! Biopolymer sample produced by B. subtilis CBP

1}) Biopolymere #+A4Y 2 FAolu|it g &4
271¢] WolFel mFFIF HAFsE biopolymer?] A EOl W3 A&
s FEHE eyl fletel 749 HPLCE #4¢ A3 Fig. 3219

chromatogram¥} #Zt}. Chromatogram’dol A 37FA] biopolymerd] &3 &-

fructose®] @ peak® o] Folx Aoz 3ol weba F wo|Fel &
wF7F BAHeE biopolymer T84 E T WY AR frutosett o2 T H
levan’d £95 & 5 AJvk Al FF 2 biopolymertl fructosedd& AFS

ZAy= Table. 32239 2t} Biopolymer A9l fructose &S 2602 mg/g,
biopolymer B9 fructose 3% 604.1 mg/g, biopolymer C+ 326.2 mg/gl &
ekt Al biopolymer A, B, Co T4 oln| x2S EA3% A¥E Fig.
3.2.2°] chromatogram A, B, C¢} Zt}. Biopolymer 74 o}n A2 Ao o
B& glutamic acid® TA = AT} o] chromatograms EWZE glutamic
acid®] &3S ZALS A7 (Table 3.2.3) biopolymer A2l glutamic acid %
2 516.3 mg/g, biopolymer BE 1244 mg/g, biopolymer C& 101.3 mg/gl =
et} Fructose2t glutamic acid® & A&7 n]|S A4bs] B
w biopolymer A+ glutamic acid®t fructose®] H|7} 66 : 34, biopolymer B
= 18 © 82, biopolymer Ci= 24 : 769 H]& Fhxo] Utk webA] wWelF
of ¢ AAFE biopolymers ETFET FAAEE W3lE biopolymerZ
A Ao Ay Edo A4, 4% 540l Wstd biopolymers

G 5 e glole At
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Biopolymer A Biopolymer B Biopolymer ©

Fig. 3.2.1. HPLC chromatograms of the hydrolysates of biopolymer produced by
mutants PBP(A), LBP(B) and B. subtilis CBP(C).
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Fig.3.2.2. Auto amino acid analyzer chromatograms of acid hydrolysates of

bioplymer produced by mutant PBP(A), LBP(B) and B. subtilis CBP(C).
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Table 3.2.2. Fructose contents of biopolymer produced by mutant PBP,
LBP and B. subtilis CBP

Composition Biopolymer sample
Items A B C
Glutamic acid (mg/g, biopolymer) 516.3 124.4 101.3
Fructose (mg/g, biopolymer) 260.3 604.1 326.2
A4 Biopolymer A4t x4 284 # FE2EH

1. 9739 T4
7}. biopolymer A3 1A F&49 -8 primer 9 A%}
A FEsdes o] &3 PCRE ©]l&3te], biopolymer 378 37t
<,  v-glutamyltransferase 3}, v-glutamylpolypeptidase F3A 2
levansucrase 25 XE3ste 3F9 2kbA7]e] FHAAGHS FEYEA
t}. BiopolymerAd 344 #H F314 3F& FEY37] #13 AH8E primer9]

A 7| dg-8 Table 63 2t}

O

Table 4.1.1. Oligonucleotide primers designed for amplification of ¥
—glutamyltransferase gene, ¥-glutamylpolypeptidase gene and levansucrase
gene.

Primers Sequences
transpepup ' - GCAGTCCCTTCTTAATCCGTATGCTGAT - 3°
transpepdn ' - GGCTCCGAGCATCGTACAAATGTATGGA - 3°
transferup ' - CGCTATTACCATCAGTCTCGCCTCTCAA - 3°
transferdn ' - TGACTCAATTGCTCCACCTGCTTTCGTA - 3°
transpepnattoEcoup ' - CCGAATTCCCATGAAAAAATTGAGGGGCGAGTC - 3°

' - CCGGATCCATGAACAAATCTGTCATCGGTAC - 3°
' - GGGCTCGAGTTAAATCCCCACAGCCGCTCCG - 3°

' - ATCGCGCGGGTTTGTTACTGATAAAGCA- 3°

' - CCGGTAGTCCGGCTTCTGTTTTGATTTT- 3°

' - CCGGATCCATGAACATCAAAAAGTTTGCAAA -3°
' - GGGCTCGAGTTATTTGTTAACTGTTAATTGT- 3°

transferBamup

5

5

5

5

5
transpepnattoHinddn 5" - GGGAAGCTTCTAATTCATTGTCCTTGTATTT - 3°

5

transferXhodn 5

levanup 5

levandn 5

levansucBamup 5

5

levansucXhodn

. Polymerase Chain Reaction(PCR)¢] %4
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4= biopolymer Bit## FHAE FEYs7] 9o, CBP#F %
PBP2] dAA DNA luge Fd o2 ARSI od, 10X PCR  buffer 5ul |,
dNTP 5ul, forward and reverse primer 4ul “12]3l dH.O 31.5ul5 7}staL,
FH o2 Taq DNA polymerase 05ulE 713 & 95Co|A 283F on|7F<E
S 95TCAA 30x3+ WA, 55TColA 137 anealing 2 72ColA 2 3 =%
S Al7le 284S 3H cycle FIAsEAT. FEFE PCR AES 0.7%

agarose geldl A A7) G E3te] EtBro] AA&te] UVEAIZIE #2slgth

M, & phage maker DNA

lane 1, v—glutamyltansferase gene of PBP
lane 2, w—glutamyltranspeptidase gene of PBP
lane 3, levansucrase gene of PBP

2. 47 e R 2%

7}. ¥-glutamyltransferase gene ¢ F24 % f7vjd 24

g i I, h & h.
(=) I T ™ W e
¥ L E—— U
it - —an,

:'1'.'2:.:3:._ y-ghutamyltransferase gene 1

1) CBP

CBP 9] biopolymer AAt##  Y-Glutamyltransferase dx}e] +%
9 FAE = obu 4k wld e Fig. 4-2-13 2t} o] § A= 1575 bpE T
dE ol dlem ORFi= 52570 ofvimdts s=gho]l &9l Hglon, 47

o oF 1300 bpe] T&7F W oM SHFIGe % oF 960 bp7t ALk,



ccgat acgat cgatt cagct ggt acccggggat cct ct agagat t act at agggcacg-
cgt ggt cgacggcccgggct ggt aaaat gaaacgccccgt acget aagaaaat gat aat g-
acaaggccgggat t aat ct gt aaagt t t gcaggccgat aaaagcgat gat aaaaaacagg-
at gccggt gacccagccgaaacct t t aagcget tttt ggccaaact cgt acgccat gatt -
ccgagcat gacggt aat t accggcegt gacagcgccaat cat acct gcaacaat t gct gaa-

tggcttaacacatttacagccgcaaacaagcccaccat cgcaagacat gt aggcagaat g
t gggcgagggt cgccacaat t gcacct aat gt gcctttt agect t aaagcccagat aagca
gccattttggt ggcaat cggt ccgggaagcgeat t agcgat t gct aat attt ct ccgaat
tcatcatcgtcaatccatttatatttattgaccgcttcat ggcggat cagcggaat cacg
gaaggt ccgccgccgaaccct aat at gccggt gcgaaccat t gcggacgt cat at cccga
taaggatggtttttcattcgtttctctcctttacagecttcattcccatacggettttgta
tcgtttgat cagcat ct ggcaat caacact gacgacgcct cgcaat ggat acageccgttt
tgttaaaaattcttccatttcttgatcgttggcaaagat cccat gcat at gcagettget
t gggcct gt cat gt gat aaaggct ggt gaccgcangct ct t cct caagct t aagagcgac
ctcttctaaaaattgcggttctacct cgacatt gaaaaacacggaaacat gaat gccgat
tttagcgggat t gat gacagcggt gaattttt caat aacact ggcttcaattaattggtt
gat acgggcct gcacggcgacccgt gacaaat cgact cttt t gccaagat ccgt at aaga
aattctgccttcttcat gcaaaat cgt gagaatttgtttat cagtct cat caagt acaag
gttggggatttgatattcat gactcaattgctccacctgetttcgtagecttttagcaat
cattttatcataaaagttacgtatcgaaatgataatttttcatttgttttcgaaatgaat
gt aaaaatatcttattatttgcgaaaagaagaaagttcgtcagtttttctgccggatcag
t agat gt gaaaaat caggct ccct at act gaagaaaat t t ct t aaaaaaggggacttgtg

ATGAACAAATCTGT CATCGGTACAAAGCAAATGATCGT CAGTCCGCATTACCTCGCTTCT
MNKSVI GT KQMI VSPHYLAS

CAAGCCGGAAACCGCATACT GGATAAGGGAGGECAACGCGT TTGACGCCCCTGT TGCGGT G
QA GNRI LDKGGNAFDAAYVAY

AGTGCTTGTCTTGCGGT TGT GTACCCGCATATGACCGGACT TGGCGGGGATTCCTTTTGG
SACLAVVYPHMTG GL GGDSTFW

CTGACCTTTCACCAGGAAACAAAGGCAGTAAAAGT CTACAAT GGCAGCGGCAGT TCAGGA
L TFHOQETI KAVKVYNGSGSSG

AAAAACGT AACGAGAGATGTATATAAGGGAAAAAGCGCGAT TCCGCTGCGEEGAATTGAC
K NVTRDVYKGKSAI PLRGI D

AGTGCCATTACCGT GCCGGGAAT GGT TGATAGCT GGGAT GCGGT CCTGAAGGAGT ACGGEG
S AI TVPGMYVYDSWDAVLIKTEYG

CGTCTGTCTCTTGCAGATGT AT TGGAGCCCGCACGCGAT TATGCCCAAAATGGGTTTCCT
RLSLADVLIEPARDYAQNGTFEFP

GTATCAGCT GATCAGT GT CGT CACACAGAAAAGAATAT TGAAT TGCTGGCT TCCACGCCT
V S ADQCRMHTEKNI ELL ASTP

TACACGGCTGACATCTTCACAAGAAGGGGECAAAGCACCT GT CCCGGGAGAGCGGT TTGT G
Y T ADI FTRRGKAPVPGERFYV

CAAAAAGAGCT TGCAGACAGT CTGAACT TGATTGCTGAAAAAGGAAGAAGCGCATTTTAT
QKELA ADSLNLI AEKGRSAFY

GAAGGAGATCTCGCTCAGCGGATTGTCTCACATTTACAGAATAACGGCAGT TACATGACA
EGDL AQRI VSHLOQNNGSYMT

ATCGATGATTTTAAAGCGCAT CGGEGGT GAGT GGGCAGT GCCTGTATCAAGT GATTATCGA
I DDFKAHRGEWAVPVSSDYR
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GGGTACAGT GTGTATCAGGCGCCGCCAAATTCTCAGGGATTTACCGGT TTATTAACACTG 780
GY SVYQAPPNSOQGEFTGLULTIL

AACATTTTGGAAAACTATGATTTCACCCAAATCGAACACGGTTCATTTGAGTATTATCAC 840
NI LENYDFTO QI EHGSZFEYYH

GTGCTTGTGGAGGCATTGAAAAAGAGT TTTCTAGATCGGGATGCCGTCCTGACTGATCCG 900
VL§LILVEALIKKSFLDRDAVLTUDP

GCGTTTGCAGACAT TCCGCT TGAAAGCCTTTTGGACAAACGT TATGCAAAACAATTGGECA 960
AFADI PLERLLUDIKRYAKZ QLA

GAAGAAAT CGGCTATCTCGCAAT ACCGGCAGAAAGCAGGCCGGT GGGAAGT GATACGGCA 1020
EEI GYLAI PAESRPVGSDTA

TATGCGGCCGTAATCGAT GCGGATGECAACGCAGT GTCATTCATTCAAAGCCTGTACTTT 1080
Y AAVI DADGNAVSFI QSLYF

GAATTTGGCTCGGCAGT CACTGCCGGTGATACAGGCATATTACT GCAAAACCGCGGATCG 1140
EFGSAVTAGDTU GI L L QNRGS

TTTTTCTCACTGGATGAAAATCATGT CAACACGCT TGAACCGAGAAAGCGCACCTTCCAT 1200
FFSLDENHVNTLEPRIKRTFH

ACGTI TGATGCCGGCTATGGT CTGTAAAGGCGGAAAGCCAAAAATTCTGTACGGCACACAA 1260
TLMPAMVCKGGKPKI L YGTAQ

GGCGEECGAAGGECCAGCCGECAGACT CAGACGGCCATCATTACCCGAATGCTGGACTACGGA 1320
GGEGQPQTQTAI I T RMLDY G

ATGCATCCACAGCAGGCAAT CAGCGAACCGCGCTGEGTAT GGGECAGAACGT GEGGAGAG 1380
MHPQQAI SEPRWYVYWGRTWGE

GAATACGAAGGT CTCAGAGT CGAGGGCAGAT TCACAGACAAAACAATCCAAAAACTGAAA 1440
EYEGLRYVEGRFTDIKTI QKL K

GACAGCGGEGECATCTCGTGGAGGT TGTCGGTGACTATGAT CCGCTGATGGGACAAGCGECT 1500
DSGHLVEVVYGDYDPLMGAOQAA

GCAATCAAAGT TGATGAAGAAGGCT TTCTCCAAGGCGGAGCCGAT CCT CGGGEGAGACGGA 1560
Al KV DEEGFL QGGADUZPRGDG

GCGCCTGTGGCGATTTAAat aact at agggt acaaat at aaat caaaagcat aaacataa 42
A AV G I

gggagacct ct acaat gt ggt acat atactgtttat ctt caggt ct at aat gccactcca 102
t aaaaat t cgt at t gagt caat cacaat aaaaaat aaaagaagcaaat att caacgggaa 162
aaaaggagagt gaaaacacaaacaaaat aagt aaagt gatttcgatctatttgtgtgtat 222
tgctgacatgcttatat cgccagccggatttatcaataccgtattttttctttataaaaa 282
at t gagaggcgagact gat ggt aat agcgat cagcat t aaaat ccaaaagtttgtcattc 342
caattcctcctaatctacctttatacgaagaaaaaggaaaaacgtttcat aaaagaacac 402
cccgagcttactctgggtgttectttttttgatatttttttagttatctacaggcgatatt 462
ttgtaatcataaggtctttttgactagtttcttctatttaaatagtccttctcttcaget 522
gggacgaat cagt gt gaattcttccccgagtttagcat agtgatttcccgccaatcgtga 582
ggcaggctttaattcatccgttaaaatatatcccttttctgcatcatacaccttttcatc 642
t aggt ggaagcagacaact ctt ccgat gagcat at ct gct gt agt gacgccttggtcatt 702
gt caaaggt aat at gccgctct aattt gcact caaagcgaacgcgggcttccttaatgecc 762
ggggact gaaacagctttgctttcacaggat gaagcgaggt gcgt gt aagctcgctttca 822
tccggccttaagettgcagetgtttcatt gat accagcccggggccgt agagcacgecgtg 902
ccct at agt aat ct ct agaggat ccccgggaccgagct cgaat t cgt aat ncat gt ncat 962
gttttt
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Fig. 4.2.1. Nucleotide sequences and deduced amino acid sequences
determined from the VY-glutamyltransferase gene of the strain CBP,

chungkookjang biopolymer producer.

2) PBP

CBPu ol Weol Aglate] A=xe PGAS$ AidwolF PBPEFo V-
Glutamyltransferase +d%}e] 25 ZAAATE o 5
T EJem, ORF& 5259 ofn|xits = & 4 5 Adden, 4/

°F 1,500 bpet 379 < 2F 3,000 bp7t A4 =

i

act at agggcacgcgt ggt cgacggcccgggcectggtctgtatctgtttacaacttcttc- 1401
aaacatt agcgggat agacgcaggt ccgccgccat at cccagt aggt t t gcgat aaaaaa- 1341
cgccat aaat aaat agat cgat at cat gaggct gacattcctttatcttttgaatgttta- 1281
tttgtgattttgtctttcagtttaaaat gaaacgccccgt acgct aagaaaat gat aat g- 1221
accaggccgggat t aat ct gt aaagtt t gcaggccgat aaaagcgat gat aaaaaacagg- 1161
at gccggt aacccagccgaaacctttaagcgcettttt ggccaaact cgtacgccatgatt-1101
ccgagcattaccgcaat t accggcgt gacggcaccgat cat acct gcaacaatt gct gaa- 1041
tggcttaacacatttacagccgcaaacaagcccaccat cgcaagacat gt aggcagaat g - 981
t gggcgagggt cgccacaact gcacct aat gt gcctttt agct t aaagcccagat aagca - 921
gccattttggtggcaat cggt ccgggaagcgcattagcgattgctaatatttctccgaat -861
tcatcatcgtcaatccatttatatttattgaccgcttcat ggcggat cagcggaat cacg -801
gaaggt ccgccgccgaaccct aat at gccggt gcgaaccat t gcggecgt cat at cccga - 721
taaggatggtttttcattcgtttctctcctttacagcttcattcccatacggecttttgta -661
tcgtttgat cagcat ct ggcaat caacact gacgacgcct cgcaat ggat acagccgttt -601
tgttaagaattcttccatttcttgatcgttggcaaagatcccatgcatatgcagcttget -541
cgggcct gt cat gt gat aaaggct ggt ggccgcaggct ctt cct caagct t aagagcgac - 481
ctcttctaaaaattgcggttctacctcgacattgaaaaacacggaaacat gaat gccgat -421
tttagcgggatt gat gacagcggt gaatttttcaat aacaccggcttcaattaattggtt -361
gat acgggcct ggacggcgacccgt gacaaat cgact ctttt gccaagat ccgt at aaga - 301
aattctgccttcttcatgcaaaat cgt gagaatttgtttatcagtctcatcaagtacaag -241
gttggggatttgatattcatgactcaattgctccacctgctttcgtagecttttagcaat -181
cattttatcat aaaagttacgtatcgaaatgataatttttcatttgttttcgaaatgaat -121
gt aaaaatatcttattatttgcgaaaagaagaaagttcgtcagtttttctgccggatcag -61
t agat gt gaaaaat caggct ccct at act gaagaaaat tt ctt aaaaaaggggacttgtg -1
ATGAACAAATCTGT CATCGGTACAAAGCAAATGATCGTCAGTCCGCATTACCTCGCTTCT 60

MNKSVI GT KQMI VSPHYLAS

CAAGCCGGAAACCGCATACT GGATAAGGGAGGECAACGCGT TTGACGCCGCTGTTGCGGTG 120
QA GNRI LDKGGNAFDAAVAYV

AGTGCTTGTCTTGCGGT TGT GTACCCGCATATGACCGGACT TGGCGGGGATTCCTTTTGG 180
SACLAVVYPHMTG GL GGDSTFW

CTGACCTTTCACCAGGAAACAAAGGCAGTAAAAGT CTACAATGGCAGCGGCAGTTCAGGA 240
L TFHQETIKAVKVYNSGSGSSG

AAAAACGT AACGAGAGATGTATATAAGGGAAAAAGCGCGAT TCCGCTGCGEEGAATTGAC 300

_40_



K NV TRDVYKGKSAI PLRGI D

AGTGCCATTACCGT GCCGCGAAT GGT TGATAGCT GGGATGCGGT CCTGAAGGAGTACGEG 360
S AI TVPGMYVYDSWDAVLIKEYG

CGTCTGTCTCTTGCAGATGT AT TGGAGCCCGCACGCGATTATGCCCAAAATGGGITTCCT 420
RLSLADVLIEPARDYAQNGTEFFP

GTATCAGCTGATCAGT GTCGTCACACAGAAAAGAATATTGAATTGCTGGCTTCCACGCCT 480
V S ADQCRMHTIEI KNI ELL ASTP

TACACGGCT GACATCTTCACAAGAAGGGEGCAAAGCACCT GTCCCGCGAGAGCGGTTTGIG - 540
Y T ADI FTRRGKAPVPGERFYV

CAAAAAGAGCTTGCAGACAGT CTGAACT TGATTGCTGAAAAAGGAAGAAGCGCATTTTAT 600
QKELADSLNLI AEKGRSAFY

GAAGGAGATCTCGCTCAGCGGATTGTCTCACATTTACAGAATAACGGCAGT TACATGACA 660
E GDLAQRI VSHLOQONNGSYMT

ATCGATGATTTTAAAGCGCAT CGEGEGT GAGT GGGCAGT GCCTGTATCAAGTGATTATCGA 720
I DDFKAHRGEWAVPVSSDYR

GGGTACAGT GTGTATCAGGCGCCGCCAAATTCTCAGGGATTTACCGGT TTATTAACACTG 780
GY SVYQAPPNSOQGFTGLILTL

AACATTTTGGAAAACTATGATTTCACCCAAATCGAACACGGTTCATTTGAGTATTATCAC 840
NI LENYDFTO QI EHGSZFEYYH

GTGCTTGTGGAGGCATTGAAAAAGAGT TTTCTAGATCGGGATGCCGTCCTGACTGATCCG 900
V1L VEALIKKSFLIDRDAYVLTT DFP

GCGTTTGCAGACATTCCGCTTGAAAGGCTTTTGGACAAACGT TATGCAAAACAATTGGCA 960
AAFADI PLERLLUDIKRYAKQ QLA

GAAGAAATCGGCTATCTCGCAAT ACCGGCAGAAAGCAGGCCGGT GGGAAGT GATACGGCA 1020
EEI GYLAI PAESRPVGSDTA

TATGCGGCCGTAATCGAT GCGGATGECAACGCAGT GTCATTCATTCAAAGCCTGTACTTT 1080
Y AAVI DADGNAVSFI QSLYF

GAATTTGGECTCGGCAGT CACTGCCGGT GATACAGGCATATTACT GCAAAACCGCGGATCG 1140
EFGSAVTAGDTU GI LL QNRGS

TTTTTCTCACTGGATGAAAATCATGT CAACACGCT TGAACCGAGAAAGCGCACCTTCCAT 1200
FFSLDENHVNTLEPRKRTFH

ACGT TGATGCCGGCTATGGT CTGTAAAGGCGGAAAGCCAAAAATTCTGTACGGCACACAA 1260
TLMPAMVCKGGKPKI L YGTQ

GGCGGOGAAGGOCAGCCGCAGACT CAGACGGOCAT CATTACCCGAAT GCTGGACTACGGA 1320
GGEGQPOQTQTAI |l TRMLDYG

ATGCATCCACAGCAGGCAAT CAGCGAACCGCGCTGEGTAT GGGECAGAACGT GGGGAGAG 1380
MHPQQAI S EPRWYVYWGRTWGE

GAATACGAAGGT CTCAGAGT CGAGGGCAGAT TCACAGACAAAACAATCCAAAAACTGAAA 1440
EYEGLRYVEGRFTUDIKTI QKL K

GACAGCGGECCATCTCGTGGAGGT TGTCGGT GACTATGATCCGCTGATGGGACAAGCGECT 1500
DSGHLVEVVYVYGDYDPLMGOQAA

GCAATCAAAGT TGATGAAGAAGGCT TTCTCCAAGGCGGAGCCGAT CCT CGGGEGAGACGGA 1560
Al KV DEEGFL QGGADUZPRGDG

CCGCCTGTGGCGATTTAAat aact at agggt acaaat at aaat caaaagcat aaacataa 42
A AV G I
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gggagacct ct acaat gt ggt acat atactgtttatcttcaggtct at aat gccact cca
t aaaaat t cgt at t gagt caat cacaat aaaaaat aaaagaagcaaat at t caacgggaa
aaaaggagagt gaaaacacaaacaaaat aagt aaagt gatttcgatccattt gt gt gtat
tgctgacatgcttatatcgccageccggatttatcaataccgtattttttctttat aaaaa
att gagaggcgagact gat ggt aat agcgat cagcat t aaaat ccaaaagtttgtcattc
caattcctcctaatctacctttatacgaagaaaaaggaaaaacgttt cat aaaagaacac
cccgagcttactctgggtgttctttttttgatatttttttagttatttacaggegatatt
ttgtaatcataaggtctttttgactagtttcttctatttaaatagtccttctcttcaget
gggacgaat cagt gt gaatt ctt ccccgagt tt agcat agt gat tt cccgccaat cgt ga
ggcaggctttaattcatccgttaaaatatatcccttttctgceatcatacaccttttcatc
t aggt ggaagcagacaact ct t ccgat gagcat at ct gct gt agt gacgccttgatcatt
gt caaaggt aat at gccgct ct aat t t gcact caaagcgaacgcgggct t cct t aat gec
gggaact gaaacagctttgcttt caacaggat gaagcgaggt gcgt gt aagct cgctttc
at ccggcct t aagcttgcagetgtttcattgat atcttcaat gat ggctt cat cact gac
at gaacgacaaattctccgttctccactgecgtttcgegetgtatctttttggegtcecttc
cgtcct gt t aacagaaat act gagaagcggaggat ct gagct gacaacgt t at aaaaact
gaaaggcgcggcatt gaccgct cct cct gaagaaagt gt t gt cacaaat gcaat ggggcg
gggaat aacggt acct gacaat agct t gt at gt gt ct t t ggcact aagct gat cagettg
aaat at gt acat agcaacaaccgcctttat cgttaggat acctt gattat aacgaaat gg
ttt aaaggaaaccaaat gat gcgggt t gcat at gt t at gt cat gacat at at ct aat aca
gggcaaat aaaaaaat aggct t ccgt acct ccgecggeagect at t gaaacaat gaaaac
ttagattatttgtatttctttttgactacccagcaattgecgtctttccagtattctttt
ttgctgtcataatcatcgtgtcttttgtagtcgtcgcagtggtggtacggttttttgtag
tatttcttat gggaacgataagattttttgtgtgtgcggcatgactttttatagcetgcga
gattttttcttgtgagaacagtatgactttttgtagctgcgagattttttgtaagaacgg
caagattttttatagctgcgagattttttgtaagaacggt aagattttttatagctgcga
gattttttgtgagaacggtacgattttttgtggctgcgagatttctt gt gagagcagt at
gattttttgtggctgcgagatttttt gt gagaacagaatgatttttt gt gact gcgagat
tttttgtgagagcagtatgattttttatggctgcgagattttttgtgagt gcggt gcgac
tttttatgactgcgtttttttccatgaggctcttggt at aaataatcctttaaaccttct
ttttttgcggatttcaccgcettcttcgat gt cagaat gggaat agt ggcccaattt gaaa
tcctcctttt aaaaat at gtt aaggat gaagat cctt act accct cat agt acgcgeggt
ttt aaaaagt gt at aagt gt t ccgct gagat ctt at aaaaat aaaagcct aaaatttgta
aggaggat t at ggat gaagaat caat ccaatttaccgctttatcagectgtttgttcatcc
aaaagactt gcgt gaat t aaaaaaggat at at gggacgat gat ccggt gccagct gt gat
gaaggt aaat caaaaaaaggct ggat at t gat at cgct t at cggggat cacat at cagag
actt caaaaagaagt cataccatatttccttttatcagccgaaaacattccgcggcgege
gagagat t cact t aaat gcggagt at aaagat cctt cct t gat gagaaacaaattgtctc
tggattttttctcggagct agggacact gt ct ccaaaggcagagttt gt gttt gt aaaga
t gaat gggaagaat gaaggggt tt at ctt gaact t gaat ccgt agat gaatattatttgg
cgaaaaggaagct ggct gat ggcgcgattttttat gcggt ggat gat gat gccaactttt
ct ct gat gagcgat t t agaaagggaaacgaaaacat cgct ggagct t gggt at gaaaaga
aaacagggact gaggaggatgatttttatttacaggatatgatttttaaaattaatacgg
t ccct aaagct cagt t t aagt cagaagt gacaaagcat gt ggat gt cgacaagt attt gc
gctggecttgecggtatt gtattcacct caaact at gacgggttt gt ccacaact acgcat
t at acagaagcggggaaaccggattattt gaggt gattcctt gggatt at gat gcgactt
ggggcagggat at ccat ggagagcggat ggct gccgat t at gt aagaat t caaggattta
at acact aaccgcccggat at t ggat gaat ccgagt t t cgcaagt cct acaggcgcect gt
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t agaaaaaacgctccaatctctttttacaat agaat at at ggaaccgaaaat cat ggcga 2982
t gt at gagcggat t aggaccagcccgggcgt cgaccacgcgt gccct at agt 3034

Fig. 4.2.2. Nucleotide sequences and amino acid sequences determined from
the Y- Glutamyltransferase gene of the strain PBP, PGA biopolymer hyper

producer.

3) CBP# ¢} PBPir+9 V- Glutamyltransferase®| H]xl

7h) ofm Ak v o] wla

A=+ biopolymer AAFF<l CBP #5¢ PGA ¢844 WolF PBP
59 Y- Glutamyltransferase®] o}v]=4F &€& Hlws] 2 Ay Fig.
4-2-37} Zo] A3 sdTE & F AATh o]|ZHA Y- Glutamyltransferase

= owo] mael olR Y JlE ax 2o % & ATk

CBP MNKSVIGTKQMIVSPHYLASQAGNRILDKGGNAFDAAVAVSACLAVVYPHMTGLGGDSFW
PBP MNKSVIGTKQMIVSPHYLASQAGNRILDKGGNAFDAAVAVSACLAVVYPHMTGLGGDSFW
stttk ksl ot s ot sk sk ot sk otk ks sk ok sk ks ok sk ok sk ok sk ok ok ok
CBP LTFHQETKAVKVYNGSGSSGKNVTRDVYKGKSATPLRGIDSAITVPGMVDSWDAVLKEYG
PBP LTFHQETKAVKVYNGSGSSGKNVTRDVYKGKSATPLRGIDSATITVPGMVDSWDAVLKEYG
stk s stk ok s ok s ot s ok sk ok s sk ok sk ko sk ok sk ks ok skl ot sl ok sk ok ok ok
CBP RLSLADVLEPARDYAQNGFPVSADQCRHTEKNTELLASTPYTADIFTRRGKAPVPGERFV
PBP RLSLADVLEPARDYAQNGFPVSADQCRHTEKNTELLASTPYTADIFTRRGKAPVPGERFV
stk s stk ks ok s ot s ok sk ot sk sk ok sk ko stk ks ok skt sl ok s ok ok ok
CBP QKELADSLNLTAEKGRSAFYEGDLAQR I VSHLQNNGSYMT IDDFKAHRGEWAVPVSSDYR
PBP QKELADSLNLTAEKGRSAFYEGDLAQR I VSHLQNNGSYMT IDDFKAHRGEWAVPVSSDYR
stk s sl sk ok s ot s ot s ok sk ot sk ks ks sk kol ks ok sk ot sl ok sk ok ok ok
CBP GYSVYQAPPNSQGFTGLLTLNILENYDFTQIEHGSFEYYHVLVEALKKSFLDRDAVLTDP
PBP GYSVYQAPPNSQGFTGLLTLNILENYDFTQIEHGSFEYYHVLVEALKKSFLDRDAVLTDP
stk s st sk ok s ot s ot s ok sk ot s sk ks sk ko sk kol ks ok skl ot sl ok sk ok ok ok
CBP AFADIPLERLLDKRYAKQLAEEIGYLATPAESRPVGSDTAYAAVIDADGNAVSFIQSLYF
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PBP

CBP
PBP

CBP
PBP

CBP
PBP

Fig. 4.23.

AFADIPLERLLDKRYAKQLAEEIGYLATPAESRPVGSDTAYAAVIDADGNAVSFIQSLYF

st sk sk sk siesieoske sk sk stk sk sk skeosieske sk sk stk sk sk stk sk sk sioiok sk skosiokoskoskokosiok sk skototoskokoskoiotokokoskoiolokoskokoiok

EFGSAVTAGDTGILLQNRGSFFSLDENHVNTLEPRKRTFHTLMPAMVCKGGKPKILYGTQ
EFGSAVTAGDTGILLQNRGSFFSLDENHVNTLEPRKRTFHTLMPAMVCKGGKPKILYGTQ

st sk sk sk st sieosieske sk sk stk sk sk st stk sk sk stk sk sk sieosiosk sk sk siosiok sk stttk skoskoiok sk skototokokoskoiotokokoskoiolokoskokoiok

GGEGQPQTQTAT ITRMLDYGMHPQQAI SEPRWVWGRTWGEEYEGLRVEGRFTDKT IQKLK
GGEGQPQTQTAT ITRMLDYGMHPQQA I SEPRWVWGRTWGEEYEGLRVEGRFTDKT IQKLK

st sk sk sk sk sieosieoske sk sk stk sk sk sk sieske sk sk stk sk sk stk sk sk siosiok sk skosiokoskoskoskoiok sk skototokokoskoiolokokoskoiokokoskokoiok

DSGHLVEVVGDYDPLMGQAAA TKVDEEGFLQGGADPRGDGAAVGI
DSGHLVEVVGDYDPLMGQAAA TKVDEEGFLQGGADPRGDGAAVGI

st sk sk sk sk sieosieoske sk sk sieosioske sk sk stk sk sk koot sk sk siotokoskoskoioiokoskoskolokokokokoiokskokokor

Comparison of amino acid sequence hetween

Glutamyltransferase of the strain CBP and that of the strain PBP.

W) drdd

714 HlaL

Y_

A =+7 biopolymer AAFFFel CBP #F9 PGA ¢4t wWHol3 PBPi
9] V- Glutamyltransferase®] o}v] =4t slES vlaus] 2 A3 o5 {2

=1 O o~
o FRIYE FAFLS L & YT

CBP
PBP

CBP
PBP

CBP
PBP

CBP
PBP

ATTGCTCCACCTGCTTTCGTAGCCTTTTAGCAATCATTTTATCATAAAAGTTACGTATCG
ATTGCTCCACCTGCTTTCGTAGCCTTTTAGCAATCATTTTATCATAAAAGTTACGTATCG

st sk sk sk st sk sk sk sk stk sk sk stk sk sk stk sk sk sk skoskosk skoskoskoskosk skeoskokok sk stk sk skostokoskokoskokokoskoskesiorokoskskokokok

AAATGATAATTTTTCATTTGTTTTCGAAATGAATGTAAAAATATCTTATTATTTGCGAAA
AAATGATAATTTTTCATTTGTTTTCGAAATGAATGTAAAAATATCTTATTATTTGCGAAA

s sk sk sk st sk sk sk sk stk sk st stk sk sk stk sk sk sk skoskosk skeoskoskoskok skeoskokok sk stk sk skotok skl skokokokoskeskorokokskokorok

AGAAGAAAGTTCGTCAGTTTTTCTGCCGGATCAGTAGATGTGAAAAATCAGGCTCCCTAT
AGAAGAAAGTTCGTCAGTTTTTCTGCCGGATCAGTAGATGTGAAAAATCAGGCTCCCTAT

st sk sk sk st sk sk sk sk stk sk sk stk sk sk stk sk sk sk skoskosk skoskeoskoskosk skeoskokok sk stk sk skostokoskoskoskokokokoskeslorokokskokorok

ACTGAAGAAAATTTCTTAAAAAAGGGGACTTGTG
ACTGAAGAAAATTTCTTAAAAAAGGGGACTTGTG

st sk sk sk st sk sk sk sk stttk sk st skoskosk sk sk stk skoskoskoskokok sk skokokokskosk
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Fig. 4.2.4 Comparison of the upstream nucleotide sequences between Y-

Glutamyltransferase gene of the strain CBP and the strain PBP.

o) FE2FHEA 971449 v
A =+7 biopolymer AAFFFSl CBP #F9 PGA ¢4t wWHol+ PBPi
9] V- Glutamyltransferase®] o}v] =4t slES vlus)] 2 A3 o5 {2

o Tz FA4 FIE FAFS & 5 AN,

CBP ATGAACAAATCTGTCATCGGTACAAAGCAAATGATCGTCAGTCCGCATTACCTCGCTTCT
PBP ATGAACAAATCTGTCATCGGTACAAAGCAAATGATCGTCAGTCCGCATTACCTCGCTTCT
stk ok ok ook ok sk ok ook ok o sk ok o ok ko ok ko R ok kR sk sk kR ok o K ok
CBP CAAGCCGGAAACCGCATACTGGATAAGGGAGGCAACGCGTTTGACGCCGCTGTTGCGGTG
PBP CAAGCCGGAAACCGCATACTGGATAAGGGAGGCAACGCGTTTGACGCCGCTGTTGCGGTG
R R
CBP AGTGCTTGTCTTGCGGTTGTGTACCCGCATATGACCGGACTTGGCGGGGATTCCTTTTGG
PBP AGTGCTTGTCTTGCGGTTGTGTACCCGCATATGACCGGACTTGGCGGGGATTCCTTTTGG
stk ok ok ok ok ot ok ook b ok sk ok ok o sk ok o ok ko ok ko kR ok kR sk R sk ko bk ok K ok
CBP CTGACCTTTCACCAGGAAACAAAGGCAGTAAAAGTCTACAATGGCAGCGGCAGTTCAGGA
PBP CTGACCTTTCACCAGGAAACAAAGGCAGTAAAAGTCTACAATGGCAGCGGCAGTTCAGGA
stk ok ok o ook ok ook ok sk ok ok o sk ok o ok ko ok ko R ok kR sk sk ko ok ok R ok
CBP AAAAACGTAACGAGAGATGTATATAAGGGAAAAAGCGCGATTCCGCTGCGGGGAATTGAC
PBP AAAAACGTAACGAGAGATGTATATAAGGGAAAAAGCGCGATTCCGCTGCGGGGAATTGAC
stk ok ok ook ok ook b ok ok ok ok o sk ko ok ko ok ko kR ok kR sk R sk ko ko K ok
CBP AGTGCCATTACCGTGCCGGGAATGGTTGATAGCTGGGATGCGGTCCTGAAGGAGTACGGG
PBP AGTGCCATTACCGTGCCGGGAATGGTTGATAGCTGGGATGCGGTCCTGAAGGAGTACGGG
stk ok ok ok ok ok ook ok ok ok ok o sk ko sk ko ok ok kR ok kR sk sk ok R ok ok R ok
CBP CGTCTGTCTCTTGCAGATGTATTGGAGCCCGCACGCGATTATGCCCAAAATGGGTTTCCT
PBP CGTCTGTCTCTTGCAGATGTATTGGAGCCCGCACGCGATTATGCCCAAAATGGGTTTCCT
stk s ok ok ok b ok ook ok ok ok ok o sk ko ok ko ok ko kR ok kR sk sk ko bk o K ok
CBP GTATCAGCTGATCAGTGTCGTCACACAGAAAAGAATATTGAATTGCTGGCTTCCACGCCT
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PBP

CBP
PBP

CBP
PBP

CBP
PBP

CBP
PBP

CBP
PBP

CBP
PBP

CBP
PBP

CBP
PBP

CBP
PBP

GTATCAGCTGATCAGTGTCGTCACACAGAAAAGAATATTGAATTGCTGGCTTCCACGCCT

st sk sk sk siesieoske sk sk stk sk sk skeosieske sk sk stk sk sk stk sk sk sioiok sk skosiokoskoskokosiok sk skototoskokoskoiotokokoskoiolokoskokoiok

TACACGGCTGACATCTTCACAAGAAGGGGCAAAGCACCTGTCCCGGGAGAGCGGTTTGTG
TACACGGCTGACATCTTCACAAGAAGGGGCAAAGCACCTGTCCCGGGAGAGCGGTTTGTG

st sk sk sk st sieosieske sk sk stk sk sk st stk sk sk stk sk sk sieosiosk sk sk siosiok sk stttk skoskoiok sk skototokokoskoiotokokoskoiolokoskokoiok

CAAAAAGAGCTTGCAGACAGTCTGAACTTGATTGCTGAAAAAGGAAGAAGCGCA AT
CAAAAAGAGCTTGCAGACAGTCTGAACTTGATTGCTGAAAAAGGAAGAAGCGCA AT

st sk sk sk sk sieosieoske sk sk stk sk sk sk sieske sk sk stk sk sk stk sk sk siosiok sk skosiokoskoskoskoiok sk skototokokoskoiolokokoskoiokokoskokoiok

GAAGGAGATCTCGCTCAGCGGATTGTCTCACATTTACAGAATAACGGCAGTTACATGACA
GAAGGAGATCTCGCTCAGCGGATTGTCTCACATTTACAGAATAACGGCAGTTACATGACA

st sk sk sk sk sieosieoske sk sttt sk sk sk stk sk sk stk sk sk stk sk sk siosiok sk skosiokoskoskoskoiok sk skototokokoskoiotokokoskoiokokoskokoiok

ATCGATGATTTTAAAGCGCATCGGGGTGAGTGGGCAGTGCCTGTATCAAGTGATTATCGA
ATCGATGATTTTAAAGCGCATCGGGGTGAGTGGGCAGTGCCTGTATCAAGTGATTATCGA

st sk sk sk sk sieosieoske sk skt sk sk sk stk sk sk stk sk sk stk sk sk siosiok sk skosiotosk skl sk skototokokoskoiotokokoskoiokokoskokoiok

GGGTACAGTGTGTATCAGGCGCCGCCAAATTCTCAGGGATTTACCGGTTTATTAACACTG
GGGTACAGTGTGTATCAGGCGCCGCCAAATTCTCAGGGATTTACCGGTTTATTAACACTG

stk sk sk sk sieosieoske sk sk stk sk sk sk stk sk sk stk sk sk sieosiosk sk sk siosiok sk skosiotosk skl sk skototokokoskoiotokokoskoiokokoskokoiok

AACATTTTGGAAAACTATGATTTCACCCAAATCGAACACGGTTCATTTGAGTATTATCAC
AACATTTTGGAAAACTATGATTTCACCCAAATCGAACACGGTTCATTTGAGTATTATCAC

st sk sk sk siesieske sk sk stk sk sk sk stk sk sk stk sk sk stk sk sk sioiosk sk skosiotoskoskoskoiok sk skototokokoskoiotokokoskoiokokoskokoiok

GTGCTTGTGGAGGCATTGAAAAAGAGTTTTCTAGATCGGGATGCCGTCCTGACTGATCCG
GTGCTTGTGGAGGCATTGAAAAAGAGTTTTCTAGATCGGGATGCCGTCCTGACTGATCCG

st sk sk sk sk siesieske sk skeosiesi sk sk skeosieske sk sk stk sk sk sieosiosk sk sk siosiok sk skosiotoskoskoskoiok sk skeototokokoskoiotokokoskoiolokoskokoiok

GCGTTTGCAGACATTCCGCTTGAAAGGCTTTTGGACAAACGTTATGCAAAACAATTGGCA
GCGTTTGCAGACATTCCGCTTGAAAGGCTTTTGGACAAACGTTATGCAAAACAATTGGCA

st sk sk sk sieosieoske sk sk stk sk sk sk stk sk sk stk sk sk stk sk sk sioiok sk skosiokoskoskoskoiok sk skototokokoskoiotokokoskoioiokoskokoiok

GAAGAAATCGGCTATCTCGCAATACCGGCAGAAAGCAGGCCGGTGGGAAGTGATACGGCA
GAAGAAATCGGCTATCTCGCAATACCGGCAGAAAGCAGGCCGGTGGGAAGTGATACGGCA

stk sk sk sk sieosieoske sk skeosiesi sk sk sk stk sk sk stk sk sk stk sk sk sioiok sk skosiokoskoskoskoiok sk skototokokoskoiotokokoskoiokokoskokoiok
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CBP
PBP

CBP
PBP

CBP
PBP

CBP
PBP

CBP
PBP

CBP
PBP

CBP
PBP

CBP
PBP

CBP
PBP

CBP
PBP

TATGCGGCCGTAATCGATGCGGATGGCAACGCAGTGTCATTCATTCAAAGCCTGTACTTT
TATGCGGCCGTAATCGATGCGGATGGCAACGCAGTGTCATTCATTCAAAGCCTGTACTTT

stk sk sk sk sieosieske sk sk stk sk sk sk stk sk sk stk sk sk stk sk sk siosiok sk skosiokoskoskoskosiok sk skototokokoskoiotokokoskoioiokoskokoiok

GAATTTGGCTCGGCAGTCACTGCCGGTGATACAGGCATATTACTGCAAAACCGCGGATCG
GAATTTGGCTCGGCAGTCACTGCCGGTGATACAGGCATATTACTGCAAAACCGCGGATCG

st sk sk sk sk sieosieoske sk skeosiesi sk sk skeosieske sk skeosteosieoske sk sk stk sk sk sioiok sk skosiokoskoskokoiok sk skototokokoskoiotokokoskoiolokoskokoiok

TTTTTCTCACTGGATGAAAATCATGTCAACACGCTTGAACCGAGAAAGCGCACCTTCCAT
TTTTTCTCACTGGATGAAAATCATGTCAACACGCTTGAACCGAGAAAGCGCACCTTCCAT

st sk sk sk sk sieosieoske sk sk stk sk sk skeosieske sk sk stk sk sk stk sk sk siosiok sk skosiokosk skl sk skototokokoskoiotokokoskoiokokoskokoiok

ACGTTGATGCCGGCTATGGTCTGTAAAGGCGGAAAGCCAAAAATTCTGTACGGCACACAA
ACGTTGATGCCGGCTATGGTCTGTAAAGGCGGAAAGCCAAAAATTCTGTACGGCACACAA

st sk sk sfe sieosieoske sk skt sk sk sk stk sk sk stk sk sk sieosiosk sk sk siosiosk sk skosiotosk skl sk skototokokoskoiotokokoskoiolokoskokoiok

GGCGGCGAAGGCCAGCCGCAGACTCAGACGGCCATCATTACCCGAATGCTGGACTACGGA
GGCGGCGAAGGCCAGCCGCAGACTCAGACGGCCATCATTACCCGAATGCTGGACTACGGA

st sk sk sk st sieosieoske sk sk stk sk sk skeosieske sk sk stk sk sk stk sk sk siosiosk sk skosiotoskoskoskosiok sk skototokokoskoiotokokoskoiorokoskokoiok

ATGCATCCACAGCAGGCAATCAGCGAACCGCGCTGGGTATGGGGCAGAACGTGGGGAGAG
ATGCATCCACAGCAGGCAATCAGCGAACCGCGCTGGGTATGGGGCAGAACGTGGGGAGAG

st sk sk sk sfe sieosieoske sk sk stk sk sk sk sieske sk sk stk sk sk sieosiosk sk sk siosiosk sk stttk skl sk skototokokoskoiotokokoskoiokokoskokoiok

GAATACGAAGGTCTCAGAGTCGAGGGCAGATTCACAGACAAAACAATCCAAAAACTGAAA
GAATACGAAGGTCTCAGAGTCGAGGGCAGATTCACAGACAAAACAATCCAAAAACTGAAA

st sk sk sk st sieosieske sk sk stk sk sk sk sieske sk sk stk sk sk sieosiosk sk sk siosiok sk stttk skoskoiok sk skototokokoskoiolokokoskoiokokoskokoiok

GACAGCGGGCATCTCGTGGAGGTTGTCGGTGACTATGATCCGCTGATGGGACAAGCGGCT
GACAGCGGGCATCTCGTGGAGGTTGTCGGTGACTATGATCCGCTGATGGGACAAGCGGCT

st sk sk sk sk sieosieske sk sk stk sk sk sk stk sk sk stk sk sk sieosiosk sk skeosiosiosk sk skosiotoskoskoskoiok sk skototokokoskoiotokokoskoiokokoskokoiok

GCAATCAAAGTTGATGAAGAAGGCTTTCTCCAAGGCGGAGCCGATCCTCGGGGAGACGGA
GCAATCAAAGTTGATGAAGAAGGCTTTCTCCAAGGCGGAGCCGATCCTCGGGGAGACGGA

st sk sk sk sk sieosieoske sk sk stk sk sk steosieske sk sk stk sk sk siosiosk sk sk sioiosk sk skosiokoskoskokoiok sk skototokokoskoiotokokoskoiolokoskokoiok

GCGGCTGTGGGGATTTAA
GCGGCTGTGGGGATTTAA

stk sk skeoskotkosk skokoiokoskoskokokokosk
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Fig. 4.2.5. Comparison of nucleotide sequence between structural gene of
Y- Glutamyltransferase gene from the strain CBP and that of the strain
PBP.

) SR d7IAE vl
=% biopolymer A4t CBP w59 PGA -9 A A WHo]5 PBPt
F9] Y- Glutamyltransferase®] o}v]=4F vidS vuws] 2 A3 37 Ao

M= T-C, C-T, G—A, G—A A& 2 A A} Wol7h 2w

CBP ATAACTATAGGGTACAAATATAAATCAAAAGCATAAACATAAGGGAGACCTCTACAATGT
PBP ATAACTATAGGGTACAAATATAAATCAAAAGCATAAACATAAGGGAGACCTCTACAATGT

st sk sk st skeosioske sk sk skt sk sk skosioske sk sk stk sk sk sk stk sk skoskosiokoskoskoskotoskoskoskotiokoskoskotolokokoskoiotokokoskokokokokoskokok
CBP GGTACATATACTGTTTATCTTCAGGTCTATAATGCCACTCCATAAAAATTCGTATTGAGT
PBP GGTACATATACTGTTTATCTTCAGGTCTATAATGCCACTCCATAAAAATTCGTATTGAGT

st sk sk st skeosioske sk skeosieosi sk sk skosioske sk sk koot sk sk koot sk sk koot sk skeoskotoskoskoskotiokoskoskoiolokokoskoiolokokoskokokokokoskokok
CBP CAATCACAATAAAAAATAAAAGAAGCAAATATTCAACGGGAAAAAAGGAGAGTGAAAACA
PBP CAATCACAATAAAAAATAAAAGAAGCAAATATTCAACGGGAAAAAAGGAGAGTGAAAACA

st sk sk st skeosioske sk sk skt sk sk skosieoske sk sk stk sk sk sk stk sk sk skoiokoskoskoskotoskoskoskoiokoskoskotoloskokoskoiolokokoskokokokokoskokoek
CBP CAAACAAAATAAGTAAAGTGATTTCGATCTATTTGTGTGTATTGCTGACATGCTTATATC
PBP CAAACAAAATAAGTAAAGTGATTTCGATCCATTTGTGTGTATTGCTGACATGCTTATATC

st sk sk st skeosiosk sk skeoskostoskoskoskoiokoskoskototokokokoiorokokoksiokoskoskolotokoskoskotokoskokokotkokokoskoiolokokosiokokokokokorok
CBP GCCAGCCGGATTTATCAATACCGTATTTTTTCTTTATAAAAAATTGAGAGGCGAGACTGA
PBP GCCAGCCGGATTTATCAATACCGTATTTTTTCTTTATAAAAAATTGAGAGGCGAGACTGA

st sk sk st skesioske sk sk skt sk sk skosieoske sk sk stk sk sk sk koot sk sk skoiokoskoskoskotoskoskoskoiokoskoskotolokokoskokotokokoskokokokokokokok
CBP TGGTAATAGCGATCAGCATTAAAATCCAAAAGTTTGTCATTCCAATTCCTCCTAATCTAC
PBP TGGTAATAGCGATCAGCATTAAAATCCAAAAGTTTGTCATTCCAATTCCTCCTAATCTAC

st sk sk st skesioske sk skeosieoste sk sk sk ik sk sk stk sk sk sk koot sk sk koot sk skoskotoskoskoskotiok sk skotokokokoskoiotokokoskokokokokoskokok
CBP CTTTATACGAAGAAAAAGGAAAAACGTTTCATAAAAGAACACCCCGAGCTTACTCTGGGT
PBP CTTTATACGAAGAAAAAGGAAAAACGTTTCATAAAAGAACACCCCGAGCTTACTCTGGGT

st sk sk st skesioske sk sk skt sk sk skosieoske sk sk stk sk sk sk koot sk sk koot sk skoskotoskoskoskoiok sk skoiolokokoskokotokokoskokokokokoskokok
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CBP GTTCTTTTTTTGATATTTTTTTAGTTATCTACAGGCGATATTTTGTAATCATAAGGTCTT

PBP GTTCTTTTTTTGATATTTTTTTAGTTATTTACAGGCGATATTTTGTAATCATAAGGTCTT
stk ook ok sk ok sk otk o skl totokok ok ok sk sk ok sk sk sl sk ksl ot s ok s ok sk
CBP TTTGACTAGTTTCTTCTATTTAAATAGTCCTTCTCTTCAGCTGGGACGAATCAGTGTGAA
PBP TTTGACTAGTTTCTTCTATTTAAATAGTCCTTCTCTTCAGCTGGGACGAATCAGTGTGAA
stk s stk ok sl ot s ot sk sk ot s sk otk ks stk sk ks ok sk ok s ok s ok ok ok
CBP TTCTTCCCCGAGTTTAGCATAGTGATTTCCCGCCAATCGTGAGGCAGGCTTTAATTCATC
PBP TTCTTCCCCGAGTTTAGCATAGTGATTTCCCGCCAATCGTGAGGCAGGCTTTAATTCATC
stk s sl sk ksl ot s ot s ok sk otk ko ko sk stk ks ok skl ok skl ok s ok ok ok
CBP CGTTAAAATATATCCCTTTTCTGCATCATACACCTTTTCATCTAGGTGGAAGCAGACAAC
PBP CGTTAAAATATATCCCTTTTCTGCATCATACACCTTTTCATCTAGGTGGAAGCAGACAAC
stk s sl sk sl ot s ot sk sk ok sk ok ko sk stk sk ks ok sk ok skl ok sk ok ok ok
CBP TCTTCCGATGAGCATATCTGCTGTAGTGACGCCTTGGTCATTGTCAAAGGTAATATGCCG
PBP TCTTCCGATGAGCATATCTGCTGTAGTGACGCCTTGATCATTGTCAAAGGTAATATGCCG
stk s otk ks ok sk ot sk ok skl otk btk ook ok kol otk ksl ot sk s ok sk
CBP CTCTAATTTGCACTCAAAGCGAACGCGGGCTTCCTTAATGCCGGGGACTGAAACAGCTTT
PBP CTCTAATTTGCACTCAAAGCGAACGCGGGCTTCCTTAATGCCGGGAACTGAAACAGCTTT
stk s kb ks ok sk ot sk ok sk otk sk ksl kol stk ookt ok skttt s ok sk
CBP GCTTTCA=CAGGATGAAGCGAGGTGCGTGTAAGCTCGCTTTCATCCGGCCTTAAGCTTGC
PBP GCTTTCAACAGGATGAAGCGAGGTGCGTGTAAGCTCGCTTTCATCCGGCCTTAAGCTTGC
sotokokkotok skttt skt ot ok sk ok sk ks ok sk sk ok sk sk sl sk sl ot s ok s ok sk
CBP AGCTGTTTCATTG
PBP AGCTGTTTCATTG

skoskoskosk skokosk skoskosk skoskok
Fig. 4.2.6. Comparison of downstream nucleotide sequence of VY-
Glutamyltransferase gene between the strain CBP and that of the strain
PBP.
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caat acgat agatt-1260
cact cgaccggggat cct ct agagatt act at agggcacgcgt ggt cgacagcccgggcet - 1201
ggt cct gaat gcgggaaat cggcttcct ggt ccgcactgatttaaaaagatattcgtttt-1141
ccttcatgtctttcgtatactcgtatatttcctgtttcagcgattct aaaat aagaatct-1081
ttecttttctttttcgttttgcetttcagtcgeccataaatgatctttattttgaacgtcct-1021
tcact t gcagcggcagaat at cagaaat gcggagcgcgct gt t gat gccgaaaat aaaca - 961
gaaaat aatcccgcttgtttttgttaagcaaatactgtttgacttcttggattttctcta -901
gact gcgaat cggct gt acaat at gcat caaaaaact cctt aaaaaccgtt at gt aacgt - 841
tttgaggtctatgttactattatagct gaaaaacgttgaat gt caaagt gcggcggcatt -781
t at gt aacat aat at acat agt gt t acat aagctttt aaaaaagcttcttcaaaccttca -721
ccct at aaaat aagctttaaagcctcttataaagcttttaacctcttggatacttatccc -661
cct gccaat cat aaaaaaacct ctt aaaacgaaat ct gaagct cccaattttcaggagct -601
t ccgcaaaaaaacat acaaaaaaagacacaatttcaaattgtgtcctaatcctcatcctt -541
tacatcaatatcttccgggattggttcatttaatatttcctgcacgagtgctttgtaatt -481
ctccagctgttcaagatgcgttttgaact gctcctt at aaat caaaaattgctccccgec -421
at gaacggctctgattttcccttcgagcaccaagcttttaatataatcctctgaaagatt -361
tgtatattctgctgtttcttcaatcgttaaatacatatagcagtcccttcttaatccgta -301
tgctgattctaat at agcacat ggct cat at caat at aat caatttt gcacagaaaaacg - 241
gctttatgcact at at aat at accatttgtcacct gt gaaaacgctgtaatttttttacg -181
ct aagatt gt aacaat acagctt cat at aggagggagaacat gaaaagaacgt ggaacgt -121
ctgtttaacagctctgcttagtgttctgttagtcgctggaagtgtcccttttcacgcgga -61
agct aaaaaccgcccaaaagct acgat gagt acaaacaagt agat gt t ggaaaagacggc -1

ATGGTTGCGACCGCACATCCTCTTGCTTCTGAAATCCGTGCTGATGTGCTGAAAAAAGCGA 60
MYV ATAHPLASEI GADVL KKG

GGAAATGCTATTGACGCAGCGGT TGCCATTCAATTTGCACTCAATGTAACAGAGCCGATG 120
GNAI DAAVAI QFALNVTEUPWM

ATGTCAGGTATTGGCGGCGECGGT TTTATGATGGT GTATGACGGAAAAACGAAGGATACA 180
MSGI GGGGFMMYVYYDGKTIKDT

ACGATAAT CGACAGCCGT GAGCGT GCTCCAGCAGGCGCAACTCCTGATATGITTCTGGAC 240
TI1 I DSRERAPAGATPDMEFLD
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GAAAACGGAAAAGCAATACCTTTCTCTGAACGT GTAACAAAAGGTACTGCCGITGGTGTT 300
ENGKAI PFSERVTIKGTAYVGYV

CCAGGCACT CTGAAAGGGCTGGAAGAAGCCT TGGATAAATGGGGAACCCGT TCGATGAAG - 360
P GTLKOGLEEALUDKWGTRSMK

CAATTAATTACCCCTTCTATTAAACTCGCTGAAAAAGGCTTTCCGATTGATTCTGIGITG 420
QLI TPSI KL AEKGFWPI DSVL

GCAGATGCCATTTCTGATTATCAGGAAAAACT TTCACGGACTGCCGCAAAAGATGTATTT 480
A DAI SDYQEKLSRTAAKDVF

TTACCAAAT GGCGAACCGCT TAAAGAAGGAGATACCCTTATTCAAAAGGATTTGECTAAA 540
L PNGEPLIKEGDTULI QKDL AHK

ACATTTAAGCTTATTCGCTCCAAAGGCACTAACGCTTTTTATAAAGGAAAATTCGCCAAG 620
T F KLI RSKGTNAFYKGKTFAK

ACCGCTTTCTGACACTGT CCAGGAT TTCGGCGGATCAATGACAGAAAAAGATTTAGAAAAT 680
TLSDTVQDFGGSMTEIKDTULEN

TACGACATTACAATTGATGAACCGATTTGGGGAGACTATCAAGGCTATCAAATCGCTACT 720
Y DI T I DEPI WGDY QGY QI AT

ACTCCTCCTCCAAGCTCCGGCGGTATTTTCTTATTGCAAATGCTGAAAATCCTTGATGAT 780
TPPPSSGGI FLLQMLIKI L DD

TTTAACCTTTCACAATACGATGT CCCCTCATGGGAAAAATATCAGCTGCTTGCTGAAACG 840
FNLSQYDVRSWEIKYQLULAET

ATGCATTTGT CTTATGCCGACCGT GCGT CTTACGCAGGT GATCCCGAATTTGTAAATGI T 900
MHL SYADRASYAGDUPETFVNYV

CCTCTCAAAGGCT TGCTTCACCCCGAT TATATTAAAGAACGCCAGCAATTAATCAACCTA 960
PLKGLULMHPDYI KEROQQLI NWL

GATCAAGT GAATAAAGAACCGAAAGCCGGT GACCCT TGGAAATACCAAGAAGGATCAGCA 1020
DQVNIKEPKAGDPWKYQEGSA

AACTATAAACAAGT TGAACAGCCGAAAGACAAAGT AGAAGGCCAAACAACCCACTTTACA 1080
NY KQVEOQPIKDIKVEGQTTHTFT

GTTGCTGACCGT TGGGGAAATGT TGT TTCCTATACAACAACAATCGAACAGCTATTCGGA 1040
VADRWGNYVYVSYTTTI EQL F G

ACGGGTATTATGGTCCCTGATTACGGT GTCATCCTAAACAATGAATTAACGGATTTTGAT 1200
T GGI MV PDYGVI LNNELTDXD

GCGATACCAGGCGGAGCTAACGAAGT ACAGCCAAACAAACGGECCT TTAAGCAGCATGACC 1260
Al PGGANEVQPNKRPLSSMT

CCGACGATTTTATTTAAGGATGACAAGCCTGTCCTCACTGI TGGATCTCCTGECGEEECG 1320
P TI L FKDDIKPVLTWVSGSUZPGSGA

ACAATTATTTCATCCGT TTTGCAAACCATTCTCTACCACATTGAATATGGTATGGAATTA 1380
T1 1 S$SSVLQTI LYHI EYGMEI/L

AAAGAAGCT GT TGAAGAGCCGAGAATTTACACAAACAGCATGAGCTCTTACCGT TACGAA 1440
K EAVEEPRI YTNSMSSYRYE

GACGGAGT TCCTAAAGATGT CCTCAGCAAGCTAAACGGCATGGGCCACAAATTCGGCACA 1500
DGVPKDVLSKLNGMGHE KT FGT

AGT CCGGT GGATATCGGAAACGT GCAAAGCATAT CGATCGACCATGAAAACGGECACCTTT 1560
S PVDI GNVQSI SI DHENGTF

AAAGGT GTAGCT GAT TCAAGCAGAAACGGECGCGECGATCGECATTAATTTAAAACGTAAA 1620
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K GV ADSS SRNGAAI GI NL KRK
TAAat aaaaaaact gt act cgctt caaat gagt acagttttttcatgcagatctttaata 57

abaacgggcattgctgatgcaacgggcattgctgatgctctgtatccctgattgcaatcc 117
aaaat gacagaat gat gactgcttctttgacaaacgtctttattctgctaatgcacgtct 177

atcttcatcttttcatttcgtttatctcat caagaaat gt ct gaaacgcacttgtaataa 237
aaaagtctttcctgtatataaagacgat ctctaagtcttgatatgctggcggcagtttat 297
gaat ccat acat tt gt acgat gct cggagccgt caacagcggacttt gggagcagcgccg 357
tacccat cccggcggaaacacctttt at aat agcct ccaat gt gccaaactctatgattt 417
tttgattgtgtatgcctgettcctctagtaatcttttgaccct gtcacgat gagaacagc 477
cagccccaaaaaagagcat cggct gct gaagcat gt ctt ct gccgtcccctctcgtgatg 537
aaat caaaact aatt cat cat gggaaacat ggagtt gt ct aact gcagcgt gtt caaccg 597
gcccat at acaaaagcgccat caact tt at gat caagaacct gt t gaat caaat gat gcg 657
t at cagaccagcccgggccgt cgaccacgcgt gccct at agt 699

Fig. 4.27. Nucleotide sequences and deduced amino acid sequences
determined from the Glutamyltranspeptidase gene of strain CBP,

chungkookjang biopolymer producer.

2) PBP
CBPtt=Foll Wo] Aelsle]l A2te PGAS-91 A WolF PBP 2]

Y-Glutamyltranspeptidase A2l F+2& ZAAsA ) o] FAX+= 1,620 bp
2 FAEASH, ORF= 5409 ofv] ik 2
g9 oF 900 bpet sHFF A oF 1,300 bp7t 2 A A

A= r‘s]—% o) Z= olgi_gtq, AL E

t gaat aaat t at at at aagaggat gggtctt -840
ggt t t gaagaat at aat agt aat at t aat gaaaaacaaggat at aaaaat gt ct at acaa - 781
tt aaagaacat at att aaat gagttgcgttgttttt asaaaaagattcttactactttca -721
ccgt at aaaat aagct at aaatcatttttaatagttttgtaacat agatgaaatttatcc -661
acctgacattcct aaaaaat cct ctt aaaacgat at ct gacgctcccaattttat ggagc - 601
ttccgcaaaaacat acaaaaaaagacacaatttcaaattgtgtcctaatcctcatccttt -541
acatcaatatcttccgggattggttcatttaatatttcctgcacaagtgctttgtaattc -481
tccagct gtt cgagat gcgtttt gaact gctcctt at aaat caaaaattgctccccgtca -421
t gaacggctctgattcttccttcgagcaccaagctttt aat at aat cct ct gaaagattt -361
gtatattctgctgtttcttcaatcgttaaatacatatagcagtcccttcttaatccgtat -301
gctgattctaat at agcacat ggct cat at caat at aat caatttt gcacagaaaaacgg - 241
ctttatgcactatataatataccatttgtcacttgtgaaaacgctgtaatttttttacge -181
t aagat t gt aacaat acagct t cat at aggagggagaacat gaaaagaacgt ggaacgtc - 121
tgtttaacagctctgcttagtgttctgttagtcgetggaagtgtcccttttcacgcggaa -61
gct aaaaaaccgcccaaaagct acgat gagt acaaacaagt agat gt t ggaaaagacggc -1

ATGGTTGCGACCGCACATCCTCTTGCTTCTGAAATCCGTGCTGATGTGCTGAAAAAAGCGA 60
MYV ATAHPLASEI GADVL KKG

GGAAATGCTATTGACGCAGCGGT TGCCATTCAATTTGCACTCAATGTAACAGAGCCGATG 120
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GNAI DAAVAI QFALNVTEPWM

ATGTCAGGTATTGGECGECGECGGET TTTATGATGGT GTATGACGGAAAAACGAAGGATACA 180
MSGI GGGGFMMYVYYDGKTKDT

ACGATAATCGACAGCCGT GAGCGT GCTCCAGCAGGCGCAACTCCTGATATGT TTCTGGAC 240
T1 I DSRERAPAGATWPDMMEFTLD

GAAAACGGAAAAGCAATACCTTTCTCTGAACGT GTAACAAAAGGTACTGCCGTTGEEGTT - 300
ENGKAI PFSERVTIKGTAYVGYV

CCAGGCACT CTGAAAGGGCTGGAAGAAGCCT TGGATAAATGGGGAACCCGT TCGATGAAG - 360
P GTLKOGLEEALUDKWGTRSMK

CAATTAATTACCCCTTCTATTAAACTCGCTGAAAAAGGCTTTCCGATTGATTCTGTIGITG 420
QLI TPSI KL AEKGFWPI DSVL

GCAGATGCCATTTCTGATTATCAGGAAAAACT TTCACGGACTGCCGCAAAAGATGTATTT 480
A DAI SDYQEKLSRTAAKDVF

TTACCAAATGGCGAACCGCT TAAAGAAGGAGATACCCTTATTCAAAAGGATTTGGECTAAA 540
L PNGEWPLIKEGDTULI QKDL AHK

ACATTTAAGCTTATTCGCTCCAAAGGCACTAACGCTTTTTATAAAGGAAAATTCGCCAAG 600
T F KLI RSKGTNAFYKGKTFAK

ACCCTTTCTGACACT GT CCAGGAT TTCGGCGGATCAATGACAGAAAAAGATTTAGAAAAT 660
TLSDTVQDFGGSMTEIKDTULEN

TACGACATTACAATTGATGAACCGATTTGGCGAGACTATCAAGGCTATCAAATCGCTACT 720
Y DI T I DEPI WGDY QGY QI AT

ACTCCTCCTCCAAGCTCCGGCGGTATTTTCTTATTGCAAATGCTGAAAATCCTTGATGAT 780
TPPPSSGGI FLLQMLIKI L DD

TTTAACCTTTCACAATACGATGT CCCCTCATGGGAAAAATATCAGCTGCTTGCTGAAACG 840
FNLSQYDVRSWEIKYQLULAET

ATGCATTTGT CTTATGCCGACCGT GCGT CTTACGCAGGT GATCCCGAATTTGTAAATGIT 900
MHL SYADRASYAGDUPETFVNYV

CCTCTCAAAGGCT TGCTTCACCCCGAT TATATTAAAGAACGCCAGCAATTAATCAACCTA 960
PLKGLULMHPDYI KEROQQLI NWL

GATCAAGT GAATAAAGAACCGAAAGCCGGT GACCCT TGGAAATACCAAGAAGGATCAGCA 1020
DQVNIKEPKAGDPWKYQEGSA

AACTATAAACAAGT TGAACAGCCGAAAGACAAAGT AGAAGGCCAAACAACCCACTTTACA 1080
NY KQVEOQPIKDIKVEGQTTHTFT

GTTGCTGACCGT TGGGGAAATGT TGT TTCCTATACAACAACAATCGAACAGCTATTCGGA 1140
VADRWGNYVYVSYTTTI EQL F G

ACGGGTATTATGGTCCCTGATTACGGT GTCATCCTAAACAATGAATTAACGGATTTTGAT 1200
T GGI MV PDYGVI LNNELTDTFEFD

GCGATACCAGGCGGAGCTAACGAAGT ACAGCCAAACAAACGGECCT TTAAGCAGCATGACC 1260
Al PGGANEVQQPNKRPLSSMT

CCGACGATTTTATTTAAGGATGACAAGCCTGTCCTCACTGI TGGATCTCCTGECGEEECG 1320
P TI L FKDDIKPVLTWVSGSUZPGSGA

ACAATTATTTCACCCGT TTTGCAAACCATTCTCTACCACATTGAATATGGTATGGAATTA 1380
T1 1 SPVLQTI L YHI EYGMEIL

AAAGAAGCT GT TGAAGAGCCGAGAATTTACACAAACAGCATGAGCTCTTACCGT TACGAA 1440
K EAVEEPRI YTNSMSSYRYE
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GACGGAGT TCCTAAAGATGT CCTCAGCAAGCTAAACGGCATGGGCCACAAATTCGGCACA 1500
DGV PKDVLSKLNGMGHI KT FGT

AGT CCGGTGGATATCGGAAACGT GCAAAGCATAT CGATCGACCATGAAAACGGCACCTTT 1560
S PVDI GNVQSI SI DHENGTF

AAAGGT GTGGCTGATTCAAGCAGAAACGGCGCGGECGATCGGCATTAATTTAAAACGTAAA 1620
K GVADSSRNGAAI GI NL KRK

TAAat aaaaaaact gt act cgct t caaat gagt acagttttttcatgcagatctttaata 57

ac'aacgggcat tgctgatgctctgtatccct gattgcaat ccaaaat gacagaatatgat 117
gactgcttctttgacaaaatctttattctgctaatgcacgtctatcttcatcttttcatt 177

tcgtttatctcat caagaaat gt ct gaaacgcact cgt aat aaaaaagtctttcctgtat 237
at aaagacgat ct ct aagt ct t gat at gct ggt ggcagct gat gaat ccatacatttgta 297
cgat gct cggagcagt caacagcggact t t gggagcagcgcecgt acccat cccggcggaa 357
acaccttttataatagcctccaatgtgccaaactctatgattttttgattgtgtatgecet 417
gcttcctctagtaatcttttgaccct gt cacgat gagaacagccagccccaaaaaagagc 477
at cggct gct gaagcat gt cttct gccgt cccttct cgt gat gaaat caaaactaattca 537
t cat gggagacat ggagt t gt ct aact gcagcgt gtt caaccggcccat at acaaaagcg 597
ccat caactttat gat caagaacct gtt gaat caaat gat gcgt at cagct gt gttcact 657
gat aaat ccact t caggaaaacgcct gaggaaggat gct gcat gct caggcagat gecgtt 717
accgccgt cgt tt ccagt gat ccgat ccgcaaaggcccttttggttgectgetcattcgg 777
gtcgatttttcagcttggtctaacagcgat aat actt gatctgcatattgtaaaagattt 837
tctcctgcagcagt aagcttcattccccgattcgttcgat gaaaaagcct gat attcaaa 897
tcttcctcaaggttatgcactctggcetgtcacattcgactgaacataattcagcatttgg 957
gctgctttcgttatgettccttcgcgagcaacagect gaaaaatttttaaatctccgett 1017
t ccacgcgctctcacctgcttgct at gat gaaaagt gatattggctatcatatttgttca 1077
ttttact cgaagaaaaccgct at gt aaaat at gt aaagat at gaaaat acaat t caatga 1137
ggaggcagacagcat gaaagct gt aat t cacaacggaaaagccggtcttctggggttatc 1197
agt t caggacgt t ccat caacaaagcct ggat acggagaggt aaaggtt aaatt aaaat c 1257
t gcaggaccagcccgggecgt cgaccacgcegt geecct at agt at cgaatt cccgecggecg 1317
ccaggcggccggagcaggat cgcat 1342

Fig. 4.2.8. Nucleotide sequences and amino acid sequences determined
from the Y- Glutamyltranspeptidase gene of the strain PBP, PGA

biopolymer hyper producer.

3) CBP# 59} PBPir52] Y- Glutamyltranspeptidase®] H]xl

7h) obr =4k wide] vl
=7 biopolymer A<l CBP #5¢ PGA ¢844 WHol3
9 Y-Glutamyltranspeptidase2] o}v]x=2F wjdS wluws] 2 ZAI Fig.

4-2-9 ¢} o] X—F, S—P A ghH o7} w4 w ).
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CBP MVATAHPLASEIGADVLKKGGNAIDAAVATQFALNVTEPMMSGIGGGGFMMVYDGKTKDT

PBP MVATAHPLASE I GADVLKKGGNAIDAAVAIQFALNVTEPMMSG I GGGGFMMVYDGKTKDT
sk sk sk sk sk sk sk sk sk skosk sk skoskoskosk sk sk skoskosk skoskosk skoskosk sk skosk sk sk sk skoskosk skoskoskosko sk sk skokosk sk skoskoskeskoskosksk ok
CBP TIIDSRERAPAGATPDMFLDENGKA IPFSERVTKGTAVGVPGTLKGLEEALDKWGTRSMK
PBP TIIDSRERAPAGATPDMFLDENGKA IPFSERVTKGTAVGVPGTLKGLEEALDKWGTRSMK
sk sk sk sk sk sk sk sk sk skosk sk skoskoskosk sk sk skoskosk skoskosk skoskosk sk skosk sk sk sk skoskosk skoskosk sk skokosk skokosk skokosk skoskoskeskoskoskosk ok
CBP QLITPSIKLAEKGFPIDSVLADAISDYQEKLSRTAAKDVFLPNGEPLKEGDTLIQKDLAK
PBP QLITPSIKLAEKGFPIDSVLADAISDYQEKLSRTAAKDVFLPNGEPLKEGDTLIQKDLAK
sk sk sk sk sk sk sk sk sk skosk sk skoskoskosk sk sk skoskosk skoskosk skoskosk sk sk sk sk sk skoskosk skoskoskosk sk sk skokosk skokosk skoskoskeskoskoskesk sk
CBP TFKLIRSKGTNAFYKGKFAKTLSDTVQDEGGSMTEKDLENYDITIDEPIWGDYQGYQIAT
PBP TFKLIRSKGTNAFYKGKFAKTLSDTVQDEGGSMTEKDLENYDITIDEPIWGDYQGYQIAT
sk sk sk sk sk sk sk sk sk skosk sk skoskoskosk sk sk skoskosk skoskosk sk skosk sk sk sk sk sk skoskosk skoskoskosk sk sk skokosk skokosk skoskoskeskoskoskosk ok
CBP TPPPSSGGIFLLQMLKILDDENLSQYDVRSWEKYQLLAETMHLSYADRASYAGDPEFVNV
PBP TPPPSSGGIFLLQMLK ILDDENLSQYDVRSWEKYQLLAETMHLSYADRASYAGDPEFVNV
sk sk sk sk sk sk sk sk sk skosk sk skoskoskosk sk sk skoskosk skoskosk skoskosk sk sk sk sk sk skoskosk skoskoskosk sk sk skokosk skokosk skoskoskeskoskoskosk sk
CBP PLKGLLHPDY IKERQQL INLDQVNKEPKAGDPWKYQEGSANYKQVEQPKDKVEGQTTHFT
PBP PLKGLLHPDY IKERQQL INLDQVNKEPKAGDPWKYQEGSANYKQVEQPKDKVEGQTTHET
sk sk sk sk sk sk sk sk sk skosk sk skoskoskosk sk sk sk skoskosk skoskosk skoskosk sk sk sk sk sk skoskosk skoskosk sk skokosk skokosk skokosk skoskoskoskoskoskosk ok
CBP VADRWGNVVSYTTTIEQLFGTGIMVPDYGVILNNELTDXDA IPGGANEVQPNKRPLSSMT
PBP VADRWGNVVSYTTTIEQLFGTGIMVPDYGVILNNELTDFDA IPGGANEVQPNKRPLSSMT
sk sk sk sk sk sk sk sk sk sk sk sk sk skoskoskosk skoskosk skoskokoskoskokeoskoskokesk skokosk skokosk skosk skeskoskeskoskoskoskoskokosk skokosk skoskosk skoskosk sk ok
CBP PTILFKDDKPVLTVGSPGGATIISSVLQTILYHIEYGMELKEAVEEPRIYTNSMSSYRYE
PBP PTILFKDDKPVLTVGSPGGATIISPVLQTILYHIEYGMELKEAVEEPRIYTNSMSSYRYE
skoskeosk sk skosk sk skoskosk skoskoskoskoskoskosk skokoskoskoskoskosk skeoskosk sk sk skosk skoskosk sk sk sk skosk sk skoskosk sk skokosk skokosk skoskoskoskosksk skok
CBP DGVPKDVLSKLNGMGHKFGTSPVDIGNVQSISIDHENGTFKGVADSSRNGAAIGINLKRK
PBP DGVPKDVLSKLNGMGHKFGTSPVDIGNVQSISIDHENGTFKGVADSSRNGAAIGINLKRK
sk sk sk sk sk sk sk sk sk sk skosk sk skoskoskosk sk sk skoskosk skoskosk skoskosk sk sk sk sk sk skoskosk skoskoskoskoskokosk skokosk skokosk skokoskoskoskoskosk ok
Fig. 429 Comparison of amino acid sequence between

Y-Glutamyltranspeptidase of the strain CBP and that of the strain PBP.
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=7 biopolymer AAHTFFe CBP #F¢ PGA Y A4HA HolF PBPH
F9] Y-Glutamyltranspeptidase2] o}v]i=4k g S vlus] I A3} o5 Fx

Ao FHILE CoTAR 2 AG/F A B AL ¢ 5 A

CBP ATAGCAGTCCCTTCTTAATCCGTATGCTGATTCTAATATAGCACATGGCTCATATCAATA
PBP ATAGCAGTCCCTTCTTAATCCGTATGCTGATTCTAATATAGCACATGGCTCATATCAATA
stk ook ok ok ook b ok ok ok ok ok sk ok ok ok ko ok ko sk R ok kR sk R sk sk kR ko K ok
CBP TAATCAATTTTGCACAGAAAAACGGCTTTATGCACTATATAATATACCATTTGTCACCTG
PBP TAATCAATTTTGCACAGAAAAACGGCTTTATGCACTATATAATATACCATTTGTCACTTG
R S R
CBP TGAAAACGCTGTAATTTTTTTACGCTAAGATTGTAACAATACAGCTTCATATAGGAGGGA
PBP TGAAAACGCTGTAATTTTTTTACGCTAAGATTGTAACAATACAGCTTCATATAGGAGGGA
R R
CBP GAACATGAAAAGAACGTGGAACGTCTGTTTAACAGCTCTGCTTAGTGTTCTGTTAGTCGC
PBP GAACATGAAAAGAACGTGGAACGTCTGTTTAACAGCTCTGCTTAGTGTTCTGTTAGTCGC
stk ok ok ook ok ook ok o sk ok o sk ko ok ko ok ko kR ok kR sk sk kR ko K ok
CBP TGGAAGTGTCCCTTTTCACGCGGAAGCTAAAAA-CCGCCCAAAAGCTACGATGAGTACAA
PBP TGGAAGTGTCCCTTTTCACGCGGAAGCTAAAAAACCGCCCAAAAGCTACGATGAGTACAA
R R T e
CBP ACAAGTAGATGTTGGAAAAGACGGC
PBP ACAAGTAGATGTTGGAAAAGACGGC

Fig. 4.2.10. Comparison of the upstream nucleotide sequences between

Y-Glutamyltranspeptidase gene of the strain CBP and the strain PBP.

) FEFHAA 971449 v
=% biopolymer A4t CBP w59 PGA -9 A kA Wo]5 PBPit
F9] Y-Glutamyltranspeptidase2] o}v] Al vjg S v & Ay} o] &

¥ o)

[e]
o
28] T2 FAA B9 % TG, T-C, A—~G7F A3 23S & 5 Aok

CBP ATGGTTGCGACCGCACATCCTCTTGCTTCTGAAATCGGTGCTGATGTGCTGAAAAAAGGA
PBP ATGGTTGCGACCGCACATCCTCTTGCTTCTGAAATCGGTGCTGATGTGCTGAAAAAAGGA
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CBP
PBP

CBP
PBP

CBP
PBP

CBP
PBP

CBP
PBP

CBP
PBP

CBP
PBP

CBP
PBP

CBP
PBP

CBP

st sk sk sk sieosieoske sk sk stk sk sk sk stk sk sk stk sk sk stk sk sk siotiok sk skosiokoskoskokoiok sk skototoskokoskoiotokokoskoiokokoskokoiok

GGAAATGCTATTGACGCAGCGGTTGCCATTCAATTTGCACTCAATGTAACAGAGCCGATG
GGAAATGCTATTGACGCAGCGGTTGCCATTCAATTTGCACTCAATGTAACAGAGCCGATG

st s sk sk sk sieosieoske sk sk st sk sk sk stk sk sk stk sk sk stk sk sk sioiok sk stttk skokoiok sk skototokokoskoiotokokoskoiokokoskokoiok

ATGTCAGGTATTGGCGGCGGCGGTTTTATGATGGTGTATGACGGAAAAACGAAGGATACA
ATGTCAGGTATTGGCGGCGGCGGTTTTATGATGGTGTATGACGGAAAAACGAAGGATACA

st sk sk sk sk sieosieske sk sk stk sk sk sk stk sk sk stk sk sk stk sk sk siosiosk sk stttk skokoiok sk skototokokoskoiotokokoskoiolokoskokoiok

ACGATAATCGACAGCCGTGAGCGTGCTCCAGCAGGCGCAACTCCTGATATGTTTCTGGAC
ACGATAATCGACAGCCGTGAGCGTGCTCCAGCAGGCGCAACTCCTGATATGTTTCTGGAC

stk sk sk sk sieosieoske sk sk stk sk sk sk stk sk sk stk sk sk stk sk sk siosiok sk skttt skokoiok sk skototokokoskoiotokokoskoiolokoskokoiok

GAAAACGGAAAAGCAATACCTTTCTCTGAACGTGTAACAAAAGGTACTGCCGTTGGTGTT
GAAAACGGAAAAGCAATACCTTTCTCTGAACGTGTAACAAAAGGTACTGCCGTTGGGGTT

st sk sk sk sieosieoske sk skt sk sk skeosieske sk sk stk sk sk stk sk skosiotokoskoskotolokoskokoiokoskokolorokokoskolorokokoskolorek o skolok

CCAGGCACTCTGAAAGGGCTGGAAGAAGCCTTGGATAAATGGGGAACCCGTTCGATGAAG
CCAGGCACTCTGAAAGGGCTGGAAGAAGCCTTGGATAAATGGGGAACCCGTTCGATGAAG

st s sk sk sk sieosieske sk skt sk sk sk sieske sk sk stk sk sk stk sk sk sioiok sk stttk skoskoiok sk skototokokoskoiotokokoskoiokokoskokoiok

CAATTAATTACCCCTTCTATTAAACTCGCTGAAAAAGGCTTTCCGATTGATTCTGTGTTG
CAATTAATTACCCCTTCTATTAAACTCGCTGAAAAAGGCTTTCCGATTGATTCTGTGTTG

st sk sk sk sieosieoske sk sk stk sk sk skeosieske sk sk stk sk sk stk sk sk siosiok sk skosiotoskoskoskoiok sk skototoskokoskoiotokokoskoiolokoskokoiok

GCAGATGCCATTTCTGATTATCAGGAAAAACTTTCACGGACTGCCGCAAAAGATGTATTT
GCAGATGCCATTTCTGATTATCAGGAAAAACTTTCACGGACTGCCGCAAAAGATGTATTT

stk sk sk st sieosieoske sk sk stk sk sk sk stk sk sk stk sk sk stk sk sk siosiok sk skosiokoskoskokosiok sk skototokokoskoiookokoskoiolokoskokoiok

TTACCAAATGGCGAACCGCTTAAAGAAGGAGATACCCTTATTCAAAAGGATTTGGCTAAA
TTACCAAATGGCGAACCGCTTAAAGAAGGAGATACCCTTATTCAAAAGGATTTGGCTAAA

st sk sk sk siesieoske sk sk stk sk sk sk sieske sk sk stk sk sk stk sk sk siosiok sk skosiokoskoskoskosiok sk skototokokoskoiotokokoskoiolokoskokoiok

ACATTTAAGCTTATTCGCTCCAAAGGCACTAACGCTTTTTATAAAGGAAAATTCGCCAAG
ACATTTAAGCTTATTCGCTCCAAAGGCACTAACGCTTTTTATAAAGGAAAATTCGCCAAG

st s sk sk sk sieosieoske sk skt sk sk skeosieske sk sk stk sk sk stk sk sk siosiok sk skosiokoskoskokoiok sk skototokokoskoiookokoskoiokokoskokoiok

ACGCTTTCTGACACTGTCCAGGATTTCGGCGGATCAATGACAGAAAAAGATTTAGAAAAT
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PBP

CBP
PBP

CBP
PBP

CBP
PBP

CBP
PBP

CBP
PBP

CBP
PBP

CBP
PBP

CBP
PBP

CBP
PBP

ACGCTTTCTGACACTGTCCAGGATTTCGGCGGATCAATGACAGAAAAAGATTTAGAAAAT

st sk sk sk siesieoske sk sk stk sk sk skeosieske sk sk stk sk sk stk sk sk sioiok sk skosiokoskoskokosiok sk skototoskokoskoiotokokoskoiolokoskokoiok

TACGACATTACAATTGATGAACCGATTTGGGGAGACTATCAAGGCTATCAAATCGCTACT
TACGACATTACAATTGATGAACCGATTTGGGGAGACTATCAAGGCTATCAAATCGCTACT

st sk sk sk st sieosieske sk sk stk sk sk st stk sk sk stk sk sk sieosiosk sk sk siosiok sk stttk skoskoiok sk skototokokoskoiotokokoskoiolokoskokoiok

ACTCCTCCTCCAAGCTCCGGCGGTATTTTCTTATTGCAAATGCTGAAAATCCTTGATGAT
ACTCCTCCTCCAAGCTCCGGCGGTATTTTCTTATTGCAAATGCTGAAAATCCTTGATGAT

st sk sk sk sk sieosieoske sk sk stk sk sk sk sieske sk sk stk sk sk stk sk sk siosiok sk skosiokoskoskoskoiok sk skototokokoskoiolokokoskoiokokoskokoiok

TTTAACCTTTCACAATACGATGTCCGCTCATGGGAAAAATATCAGCTGCTTGCTGAAACG
TTTAACCTTTCACAATACGATGTCCGCTCATGGGAAAAATATCAGCTGCTTGCTGAAACG

st sk sk sk sk sieosieoske sk sttt sk sk sk stk sk sk stk sk sk stk sk sk siosiok sk skosiokoskoskoskoiok sk skototokokoskoiotokokoskoiokokoskokoiok

ATGCATTTGTCTTATGCCGACCGTGCGTCTTACGCAGGTGATCCCGAATTTGTAAATGTT
ATGCATTTGTCTTATGCCGACCGTGCGTCTTACGCAGGTGATCCCGAATTTGTAAATGTT

st sk sk sk sk sieosieoske sk skt sk sk sk stk sk sk stk sk sk stk sk sk siosiok sk skosiotosk skl sk skototokokoskoiotokokoskoiokokoskokoiok

CCTCTCAAAGGCTTGCTTCACCCCGATTATATTAAAGAACGCCAGCAATTAATCAACCTA
CCTCTCAAAGGCTTGCTTCACCCCGATTATATTAAAGAACGCCAGCAATTAATCAACCTA

stk sk sk sk sieosieoske sk sk stk sk sk sk stk sk sk stk sk sk sieosiosk sk sk siosiok sk skosiotosk skl sk skototokokoskoiotokokoskoiokokoskokoiok

GATCAAGTGAATAAAGAACCGAAAGCCGGTGACCCTTGGAAATACCAAGAAGGATCAGCA
GATCAAGTGAATAAAGAACCGAAAGCCGGTGACCCTTGGAAATACCAAGAAGGATCAGCA

st sk sk sk siesieske sk sk stk sk sk sk stk sk sk stk sk sk stk sk sk sioiosk sk skosiotoskoskoskoiok sk skototokokoskoiotokokoskoiokokoskokoiok

AACTATAAACAAGTTGAACAGCCGAAAGACAAAGTAGAAGGCCAAACAACCCACTTTACA
AACTATAAACAAGTTGAACAGCCGAAAGACAAAGTAGAAGGCCAAACAACCCACTTTACA

st sk sk sk sk siesieske sk skeosiesi sk sk skeosieske sk sk stk sk sk sieosiosk sk sk siosiok sk skosiotoskoskoskoiok sk skeototokokoskoiotokokoskoiolokoskokoiok

GTTGCTGACCGTTGGGGAAATGTTGTTTCCTATACAACAACAATCGAACAGCTATTCGGA
GTTGCTGACCGTTGGGGAAATGTTGTTTCCTATACAACAACAATCGAACAGCTATTCGGA

st sk sk sk sieosieoske sk sk stk sk sk sk stk sk sk stk sk sk stk sk sk sioiok sk skosiokoskoskoskoiok sk skototokokoskoiotokokoskoioiokoskokoiok

ACGGGTATTATGGTCCCTGATTACGGTGTCATCCTAAACAATGAATTAACGGATTTTGAT
ACGGGTATTATGGTCCCTGATTACGGTGTCATCCTAAACAATGAATTAACGGATTTTGAT

stk sk sk sk sieosieoske sk skeosiesi sk sk sk stk sk sk stk sk sk stk sk sk sioiok sk skosiokoskoskoskoiok sk skototokokoskoiotokokoskoiokokoskokoiok
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CBP GCGATACCAGGCGGAGCTAACGAAGTACAGCCAAACAAACGGCCTTTAAGCAGCATGACC

PBP GCGATACCAGGCGGAGCTAACGAAGTACAGCCAAACAAACGGCCTTTAAGCAGCATGACC
stk s st sk ok s ot s ot s ok sk ot sk ok sk ks sk ko sk ks ok skl ok sl ok s ok ok ok
CBP CCGACGATTTTATTTAAGGATGACAAGCCTGTCCTCACTGTTGGATCTCCTGGCGGGGCG
PBP CCGACGATTTTATTTAAGGATGACAAGCCTGTCCTCACTGTTGGATCTCCTGGCGGGGCG
sttt s stk ok s ot s ot stk sk ot sk ok ko skt sk ks ok skl ot s ok sk ok ok ok
CBP ACAATTATTTCATCCGTTTTGCAAACCATTCTCTACCACATTGAATATGGTATGGAATTA
PBP ACAATTATTTCACCCGTTTTGCAAACCATTCTCTACCACATTGAATATGGTATGGAATTA
stttk kol oot sl ok sk ok sk ksl ok sk sk ok sk sk sl sk sl ot s ks ok sk
CBP AAAGAAGCTGTTGAAGAGCCGAGAATTTACACAAACAGCATGAGCTCTTACCGTTACGAA
PBP AAAGAAGCTGTTGAAGAGCCGAGAATTTACACAAACAGCATGAGCTCTTACCGTTACGAA
stk stk ok sl ot s ot sk sk ot sk ok sk ko skt sk ks ok skl ok sk ok s ok ok ok
CBP GACGGAGTTCCTAAAGATGTCCTCAGCAAGCTAAACGGCATGGGCCACAAATTCGGCACA
PBP GACGGAGTTCCTAAAGATGTCCTCAGCAAGCTAAACGGCATGGGCCACAAATTCGGCACA
stk s stk ksl ot s ot sl ok skl ot s sk ks sk ks stk sk ks ok skl ok skl ok sk ok ok ok
CBP AGTCCGGTGGATATCGGAAACGTGCAAAGCATATCGATCGACCATGAAAACGGCACCTTT
PBP AGTCCGGTGGATATCGGAAACGTGCAAAGCATATCGATCGACCATGAAAACGGCACCTTT
stttk ksl ot s ot sk sk ot sk otk ks sk ok sk ks ok sk ok sk ok sk ok ok ok
CBP AAAGGTGTAGCTGATTCAAGCAGAAACGGCGCGGCGATCGGCATTAATTTAAAACGTAAA
PBP AAAGGTGTGGCTGATTCAAGCAGAAACGGCGCGGCGATCGGCATTAATTTAAAACGTAAA
sotokokkotokok okttt sl ok s ok sk ks ok sk sk ok sk sk sl sk sl ot s ok s ok sk
CBP TAA
PBP TAA

skskosk
Fig. 4.2.11. Comparison of nucleotide sequence between structural gene of
Y-Glutamyltranspeptidase gene from the strain CBP and that of the strain
PBP.

) sF9d 471449 vl
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=% biopolymer A4t CBP w59 PGA -9 A A WHol5 PBPIft
F9] Y-Glutamyltranspeptidase] o}v| =2t wjd S wjws] ¥ A3} 37

o ¥ TGCAACGGGCATTGCTGAZZ, AT &4 %2 CG—A A% Wo|7}
A w Ao

CBP ATAAAAAAACTGTACTCGCTTCAAATGAGTACAGTTTTTTCATGCAGATCTTTAATAACA
PBP ATAAAAAAACTGTACTCGCTTCAAATGAGTACAGTTTTTTCATGCAGATCTTTAATAACA

stk s ok ok ok ook b ok ook ok ok ok ok o sk ko ok ko ok ko kR ok kR sk sk koo ko K ok
CBP ACGGGCATTGCTGATGCAACGGGCATTGCTGATGCTCTGTATCCCTGATTGCAATCCAAA
PBP ACGGGCATTGCTGA: TGCTCTGTATCCCTGATTGCAATCCAAA

otk ok ko ok ok ok otk ok ok ok ook R ko kR kR ok R ok K
CBP ATGACAGAAT==GATGACTGCTTCTTTGACAAACGTCTTTATTCTGCTAATGCACGTCTA
PBP ATGACAGAATATGATGACTGCTTCTTTGACAAA=ATCTTTATTCTGCTAATGCACGTCTA

sk ok sk skokokok koo s sk sk sk st skosk sk sk skostok sk skoskokokok skok s sk sk sk s sk stk sk sk stk skosk sk skokosk sk skokokokskosk

CBP TCTTCAT
PBP TCTTCAT

skoskokoskokoskok
Fig. 4.212. Comparison of downstream nucleotide sequence of
Y-Glutamyltranspeptidase gene between the strain CBP and that of the
strain PBP.

=

t}. levansucrase gene® 84 9 dr|ajd Z2A

P
., b,
{enr_uh-tln.-_tng |:|r\ung|n | 14150 Hy I el }
K T Ve ¥
. : "‘\-.;__x
'33ge levansucrase gene "
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- 4
s Al ThA

1) CBP

CBP 59 biopolymer AAF## levansucrase FAxe] #+z2 % FA
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T otnxat w4 Fig. 4-2-13% 2th o] frHAE 1419 bpE T

Al ORFi= 4737]¢] ofv|=its = oo 2l HAow, FFd

180 bpel &7k el on strdgel= °F 80 bp7t 24 ¥ A

attt ccgggccagt cagct ccggecgeat ggcggeccgecgggaat t cgat t at cgcgeggg -
tttgttactgat aaagcaggcaagacct aaaat gt gt aaagggcaaagt gt atactttgg -

cgtcaccccttacatattttaggtctttttttattgtgcgtaactaacttgecatcttca
aacaggagggct ggaagaagcagaccgct aacacagt acat aaaaaaggagacat gaacg

ATGAACATCAAAAAGT TTGCAAAACAAGCAACAGTATTAACCTTTACTACCGCACTCCTG
MNI KKFAKQATVLTZFTTATLIL

GCAGGAGGCGCAACT CAAGCGT TTGCGAAAGAAACGAACCAAAAGCCATATAAGGAAACA
AAGGATQAFAKETNOQQKPYKTET

TACGGCATTTCCCATATTACACGCCATGATATGCTGCAAAT CCCTGAACAGCAAAAAAAT
Y GI S HI TRHDMLQI P EQQKN

GAAAAATATCAAGT TCCTGAATTCGAT TCGT CCACAATTAAAAATATCTCTTCTGCAAAA
EKYQVPEFDSSTI KNI SS AK

GGCCTGGACGT TTGGGACAGCT GGCCAT TACAAAACGCT GACGGCACT GTCGCAAACTAT
GLDVWDS SWPL ONADGTVANY

CACGGCTACCACATCGTCTTTGCATTAGCCGGAGATCCTAAAAAT GCGGATGACACATCG
HGYHI VFALAGDZPIKNADTDTS

ATTTACATGI TCTATCAAAAAGT CGGCGAAACT TCTATTGACAGCT GGAAAAACGCTGGEC
I YMFY QKVGETSI DSWKNAG

CGCGTCTTTAAAGACAGCGACAAATTCGATGCAAATGATTCTATCCTAAAAGACCAAACG
RVFKDSDIKFDANDS SI L KDOQT

CAAGAATGGTCAGGT TCAGCCACATTTACAT CTGACGGAAAAATCCGT TTATTCTACACT
QEWSGSATVFTSDGKI RL FYT

GATTTCTCCGGTAAACAT TACGGCAAACAAACACT GACAACTGCACAGGT TAACGTATCA
DFSGKHYGKQTLTTAQVNWVS

GCATCAGACAGCTCTTTGAACATCAACGGT GTAGAGGATTATAAATCAATCTTTGACGGT
A SDSSLNI NGVEDYIKSI F DG

GACGGCAAAACGT ATCAAAAT GT ACAGCAGT TCATCGAT GAAGGCAACT ACAGCT CAGGC
DGKTVYQNVQOQFI DEGNYSS G

GACAACCATACGCTGAGAGATCCTCACTACGT AGAAGATAAAGGCCACAAATACTTAGTA
DNHTLRDPMHYV EDI KU GHIKYLYV

TTTGAAGCAAACACT GGAACT GAAGATGGCTACCAAGGCGAAGAATCTTTATTTAACAAA
FEANTA GTEDG GY QGETESTLTFNK

GCATACTATGGCAAAAGCACATCATTCTTCCGT CAAGAAAGT CAAAAGCT TCTGCAAAGT
AYY GKSTSFVFROQOQESQKLULQS

GATAAAAAACGCACT GCCTGAATTAGCT AACGECGCTCTCGGTATGAT TGAGCTAAACGAT
DKKRTAELANGALGMI EL ND

181

121

-61

-1

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

GATTACACACTGAAAAAAGT GATGAAACCGCTGATTGCATCTAACACAGTAACAGATGAA 1020

DYTLKKVMKPLI ASNTWVTDE

ATTGAACGCGCGAACGT CTTTAAAATGAACGCCAAATGGTATCTGT TCACTGACTCCCGC 1080

I ERANVFKMNGKWYULVFTDS SR
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GGGTCAAAAAT GACGATTGACGGCATCACGTCTAACGATATTTACATGCTTGGCTATGT T 1140
GSKMTI DGI TSNDI YML GYV

TCTAATTCTTTAACT GGCCCATACAAGCCGCTGAACAAAACTGGCCTTGTGI TAAAAATG 1200
S NSLTGPYKPLNKTGLVLKWM

GATCTTGATCCTAACGATGTAACCTTTACTTACTCACACTTCGCTGTACCTCAAGCGAAA 1260
DLDPNDVTEFTYSHFAVPQOQAHK

GGAAACAAT GT CGTGATTACAAGCTATATGACAAACAGAGGATTCTACGCAGACAAACAA 1320
GNNVVI TSYMTNRGFYADKRQ

TCAACGTTTGCGCCAAGCT TCCTGCTGAACATCAAAGGCAAGAAAACATCTGT TGTCAAA 1380
S TFAPSFLLNI KGKI KT SVYVK

GACAGCATCCTTGAACAAGGACAATTAACAGI TAACAAATAACt cgagecccaat cactag 18
DSI LEQGOQLTVNK

t gaat t cgcggccgcect gcaggt cgaccat at gggagagct cccaacgegt gat cagtgg 78
Fig. 4.2.13. Nucleotide sequences and deduced amino acid sequences

determined from the levansucrase gene of strain CBP, chungkookjang

biopolymer producer.

2) PBP

CBP el We] A ste] Alzte PGAS-9 Aol + PBPTF<] V-
levansucrase 37t F+x2E A o] FHAE 1419 bp = 7 EHNU
o, ORF= 4739 ofvieqts 2= e & 5 dlen, 47dd °F 1,800

bpet stF9 S °F 1,300 bp7t A& =T},

ul

t gacagccagct ccggccgcat g- 1801
gcggccgcgggaat t cgat t act at agggcacgcegt ggt cgacggcccgggctggtct gt - 1741
ccggt gat ct ccaaat aaagccgttcattctcggct gt cacct gt gcagccgttccat cc- 1681
t gcaacaggt agct gccaacat agcggct gt at at cgccgt atcaattgettttttcttt-1621
tt at cagcaggacgtt ccgggacct cat at ggct ggccaaat agaat at gt t ccgccgcec- 1561
ttcagaatcgcttgttcatactcagtatcctcttccttattact caaatagatcagtgtt-1501
tt acgat gat cgat at at cggat cat caacgt cgaat agccgggccat cct ccgct gt gg- 1441
ctgacaatccgccctttttcaggactattttgcagt acccagccaaagccat aat caatt-1381
gtttctccattgttgaggcgcact ggagaaaacgcagattccttagaagccttgctgat g- 1321
aaat cgt cct gat at aaagcct gat caaat cgaaacaaat cgctt gt gacagagtt cacc- 1261
gtcccat ct ccct gt at gccat cgagat acacaacat agttcgtttcct ccagctcatca-1201
gggaggacgt at gt t t cggaat gt acat cat acacat at ccat at gcat aat gat caatt-1141
cgct caggcgaaagcctcctgttatacactcttgtttcattcat gccgat cggt gaaaaa- 1081
atacttgttttcat aaaat ccgcat agct cat gccagatgctttttcaatgataaccgcc-1021
agcagcacat accccgt att gct gt acat ccagccttcattcggttcaaaat aaccagat -961
agcccctcattcat cagcat at cgacaat at cct gattcaccgcaat ctt gt gt gaatcc -901
caatt ggcaaaaaaccat cccat at aat caggaagccct gacgt at ggtt caat aaat gc - 841
cgaat cgtt acgccct gat acggaaaaccgggcagccagcgat ccactttatcctcatag - 781
ccaagaat ccccttctcct ccagcaagat gatt cccaat gect gt aaaaggcttt gacaaa - 721
gacgct aact caaacaaagagttggttttcaacgggcgtttttccgtcatttccgcatag - 661
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ccaaaagagt ggt gat at aaaat at cgccaccct ccgcagccagaaccgt cccgt t aaac
tgatgtttttcgcct aat gt ct caaat aat gt ct gaagatgetttcttttattctgtttc
attcctccacctcccat atctct gt acgtt act aacct act aacgtttcaaatattttga
aaaacccttcagttagagatcctttttaacccat cacat at acct gcggttcactact at
ttagt gaaat gagatattatgatattttctgaattatgattaaaaaggcaactttatgcc
cat gcaacagaagct at aaaaaat acagagaat gaaaagaaacagatagattttttagtt
ctttaggcccgt agaccgcaaat ccttttatgattttct at caaacaaaagaggaaaat a
gaccagt t gcaat ccaaacgagagt ct aat agaat gaggt cgaaaagt aaat cgcgcggg
tttgttactgat aaagcaggcaagacct aaaat gt gt aaagggcaaagt gt at acct t gg
cgtcaccccttacatattttaggtctttttttattgtgcgtaactaacttgecatcttca
aacaggagggct ggaagaagcagaccgct aacacagt acat aaaaaaggagacat gaacg

ATGAACATCAAAAAGT TTGCAAAACAAGCAACAGTATTAACCTTTACTACCGCACTGCTG
MNI KKFAKQATVLTZFTTALIL

GCAGGAGGCGCAACT CAAGCGT TTGCGAAAGAAACGAACCAAAAGCCATATAAGGAAACA
AAGGATQAFAKETNOQQKPYKET

TACGGCATTTCCCATATTACACGCCATGATATGCTGCAAAT CCCTGAACAGCAAAAAAAT
Y GI S HI TRHDMLQI P EQQKN

GAAAAATATCAAGT TCCTGAATTCGAT TCGT CCACAATTAAAAATATCTCTTCTGCAAAA
EKYQVPEFDSSTI KNI SS AK

GGCCTGGACGT TTGGGACAGCT GGCCAT TACAAAACGCT GACGGCACT GTCGCAAACTAT
GLDVWDS SWPLOQOQNADGTVANY

CACGGCTACCACATCGTCTTTGCATTAGCCGGAGATCCTAAAAAT GCGGATGACACATCG
HGYHI VF AL AGDZPIKNADTDT S

ATTTACATGITCTATCAAAAAGT CGGCGAAACT TCTATTGACAGCT GGAAAAACGCTGGEC
I ' YMFY QKVGETSI DSWKNAG

CGCGTCTTTAAAGACAGCGACAAATTCGATGCAAATGATTCTATCCTAAAAGACCAAACG
RVFKDSDIKFDANDS SI L KDAOQT

CAAGAATGGTCAGGT TCAGCCACATTTACAT CTGACGGAAAAATCCGT TTATTCTACACT
QEWSGSATVFTSDGKI RL FYT

GATTTCTCCGGTAAACAT TACGGCAAACAAACACT GACAACTGCACAGGT TAACGTATCA
DFSGKHYGKQTLTTAQVNWVS

GCATCAGACAGCTCTTTGAACATCAACGGT GTAGAGGATTATAAATCAATCTTTGACGGT
A SDSSLNI NGVEDYIKSI F DG

GACGGCAAAACGT ATCAAAAT GTACAGCAGT TCATCGAT GAAGGCAACT ACAGCT CAGGC
DGKTVYQNVQOQFI DEGNYSS G

GACAACCATACGCTGAGAGATCCTCACTACGT AGAAGATAAAGGCCACAAATACTTAGTA
DNHTLRDPHYV EDI KU GHIKYLYV

TTTGAAGCAAACACT GGAACT GAAGATGGCTACCAAGGCGAAGAATCTTTATTTAACAAA
FEANTU GTEDG GY QGETESTLTFNK

GCATACTATGGCAAAAGCACATCATTCTTCCGT CAAGAAAGT CAAAAGCT TCTGCAAAGT
AYY GKSTSFVFROQOQESQKLULQS

GATAAAAAACGCACT GCTGAATTAGCT AACGGECGCTCTCGGTATGAT TGAGCTAAACGAT
DKKRTAELANGALGMI EL ND

GATTACACACTGAAAAAAGT GATGAAACCGCCTGATTGCATCTAACACAGTAACAGATGAA
DYTLIKKVMKPLI ASNTUVTDE

ATTGAACGCGCGAACGT CTTTAAAATGAACGGCAAATGGTACCTGT TCACTGACTCCCGC
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I ERANVFKMNGKWYLVFTDSR

GGGTCAAAAAT GACGAT TGACGGCATCACGT CTAACGATATTTACATGCTTGECTATGIT 1140
GSKMTI DGI TSNDI YMLGYV

TCTAATTCTTTAACT GGCCCATACAAGCCCGCTGAACAAAACTGCCCTTGTGT TAAAAATG 1200
S NSLTGPYKPLNIKTA GLVLKWM

GATCTTGATCCTAACGATGTAACCTTTACTTACTCACACT TCGCTGTACCTCAAGCGAAA 1260
DLDPNDVTFTYSHFAYVPOQAHK

GGAAACAATGTCGTGATTACAAGCTATATGACAAACAGAGGATTCTACGCAGACAAACAA 1320
GNNVVI TSYMTNRGFYADKNQ

TCAACGT TTGCGCCAAGCT TCCTGCTGAACATCAAAGGCAAGAAAACATCTGI TGTCAAA 1380
S TFAPSFLLNI KGKIKTSVYVK

GACAGCATCCTTGAACAAGGACAATTAACAGI TAACAAATAAaaacgcaaaagaaaatgc 18
DSI LEQGOQLTVNK
cgatatcctattggcattttcttttatttcttatcaacat aaaggt gaatcccatatgaa 78
ct at at aaaagcaggcaaat ggct aacctcattcctaacctttttaggaatattgectgtt 138
tatcgacttatttccaaaagaagaacat gaccaaaaaacaaaat caaaacagaagccgga 198
ctaccgggcggcat at cattttacgacgccggat aaat ggaaaaat gaccct caaaaacc 258
gatctattttgatggcaagtatcattatttctatctatataaccgggattacccaaaagg 318
caacggcacagaat ggcgccat gccgt ct cagaggat t t ggt gcact ggaccgat gaagg 378
cgt ggcgat t ccgaaat at acaaacccggacggt gacat t t ggaccggtt ccgt cgt ggt 438
t gat aaagagaacacagccggct t t gggaaaaat gcgctt gt cgcgat t gt gacacagcc 498
ct cagccaaagacaaaaaacaggaacaat at t t gt ggt acagcacagat aagggaaaat c 558
attcaaattctacagtggcaaccccgttat gcct aat ccgggt acagacgatttcagaga 618
t ccgaaagt cat at gggat gaccaggat aacaaat gggt cat ggt cat ggct gaaggatc 678
aaaaat cggcttttat gaat ccgat aat ctt aaggact ggcatt acacaagcggattctt 738
cccagaacaggcgggaat ggt ggaat gt cccgacct ct acat gat gcgggcaagcgacgg 798
aacgaat aagt gggt t ct cggt gccagcgcgaat ggcaaaccgt ggggcaaaccaaat ac 858
gt acgcct act ggaccggaagct t cgacggaaaagaat t caaagcggat cagact gaagc 918
ccaat ggct t gact at ggctt cgact ggt at ggcggt gt gacgt t cgaagacagcaaaag 978
cacagat ccatt agaaaagcggt at gcgctt gcct ggat gaacaatt gggat t at gccaa 1038
caacaccccgacaat gaagaacggct tt aacggcacagatt ct gt cat acgcgaact ccg 1098
gct gaaggagcaggat ggaacat acagcct cgt ct cacagccgat t gaagcttt ggagca 1158
gaccagcccgggccgt cgaccacgcegt geccct at agt 1295

Fig. 4.2.14. Nucleotide sequences and amino acid sequences determined from the

levansucrase gene of the strain PBP, PGA biopolymer hyper producer.

3) CBP# 5 ¢ PBPiF9 levansucrase®] H]xl

7b) obulest Wi o) vl

A=7 biopolymer AAFF2 CBP #F$ PGA ¢ AAH4 WHol3= PBP

#F9] levansucrase®] ofu:=At wlEdS wlwaE] E ZA¥ Fig. 4-2-159F Zo]



HA3 LIS & F AT o]2ZH levansucrasetT Wo] FZ Ao o} FH
7198 &4 s & F A
CBP MNIKKFAKQATVLTEFTTALLAGGATQAFAKETNQKPYKETYGISHI TRHDMLQ I PEQQKN
PBP MNIKKFAKQATVLTEFTTALLAGGATQAFAKETNQKPYKETYGISHI TRHDMLQ I PEQQKN
sk s st sk sk sk sk sk sk sk sk sk st sk sk st sk sk sk sk sk kst sk sk st sk skoste sk skt sk sk sk sk sk st sk sk sk st sk sieoste sk stk sk skeoskeosko sk skoskoskoskoskosk sk
CBP EKYQVPEFDSSTIKNISSAKGLDVWDSWPLQNADGTVANYHGYHIVFALAGDPKNADDTS
PBP EKYQVPEFDSSTIKNISSAKGLDVWDSWPLQNADGTVANYHGYHIVFALAGDPKNADDTS
sk sk st sk sk sk sk sk sk sk sk sk st sk sk st sk sk sk sk sk steoske sk sk st sk skeoste sk skt sk stk sk sk st sk sk sk st sk sieoste sk stk sk sttt sk skosk sk skoskosk sk
CBP TYMFYQKVGETS IDSWKNAGRVEKDSDKEDANDS ILKDQTQEWSGSATFTSDGK IRLEYT
PBP IYMFYQKVGETS IDSWKNAGRVEKDSDKEDANDSILKDQTQEWSGSATFTSDGK IRLEYT
sk st st sk sk sk sk sk sk sk sk sk st skosk st sk sk kst sk skeoske sk sk st sk skoste sk skt sk stk sk sk st sk sk sk st sk skeoste sk sk sk sk skeoskeoskeo sk skoskoskoskoskosk sk
CBP DFSGKHYGKQTLTTAQVNVSASDSSLNINGVEDYKSIFDGDGKTYQNVQQF IDEGNYSSG
PBP DFSGKHYGKQTLTTAQVNVSASDSSLNINGVEDYKSIFDGDGKTYQNVQQF IDEGNYSSG
sk sk st sk sk sk sk sk sk sk sk sk st skosk st sk sk sk sk sk skeoske sk sk st sk skeoste sk skt sk sk sk sk sk st sk sk sk st sk steoste sk sk kst stttk skoskoskoskoskosk sk
CBP DNHTLRDPHYVEDKGHKYLVFEANTGTEDGYQGEESLENKAYYGKSTSFFRQESQKLLQS
PBP DNHTLRDPHYVEDKGHKYLVFEANTGTEDGYQGEESLENKAYYGKSTSFFRQESQKLLQS
sk st st sk sk sk sk sk sk sk sk sk st sk sk st sk sk sk sk sk kst sk sk st sk skeoste sk skt sk sk sk sk sk st sk sk sk st sk sieoste sk sk sk sk skeoskeosko sk skoske sk skoskosk sk
CBP DKKRTAELANGALGMIELNDDYTLKKVMKPL IASNTVTDE IERANVFKMNGKWYLFTDSR
PBP DKKRTAELANGALGMIELNDDYTLKKVMKPL IASNTVTDE IERANVFKMNGKWYLFTDSR
sk s st sk sk sk sk sk sk sk sk sk st skosk st sk sk sk sk sk kst sk sk s sk skeoste sk skt sk sk sk sk sk st sk sk sk st sk skeoste sk sk sk sk sttt sk skoskoskoskoskosk sk
CBP GSKMTIDGITSNDIYMLGYVSNSLTGPYKPLNKTGLVLKMDLDPNDVTETYSHFAVPQAK
PBP GSKMTIDGITSNDIYMLGYVSNSLTGPYKPLNKTGLVLKMDLDPNDVTETYSHFAVPQAK
sk st st sk sk sk sk sk sk sk sk sk s skosk st sk sk sk sk sk kst sk sk st sk skeoste sk skt sk sk sk sk sk st sk sk sk st sk steoste sk stk sk skeoskeosko sk skoskoskoskoskosk sk
CBP GNNVVITSYMTNRGEYADKQSTFAPSFLLNIKGKKTSVVKDSILEQGQLTVNK
PBP GNNVVITSYMTNRGEYADKQSTFAPSFLLNIKGKKTSVVKDSILEQGQLTVNK

Sk st sk skt sk sk skosk sk skosiosk skt skosk sk skt skoskosteoskoskok skoskosk skt skoskotosiostotkoskokoskoskotkokokokoskokokoskokoskok
Fig. 4.2.15. Comparison of amino acid sequence between levansucrase of

the strain CBP and that of the strain PBP.
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47 biopolymer A2 CBP #F9F PGA $-9A4A Wol+ PBP

79 levansucrase?] ofn|i=Ab WS WwE] 2 A o5 FHA A
o]
1

CBP TCGCGCGGGTTT
PBP TCGCGCGGGTTT
otk ok ok ok
CBP GTTACTGATAAAGCAGGCAAGACCTAAAATGTGTAAAGGGCAAAGTGTATACTTTGGCGT
PBP GTTACTGATAAAGCAGGCAAGACCTAAAATGTGTAAAGGGCAAAGTGTATACCTTGGCGT
stk s otk ok s ot s ot sk sk otk sk ks ok stk ol stk sk sk ok sk
CBP CACCCCTTACATATTTTAGGTCTTTTTTTATTGTGCGTAACTAACTTGCCATCTTCAAAC
PBP CACCCCTTACATATTTTAGGTCTTTTTTTATTGTGCGTAACTAACTTGCCATCTTCAAAC
sttt s st sk ok s ok s ot s ok sk ot sk sk ks sk ko skt ks ok skl ot skl ok sk ok ok ok
CBP AGGAGGGCTGGAAGAAGCAGACCGCTAACACAGTACATAAAAAAGGAGACATGAACG
PBP AGGAGGGCTGGAAGAAGCAGACCGCTAACACAGTACATAAAAAAGGAGACATGAACG

stk sk sk sk siesieoske sk sk stk sk sk st sieske sk sk stk sk sk stk sk skosieotosk sk skoiokoskosiototokoskoskoiolokokoskoiorokoskokoiokskok

Fig. 4.2.16. Comparison of the upstream nucleotide sequences between

levansucrase gene of the strain CBP and the strain PBP.

) FE2FAA 971449 v
=7 biopolymer AT CBP #F$ PGA Y444 WHolF PBP
9] levansucrased on|=2b vjd S Hlws] Ay o] {FHAA] S

T2 F = T-C7F Aghdo] | As & = S

CBP ATGAACATCAAAAAGTTTGCAAAACAAGCAACAGTATTAACCTTTACTACCGCACTGCTG
PBP ATGAACATCAAAAAGTTTGCAAAACAAGCAACAGTATTAACCTTTACTACCGCACTGCTG

sk sk sk sk sk sk sk sk sk sk ki sk sk sk sk sk sk sk sk sk sk sk sk skokokoskoskosk sk skosk sk sk sk sk skok skokokoskokoskoskosk skoskokokoskokok koRoR kR sk
CBP GCAGGAGGCGCAACTCAAGCGTTTGCGAAAGAAACGAACCAAAAGCCATATAAGGAAACA
PBP GCAGGAGGCGCAACTCAAGCGTTTGCGAAAGAAACGAACCAAAAGCCATATAAGGAAACA

st sk sk sk st sk sk sk sk stk sk st stk sk sk stk sk sk sk skoskosk skoskoskoskosk skeoskokok sk skeoskokok sk skostok skl skokokokoskoslorokokskokorok
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CBP
PBP

CBP
PBP

CBP
PBP

CBP
PBP

CBP
PBP

CBP
PBP

CBP
PBP

CBP
PBP

CBP
PBP

CBP
PBP

TACGGCATTTCCCATATTACACGCCATGATATGCTGCAAATCCCTGAACAGCAAAAAAAT
TACGGCATTTCCCATATTACACGCCATGATATGCTGCAAATCCCTGAACAGCAAAAAAAT

stk sk sk sk sieosieske sk sk stk sk sk sk stk sk sk stk sk sk stk sk sk siosiok sk skosiokoskoskoskosiok sk skototokokoskoiotokokoskoioiokoskokoiok

GAAAAATATCAAGTTCCTGAATTCGATTCGTCCACAATTAAAAATATCTCTTCTGCAAAA
GAAAAATATCAAGTTCCTGAATTCGATTCGTCCACAATTAAAAATATCTCTTCTGCAAAA

st sk sk sk sk sieosieoske sk skeosiesi sk sk skeosieske sk skeosteosieoske sk sk stk sk sk sioiok sk skosiokoskoskokoiok sk skototokokoskoiotokokoskoiolokoskokoiok

GGCCTGGACGTTTGGGACAGCTGGCCATTACAAAACGCTGACGGCACTGTCGCAAACTAT
GGCCTGGACGTTTGGGACAGCTGGCCATTACAAAACGCTGACGGCACTGTCGCAAACTAT

st sk sk sk sk sieosieoske sk sk stk sk sk skeosieske sk sk stk sk sk stk sk sk siosiok sk skosiokosk skl sk skototokokoskoiotokokoskoiokokoskokoiok

CACGGCTACCACATCGTCTTTGCATTAGCCGGAGATCCTAAAAATGCGGATGACACATCG
CACGGCTACCACATCGTCTTTGCATTAGCCGGAGATCCTAAAAATGCGGATGACACATCG

st sk sk sfe sieosieoske sk skt sk sk sk stk sk sk stk sk sk sieosiosk sk sk siosiosk sk skosiotosk skl sk skototokokoskoiotokokoskoiolokoskokoiok

ATTTACATGTTCTATCAAAAAGTCGGCGAAACTTCTATTGACAGCTGGAAAAACGCTGGC
ATTTACATGTTCTATCAAAAAGTCGGCGAAACTTCTATTGACAGCTGGAAAAACGCTGGC

st sk sk sk st sieosieoske sk sk stk sk sk skeosieske sk sk stk sk sk stk sk sk siosiosk sk skosiotoskoskoskosiok sk skototokokoskoiotokokoskoiorokoskokoiok

CGCGTCTTTAAAGACAGCGACAAATTCGATGCAAATGATTCTATCCTAAAAGACCAAACG
CGCGTCTTTAAAGACAGCGACAAATTCGATGCAAATGATTCTATCCTAAAAGACCAAACG

st sk sk sk sfe sieosieoske sk sk stk sk sk sk sieske sk sk stk sk sk sieosiosk sk sk siosiosk sk stttk skl sk skototokokoskoiotokokoskoiokokoskokoiok

CAAGAATGGTCAGGTTCAGCCACATTTACATCTGACGGAAAAATCCGTTTATTCTACACT
CAAGAATGGTCAGGTTCAGCCACATTTACATCTGACGGAAAAATCCGTTTATTCTACACT

st sk sk sk st sieosieske sk sk stk sk sk sk sieske sk sk stk sk sk sieosiosk sk sk siosiok sk stttk skoskoiok sk skototokokoskoiolokokoskoiokokoskokoiok

GATTTCTCCGGTAAACATTACGGCAAACAAACACTGACAACTGCACAGGTTAACGTATCA
GATTTCTCCGGTAAACATTACGGCAAACAAACACTGACAACTGCACAGGTTAACGTATCA

st sk sk sk sk sieosieske sk sk stk sk sk sk stk sk sk stk sk sk sieosiosk sk skeosiosiosk sk skosiotoskoskoskoiok sk skototokokoskoiotokokoskoiokokoskokoiok

GCATCAGACAGCTCTTTGAACATCAACGGTGTAGAGGATTATAAATCAATCTTTGACGGT
GCATCAGACAGCTCTTTGAACATCAACGGTGTAGAGGATTATAAATCAATCTTTGACGGT

st sk sk sk sk sieosieoske sk sk stk sk sk steosieske sk sk stk sk sk siosiosk sk sk sioiosk sk skosiokoskoskokoiok sk skototokokoskoiotokokoskoiolokoskokoiok

GACGGCAAAACGTATCAAAATGTACAGCAGTTCATCGATGAAGGCAACTACAGCTCAGGC
GACGGCAAAACGTATCAAAATGTACAGCAGTTCATCGATGAAGGCAACTACAGCTCAGGC

st sk sk sk sieosieoske sk skeosiesi sk sk sk stk sk sk stk sk sk sieosiosk sk sk sieosiok sk skosiotoskoskoskoiok sk skototokokoskoiotokokoskoiolokoskokoiok
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CBP
PBP

CBP
PBP

CBP
PBP

CBP
PBP

CBP
PBP

CBP
PBP

CBP
PBP

CBP
PBP

CBP
PBP

CBP
PBP

GACAACCATACGCTGAGAGATCCTCACTACGTAGAAGATAAAGGCCACAAATACTTAGTA
GACAACCATACGCTGAGAGATCCTCACTACGTAGAAGATAAAGGCCACAAATACTTAGTA

stk sk sk sk sieosieske sk sk stk sk sk sk stk sk sk stk sk sk stk sk sk siosiok sk skosiokoskoskoskosiok sk skototokokoskoiotokokoskoioiokoskokoiok

TTTGAAGCAAACACTGGAACTGAAGATGGCTACCAAGGCGAAGAATCTTTATTTAACAAA
TTTGAAGCAAACACTGGAACTGAAGATGGCTACCAAGGCGAAGAATCTTTATTTAACAAA

st sk sk sk sk sieosieoske sk skeosiesi sk sk skeosieske sk skeosteosieoske sk sk stk sk sk sioiok sk skosiokoskoskokoiok sk skototokokoskoiotokokoskoiolokoskokoiok

GCATACTATGGCAAAAGCACATCATTCTTCCGTCAAGAAAGTCAAAAGCTTCTGCAAAGT
GCATACTATGGCAAAAGCACATCATTCTTCCGTCAAGAAAGTCAAAAGCTTCTGCAAAGT

st sk sk sk sk sieosieoske sk sk stk sk sk skeosieske sk sk stk sk sk stk sk sk siosiok sk skosiokosk skl sk skototokokoskoiotokokoskoiokokoskokoiok

GATAAAAAACGCACTGCTGAATTAGCTAACGGCGCTCTCGGTATGATTGAGCTAAACGAT
GATAAAAAACGCACTGCTGAATTAGCTAACGGCGCTCTCGGTATGATTGAGCTAAACGAT

st sk sk sfe sieosieoske sk skt sk sk sk stk sk sk stk sk sk sieosiosk sk sk siosiosk sk skosiotosk skl sk skototokokoskoiotokokoskoiolokoskokoiok

GATTACACACTGAAAAAAGTGATGAAACCGCTGATTGCATCTAACACAGTAACAGATGAA
GATTACACACTGAAAAAAGTGATGAAACCGCTGATTGCATCTAACACAGTAACAGATGAA

st sk sk sk st sieosieoske sk sk stk sk sk skeosieske sk sk stk sk sk stk sk sk siosiosk sk skosiotoskoskoskosiok sk skototokokoskoiotokokoskoiorokoskokoiok

ATTGAACGCGCGAACGTCTTTAAAATGAACGGCAAATGGTATCTGTTCACTGACTCCCGC
ATTGAACGCGCGAACGTCTTTAAAATGAACGGCAAATGGTACCTGTTCACTGACTCCCGC

st sk sk sk sieosieoske sk skt sk sk skosieosk sk skostotoskoskoskoiotokoskokoiolokoskokolokokoskokoioksoiotokokokoiolokoskoikoiokokoskokorok

GGGTCAAAAATGACGATTGACGGCATCACGTCTAACGATATTTACATGCTTGGCTATGTT
GGGTCAAAAATGACGATTGACGGCATCACGTCTAACGATATTTACATGCTTGGCTATGTT

st s sk sk sk sieosieske sk sk stk sk sk sk stk sk sk stk sk sk stk sk sk siosiok sk skosiokoskoskoskosiok sk skototokokoskoiotokokoskoiolokoskokoiok

TCTAATTCTTTAACTGGCCCATACAAGCCGCTGAACAAAACTGGCCTTGTGTTAAAAATG
TCTAATTCTTTAACTGGCCCATACAAGCCGCTGAACAAAACTGGCCTTGTGTTAAAAATG

st sk sk sk siesieoske sk sk stk sk sk sk sieske sk sk stk sk sk stk sk sk siosiok sk stttk skoskosiok sk skototoskokoskoiolokokoskoiolokoskokoiok

GATCTTGATCCTAACGATGTAACCTTTACTTACTCACACTTCGCTGTACCTCAAGCGAAA
GATCTTGATCCTAACGATGTAACCTTTACTTACTCACACTTCGCTGTACCTCAAGCGAAA

st sk sk sk siesieoske sk sk stk sk sk sk sieske sk sk stk sk sk stk sk sk sioiok sk stttk skoskoiok sk skototokokoskoiotokokoskoiolokoskokoiok

GGAAACAATGTCGTGATTACAAGCTATATGACAAACAGAGGATTCTACGCAGACAAACAA
GGAAACAATGTCGTGATTACAAGCTATATGACAAACAGAGGATTCTACGCAGACAAACAA

st sk sk sk siesieoske sk skeosiesi sk sk sk stk sk sk stk sk sk stk sk sk sioiok sk skosiokoskoskokosiok sk skototokokoskoiorokokoskoiolokoskokoiok
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CBP TCAACGTTTGCGCCAAGCTTCCTGCTGAACATCAAAGGCAAGAAAACATCTGTTGTCAAA

PBP TCAACGTTTGCGCCAAGCTTCCTGCTGAACATCAAAGGCAAGAAAACATCTGTTGTCAAA
stk s st sk ok s ot s ot s ok sk ot sk ok sk ks sk ko sk ks ok skl ok sl ok s ok ok ok

CBP GACAGCATCCTTGAACAAGGACAATTAACAGTTAACAAATAA

PBP GACAGCATCCTTGAACAAGGACAATTAACAGTTAACAAATAA

stk sk sk sieosieoske sk sk stk sk sk st sieoske sk sk stk sk sk siotok skokoiolokoskokoiokokoskokokokosk

Fig. 4.2.17. Comparison of nucleotide sequence between structural gene of
levansucrase gene from the strain CBP and that of the strain PBP.
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CBP CTCGAGCCCAATCACTAGTGAATTCGCGGCCGCCTGCAGGTCGACCATATGGGAGAGCTC

PBP CTCGAGCCCAATCACTAGTGAATTCGCGGCCGCCTGCAGGTCGACCATATGGGAGAGCTC
stk s ok ok o ook b ok ook ok ok sk ok o sk ko ok ko ok ko kR ok kR sk R sk kR bk ok K ok

CBP CCAACGCGTGATCAGTGG

PBP CCAACGCGTGATCAGTGG

sk s sk skt sioskok sk skoskok skokokoskok
Fig. 4.2.18. Comparison of downstream nucleotide sequence of levansucrase
gene between the strain CBP and that of the strain PBP.
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A5 Biopolymer A A %A

1 A75d 4

7}. Biopolymer®] wWl¥s3d EAZA}

e E R LR S SRR O
3, 018 0~7%Wee) FEE AR F A4 RS Atk A4 Ak
A2 ARe7) 8 A4F ARt FES WA BAdT WFF F A

H biopolymer®] A9t FFIHFS SAHAT £ HA pH 2AHS 93]
pH 6.0~75¢ #HA &% ZAAGES 98] 30~40Te HY= wjgstHA A

pHS} £=2 A4sglt

2) Biopolymer®] A%

b ze met gFE gl s A4 EElste] A A e 2wt
ethanol& 7} § HAHES sttt o] FHdES Al Tl &3l
A7 5 A4 2 st IAAES

= AHgstgct.

2k

3) T3 &=

w2
N\
o

Biopolymer®] &% 3F#-S phenol-sulfuric acid® (Dubios et al., 1956)0 &

s, glucoseE %

= Qow @ EEIMoaE Y FIL 4E3
k.

HN

3

A

4) Biopolymer?| glutamic acid®] 3=
BiopolymerE T+43}al 1+ polyglutamic acid®] glutamic acid$F&& FAt
s}7] 913l biopolymerEs 77t 10mg? # #3te], 6N HCI 10mlE H7F & 11

0ColA 24N 7F 7healiete] 2 $5A1Z21 A& sodium citrate buffer(pH



2.20) 10mlol] A €3 A1A 0.45um membrane filter= o] 3+ ¥ Amino acid
auto analyzer®A] Tableo] ZAoA EX3Uc}. olu] glutamic acid &S

E&=349 glutamic acid WA H 22 E A= ).

Table 5.1.1. Operation condition of amino acid analyzer for the analysis of

glutamic acid

Specification Condition
Instrument S 433 Amino acid analyzer(Sykam Co., Germany)
LCA KO01/Na Cation separation column
Column
(4.6x150 mm)
A : 0.12 N Sodium citrate buffer(pH 3.45)
Buffer . .
B : 0.30 N Sodium citrate buffer(pH 10.85)
Buffer flow 0.45 mL/min
Ninhydrin flow 0.25 mL/min
Inj. vol 100 b

5) @A FIFEA

g skeko xl% A A5 F 4% (Kjedahl automatic distillation unit, J.
P. Selecta. s. a. Co., Spain)& °]&3] &3] & T/ - A3 SA3A.

2. LBPo] &34 AAE Levan 9% biopolymer #4] 243}

Table 5.2.1. Effect of carbon source on the production of levan biopolymer from
the strain LBP

Weight of biopolymer

Carbon source Total sugar (%)
(g/200ml)
Fructose 0.14 42.32
Glucose 0.50 47.37
Sucrose 0.72 61.08

* Basal medium was composed of 3% carbon source, 1% yeast extract,
0.3% KH.PO4, 0.05% NaCl, 0.4% NaH:PO4 0.05% MgSO,.H,O 0.1ug/ml
biotin, pH 6.5. Cells were cultured with shaking(150rpm) for 60hr at 3
7C.
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Levan ¢ biopolymer A4F<l LBPS] v Al &4 d3S A}
3t7] 91l Al Fructoses %9 @3S 7|Z2 AEIS

2] o
2HS 9l A sucrose’t 7RG @A BAYA S o 5 AT

Table 5.2.2. Effect of Sucrose concentration on the production

of levan biopolymer from the strain LBP

Carbon source Weight of biopolymer
_ Total sugar (%)
concentration (g/200ml)
1% 0.32 40.05
3% 0.72 59.17
5% 1.28 69.85
7% 1.86 74.56

Cultivation was carried out in the medium containing 5% sucrose, 1%
yeast extract, 0.3% KH3PO4, 0.05% NaCl, 0.4%6 NaH>PO, 0.05% MgSQOy.
H.O, 0.lug/ml biotin, pH 6.5. Cells were cultured with shaking(150rpm) for
60hr at 37C.

HolF LBPe| % biopolymer A4t Al sucrose &%=7F WA= &3E 4
Ast7] A 71 Al el sucrose®l FEE 1, 3, 5, 7%% FH7bsko] wjdsl
S u, 1%9]4 1.86%7}A sucrose F%5E =9 &% levan biopolymer9]

Aol S7hEE &ttt
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Levan -9 AAbdolF20 LBPE ©] &34 levan ALF A, MSGS %9

Aade 292 HAEHE A} yeast extract’} 7HF 53 AArddS o
T AT

Table 5.2.3. Effect of nitrogen source on the production of the levan

biopolymer from the strain LBP

Weight of biopolymer

Nitrogen source (g/200m) Total sugar (%)
MSG 0.32 59.50
Peptone 0.95 53.11
Yeast extract 1.24 71.73

* Basal medium was composed of 5% sucrose, 0.3% KHPO, 0.05% NaCl,
0.4% NaH:PO4, 0.05% MgSQO4.H20, 0.lug/ml biotin, pH 6.5. Cells were
cultured with shaking(150rpm) for 60hr at 37C.

PS wf 1%9] yeast extract’} 7 T IASFE & F AATH

Table 5.2.4. Effect of nitrogen sucrose concentration on the production

of levan biopolymer from the strain LBP

Nitrogen source Weight of biopolymer
. Total sugar (%)
concentration (g/200ml)
0.3% 0.78 56.37
0.5% 0.74 57.98
1.0%% 1.28 72.07
1.2% 0.64 56.43

Table 5.25. Effect of pH on the production of levan biopolymer from the strain LBP

Weight of biopolymer

H Total (%)
p (g/200ml) otal sugar (o
pH 6.0 1.55 53.00
pH 6.5 1.80 74.73
pH 7.0 1.49 72.70
pH 75 0.56 72.29
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* Basal medium was composed of 7% sucrose, 1% Yeast extract, 0.3%
KHoPO4, 0.05% NaCl, 0.4% NaH:PO4 0.05% MgSO,.H,0, 0.lug/ml biotin.
Cells were cultured with shaking(150rpm) for 60hr at 37C

LBPel| 23 levan biopolymer A4t A, pHY 93de AESE A3y pH657}

M oA de & g dSdth

Table 5.2.6. Effect of pH on the production of levan biopolymer from the
strain LBP

Weight of biopolymer

Temperature (e/200m1) Total sugar (%)
30T 0.71 57.29
33T 1.94 67.29
37T 1.53 73.71
40C 0.90 55.56

* Basal medium was composed of 7% sucrose, 1% Yeast extract, 0.3%
KHoPO4, 0.05% NaCl, 0.4% NaH:PO4 0.05% MgSO,.H20, 0.lug/ml biotin,
pH 6.5. Cells were cultured with shaking(150rpm) for 60hr

LBP# o 9% levan biopolymer A4t Al, %9 &S ZAbs|E 23} 3
3T7F levane] AAitel HAJES & + AdA

3. PBPd ¢ & A" PGA $9 biopolymer ¥4 Az}
PGA $-9] A2F WolF9 PBPHFE AFE3o] PGA AAHA], &4 9

e AESHE A3} Glucose’} 71 &34l eAhol )

ol

Table 5.3.1. Effect of carbon source on the production of PGA biopolymer
from the strain PBP.

Weight of biopolymer

Carbon source Total sugar (%)

(g/100ml)
C source control 0.08 3.38
Fructose 0.37 441
Glucose 0.58 477
Glycerol 0.12 0.26
Sucrose 0.34 17.92
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PGA 91 A4 WolF<l PBP#F& ALgdte] PGA A4 A Aa99] 93

2 PRI An MSG/H Mg AR A2 & 5 YA

Table 5.3.2. Effect of nitrogen source on the production of PGA biopolymer
from PBP

Weight of biopolymer

Nitrogen source (g/100m]) Total sugar (%)
N source control 0.05 43.59
NaNO3 0.08 57.07
Peptone 0.12 31.78
NH4Cl1 - -

MSG 0.42 9.75

PGA $-9 A4k WHo]FEel PBP
HES E A3y pH757) 2

f
N
N
o,
|
o
i
%0,
32
i)

Table 5.3.3. Effect of pH on the production of PGA biopolymer from the
strain PBP

Weight of biopolymer

pH (&/100mD) Total sugar (&%)
pH 45 - -
pH 55 0.46 24.64
pH 6.5 0.37 18.09
pH 75 0.57 19.21
pH 85 0.25 17.22

4. AZ A A biopolymere 4

Table 5.4.1. Protein and total sugar contents of biopolymer produced.
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Biopolymer sample
Composition Items

A B C
Protein(%) 6.95 66.80 8.36
Total sugar(%) 74.56 17.92 26.22
Other(%) 18.49 15.28 65.42

* A : Biopolymer sample produced by LBP
* B : Biopolymer sample produced by PBP
* C . Biopolymer sample produced by CBP

Table 5.4.2. Glutamic acid contents of biopolymer produced

Composition Biopolymer sample(%6)

Items A B C
Glutamic acid 1.47 64.62 41.56
Fructose ND ND ND

CBP (X35), LBP (levan $-9 24t ®o]5) 2 PBP (PGA %9 A4k

S8

F)E o] &3to] biopolymer AAtS A|Z3dE A} tabled}t #Zo] LBPIAAMNE &
Fo] Aako] 7456% Row, PBPel %ot protein® HFo| 66.8% ZA,

Zyzke] qtFell A A4k = biopolymer] At o] A 2 dAH L

s
o

7)
= ¢ F AT =g ols #F7F AAFSk= biopolymerWiol 3
Glutamic acid®] g#HS AR Ay LBPAAMNT 147%, PBPAAE
64.62% 24 5o A F FPEH= AAE dJ =, levan 9 A
W o] F(LBP)ol A= Glutamic acid®] A4to] RiF9] 23% A7l AAhE S
o PGA %1 A4 ®o]F(PBP) oA+ R+ oF 1.6W¢ Glutamic acid

A=)
7} g% biopolymer7h HAH &S & S SIS

9/
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#6742 Biopolymer AT 2] proteome ¥4

1. a73 Y

7}. Bacterial strains and culture conditions

CBP¢ PBP, LBP % Tryptic soy brotholl 12A13F &<t Huj st &
’d3tA| A Table 6.1.1, Table 6.1.2 ¢ ¥j#] 100mlell 2% 7 F3ktt. 200rpm
of, 37C, 1871zt & wjeFatar, 5000rpmell Al 1027 HA4 st #AE
3]=3F9ith. PBS (Phosphate buffered saline, 0.8% NaCl, 0.02% KCl,
0.144% NaHPO4)oll Washing st A 2] 3}t

Table 6.1.1 PBP 2] 2 ujt vjx

Ingredients Concentration(%)
Monosodium glutamate(MSG) 15
NaH.P, . 2H>O 0.4
MgS0y. 7TH20 0.08
Biotin 0.3 pg/ml
pH 6.5

Table 6.1.2 LBP w59 HZ vj<F i

Ingredients Concentration(%)
Sucrose 2.0
NaHzP4 . 2H20 04
MgSOy . 7TH20 0.08
Biotin 0.3 pg/ml
pH 6.5

L}. Protein sample preparation
lysis buffer( 7M urea, 2M Thiourea containing, 4% CHAPS, 1% DTT,
2% pharmalyte, 1mM benzamidine)® Z}Z} CBP, MBP, LBP # A& &g A

71 ¥ mortor-driven homogenizergE Al-&3ste] &3|A ATt 5243 A sHAHS
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59 whEgE o A2l 8HaL(15,000 rpm, 15T), A dES FEste] G S
%393, Bradiord ol s 13 A719% sl S et wuAL
welsn

t}. Two dimensional electrophoresis

2~E Y9 Rehydration buffer(7M urea, 2M Thiourea containing,
29%CHAPS, 1%DTT, 1% pharmalyte)s Z7tste] 16417 &< &d &,
Rehydration buffer?t Z+z+e] CBP, PBP, LBPY ¢#d A= 200uge IPGE
Hrbste], FulE ~Ede] AFAEE Agrh 20C oA Multiphor I
(Amersham Biosciences)®} EPS 3500 XL x| & A}b-g&3le] IEF (Isoelectric
focusing)S st =l 3AIZke]l AR 150V-3500V7HA] HSHS S7HA1 71 H A,
S(AA-AHe] 96 kVhAE HIS W EAANS SERIAH. ZEHS
equilibration buffer(50mM Tris-Cl, pH6.8 containing 6M urea, 2% SDS,
30% glycero)® 1%DTT, 25% iodoacetamideE 2+ 1084 g sl
SDS-PAGE(Hoefer DALT 2-D) gel(20cm, 10%)°ll 22t #7195 Al AA]
Aol wheh @l S Fejsk it

Z}. Image analysis
PDQuest(version 7.0, BioRad) T2 1o 2 T]xd ojujx]e] EXS 33}
o}, vl Aol WS intensity® #A15te], CBP @&y PBP} LBPS w9 &

spotite] gt& Mlaskal, Fo]4<Ql 2ol & Kol spots AEEHAA

v}l Enzymatic digestion of protein in-gel

AEs w@wlE spotS  porcine trypsing AFE3e]  AolA oy, 50%
acetonitrie® Al 3sle] SDS, & 5 AAT F trypsin(8ng/ul) &2 rehydration
shal 37ColAl 8-10 AlZF wbSA AT, @l FaRkg-2 5ul 0.5% trifluoroacetic
acid #7l2 F3A7# 3, CiZipTips(Millipore) & AFE3le] Eajg dizds &

et

o)

vk, MALDI-TOF analysis and database search
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w25 MALDI-TOF(Amersham Biosciences)® #4183t EfAo] ¢ ajA
oe 72 ZH3 PE =9 peakEZE Ulo]E ] oW A& AL, ProFound Z =1
53 o

of

S %3 mass fingerprinting o R @ld S
2. 4753 U8 2 A3

7}, v-PGAS$-4 A4FHE ) =9] proteome &2
Yy-PGAAAFEko] 71 3 HAHxHAANA 44 CBPT 9 PBPU+E 37T,

20h "j%3 & FAIEZREE @A AA S 2-D electrophoresis® 3 3d A3}
oF 5307 A =9 spotoll A wdFZFe] xpolE &35S th.(Fig. 6.1.1.)

(A) (B)

i s 1] i
Fig. 6.1.1. Proteome analysis of CBP(A) and PBP(B) cultured in optimal condition
for Y-PGA

. levan A4 o] =9 proteometA

levanAbFo] 71 -3 HH 2104 22 CBP#F¢ LBPT+E 37T, 20h,
200rpm B e F dAZRE G AS A sle] 2-D electrophoresisE 43 4
7} protein composition®] Y] T Zo|ES H o] Bl wEASEH ). (Fig. 6.1.2.)
(C) (D)
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Fig. 6.1.2. Proteome analysis of CBP(A) and PBP(B) cultured in optimal condition
for Y-PGA and CBP(C) and LBP(D) for Levan production.
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Fig. 6.1.3. Image of modified protein spots analysed and identified. Comparision
of the concentration of protein spots between CBP(left) and PBP(right). 33

protein spots in total was analysed and 30 protein spots were identified.
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Fig. 6.1.3 continued
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Spot [0 344 ; I #4240

Fig. 6.1.4

Image of modified protein spots analysed and identified. Comparision of the
concentration of protein spots between CBP(left; PGA producing condition),
PBP(middle; PGA producing condition) and PBP(right; levan producing condition)
in 23 protein spots in total was analysed and 18 protein spots were identified.
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-
5 L] ] ®
.| - . £y
.y -
. "i : ﬁ -
8 L

B, _
i .4 B . i
Spot ID 3581 | Spot ID 719 | Spot [D 719 |

Fig. 6.1.4 continued
& 2ol glojA] & o] E Mol 56719 protein spotS A A Ee] MALDI-TOF
£ o] &3k protein identification= A A1%g+ A3} 56702 spot & 48719 protein®] &

= 3 tt.(Table. 6.1.3)

Table. 6.1.3. Identification of protein spots by MALDI-TOF

Sample Sample Protein Information and Sequence Analyse

Probability Est'dZ % I  kDa

No. Ip ——2OHH Tools (T) ~oooBXA

| 208 LOOEL00 227 Tgi|16078809|ref]NP_389628.1|glutamine 17 51 5055
— synthetase —

2 311 1.00E+00  2.41 Tgi|16080762|ref]NP_391590.1|yw;jl 45 52 34.05

3 516 1.00E+00  2.39 Tgi|16081039|ref]NP_391867.1|yxbC 19 48 3744

4 1320 9.90E-01 0.84 Tgi|16080204|ref]NP_391030.1|yufL 12 69 59.08

s 1409 LOOE+00 235 Tgi|16079964|refINP_390790.1|malate 40 49 3363
— dehydrogenase —

6 1415 LOOE+00 235 Tgl\1§O79865\reﬂNP_390691.1|delta-am1n01evu11n 0 51 3642
— ic acid dehydratase -

7 1610 1.00E+00  2.41 Tgi|16080717|ref]NP_391545.1|(alpha subunit) 31 52 6145

8 2320 LOOE+00 231 Tgl\1673.402|emb\CAB04812.1|hypothetlcal 54.4 14 89 5469
—— kd protein —

9 2325  1.00E+00  2.35 Tgi|16078084|refNP_388901.1|yhfE 27 59 3889

Tgl\16080937|ref|NP_391765. 1|/UDP-glucose 29 5 37.02
4-epimerase -

11 2418 1.00E+00  2.04 Tgi|216396|dbj|BAA00730.1|glutamine synthetase 12 5 50.6
Tgi|16078032|ref[NP_388848.1|D-alanine

10 2402 1.00E+00  2.35

12 2420 1.00E+00  2.18 41 51 3122

— aminotransferase -
13 2518 1.00E+00  1.79 Tgi|16077084|ref]NP_387897.1|yaaH 17 57 48.62
14 3008 3.40E-01 0.17 Tgi[16077267|ref]NP_388080.1|ybdE 8 5 16.43
15 3306 No Identification
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S le S 1 Protein Information and Sequence Analyse
ample: Sampre Probability Est'dZ au Y % pl  kDa
No. ID Tools (T)

Tgi|38492704|pdb|10YG|AChain A, Crystal 4 58 5025

Structure Of Bacillus Subtilis Levansucrase — : :

17 1811 1LOOE+00 23 Tgl\1608004O|reﬂNP7390866..1|ma1ate 18 51 62.36
— dehydrogenase (decarboxylating) —

18 4214 No Identification

19 4301 1LOOE+00 178 Tgi|16077461ref]NP_388275.1|glucose 29 53 2807
— l-dehydrogenase -

20 4306 1.00E+00 2 Tgil16080393|refNP_391220.1|yvgN 32 52 317
Tgl\16077279|re'ﬂNP7388092.1|fatty acid 12 65 4838
beta-hydroxylating cytochrome P450 -
22 4424 1.00E+00  1.66 Tgi|16080298|ref[NP_391125.1|uricase 16 56 5671
Tgi|l 6080108‘\reﬂNP7390934. 1|phosphoenolpyruv 17 53 5857
ate carboxykinase -

Tgl\1608010$\reﬂNP_390934.1|phosphoenolpyruv m 53 5857
ate carboxykinase -

25 4729 LOOE+00 231 Tgl\1608010$\reﬂNP_390934.1|phosphoenolpyruv 20 53 5857
— ate carboxykinase -

16 3404 1.00E+00 1.85

21 4416 9.80E-01 0.77

23 4709 1.00E+00  1.66

24 4726 1.00E+00  2.38

26 5135 1.00E+00  2.38 Tgi|16080142|ref]NP_390968.1|spore coat protein 19 6.6 41.29

27 5403 1.00E+00  1.85 Tgi|16078294|ref]NP_389111.1|yjID 10 63 4194
Tgi|l 6079883|reﬂNP_3?0709. 1|acetolactate 7 53 6274
synthase (large subunit) -
Tgi|16080447|ref]NP_391274.1|glyceraldehyde-3- 39 50 3593
phosphate dehydrogenase -

30 5603 1.0OE+00  2.42 Tgi|50812264[ref]NP_390267.2|yqjl 46 52 5193
Tgi|16077736|ref]NP_388550.1|glutamyl-tRNA(GI
n) amidotransferase (subunit A)
Tgi|16079883|ref]NP_390709.1acetolactate
synthase (large subunit)

33 719 1.00E+00  2.37 Tgi|16079337|ref]NP_390161.1|spolVA 47 47 5521
34 1103 No Identification

Tgi|16080736|refNP_391564.1|ATP synthase
(subunit alpha)

28 5409 9.90E-01 0.82

29 5501 1.00E+00  2.22

31 5719 1.00E+00  2.26 22 54 5282

32 5807 1.00E+00  2.33 17 53 6274

35 1202 1.00E+00  2.16 17 52 54.69

36 1718 No Identification
37 2117 1.00E+00  0.91 Tgi|285619|dbj|BAA03500.1|cell wall hydrolase 18 6 27.13
38 2121 No Identification

Tgi|16080736|refNP_391564.1|ATP synthase

241 1.00E+ 2.2 .
39 3 00E+00 ? (subunit alpha)

31 52 54.69

40 3101 No Identification

41 3604 1.00B+00 2,14 12i16081086irefNP 391914 lomithine 16 51 44.14
aminotransferase

42 4130 No Identification

43 4211 1.00E+00  2.42 Tgi|16080505|ref[NP_391332.1|yvdP 31 6.1 50.18
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Sample Sample Protein Information and Sequence Analyse

Probability Est'dZ % I  kDa
No. ID v Tools (T) ’ P

44 5121 1.00E+00  1.84 Tgi|16078125|ref][NP_388942.1|yhjR 23 6 17.33

45 5122 1.00E+00  1.84 Tgi|16078125[ref]NP_388942.1|yhjR 23 6 17.33

46 5310 LOOE+00 231 Tgi|16078991|ref]NP_389813.1[aldehyde 1 53 5491
dehydrogenase

47 5313 1.00E+00  2.23 Tgi|l16077084|ref]NP_387897.1|yaaH 31 57 48.62

43 6113 LOOE+00 178 $g1\853766|emb\CAA89874. 1|hypothetical protein 27 57 2001

49 6319 No Identification

50 6407 1.00E+00  2.34 Tgi|16078219|ref]NP_389036.1|yjbG 19 53 7018

51 6423 1.00E+00  1.59 Tgi|16080298|reffNP_391125.1|uricase 13 5.6 56.71

5 11 LOOEL00  2.41 Tgi|16078809|ref]NP_389628.1|glutamine 31 s1 5055
synthetase

53 7505 1.00E+00  1.76 Tgi|16078927|ref]NP_389748.1|yoaN 27 55 4359

54 7627 1.00E+00  2.29 Tgi|16077084|reffNP_387897.1|yaaH 32 57 4862

Tgi|38492704|pdb|10YG|AChain A, Crystal
Structure Of Bacillus Subtilis Levansucrase

56 8716 1.00E+00 128 Tgi[39959/emb|CAA39204.1[IMP dehydrogenase 13 63  55.99

55 8618 1.00E+00 24 52 5.8 5025

48 4871¢ @A F  glutamine  synthetase, Levansucrase,
glutamyl-tRNA(GIn) amidotransferase (subunit A)% ¥-PGA % Levan A 34 #
A d S8 glstdltt. olF v-PGA % Levan A &4 AAGHAEL a1 =7

=

of wel @A BAMLE wol T
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Aol st
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A7d  v-PGASY % levan$¥ Z biopolymer?

Fulw - Fn BE BAA
1. A+
7F. A= biopolymer, ¥-PGAS-9 2 levan$-919 2zt biopolymer9]

=4 89 #E
1) Biopolymer® =
A= B welatFrh AAksks biopolymere] =/t S EARSH] 9

3to]  Brookfield 3] A %A (Brookfiels Co. LVDVII', wver. 2.0, USA)dl,
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Biopolymer®] &84 SA4E& XAFSH7] 98t Power law  model?]
(1)(Rao and Anantheswaran, 1982)3} Herschel-Bulkley model?](2)(Herschel
and Bulkley, 1963)9] JH W4g2S o] &ste] HEEX4( K, consistency
index : Pa, s" )¢ %75 4( n, flow behavior index )& 2F&38F 3L &
E8-#( C. yield stress, Pa )2 Casson model?](3)(Casson, 1959)= %83}
Tt
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1 : Shear stress, Pa
C : Yield stress, Pa
v © Shear rate @ 1/s
K : Consistency index : Pa, s"

n . Flow behavior index

3 BEIIHAESY 29 vk oEA] A

Biopolymerd] ZR7|A %o HazA &% @ 4 oEA Wil wE
54 SAE ARSI ol HEwste] dqESrdaA Wt wE
biopolymer A& 9] HEW3}l+= Arrehenius model?) (1)(Vitali and Rao, 1984)
S Hestgdon v W3zl wE biopolymerAl 59 HFEW3lE A3
model? (2)(Rao, 1977)3 Power law model?](3)(Rao and Anantheswaran,
1982)el  A4AA ATEEs  zAEATh oWl HAwEE 204 S oA
Arrhenius model(1)¢] &% 9J&EAF Ao A= /T In(wel disto, A+
T model(2)Z Power law model(3)¢] v% 9&4d AHS n(w % C %

In C o tjal 247 34 #Aste] 2 Ag=S AT

p=A-Exp(Ea/RT) ——— (1)
u=A'Exp(K-C) - (2)
p=A-C" ———— (3)

K . Apparent viscosity, Pa - s

Ea : Activation energy of flow, J/kg - mol
T : Absolute temperature, K

C : Concentration, %

A, K, n : Experimental constants.

_89_



Bt A Fo] 200 g2l 8FH o 9UFH(Sprague-Dawley) # 30 w8 S 15Y
F 718 A g R AFSEE 5§ d ) (Completely randomized design) &2 A&+
HE AFEELE B8 A gt YUro] 65752 stainless steel wire cage®l
1 & wheld 22 ARSI en, AFS7IE Sk AbsAe ks 2242C, &
L& 65+5%E FrAstaL FF7Iek 4715 12417H(light 6:00~18:00) A& 3

o]

d FAE olgsto] Abgetdith. A3 71t Eet Aol A= ad-libitum

28] 2ol whuld F9ow FAoy H=H BuH(CHIH)S AL&39 o
Ao A F%3 biopolymer(CHBT)E 7HAlel 2lolo] 3% H7tatsith
AIN-93M A A2 o] (Reesves PG et al ; 1993)2 7|=o 2 ZAsPon =g

sHES Aol 1%z Wtk AWl A8 AN FFF B
QugR FFe BAstgom T Ad: Table 3713 2rh dugRe

AOACH (AOAC. 1995l ol ZA sttt =, FadedS 106 T Add=x
WMog z3|E3ere 550 T 3|3HH S Abg3lo] B il 2
< KkjeldahlH 0.2, ZA WS soxhletH &2 FE3J o, 24AF= ofrtap o
zelo] AHesigla, FH
1956) 0.2 F7gsttt. A3 Aol A% RS V22 slo] AF 2
of o] o], el Ak Ao] A, G FFE T HeF: =4

3t o™ Table 3.7.2¢ Zt}.
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Table 3.7.1. Proximate composition of casein and Chungkookjang (%)

Ingredients Casein Chungkookjang
Moisture 5.07 3.74
Crude proteins 90.57 54.78
Crude lipids 0.58 24.66
Ash 3.42 5.70
Dietary fiber 0.14 2.88
Carbohydrates 0.22 8.24
Total 100 100
) 24 o]
A g 2ole] 2442 Table 3.7.29F 2t}

Table 3.7.2. Composition of control and experimental diets(g/kg of diet)

. Dieta Tou
Ingredients v groub

Control CH CHBP
Casein” 140 - 140
Chungkukjang - 231.5

Chungkukjang biopolymer - 30
Corn-starch 594.6 565.9 579.6
Sucrose 100 100 100
Soybean oil 56.3 - 56.3
Cellulose” 49.8 43.33 34.8
Mineral Mix” 35 35 35
Vitamin Mix” 10 10 10
L-cystein® 1.8 1.8 1.8
Choline bitartate” 2.5 25 25
TBHQ” 0.008 0.008 0.008
Cholesterol” 10 10 10

l)Casein, Maeil Dairy Indstry CO. Korea
Yn-Cellulose, Sigma-Aldrich Inc., St. Louis, MO, USA
PAIN-93M-MX, Teklad Test Diets, Medison, Wisconsin, USA
4)AIN793M7VM, Teklad Test Diets, Medison, Wisconsin, USA
9L-Cystine, Sigma Chemical CO., St. Louis, MO, USA
9Choline bitartate, Sigma Chemical CO., St. Louis, MO, USA
Tert-bultyl hydroquione, Sigma-Aldrich Inc., St. Louis, MO, USA
9Cholesterol, Sigma Chemical CO., St. Louis, MO, USA
CH : Chungkookjang group
CHBP : Chungkookjang biopolymer group
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Fig. 3.7.1. Flow behavior of biopolymers.

—e—L-BP
-m-P-BP
—&— CBP

Flow behaviors were examined with 4% of biopolymer A, B and C at 2

0C, pH 7.0, respectively.
® @ 1B 40% ; H-H P-BP 40% ; A-A, CBP 4.0%
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Fig. 3.7.2. Effect of concentration of biopolymer L-BP on the flow
behavior.

Flow behavior was examined with various concentration of biopolymer
L-BP at 20C, pH 7.0.

0O 3% ;NN 4% ; A-A 5%
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Fig. 3.7.3. Effect of concentration of biopolymer P-BP on the flow behavior.
Flow behavior was examined with various concentration of biopolymer P-BP at

20T, pH 7.0.
-0 3% ; H-H 1% ; A-A 5%
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Fig. 3.74. Effect of concentration of biopolymer CBP on the flow

behavior.
Flow behavior was examined with various concentration of biopolymer

CBP at 20C, pH 7.0.
00 3% ; BN 1% ; A-A 5%
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Table 3.7.3. Viscometric constants of biopolymer solutions at different

concentration.
Herschel-Bulkley Casson
Conc. Power law model
model model
Bio- 2 2
(%) K n R K n R C
polymer

3 2.95 1.96 0.90 1.85 132 0.88 0.19
L-BP 4 2.01 1.73 0.95 1.86 1.67 091 0.25

5 0.72 1.53 0.99 0.66 121 091 0.38

3 1.55 1.48 0.97 1.35 125 089 0.11
P-BP 4 0.76 1.36 0.99 0.95 1.09 093 0.21
5) 0.2 141 0.98 0.22 125  0.86 0.33

3 0.88 1.35 0.99 0.76 1.02 091 0.09
CBP 4 0.20 1.50 1.0 0.12 111 0.90 0.13

5 -0.01  1.60 1.0 0.01 1.01 088 0.21

K : Consistency index, Pa - s"
n : Flow behavior index

C : Yield stress, Pa

R” : Correlation coefficient

L-BP, P-BP % CBPE 717t 4%4 pH 30~9.0¢ % &0 §3)ste] 2
0CeM =g ZAste] Ag&sE Wile] b2 ddede ¥was ved 2
76 2 3779 2t} Al biopolymere] A& &4 pH 7.0

oA i ﬁ%%%‘ & ®ler CBPE pH 7.03 pH 9.0014¢] gel 72
fAFakAl YEbTE. Al biopolymer R pH7ZF ARG oA FA4 dogdo =
B2 Aured o] gro] =71kl pH 7.0004 Hule Aw SEL JEUQ
. pH¥ gl wE 55 AEe 54 dets 98l Power law model¥}

Herschel-Bulkley modeld] #8117 HAZZ=X4¢ K#HH 38 F5AF ndt
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Fig. 3.75. Effect of pH of biopolymer L-BP on the flow behavior.

——3
&5
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Flow behavior was examined with 4% of biopolymer L-BP, different pH

at 20C.@-@, pH 30 ; l-M, pH 50 ; A-A 70; O-O, pH 9.0
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Fig. 3.7.6. Effect of pH of biopolymer P-BP on the flow behavior.
Flow behavior was examined with 4% of biopolymer P-BP, different pH at
20C. @@, pH 30 ; H-W pH50; A-A 70; O-0O, pH 9.0
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Fig. 3.7.7. Effect of pH of biopolymer CBP on the flow behavior.
Flow behavior was examined with 4% of biopolymer CBP, different pH
at 20C. @-@, pH 30 ; l-W, pH 50 ; A-A 70; O-0O, pH 9.0
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Table 3.7.4. Viscometric constants of biopolymer solutions at different pH.

Herschel-Bulkley Casson
Power law model
model model
Bio
pH K n R’ K n R’ C
polymer

3.0 2.35 1.69 095 1.26 1.78 096 0.63
L-BP 50 2.29 1.78  0.96 1.65 1.26 0.87 0.72
7.0 2.01 1.73 095 1.04 1.69 093 0.91
9.0 2.02 165 094 1.03 1.70 091 0.56
3.0 1.50 147 098 0.85 1.60 093 0.79
P-BP 50 0.81 1.29 1.0 90281 1.05 091 0.50
7.0 1.28 1.36 0.99 0.87 1.89 0091 0.92
9.0 1.16 1.31 0.98 0.90 1.35 092 0.70
3.0 1.16 1.38  0.99 0.67 095 095 0.76
CBP 5.0 0.51 136 0.99 0.74 1.05 094 0.79
7.0 0.19 1.51 1.0 0.83 098 0.85 0.93
9.0 0.21 1.50 1.0 0.47 093 091 0.92

K : Consistency index( Pa - s" ), n : Flow behavior index
C : Yield stress( Pa ), R* : Correlation coefficient

-y
e= Wt mE fAe 55 SA4& vetety] fste] Al biopolymers 7t

%= pH 7.09 ¢kF&o] &3aste] 10~70Ce 225 Wspr7IHA A
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Fig. 3.7.8. Effect of temperature of biopolymer L-BP on the flow behavior.
Flow behavior was examined with 4% of biopolymer at different temperature,
pH 70. @-@, 10C ; H-H 30T ; A-A 50C ; O-0, 70T
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Fig. 3.7.9. Effect of temperature of biopolymer P-BP on the flow behavior.
Flow behavior was examined with 4% of biopolymer at different
temperature, pH 7.0. @-@, 10C ; H-H, 30T ; A-A 50C ; O-0, 70T
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Shear rate

Fig. 3.7.10. Effect of temperature of biopolymer CBP on the flow behavior.
Flow behavior was examined with 4% of biopolymer at different

temperature, pH 7.0. @-@, 10C ; H-H, 30T ; A-A 50T ; O-0, 70T
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Table 3.7.5. Viscometric constants of biopolymer solutions at different

Herschel-Bulkley Casson
Temp. Power law model
model model
Bio
C K n R® K n R’ C
polymer
10 1.83 1.68 0.97 1.49 1.62 0.93 0.35
30 2.18 1.75 0.94 1.85 1.63 0.92 0.29
L-BP
50 2.57 1.75 0.90 191 1.66 0.92 0.18
70 2.88 1.86 0.99 1.93 1.71 0.92 0.13
10 1.08 1.38 0.98 0.09 1.16 0.82 0.57
30 1.28 1.42 0.98 0.22 1.08 0.92 0.62
P-BP
50 1.57 1.46 0.98 0.27 1.15 0.86 0.79
70 1.77 1.44 0.98 0.30 1.41 0.83 0.85
10 0.20 1.50 0.99 0.09 1.37 0.90 0.83
30 0.34 1.49 1.0 0.18 1.13 0.85 0.94
CBP
50 0.61 1.54 0.99 0.26 1.26 0.83 1.61
70 1.13 1.34 0.98 0.37 0.95 091 1.77
Temperature. K : Consistency index( Pa - s" ), n : Flow behavior index

C : Yield stress( Pa ), R®: Correlation coefficient

5 ZH7] AEe] ¥s}
L-BP, P-BP ¥ CBPZ Aw&ro] W3l

Zet7] 91ste] pH 7.00] 58 dol] 2 ANEFE 4% w52 &3ate] 20T A
ATEE 01~204 s'2 WA 7N 2RV HAEE 543 A3: Fig
37113 2o Al Als B Ad9ESE7E SUhs wet 2RV AEge A
stom e HukEE (0.1~1.02)00A4 HAEe] A Fo] aA deEutia A
BEErl SAESE e Fo dolra A 94w el FI} Aw
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Fig. 3.7.11. Effect of shear rate on the on the apparent viscosity of
biopolymers solutions.

Apparent visicosity was measured 4% of L-BP, P-BP and CBP solutions,
pH 7.0 at 20C.

@@ L BP 40% ; H-W, P-BP 40% ; A-A, CBP 4.0%
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Fig. 3.7.12. Temperature dependence on the apparent viscosity of 1%
biopolymers solutions.
A-A, CBP-4.0% ; O-0, PBPB-4.0% ; [1-[1, LBP-4.0%
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Table 3.7.6. Effect of temperature on the apparent viscosity of

biopolymer solutions at various concentration.

Viscosity model Correlation
Concentration.

constant coefficient

A Ea 5

Biopolymer (%) ) R

(x10°KJ/kg - mol)

05 0.09 3.33 0.99

CBP 1.0 1.47 1.87 0.99

2.0 2.94 1.55 0.99

05 0.003 497 0.99

PBP 1.0 0.32 2.49 0.99

2.0 0.81 2.04 0.99

0.5 0.01 4.16 0.99

LBP 1.0 0.20 2.47 0.99

2.0 1.73 1.37 0.99

Ea and A : Experimental constants
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Table 3.7.7. Effect of temperature on the apparent viscosity of biopolymer

solutions at different pH.

Viscosity model constant Correlation coefficient
, A Ea(x10°K]/ )
Biopolymer pH R
kg.mol)
3.0 0.09 3.33 0.99
CBP 5.0 1.48 1.87 0.99
7.0 2.94 1.55 0.99
9.0 1.05 2.03 0.99
3.0 0.08 3.14 0.98
P-BP 5.0 0.10 3.08 0.99
7.0 0.32 2.49 0.99
9.0 0.62 2.13 0.99
3.0 0.02 3.55 0.99
L-BP 5.0 0.16 2.55 0.99
7.0 0.20 2.48 0.99
9.0 3.32 2.27 0.99

Ea, A : Experimental constants
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K, &2 Jehuldeh sEoEAdel oid w9 o] (Table 7.1.9% F
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Table 3.7.8. Effect of temperature on the apparent viscosity of biopolymer

solutions at different pH.

Viscosity model constant Correlation coefficient
, A Ea(x10°K]/ )
Biopolymer pH R
kg.mol)
3.0 0.09 3.33 0.99
CBP 5.0 1.47 1.87 0.99
7.0 2.94 1.55 0.99
9.0 1.05 2.03 0.99
3.0 0.08 3.14 0.98
P-BP 5.0 0.10 3.08 0.99
7.0 0.32 2.49 0.99
9.0 0.62 2.13 0.99
3.0 0.02 3.55 0.99
L-BP 5.0 0.16 2.55 0.99
7.0 0.20 2.48 0.99
9.0 3.32 2.27 0.99

Ea, A @ Experimental constants
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Table 3.7.9. Effect of concentration on apparent viscosity of biopolymer

solutions at different temperature.

Temp. Power law model Exponential model
Biopol . .
P () K n R? K n R?
ymer
10 37.86 0.30 0.97 28.14 0.25 0.90
30 34.58 0.33 0.98 24.69 0.28 091
CBP
50 30.07 0.41 0.97 20.15 0.34 091
70 27.13 0.47 0.97 17.03 0.40 0.90
10 23.33 0.33 0.98 16.88 0.28 0.92
30 21.01 0.36 0.96 14.79 0.30 0.89
P-BP
50 18.16 0.46 0.94 11.59 0.38 0.86
70 15.96 0.61 0.96 8.24 0.51 0.89
10 15.87 0.26 0.98 11.97 0.24 0.99
30 13.85 0.37 0.99 9.36 0.36 0.99
L-BP
50 12.47 0.42 0.99 8.04 0.38 0.99
70 10.50 0.52 0.99 0.13 0.46 0.97

K : Consistency index( Pa - s" ), n : Flow behavior index

R? : Correlation coefficient
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Table 3.7.10. Effect of concentration on apparent viscosity of biopolymer

solutions at different pH.

Power law model Exponnential model

Biorol A n R’ A K R’
ymer

3.0 1851 0.63 0.98 9.87 0.54 0.92

CBP 50 2630 0.47 0.97 16.58 0.401 0.91

70 34.27 0.33 0.98 24.69 0.28 0.93

9.0 3114 0.37 0.97 21.53 0.32 0.90

3.0 1540 0.52 0.96 9.19 0.44 0.90

P-BP 50 16.74 0.48 0.96 10.42 0.41 0.89

70  21.01 0.36 0.96 14.79 0.30 0.89

9.0 2258 0.32 0.98 16.37 0.27 0.92

3.0 9.83 0.58 0.99 5.38 0.52 0.97

L-BP 50 1276 0.44 0.99 8.09 0.39 0.97

70 1385 0.37 0.99 9.37 0.34 0.99

9.0 1458 0.36 0.99 9.95 0.33 0.99

A, K and n : Experimental constants
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Fig. 3.7.13. Concentration dependence on the apparent viscosity of

biopolymers 4% solutions.
A=A, CBP-4.0% ; O-0, PBP-4.0% ; [1-[1, LBP-4.0%

Table 3.7.11& tx2 e F A4, 44, 2d2HE &F 54 2ol
el F AR FE, AT % F H2HE w== Cad el CHT
CBPo] frojae= v yeut. o= A=7% #Fd biopolymer7t 7+e] A
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Table 3711  Effect of chunggukjang(CH) and chunggukjang
biopolymer(CBP) on hepatic levels of total lipid, triglyceride(TG) and total
cholesterol in rats fed with high cholesterol diets

(unit : mg/day)

Groups Total lipid Triglyceride(TG) Total cholesterol
c? 70.60+28.12"* 124.58+45.99* 171.77+73.80
CH" 39.36+11.38" 60.47+10.74° 105.99+36.12°

CBP” 47.03+5.48% 71.81+32.99 76.74+18.90°

1) All values are mean * S.D.

2) Values are significantly different at P < 0.05 by duncan test
3) C : Control group

4) CH : Chunggukjang group

5) CBP : Chunggukjang Biopolymer group

2) 7+¢] HMG Co A reductase activitiesel 7] X]+= < 3F

Table 3.7.12. Effect of chunggukjang and chunggukjang biopolymer on

hepatic HMG Co A reductase activities in rats fed high cholesterol diets

HMG Co A reductase activities

Groups (nmol/mg _protein/min)
C 0.10+0.06"
CH 0.27+0.15°
CBP 0.15+0.09

1) All values are mean * S.D.

2) Values are significantly different at P < 0.05 by duncan test
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Table 3.7.12%= WA Ze=HE 94 £Hd 849 HMG Co A reductase &
Ao ekl Axtolth Al FAbole] GelFel ol YEhA LA ur CF
of w8} CHz CHBol ¢ 2% el

T F 4 zHRol=E Al Tt A<l AbolE YERA] kot
HF w54 dEe CHT ¥ CHBwol Catoll s 8oz =4 e

gk AS AW ZHsdHEY] FAdd wiE BEE A
biopolymert ™ Z o H]3] 7Fe] HMG Co A reductase A& F7FA A 1L
ol ztell Ao FEFA FX FH2HES AW F5AA L B F

F2b e F7bE ek elet Ardrh

Table 3.7.13. Effect of chunggukjang and chunggukjang biopolymer on fecal
excretion levels of total neutral steroids and total bile acid in rats fed high

cholesterol diets

Groups Total neutral steroids Total bile acid
(g/day) (mg/g feces)
C 2.63+1.56" 70267.89+27318.46"
CH 1.24+0.89" 155266.40+28867.05"
CBP 1.67+0.22° 106805.60+61562.77™

1) All values are mean * S.D.
2) Values are significantly different at P < 0.05 by duncan test

t}. A=A 3 Biopolymerd] di1xd &%

TS, Batale] A%, 2ol £&(FER)
gy F9S A gl AR A CHw ¥  H=%
Biopolymer(CBP)& 3% % 7¢t CHB 9] As37t4e C¥ CHB+°] CH
woll HE Ee Adolu FoH ztele yERA erokth g A 2o
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MAFolv Hola&o] Al w7kl Fo4d& WetlA gttt (Table 3.7.14)

Table 3.7.14. Effect of chunggukjang and chunggukjang biopolymer on
body weight gains, food intake and food efficiency ratio(FER) in rats fed
high cholesterol diets

Body weight
Y eny Food intake

Groups g?:)ls (a/day) FER
C 62.30.57+14.94"% 17.58+1.39° 129 + 0.64°
CH 44.40+22.4° 16.26+0.88" 0.94 + 0.60"
CBP 60.13+14.12° 16.60+0.60° 143 £ 0.31°

1) All values are mean = S.D.

2) Values are significantly different at P < 0.05 by duncan test
3) C : Control group

4) CH : Chunggukjang group

5) CBP : Chunggukjang Biopolymer group

2) €3 ARdTER AR VA= dF

=5

=3 ¥=7¢ Biopolymer®] #H7H7F A@EES 4 Wl AAFFEA 7
A= &¥e Table 37150 vebd vieh 2ok I3 F4AW 52 Cad
v CHT©] 43.07% 7A43stdem CHBT 2 3846% #Hastdovt fo4R
ol YERA sttt 84 F FYU2EHE s=e Al Aol f94%
2polE el A skrh. €A ¢ HDL-cholesterol, LDL-Cholesterol §Xx &
g AP el FoA Aol E YEhl Al @tttk F M7 34457 ( atherogenic
index , AD= Al 3bell fFo] A2l AfelE yehAl g3toy CHx, CHB<L,
Co =M= veytch

s

A
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Table 3.7.15. Effect of chunggukjang and chunggukjang biopolymer on serum
levels of triglyceride(TG), total cholesterol, HDL-cholesterol, LDL~-cholesterol and
atherogenic index(Al) in rats fed high cholesterol diets

(unit : mg/dL)

Total HDL LDL

NG
cholesterol cholesterol cholesterol”

Groups TG

C 13.00+6.28"7  104.00£543"  11.80+2.39"  89.72+7.20°  7.59+2.77°
CH 7.40+6.65"  82.20+48.95"  10.80+3.56"°  82.60+51.06"  13.32+9.85"

CBP 8.00+£2.91° 106.66+4.04"  12.80+1.79" 101.25+20.94°  9.91+3.37"

1) All values are mean * S.D.

2) Values are significantly different at P < 0.05 by duncan test

3) LDL-cholesterol : Total cholesterol - ( HDL cholesterol + triglyceride/5 )

4) AT : Atherosclerotic index = ( Total cholesterol — HDL cholesterol) / HDL
- cholesterol

Table 3.7.16. Effect of chunggukjang and chunggukjang biopolymer on
serum levels of phospholipid, total protein, GPT and GOT in rats fed high

cholesterol diets

Phospholipid  Total protein GPT GOP
Groups
(mg/dL) (g/dL) (IU/L) (IU/L)
C 80.50+9.35" 6.55+0.23° 37.83+4.40° 127.40+10.88"
CH 74.17+15.26" 6.55+0.43" 23.00+6.29" 139.20+14.45"
CHB 93.25+5.12° 6.90+0.14° 26.60+2.70° 105.20+12.07"

1) All values are mean = S.D.
2) Values are significantly different at P < 0.05 by duncan test
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Table 3.7.17. Effect of chunggukjang and chunggukjang biopolymer on
body weight gains, food intake and food efficiency ratio(FER) in

streptozotocin—-induced diabetic rats

Body weight
v sty Food intake

Groups ams FER
b & (g/day)
(g)
Normal 39.13+10.80° 16.06+1.08" 0.09+0.02°
DM -14.30+11.77° 33.47+2.27° -0.02+0.01°
DMCH? -22.50+12.40 31.31+2.18° -0.03+0.01°
DMCBP? -25.81+18.05 31.51+2.56° -0.03+0.03"

1) DM : Diabetic mellitus control group
2) DMCH : Diabetic mellitus chunggukjang group
3) DMCBP : Diabetic mellitus chunggukjang biopolymer group

300

250

200

150 |

Body weight(g)

100

—&—Normal —#%—DH —&—DMCH —0—DMCBP

0 1 2 3 4

Period(week)

Fig. 3.7.14. Changes in body weight in rat fed with different experimental

diets for 4 weeks in streptozotocin-induced diabetic rats
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2) 94 Adse 4 AR A= 4

A= 2 A5G F#: biopolymer’t FH AF FEe WA e FFS
Table 3.7.18% #th @4 FAAE v Al 7t F94 zolE vERY
A okt ¥4 F ZFHEsEHE vEE G4l v dafddto]l froAo
2 =4 vEergon dafddt F
Elwkth. HDL-cholesterol, & A AFtol] 4]
Wt LDL- cholesterol A7gwol Hla]
wom DM+, DMCHB+«, DMCHw¢ A= YEwd. dF F4AYS
DM+ ] 10050 mg/dLZ Normalw2] 26.00 mg/dLel| H]s] fFodoz =9
ow e oA DMCH 2217 mg/dL, DMCHB< 53.00 mg/dL=
DMCH & DMl Hla] #oldow viokty 435 & FuLH &2 DM
263.75 mg/dL® Normal 7 61.33 mg/dLel| H|&| Fel&o® =93 DMCH
T 17157 mg/dL, DMCHB< 216.67 mg/dLZ DMCHT©°] DM vl
= AFelAey #FoF Hol= gl HDL-Z#l2H &2 Normali o]
1417 mg/dL= ©t& ol Hls| FolFom vrgkow A2 o] Aol
oAl Aol 7t gtk LDL-F# 2~ H =2 DM 16250 mg/dLZ Normal
4197 mg/dLel W3] F¥dez =1 DMCHT 9250 mg/dL, DMCHB*
17567 mg/dLZ #2142 Aol= ey DMCH°] DM M]3 &
Aakol At Al 2%

gyl Qe s
ool ;o] fuEm, ol dla] F ALFES ST AE FAAY

ol A% @ge] 2dHA

X9 T/ HDL-ZFd 2HE9 ¥%E Y53 chylomicron remnant®] 3
F= =0 e VAS Sd ddesHASe] Fedddde] dAva HuFHAY

(Goldberg IJ ; 1996). & AT elA Doz T TAAES Adatol
Hla] fro]dom Frtstgivh 1 Ao R STZR fred
A4S HebdiH o= Qe Awx2o] FajHo] dF
AE 527t S7ketA o] VLDLY] w%% S7tstA €
A LPLel &4 A 32 VLDL¥ chylomicron® tA7F At o] 5 T4 %
W T 718 dva 39 t(Siegel RD ;5 1996). 28y AH=r4e] dF
Zto] vl fe]HoT AP orm g STZH &) of7)
Fro BEFES ol AL 2HE = Aoz nol A



VLDL® 4= ol2 <13te] Z7ke LDLE Aol F7h=A7] wiiEol et
1 1% A HGoldstein L] and Brown SM ; 1977). €% LDL-ZdX~HE %
= FrtiEae] Aol e fFojFow Eokth 1 olfE FuFe ¢
g Adel 93 LDL F&A Z4%7F #aEa, uddel o LDL
apoprotein B7} @3} o] LDL F8A R o]Fo] o]Fofxz] ¢rol dF
LDL-Z 8 ~eZ9 AA7} Faw7] witolg 319 th(Frayan KN ; 1993). 3
47 dF LDL-ZFH&HES gz v8] v Aol oy FoF
¢l zpol7b @1 H =4 biopolymerv¢ LDL-ZdAHZS Fno)zat3}
Frel Al kol 7k gld ot

B Ao HFA H A biopolymerE: FxF ol A 4570 BE A7
Fe FuFe F TAAYE gx vl fFoHeR A
dF % FdzEE, LDL-Z2H &2 gz w8 A Yepgod
. =% biopolymer T FxF o] FF T T Z

A7l B HERA oY Fef Aol A] ekskt
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%
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Table 3.7.18. Effect of chunggukjang and chunggukjang biopolymer on
triglyceride(TG), total cholesterol, HDL-cholesterol, LDL-cholesterol and
atherogenic index(AI) and in streptozotocin-induced diabetic rats(unit :

mg/dL)

Total HDL LDL
Groups TG Al
cholesterol  cholesterol  cholesterol

Normal 26.00+17.64* 61.33+36.32° 14.17+2.64° 41.97+35.04" 3.86+4.19"

DM 61.67+27.97* 296.33+123.52" 32.33+10.26° 206.35+136.98" 3.62+1.73"

) 105.37+100.44
DMCH 22.17+15.01" 137.67+35.59™ 28.00+8.05" . 4.06+0.83"

DMCHB 53.00£51.48" 216.67+82.20° 27.00+14.59" 175.67+98.40" 11.15+17.27"
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3) % <A 4, glucose, HbAlc, Insuline] m]X&= 3k

Table 3.719% AdsE2 84 AX A, &, HbAlc, Insuling=e] 23} o]
o 8% A2 DMCHBTo] 7Ig =4 yewdg. @92 AdTl Hs)

G frdato]l oA o R Eokom DMCH o] 298.67+61.76mg/dL, DMCHB
o] 340.25+110.15mg/dL= DM 9] 395.80+64.36mg/dLE.t} o4 0=
et FxFel oA A= 2 F= @ biopolymere] @7 AshE It

sholst 4= 9l9lth HbAlex = AATO M8 Gxdubitoa] Ho 2o
2 oEskont AYagte] Aol gl <ded FE+E Normalwto] 040

ulU/mL= DM+"9] 025 ulU/mLe] Hl&| o

L
Yy
o
it
H
50
o kI
=)
=
(@
T
=
()
—
w

oX,

< u)\oiq FATE A9 A & A o] 1 mmol/L Yrolgol uheh
ZH(total stroke) &2 21% #AFEAL, PG HFHE I ES 23%
daEdvar do] Gxwel d9 dge] o TS AASHATHAsia
Pacific Cohort Studies. 2004). Kang(2004)2 STZZ =% A 28 dxrd
Aol A A=ds 8F AFAA As W AF 7S H=Aatol 2021
mg/mLE tZa9] 2539 mg/mLel vl& feo]Hoz uigttta itk oA
2 Aoo] n-glycosidase &S Adlsta ded UHEE MAAA

.
g9 zdol ARE YEd Ao Atk WHARIRYE Frol

A

of sl e Agolgont oMl Aol gtk FHARFEANE 2 - 3
N oldel Wit LS weelt d9rd Auw Fnwed 49 49T A

Eflell wlEaAoln H7pe A

W, A FEe IRl Iud FHSd Adw Ao fdAd=e 24
g FAZE Avkar BaFE Aok (Khaw KT ; 2004). Al 28 D=y dxE 23}
Izl 1% S7hetd Adudde dEc] 18% Foldez Frtdnt
i gtH(Selvin E ; 2004). Han(200D)& A=7d-S 2ole] 427% FEo =
STZ &%= FuAdA Fdstsle o s J=4at] 3
Pzl 456%¢°] vl frefAom astivtal Bashglvh 2 1
d e Yol Al vaE fFojHow A %

=
3} A=A biopolymerite WizthF ol HlE] ozl ol glon) A
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eyt th STZ2 #A73<9 Langerhan's 49 fi-cells #¥3sle] ¢l&d AFS
ZHstn 2= g ficell ANEE AH3A 7= 9&S b BIHG
tH(Matkovics B 5 1998). B9 led w%7F GAatel Hl&) Foxo=
a3 AL STZO #A4 Bcell 32 <13 Az sHdv. F=ad3 3

X
7 biopolymerw 2] Je€d FTEE DUl H3 $& HAIo|doy f

H

Table 3.7.19. Effect of chunggukjang and chunggukjang biopolymer on

phospholipid, glucose, HbAlc and insulin in streptozotocin-induced diabetic

rats
Phospholipid Glucose HbAlc Insulin

Groups
(mg/dL) (mg/dL) (% of Hb) (ul U/mL)
Normal 82.33£18.62°  119.83+30.73° 0.84+0.69° 0.05+0.02*
DM 182.20+37.80""  395.80+64.36" 1.67+0.23" 0.12+0.04*
DMCH  123.86+39.60™ 298.67+61.76"  1.59+0.39" 0.13+0.04°
DMCHB 229.00+80.66° 340.25+110.15®  1.74+0.29° 0.15+0.12°

sz AT 100g F M 2 AF FAES Table 37.200 YEb AT

e TAE Al wel Fufnite] foHow A vehon Ag
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I 2700 AALTA] A& FTkeE A Ao AT e &Aoo Frteke
HEA 5oz Ao v Axs 89 24 =9 J@aAZE doka &
AtH Mogensen CE and Andersen MJ ; 1973). &, €4 W 15 %9 X293

£ UDP-galactoset glycogen® 2 tiAlE o] AlFA el AL =45
of Ao @S 7Pt stFon ddeo] Ao R x4 HAS F
T AATA AFE Aol vigisdel =d o2 4 dukal stk

(Stackhouse S ; 1990).

Table 3.7.20. Organ weight in rat fed with different experimental diets for

4 weeks in streptozotocin-induced diabetic rats

Liver weight Kidney weight
Groups
(g/100g body wt) (g/100g body wt)
Normal 3.05+0.37° 0.30+0.02"
DM 5.89+0.52% 0.53+0.06*
DMCH 5.03+0.70 0.51+0.07*
DMCHB 5.93+0.38° 0.55+0.04%

fre]Aos Eotom WmtRate 76.20+22.93mg/dayel H|ste] DMCH*
61.57+6.35mg/day, DMCHB©] 63.77+14.24mg/day > = F2o]# o= yvA 1}
B e FAAE e AAE EE F AT o] FAAAT 4

= =
kel o2 el xol 7k il et Normal-& 193.76 mg/g tissue® DMt

it
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9] 166.84 mg/g tissue®| ¥WF =2 Ao DMCHT 13139 mg/g
tissue, DMCHB & 122.07 mg/g tissue® W xthz oo H&] @& H3Fo|]
t} 7Fe] FYAHZES DMo] 176.27 mg/g tissue® Normali* 114.86 mg/g
tissueoll Bl ¥ A&Foldovt oAl Aeol= 1tk DMCHw 2 97.90
mg/g tissue, DMCHB+ - 109.04 mg/g tissue®Z DMCHw*2 DM ol H] 3]
oA o7 vkt

AZFTH 323 biopolymerZel A ke FHAYE F G Aol g
pa

of wla} #Aaske 4 e

Table 3.7.21. Effect of chunggukjang and chunggukjang biopolymer on
hepatic levels of total lipid, triglyceride(TG) and total cholesterol in
streptozotocin—-induced diabetic rats

(unit : mg/day)

Groups Total lipid Triglyceride Total cholesterol
Normal 52.69+7.46" 96.35+62.77" 59.42+30.41"
DM 76.20+22.93" 166.8492.89° 176.27+65.44°
DMCH 61.57+6.35" 98.37+60.76" 108.76+40.83™
DMCHB 63.77+14.24™ 99.65+38.07" 168.39+143.72°
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3. 8°F

1) =4 biopolymer(CBP), PGA$¢% biopolymer(P-BP) % levan %9
biopolymer(L-BP) Al biopolymer?] EA434 EXdA AMARE EF
Non-NewtonianfA ¢ F5A57F 10]A4e] 9 7} A A Al (pseudoplastic  fluid)

o HFEEYL BTk

2) Al biopolymer? FLZW3l pHe W3l 2=l w2 FAQ ZEEA
S Power law model®} Herschel-Bulkley model?]o] #8171 A3} Power
law model 2ol HEA < ngtel 1o]49] 29 7FAAF A (pseudoplastic fluid)
E4& e 090~1.09 =& A3 #AAE Ho] HEAo] =& A=
LERSE T

rulo

¥

w

) Au) AEe eEAEAC e 2AIA 4% FE9 A AR A

= 204 ')A Arrhenius modeld o] & WL = Aoz e HEHE
w2 2roEAlol A A biopolymer P-BP$ L-BP7} CBPEU %<
=40 & FAZE YERT

4) B2R7] HEe FrolFEA e
model 2] 2% z AgHor}

= e

Abell A+= Power law model ¥} Exponential
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FHAA A= 2 biopolymere] 3 TFAAEQ levand AA o] 3%
AHAANAS W HTHY IS
2002) & 7122 & HrrFeldou, & ATelA F=d @ biopolymer®]
A7 ol olo] mAA XIS & F
ol A=% U biopolymers FH7tste] @9 THE AFToEAN H=HH
S biopolymer’t %% THE 7= Fos AA 2L A= A

of o7} glvkar Hoej i
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AE. v-PGA $% biopolymer®t Levan $9¢

biopolymer?] ZFd2HE A3t 2 duAE &5 AA

2 FuAE &5

DAY =

Bt AZFol 190 gl 8F#H ] < (Sprague-Dawley) # 40 wielE 15Y
7k 718 Ag g AFEE ¥ W43 (Completely randomized design) o & A&+
HE AFEXE B35 §e UFo] 6559 stainless steel wire cage°ll
A gk kA e ARSEl o, AMRTIRE St AR Y 2 2242T, |
L= 6545%E #AStL BTt dF7IE 1241 1H(ight 6:00~18:00) =
4 AAE ol&ste] At Ad 713 FF Aelek A= ad-libitum S
2 Fostdon, oju ALgH & BT 23 o] wFF4

Ihfae Ay FEo Hyr Aol o 200 g HAES

streptozotocin(Sigma S0130) 50 mg/kg B.W.= A3k 025 M citrate
buffer(pH 4.5)° &3lste] EF FKol 13 FAlste] Ad@dHos IduE

2]
Fraetd i, xS S citrate bufferd A& FAFSATH Tafe] g

o
S
Ak
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(precision QID) ¥d9& =431
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Table 3.8.1. Composition

of control and experimental diets(g/kg of diet)

Diet group
Ingredient gz p-BP”  L-BP#'”  Levan"
Casein” 140 - 140 140
Corn-starch 594.6 594.6 594.6 594.6
Sucrose 100 100 100 100
Soybean oil 56.3 56.3 56.3 56.3
Cellulose® 49.8 49.8 49.8 49.8
Mineral Mix” 35 35 35 35
Vitamin Mix” 10 10 10 10
L-cystein” 1.8 1.8 1.8 1.8
choline bitartate” 2.5 25 25 25
TBHQ” 0.008 0.008 0.008 0.008
P-BP - 30 - -
L-BP - - 30 -
Levan - - - 30
Cholesterol” 10 10 10 10

DCasein, Maeil Dairy Indstry CO. Korea

Z)I-*CGHUIOSG, Sigma-Aldrich Inc., St. Louis, MO, USA

3)AIN*93M*MX, Teklad Test Diets, Medison, Wisconsin, USA
YAIN-93M-VM, Teklad Test Diets, Medison, Wisconsin, USA

YL -Cystine, Sigma Chemical CO., St. Louis, MO, USA

®Choline bitartate, Sigma Chemical CO., St. Louis, MO, USA
7)Tert*bultyl hydroquione, Sigma-Aldrich Inc., St. Louis, MO, USA

8)Cholesterol, Sigma Chemical CO., St. Louis, MO, USA
9 P-BP : yv-PGA$-$ biopolymer group

W' L-BP : Levan $-$ biopolymer group
W Tevan : Al Levan group ( (57)8]Q ulo] .8l A|F)
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2l o] & &(Food Efficiency Ratio : FER)S A& 7|7t Fote AFF/4S F

HolgH PO hro] Adstgnt

th dHo =AW total cholesterol, HDL-cholesterol, LDL-cholesterol
and atherogenic index(ADZ7A

AU F4AY AL kit( Asan, Co, Korea)<
AH&3te] 550 nmell Al &3 Fom HAHY FT FdUzHE 7= 4
HDL-cholesterol ¥+ &AW AWl 23 kit( Asan, Co, Korea)S A}-&3}
o 500 nmol A FFEE A3
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S FE3% % Crowell - Macdald®] ®" (Crowell M]J and Macdald TA ; 1980)
of we} gAHoR FA3U T RHEE FHe FF WA T doX
5SS o] &3t9 530nmolA FF=E SAHSAL

v 7+Z A microsomal HMG-CoA reductase® &4 =4 Hulchere
Oleson® ®H (Hulcher and Oleson ; 1973)& 43 ®mesl o] oz}
HMG-CoA reductase®] &4 =43t}

2. A7 d e 2 2
v ATSbE, Hat Aol AHE, Aol 2&(FER)

Table 3.8.2. Effect of dietary supplementation of biopolymers on body weight
gains, food intake and food efficiency ratio(FER) in rats fed high cholesterol

diets

Body weight
v say Food intake

Groups g(agir)ls (a/day) FER

c? 61.33 + 1357"*? 1757 + 1.39" 0.085 + 0.02°
p-BP” 59.20 + 14.14° 17.20 + 0.96° 0.084 + 0.02°
L-BP” 54.00 + 4.92° 16.49 + 0.89° 0.030 + 0.01°
Levan® 6550 + 9.12° 1721 + 1.01° 0.090 + 0.01°

1) All values are mean * S.D.

2) Values are significantly different at P < 0.05 by duncan test
3) C : Control group

4) P-BP : ¥-PGA$$] biopolymer group

5) L-BP : Levan %% biopolymer group

6) Levan : A3 Levan group ( (5)2] ¥ wlo] o & #|¥)

Ay & AT T/, B Aol AFAEF 2 o] 82 Table 3.8.2¢

et v-PGA$$ biopolymeri ¥ Levan +$1 biopolymer 9 A%
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Fe ek Folth AW AL F G e AP Holo] o7
JA <l zfelE yEhA &gttt 7l H=7E H= GPT9 GOT+ AT
Zpoli= UERUA koot GPTe 4 P-BPw# L-BPio]

v-PGA $¢| biopolymer®} Levan $-$ biopolymer®] 2jo] #7171 AdF
=9 dH Ul AAdFsdd "R &3 Table 383 vebd wpep 2t}
P-BPi 3} L-BPite] @3 A s=e Catel vlaf froldo= s
o} mgh Al biopolymer?] Levanw B othe o2 o= WA veyth ¥
% ZFd2dHE sx+v P-BPE¥ L-BPwe] Ctell nls] e Aol o
FoAQ Aol= gl 28y P-BP o FEH2HE §=
ol Hle) frejAow v yeytith €5 HDL - 2 &HE s A7
el fre] ARl Apol 7 yEbubAl gtk LDL-Zd2HE %= % 943}
F+ P-BP+#¥ L-BPi#o] Ci+¥ Levanw ol H]&] @& o] o} #9
atol &= it AAATE ¥ EH Kang 5(2002)2] A4 A%
o2 fx® HTHAA levans 3%, 5% &+ RS o =
T AL Al A Fol Al AtolE UEWA Fkoy dF T8

%

=2 m L
, €W FE 2 lepting v AW FEaolA fFoHom vbA U

N

X
o

mh >

oF
off
H

A
(Kang 5 ; 2003) 370€zt dvke BE3stds W S5 F4AY, leptin &k,
AAYFS ool v& FolAew Hasilar, Ao UCP mRNA

M| Eo] FThaske] Hwbe] &
H7b QS Aolghal BauEArk B AFolA v-PGA 9] biopolymer?] 2] o]

7= vwke] 237 Qe Aoz BaE A levanT ol HE F FA4H

om
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Table 3.83. Effect of dietary supplementation of biopolymers on serum
levels of phospholipid, total protein, GPT and GOT in rats fed high

cholesterol diets

Phospholipid Total protein GPT GOP

(mg/dL) (g/dL) (IU/L) (IU/L)

C 8050 + 935" 655 + 0.23° 37.83 + 440" 12360 + 17.56
P-BP 8367 + 17.14° 655 + 038" 31.67 + 824"  114.83 + 6.01°
L-BP 8667 + 11.43" 675 + 0.14° 2800 + 7.07*  114.00 + 22.98"
Levan 9667 + 1359° 6.68 + 0.24° 3667 + 1296 10520 + 26.51°

Groups

+
I+ +
H+

+

1) All values are mean = S.D.
2) Values are significantly different at P < 0.05 by duncan test

Table 3.8.4. Effect of dietary supplementation of biopolymers on serum levels of
triglyceride(TG), total cholesterol, HDL-cholesterol, LDL-cholesterol and

atherogenic index(Al) in rats fed high cholesterol diets
(unit : mg/dL)

Total HDL LDL

cholesterol cholesterol cholesterol”

C 1300 + 628" 10367 + 493" 1233 + 250° 87.00 + 506"  7.72 + 1.85°

Groups TG ATV

P-BP 9.00 + 443"  79.00 + 2.05° 1350 + 356 63.70 + 12.03* 519 + 2.40°
L-BP 660 + 1.51° 8560 + 844 1433 + 327" 69.83 + 1154* 534 + 1.96
Levan 1620 + 460" 119.00 + 14.98" 16.80 + 1.48" 9896 + 19.65" 629 + 3.42°

1) All values are mean = S.D.
2) Values are significantly different at P < 0.05 by duncan test
3) LDL-cholesterol : Total cholesterol - ( HDL cholesterol +

triglyceride/5 )
4) Al:Atherosclerotic index=(Total cholesterol-HDL cholesterol)/HDL-

cholesterol
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Table 3.85. Effect of dietary supplementation of biopolymers on hepatic
levels of total lipid, triglyceride(TG) and total cholesterol in rats fed high
cholesterol diets

(unit : mg/g tissue)

Groups Total lipid Triglyceride(TQG) Total cholesterol
a2 . 138.60 + 18.92°
C 54.32 + 12.42 79.41 + 13.08
(100%6)
110.75 +
P-BP 50.93 + 12.03% 56.72 + 18.25° .
14.91%(79.9%)
88.43 *
L-BP 52.03 + 19.59 87.24 + 4717 )
13.05%(63.8%)
9812 +
Levan 56.92 + 15.25" 104.22 + 7.85 .
13.11%(70.7%)

1) All values are mean = S.D.
2) Values are significantly different at P < 0.05 by duncan test

Table 385% 1249 & A4, AAY, FA20E §3 274 Agoln,
el F AR G, FAAY 2 F FAsUE gge ATl £949)
Aolg vehiA gkgkth. Lelu P-BPEE Ciel el o] AL, FAA

P
WF FdzdHE el v AEE yEhde] Ctell Hlal 77 6
2857%, 20.09%°] HAa¥dEs Yetdnh d8ks fructan 1] A A tjAfel
dojgtthar gl st dluke Fol A maEw dEol o] AgdH w3 AW
2t Z propionate’} MG Hol 7He] ZE2HE LS Aty B H
%— 7

A Lin Y et al 1995), fructane 4 x| "ol

f

f

the ghe] ARl #olste Fo E4E Asista 1F g
“d(de novo fatty acid synthesis)& iAoz A} 7ho] FAAWS 7
A7tk ar B3 E] Yok (Delzenne NM and Kok N A

FAA ey Ze2HE g% v-PGA $$1 biopolymer®t Levan -9

biopolymer®] 2}o] H7}A] thzxol] H &) & AEFS vERA T
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3) 7+ microsomal HMG-CoA reductase activitiesoll 7] X+ <J 3k

Table 3.8.6. Effect of dietary supplementation of biopolymers on hepatic

HMG-CoA reductase activities in rats fed with high cholesterol diets

HMG-CoA reductase activities

Groups (nmol/mg protein/min)
C 0.1744 + 0.177
P-BP 0.2369 + 0.13
L-BP 0.1788 + 0.19%
Levan 0.1103 = 0.09

1) All values are mean = S.D.

2) Values are significantly different at P < 0.05 by duncan test

Table 3862 Weld Zel2=HE 4 43420 HMG-CoA reductase <
4S& vebd Aol Microsomal HMG-CoA reductase 42 A3 Aol
oA FrelAl Apols vEbA] kAW Cit 3t A3 Levanwtoll ®la] P-BP

=2 AF%S YEddt o2 wFo] 7He] HMG-CoA reductaseZ’d
7 HlA Y g3 J4 39 ZE2EHEY A% 55 Ad 2 BY F
T4 zHER "H5A dE SR A FEzEEe] AR7E S7Lste

HMG-CoA reductase@Al o] Z715+= A9 A4 71202 AlsF T}
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Table 3.8.7. Effect of dietary supplementation of biopolymers on fecal
excretion levels of total neutral steroids and total bile acid in rats fed high

cholesterol diets

Groups Total neutral steroids Total bile acid
(g/day) (mg/days)

C 1115 + 513" 7811 + 21.71°
P-BP 1548 + 5.13% 124.28 + 14.80°
L-BP 1693 + 2.92° 121.84 + 34.71%
Levan 16.38 + 4.76° 86.27 + 26.70™

1) All values are mean = S.D.

2) Values are significantly different at P < 0.05 by duncan test

P T F 54 2HREoE 2 A 3o oAl AolE YERUA
ekttt W F @54k §%-e P-BPwto] Ctoll Hld foldo=z E=A e
Wtk L-BPT2 f94< zole= glsley gz Al# LevanT ol 4] 3|
2 A%Ss el dddTelA #te] dF AHdALE HdstE 7
A T @FFAh Al STk Y@t 7bdeo]l Bt (Yamamoto Y et al ;

1999) Yamamoto 5(1999)2 in vitro A &4 @WkE Bifidobacteria®l 2|3l
s b E A ko, AF ] Aol 1%} 5% Feom H7heksl
= W dF FUzdHES dxded vE] folAor vigka Mow AHED}
A A wjde dxdtol vE) fFoHoez E:okth 1822 bifidobacteria W&
of o3 AdE T AWALY FHAHE AstEdele SHASE ~HEY
U w dar Q) 5 FdzdEo] AAEJATAL AbEAT. B AT
ANA AW FUzEHES L viE A2 Hor T@FA wAE v-PGA
<9-9] biopolymerwol A thztol H| S|

[e]
&
R FANYOR B FA2HES FFEE A2A/ L ot AW B
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. v-PGA % Levan %9 biopolymer? 9% &% #HAA

D AFS7HE, BatAol A%, 4ol&&(FER)

1A5E9 ATS7HE, Aol d3%, AolZ&(FER)S Table 3883 th
4 o Add&E9 AFWHsle Uzl 443 + 9.01gol oy P-BPi ¢
A 7V 417 £ 7.73g, L-BPT°] 750 + 1042g, A% Levanv¥ < 1.01 =
467g0) T}, Streptozotocin(STZ) .2 § 5% B FHolA A3 7)7F ot
AAA AFol Hidte FHS o AdAAFA EuHAHKIm 5 ;
2001 , Rho & 1998). o]+ Yk ¥ ¥ <d&d 7|5 Ast=Z Axu
ol &Eo| HAHWA I L5, AWEzA ] Ay} dhEldo] g o] A
Aol o] &H 7] WEo®E AlmEth B Aol s dxwel dxd S
AT ZhAANo] v-PGA $9 biopolymer®t Levan $-$ biopolymere] 2]9]
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Table 3.8.8. Effect of dietary supplementation of biopolymers on body
weight gains, food intake and food efficiency ratio(FER) in

streptozotocin-induced diabetic rats

Body weight
Y shy Food intake

Groups g?;r;s (g/day) FER

C -463 + 901V 3347 + 226° -0.05 + 0.01°
P-BP 417 + 773" 34.04 + 1.71° -0.05 + 0.09"
L-BP 750 £ 10.42° 33.27 + 546 0.09 + 0.01°
Levan 101 + 467 3258 + 1.25° -0.01 + 0.01°

1) All values are mean = S.D.

2) Values are significantly different at P < 0.05 by duncan test
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2) 7+ 9 A7 FA, GPT, GOPell ml A= 43

AFEEY AT 100g & 1+ R A FAE Table 3899 Wbl At
2 Ao FAE APagtel FoA AeolE yEhlA 8kt 1H7]E ¢
=7F = GPT9F GOT=  P-BPire] Catol Hls) ooz Al yerste
W L-BPw& 24l Abol= vEbLbA] gkot Catoll Hls] wA vebst
Z A uAG T AddALeldow Qlsto] (k7] s o] A st
= 7t F doy PGA 4 biopolymer®} Levan $-$1 biopolymer 2] 9]
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Table 3.8.9. Organ weight in rats fed with different experimental diets for

4 weeks in streptozotocin—induced diabetic rats

Group Liver weight Kidney weight GPT COP

(g/100g body  (g/100g body (IU/L) IU/L)
wt) wt)

C 552 + 0317 048 + 003" 6150 + 14577 13950 + 39.00°
P-BP 555 + 064 052 + 0.06° 3860 + 14.25" 77.00 + 25.49°
L-BP 575+ 0.71° 053 + 006" 4240 + 17.16® 11520 + 35.13"

Levan 5.08 + 0.24 054 + 006" 5283 + 1324  103.17 + 16.75%

1) All values are mean = S.D.

2) Values are significantly different at P < 0.05 by duncan test
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Levanw ol Hlaj %= vr& Aak €}

Yok 7te] ZeaHE FEe APEel G HolE vehgA] 2

o1} P-BP#o| Cito] Hl3 we Ase vy 9wd sxto] oF 90%
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540 BAEE Al vy
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e 1 AAARE T 1 9 nFY~HEETY dF HDL-Fd~HE
T2 A2 5 F UthReaven GM ; 1987). 1 ¥4 7[d oz 9&d 4
AL lipoprotein lipase(LPL)9 @A Ast2 Wzzxdo Z=AX8 A AEo] 7+
29, ded Ao gtdA VLDL AAS odAsts dede 7
sol AstEo] o] FAAW =7t F7heHAl Hrh(Siegel RD ; 1996) ¥ <A
TFoA FAA frede vElA @doy P-BPe b FAAW
kel 2~ ko] gizatol Hle) v S YEhdh
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Table 3.8.10. Effect of dietary supplementation of biopolymers on hepatic
levels of total lipid, triglyceride(TG) and total cholesterol in
streptozotocin—-induced diabetic rats

(unit : mg/g tissue)

Groups Total lipid Triglyceride Total cholesterol

C 7620 + 12937 166.84 + 12.89" 17627 + 1543°
P-BP 56.00 £ 10.76" 103.44 + 10.83° 130.30 + 16.19°
L-BP 61.68 + 14.75" 95.27 + 31.40° 221.57 £ 19.86
Levan 77.84 + 16.60° 117.33 + 16.75" 180.98 + 1815

1) All values are mean = S.D.

2) Values are significantly different at P < 0.05 by duncan test

1
g5 AN The AF Il FoAHA AolrE uEhA fdskon
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P-BPw# L-BPw Cu# Al Levanw ol Hldl] w2 43S el
g7 ZH2HE w59 HDL-FH 28 E sov A% o3tel Fo420 Aol
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addo] FHu, olg 3 dF Adwert St 5 SAAY v
9] Z7}= HDL-Z2d2HE9 552 YF 1L chylomicron remnant®] %S
=oAFE e SE wAEHWAse] Faddile]l Huva Ruydy
(Goldberg 1J ; 1996). AaPAFoN A A& Hlo)EA Fur A A 315 8
g9 fructooligosaccharideE 14%9 F<¢F RE539S w & FH 2" E3 LDL-
ZH2EHES BE F 7247 19 mg/dL, 17 mg/dLe] 24 #AE e
A tH(Yamashita K et al ; 1984). Fructan®] Fixo] A ZAthAlel] wx]i= J 3k
& EAR Y AHE, AT wE AFAErT dukd A3E ®Bas)
A vk gt ow FRAoIHA Aty st

—_

gum, pectin 52 $E H
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Table 3.8.11. Effect of dietary supplementation of biopolymers on
triglyceride(TG), total cholesterol, HDL-cholesterol, LDL-cholesterol and
atherogenic index(AI) and in streptozotocin—-induced diabetic rats

(unit : mg/dL)

Group Total HDL LDL
TG Al
S cholesterol cholesterol cholesterol

C 10050 + 27.45"% 167.25 + 14.51* 37.80

I+

10.80* 105.15 + 13.71* 3.01 + 0.58"

P-BP 90.00 + 1953" 155.80 = 16.74* 43.00 + 10.01" 99.40 + 19.64" 3.02 *+ 1.86

I+
I+

L-BP 86.60 + 1251* 194.00

H+

17.04* 39.83 + 8.01* 137.75 + 12.43" 419 + 1.95

Levan 13540 + 24.86" 142.80

H

13.32% 46.00 + 13.20" 69.72 + 16.69" 2.33 + 1.06

1) All values are mean = S.D.

2) Values are significantly different at P < 0.05 by duncan test

5) &% Phospholipid, Glucose, HbAlc, Insulins =9 "X = <3
Table 3.812¢ AdsE2 &% AA 2, &, HbAl, insulinZdI}o|t}t. 35 <l
AL Aol oAl AtolE UEhliA gttt €93 HbAlee 2 F
of fFol#Ql Afol= YEtuA gkoyt P-BPir 3t L-BPro] Catoll Hl &
< AEgs HeErd AT Insulins s APkl Fol 20 2ol & YERRA
kTt Biopolymerd 4ol AFH7F dxol mXe G th3t AF= A2
BauwA ekekrh ey gRke IxF o] ded Aste]l &3t drkal B
H2th. Yamamoto 5(1999)¢] A-olA AAF A 1% 5% Tz #yt

ﬂl

Hd
x>

A

¢

= BEos d e ves FYFHolA Fov grkdelA Hiske A
&S Vet sk =g dite ) m A& s wase] o
& FAEE9o]  GIP(glucose-dependente  insulinotropic  peptide) Ei+=
GLP(glucagon-like peptide)5¢ AU Z=& AL ZHse 2F d=d
U E xddtta 1#eel

It EEEN S 2 - MY o] Hd IS whgstes d9xd AR
2 Gurl Ae AET AExdel HEaF ol v 7 Al Fsinkgo] AL
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Table 3.8.12. Effect of dietary supplementation of biopolymers on

phospholipid, glucose, HbAlc and insulin in streptozotocin-induced diabetic

rats
Phospholipid Glucose HbAlc Insulin
Groups
(mg/dL) (mg/dL) (% of Hb) (ul U/mL)
180.20 + a A a
C 1779V 47580 + 19.86" 3.08 £ 0.60 0.14 + 0.03

P-BP 206.80 + 12.00° 469.20 + 829" 2.88 + 0.24° 0.15 + 0.01°

+
+
+

L-BP 21350 + 16.64" 462.40 + 14.49" 2.36 + 0.71° 0.14 + 0.03"

+
+
+

Levan  227.83 + 11.24" 454.80 + 16.45" 250 + 0.42° 0.16 + 0.06"

1) All values are mean = S.D.

2) Values are significantly different at P < 0.05 by duncan test
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Aaol oy FoAl HolE YEMA &tk FHo RS F FALHZO

= wjd %S P-BPi3 L-BPito] tlZxtol & Ee Aol o #9oF
A

ool AyZ F9ed v-PGA$Y biopolymerwt2 thZol] wlE] dF
TAAY Fk T ZUz=HE &7 woAoR dkow  Zhe
HMG-CoA reductaseZd 7} @ ®WoRe @Fik MjdZFs FofHoz &
ZIANFH I o2 s AU ZFE2=EE pool HAhe nAFF A L vk
37 g FAHEY. o]g3 v-PGA$-9 biopolymer& = Al Z #uko]
H gl FAA oS UdEr A @koy 1 g7t kAl YERETH
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el FE S48 7PE #weol AREEHI 9= Corneometer

CM820(Courage + Khazaka Co. West Germany)Z A}-& 3} 31t}

AN
7h x
AYEE 20~25C, AUEE 5~55%2 AN FeFHAolA 1099

A A wiste] &, ¢ & sk kRS =

circle®] W&ol 0.05g/circle?] A8E 747} T¥ 3 & 28 FHE 2083 3

o] el g Wk FEE S

H

2

~

O

)

O R

CBP 1.0%, P-BP 1.0%, LBP 1.0%, carbopol 941 7} 7 1.0%& o2 3}

A719 A AE A wE FEHGH HIES v go] A4tst
Ak
FEBA&F = [ (B-A)/A 1 x 100(%)
A ANE EX H mR FEF
B: AR TX $9o ui i
o debd guk 4 9 93 pH SA
1) Z74717]

i L) pH 3A7]712+  Skin-pH-meter(Courage  +  Khazaka

Koln-Germany)& AF-&3} 34t}
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2) gy
7h Z=7
2 FAAZ FggdF A 10782 T

AU EE 20-25C, A
2 sk AEe 24 B9 shel 47 40mm circled)

Al Atel st 2, 3
W2 o 0.05g/circle?] A 8E Z+7

=439k

3} F9) 3% pH WaE

R LE!
158 ol &

CBP 1.0%, P-BP 1.0%, LBP 1.0%, carbopol 941 1.0% &<}, %=

stol A48k

% =477 2+ Tewameter TM 300 (Courage +

Khazaka cologne Germany)Z AHg31$3t}.

DE=!
Ze] gup 790 Blo|x AEe]%(Tape stripping)e AAlste] 33e] 1
ge

olurS oFstAlZl T AWLE 20~25T, AEE 45~55%8 FA A7
5 uh obr& S =4 Row g}

11099 AN el 3, ¢ B &

A ol &
o] A7 40mm circle®] WA 0.05g/circle?] AN &Z Ztz X3 F 3A17F 6
AlZE, 9AIZE, 2441 %E, 48A1ZF A $ AR 7 EAES SA5ATh
W) SAHAAE
&, GATE o

CBP 1.0%, P-BP 1.0%, L-BP 1.0%, carbopol 941 1.0%

g3kol 43k
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Table 3.9.1.

(0.5ml, 1.0% sol’n)

P-BP L-BP A

CBP

+

+

+

+

=y
T

2]
o

fvze]
N
R
-
T
)
oF

il
Y

olge] Table 3.9.2 %
Aol aawo] thuhxn

1

s

i

=y

o

AL et o

e
B

iR

)61—

o
i
o

o7
_Z_O
N
N

27} 8%
A

2]

=A% A3 CBP, P-BP, L-BP

o fAbatnt

B

2w ¢l carbopol 9410 B8] %

3z
=

1¢) 3l Fig. 39.1¢ 1#|== & uf CBP, P-BP, L-BP biopolymer 37}

| carbopol 9418 Z7|| nl&f t}

9]

gl H

)

4

Table 39.2. Z+ A9 Corneometer® =74

20+

15%

13%

11%#

TR
()]
TR
D~
R
Lo
R
o
TR
(@]
%)

e
H

R

48 41 38 33 32 31 30 30 28

32

CBP

32 44 41 36 32 31 30 29 29 28

P-BP

32 44 40 37 33 31 30 30 29 27

L-BP

47 42 38 34 32 31 30 29 28

32

Carbopol
941

- 156 -



Table 3.9.3. I F-o s+ =& B A&
TR OE¥d 2% 3% 5E 7R 9gR 1E 3B 5% 0%
CBP 0 5000 2813 1875 313 000 -313 -625 -625 -12.50
P-BP 0 3750 2813 1250 000 -313 -625 -9.38 -938 -12.50
L-PB 0 3750 2500 1563 313 -313 -625 -625 -938 -1563
Cagjﬁpd 0 4688 3125 1875 625 000 -313 -625 -938 -12.50
ohoWehd, Fw 24 2 9% pH 54
I 5o g pH Waks @7k A= obee] Table 3949 2t 3)%-9
ERe AyozA el EAste WREHe] vl Fo AFomy
B 9RE wsel ®d wEA Zzte] 9870 9% pHol WAL JFe
= Q3
CBP, P-BP ¥ L-BP7} #%d "X+ AFS HA/IS A3 ZE AR A
9% pHol & Fi 9w sl W% pHE fA8E Aoz 2 o 2%
o] AR7F dFo 2 el ofg o] gl Ae® YERH
Table 3.9.4. 9] 33 pH ¥ 3}
Carbopol
CBP PBP LBP A A %
941
=% A 5.4 5.3 5.4 53 5.3
=X 3 56 54 55 6.0 52
o AEm SR edw 9 g 24
AR HETE NPE B HASE FEF 5 AEY S £4%
(trans epidermal water loss. TEWL)S #H7}st Z3l= olgle] Table 3.9.59



2ok AEI SR £AFS 4az deo] Jse) AxaA FEI FE
&l gow Bo) $i £4F Brhe Foz 7

Z7re]l N8E H7he A3 2+ CBP, P-BP 2 L-BP A& 50| 71& 3%
Z A8 2 AF8HE Carbopol 941, AAFel Hla] H7F 92 vepston,
CBP, P-BP 2 L-BP Carbopol 941, A#l49] o2 ey A
sgFANME EYE FF wgo] VTS fsA AHEEE AU gk &
3 93 wjgo] Ves Hrtete BRI F EAEFS F4F AFAA o
2 dme oA dFs ] wie] FF 7] AlRE AF A& F

.
TAFoR ARE ¥ Bes) JAvw Az,

Table 395 954 ARy S8 &4 Hr}

(g/m’h)
CBP P-BP L-BP Carbopol 941
Ty A 6.30 6.30 6.30 6.30
X 3ARE F -7.36 -7.08 -6.59 -6.02
X A # -6.87 -6.52 -5.74 -4.58
L AR F -5.76 -6.00 -3.98 -2.70
S 2403 & -3.23 -3.45 -1.38 -0.95
X AR # -0.42 -0.38 -0.17 -0.03
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ol ZpSl A A 54

SgEAA AN AVAZAY FEZ AHEH7
400nm W9l e FsE ol Qojop @tk 7ol ARE fu)
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3] Aol AR S 7 HYGEA] Fe AoR Jehyt
3. 8¢k

HANHE AFS T3] FFol g sds HrEed 2y A3 74
biopolymer(CBP), PGA-$-$]biopolymer(P-BP), levan$$ biopolymer(-LBP)
R g R gigh AR50 glo] sFEe] duEA A AdoR YET

% & w CBP, PBP, LBP
A8} ARRFHAA V]E FFE d5E A He= ETd A& fA

A9 A SAHL Ao g HLdA FHEE SHI Ay
CBP, PBP, LBP EF A4 Aok FE o] glo] oA oA da2Aes A
elA] e AoE YE
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104 v-PGA 9 2 levan 59 biopolymer

ek vF a2 2 AGsE AT

g 5o AEEAY 2714
Ao A= 322 biopolymer(%H =3 &
levan -9 biopolymer °ls} L-BP, PGA
biopolymer ©]3} P-BP)E 84-Z 9] a3 AL 7}E4
A 71 23FEFA AR T EYm et
71E9] shgE Az AFEE = EE <l Carbopol 940, Keltrol F, Veegu
7hgst AE 15(230), 73t AlF 3F(2A, 29, dA2)S Alx, A58l
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(3) FAANE
CBP, L-BP, P-BP, Carbopol 940, Keltrol F, Veegum< o3t ~71 2 A,

a9, dAds AFE 5o A

k.
FHREFF Hst&AAA = [ (B-A)/A 1 x 100(%)
CA AR BEX A 9B SR
B: AR =X Fo] I SR
W) ARy 8 £4%(TEWL)
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Table 3.10.1. =Z1AF =4 3 A

Carbopol Veeg
T CBP L-BP P-BP Keltrol F
940 um
pH 6.10 6.80 6.45 6.60 5.45 6.50
A E(cps) 10 21 14 1200 130 10
o} 5T O O @) @) O O
#  3HT O O O O @) @)
]
° 45T O O @) @) O O
Ferg A O O O O @) @)

W) 24, 294

2AAE S AhAZA oA EEve AR desS A%
= Eol7] f% Ax =H™A, AFAY S AT FEbEAY HHow
AFE-E 3L lth BiopolymerES ZAA P A#A|Fo| A8k Ay Table
3102, 3.10.3¢] A¥E 2 w, CBP, L-BP 2 P-BPE ##3 A% H=rt
Carbopol 940, Keltrol FE &3k AlZol wla] @A FAFIReH, AFe <
4 FHllA= 43 Aes YEsien, CBP, L-BP % P-BP9| 4§ A
A F AFAY LS AT FIIAARE Aol

=
A9 Ao BHAL gy, AFARAE % st
i}

o

1A, 284
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Table 3.102. 2AAd e =4 2 444

Carbopol
T = CBP L-BP P-BP 940 Keltrol F Veegum
pH 7.50 7.75 7.60 6.80 7.90 7.80
H%Z(cps) 5100 6900 5900 12200 8200 5200
o 5T O © © O © ©
# 35T @) @) @) © © ©
A 45T @) @) @) © © ©
Bt @) @) @) @) @) @)
Table 3.103. ZHAF ] &4 9 HFA
Carbopol
T i CBP L-BP P-BP 910 Keltrol F Veegum
pH 6.20 6.50 6.30 5.50 6.60 6.30
A% (cps) 17800 17200 19020 35000 19300 16700
ot 5T O © © @) © ©
| 35T @) @) @) @) @) ©
4 45T © ©) ©) © © ©
FAAA © @) © @) @) @)

o) oAl A
oNAlze] AP A e AP A 9% FEbg At A3t
= 9 AexdAs F2 A Y 359 Biopolymerg S ol A=A @
of A83% Ay Table 31049 2t} o Al~AgL HA=7t =4 ¢o} CBP,
L-BP 3! P-BP¢] Ab&o] frattgAlel dexdAz 7soms A3 A

o7 FeFE

N
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Table 3.10.4. ol Al =A@ ] &4 31 84

7B CBP L-BP  P-BP Ca;zgml Keltrol F Veegum
pH 7.10 7.20 7.20 7.00 7.10 7.20
A%(cps) 110 190 380 1900 270 30
o 5C @) O O © © ©
A 3T ©) O O @) © ©
CRREEe © © © © © A
R @) @) @) © © @)
2) MzYER
7h "H2Yg AY

=

H

>

Biopolymer?] A<l CBP, L-BP % P-BPE H2E Ao Ag&A g
o 71 =4 Ax, 4, A% ¢ AF] <tFA SHolA biopolymer A+

S FfelA ZE o v WAl Table 3.1059 #o] H|=3% FEo=

i)

>
iu}
2
oft
A=
1o
oz
oo
ox
2
Shl
2
)
52
rr
P
o
fu
i
ul
3L
i

Al & =
T8 ES
CBP L-BP P-BP
7 = (gf) 126 126 127 126
|+H(C) 62 61 60 62
Sweating O O O @)
W24 @) © @) @)
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) F9lo] A<
Biopolymer?] A<l CBP, L-BP ¥ P-BPE Fdlo]A< Al 28]
A3 AEe] b SWolA biopolymer AR S $HRrabAl ¥E tlEa

o
WA] Table 63 #Zo] FAEE Aoz vyttt 53 W43 FtgAd o

2

1<

Al Fo| % greasing, cakingolA o]4o] §l= HoZ YeElyton FEgo]A <

of AgstE A Gl ol AV fl= A2 &1 biopolymere] Al

g4 T& Ao yehy

Table 3.10.6. FglolAle] &4 2 <A

Al T
T CES
CBP L-BP P-BP
73 &= (gf) 31 32 31 31
33 el *s pike *>z
w24 ©) O ©) O

3) EalAE
Biopolymer &%l CBP, L-BP 9 P-BPE AFFA|deol &3 A
Table 3.10.77 Zomn Aol EAo] dxae B4 FA
Ho| = $ ZAow & w CBP, L-BP % P-BP9 AFFAEdl 2 &4

AFol gl Aoz YEyh

_|_,
ofs
o
=
o]
2
o,

=

4
&
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Table 3.10.7. AFFAg e &4 2 otAHA
A g T
T CES
=% Leven PGA
pH 5.8 5.8 59 59
A = (cps) 8150 8450 8380 8480
of 5C O ©) ©) ©)
| 35T © © O O
A
45C O ©) ©) ©)
w34 © ©) ©) ©)
o AEe] 98 354 AT
) 712334557
7H FERRS
1) =704
o gt FERFsE A5 FEHA AAAAE YEU F=
Aog FERfsel o ZA4dFo fAdAdo] AAEH vmAY IFE 9
Ay fQle] HAvk ZZte] EYWES Ffste AEEY IFEA O i
Hfs %2 F8 Haw d38S =43 A3+ Table 3.10.89 3.10.9¢9 Zt}.

Biopolymer A &¢Il

g,

- 172 -

Leven, PGA, =4 987} 34Fo F=2 Algs=
gl ¢l Carbopol 940, Keltrol F, Veegumel 4|3} FA}sAY tha
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Table 3.10.8. =71 A Fol| A 2] A5 IFo st &7 Hf

olr
En)
o
o,

T2 Exd 5% 15® 3R 558 75R o5%
CBP 51 75 64 60 55 50 46
L-BP 51 78 65 60 54 50 46
P-BP 51 71 64 59 52 49 45
Carbopol
010 51 74 63 58 52 48 45
Keltraol F 51 73 64 60 53 49 44
Veegum 51 73 64 58 51 46 42
Table 3.10.9. 271 AGoA o] A5 I Fo 3t 8 HF3F HA38(%)
TR =¥xd 58 158 PHE 5HE BE O g5E
CBP 0 4706 2549 1765 784 000  -9.80
L-BP 0 5294 2745 1765 583 000  -9.804
P-BP 0 3922 2549 1569 196  -392 -11.76
Cagzgpd 0 4510 2353 1373 5196 -588 -11.76

Keltraol F 0 4314 2549 17.65 3.92 -392 -13.73
Veegum 0 4314 2549 13.73 0.00 -9.80 -17.65

2 =4, A9 A¥
2AAH AL EFEwo FREFs 2 FRETE W& A=
Table 3.10.10 ~ 3.10.13%} Z4tt. L-BP¢ P-BP7} Carbopol 940, Keltrol F
9 2o FE HHFFS e CBPY Veegume tha: Ue 8 HAES
o Azz JEeE aPAHN = L-BP, P-BP ¥ CBP2¢ biopolymer”}
Carbopol 940, Keltrol F, Veegumel #®la] vl ul ¢ & e}
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Table 3.10.10. 24 AFAA] Algd JFo st =& HA{5 olo]E
T B wyxd 58 155 3% 558 75E o5
CBP 50 83 7 66 61 54 51
L-BP 50 78 7 64 60 54 50
P-BP 50 78 71 65 61 54 50
Carbopol

010 50 80 71 65 60 53 49
Keltrol F 50 80 7 63 59 51 48
Veegum 50 82 70 64 59 52 48

Table 3.10.11. 24 Ao Agd F{o 3 & B3k H3}F&(%)
T2 mxd 58 5% 3BE 5558 73R 95E
CBP 0 6600 4400 3200 2200 800 2.00
L-BP 0 5600 4200 2800 2000 800 0.00
P-BP 0 5600 4200 3000  22.00 800 0.00

Cagzgpd 0 60.00 4200 3000  20.00 600 -2.00

Keltraol F 0 60.00 4200 2600 1800 200  -4.00

Veegum 0 6400 4000 2800 1800 400  -4.00

Table 3.10.12. @A AN Algd JF s =& Ef%5 dole
T B w¥d 5% 1582 358 55 75E g5R
CBP 53 80 76 72 63 63 58
L-BP 53 83 77 72 63 64 60
P-BP 53 80 77 71 65 61 57

Carbopol
010 53 81 76 70 67 62 57

Keltraol F 53 82 75 70 66 61 56

Veegum 53 79 74 69 64 59 54
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Table 3.10.13. A PGl A o] Az dFe] gk ¢ B Hshs(%)

TR wxd 58 155 3% 558 7R o5E
EEEy 0 5094 4340 3585 2830 1887 943
Leven 0 5660 4528 3585 2830 2075 1321
PGA 0 5094 4528 3396 2264 1509 755
Cagi’l%p‘)l 0 52.83 4340 3208 2642 1698 755
Keltraol 0 5472 4151 3208 2453 1509 566
Veegum 0 4906 3962 3019 2075 1132 189

3) oAl A
s AP FREFTI} FEEFF WekE 2= Table 14, 1594 2
o, ZH AY AP A3 FAFSHA Leven, PGA, % =%o] Carbopol 940,
Keltrol Fo} AR A7 UEbstth Veegume] 74-% SHg/dol tha w53t
AR Aol A do ldl UgEe gFo] "Wojx ¥
FEERS @ FREFYE HSdA ta vhe A3E YEhd o AR
H

do

Table 3.10.14. ol Al Aol A o] Algd dFol] td F& B deolet

T2 =xd 5% 152 358 558 75E 95
CBP 47 87 82 76 71 66 62
L-BP 47 85 82 75 71 67 62
P-BP 47 88 83 77 73 63 63
Carbopol - 87 84 77 73 69 63

941

Keltraol F 47 83 80 74 69 64 60
Veegum 47 74 71 67 62 57 54
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Table 3.10.15. ol Al A @A o] Azl 3] 7o o

55 5% 95

351

15

g
Lo

X
23]

o

I

74.47 61.70 51.06 40.43 31.91

85.11

0

CBP

0 80.85 74.47 59.57 51.06 42.55 31.91

L-BP

0 87.23 76.60 63.83 55.32 44.68 34.04

P-BP

34.04

46.81

55.32

63.83

18.72

85.11

0

Carbopol

941
Keltraol F

27.66

'76.60 70.21 57.45 46.81 36.17

0

0 57.45 51.06 42.55 31.91 21.28 14.89

Veegum
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A&, dade]l A3k Table 3.10.16~3.10.19 9 #skth 271, 24, =
H, ol APER ZAzte] EFEv Y9855 AEste] Hrrs A3 L-BP,
P-BP, CBP 45| 71¥ s4¥F d5® AH&¥ = Carbopol 941, Keltrol F,
Veegum% H Zpolzb gleo] Hlszd el AdE JEhddth Axy TR

Z

Fev 5 A% Aelmris oM 9

b

1>

o
lo
2
2
N
50
rr
Y
rlo
)
i
lo

Table 3.10.16. =71 AP o] 95 ARy T8 &A=

T = =¥A 3A17F 6~ 7F 9A] zk 24X 48AIZE
CBP 5.73 -6.55 -4.34 -3.06 -1.26 -0.06
L-BP 5.73 -6.67 -.4.36 -3.12 -1.25 -0.08
P-BP 5.73 -6.43 -4.39 -3.11 -1.29 -0.05
Carbopol
5.73 -6.08 -.4.26 -3.02 -1.24 -0.10
941
Keltraol F 5.73 -6.32 -4.23 -3.21 -1.20 -0.07
Veegum 5.73 -6.19 -4.18 -3.01 -1.18 -0.03

Table 3.10.17. 24 A Gl o] dud Fxy 5 4%

T & =4 3A]7F 641 7F 9A] ZH 24X A8A]ZE
CBP 4.98 -9.79 -8.19 -5.28 -3.89 -2.03
L-BP 4.98 -9.36 -8.11 -5.24 -3.84 -2.12
P-BP 498 -9.53 -8.24 -5.18 =375 -2.18

Carbopol
4.98 -9.65 -8.66 -5.34 -3.89 -2.22

941

Keltraol F 498 -9.27 -8.12 -5.20 -3.65 -2.03
Veegum 498 -9.34 -8.09 -5.09 -3.47 -2.00
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Table 3.10.18. ¢ A Gl o] dud vy 5 4%

T & =¥Ad 3A17F 641 7F 9AIZE  24A17F 48AIZE
CBP 6.16 -10.31 -8.13 -6.13 -4.97 -3.67
L-BP 6.16 -10.09 -8.18 -6.08 -4.86 -3.69
P-BP 6.16 -10.02 -8.16 -6.10 -4.88 -3.59
Carbopol
6.16 -10.57 -8.20 -6.24 -4.99 -3.70
941
Keltraol F 6.16 -10.25 -8.06 -6.02 -4.82 -3.49
Veegum 6.16 -10.21 -8.02 -5.98 -4.76 -3.41

Table 3.10.19. oAl A|FPo|A 2] x5 Hxy & &4F

T = ¥4 3A17F 6~ 7k 9A] zk 24X 48AIZE
CBP 5.52 -9.15 =7.75 -5.96 -4.32 -3.03
L-BP 5.52 -9.23 -7.79 -5.93 -4.30 -2.97
P-BP 5.52 -9.16 =7.73 -5.87 -4.30 -2.98

Carbopol
552 -9.29 -7.82 -6.03 -4.41 -3.10
941

Keltraol F 5.52 -9.07 =7.71 -5.89 -4.28 -2.96
Veegum 5.52 -9.03 -7.65 -5.87 -4.24 -2.95

(

FHA B gETel e HEF 55, dEo] £
% FEAA W $9= vhebTh o biopolymere] H¥Ee] 39

=)
2 el el FE Fwel ¥u §3 Az} ok AA AxdE I
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Table 3.10.20. H2El AP 2u) 2 AL&A F7}
Al t"‘sj :‘LL

T o =
CBP L-BP P-BP
HES £53 3.95 4.05 411 4.12
T A 4.02 3.98 4.00 4.03
Yol EA Fe 3.86 3.90 3.94 3.95
A 473 3.84 3.82 3.80 3.82
e el Ry 3.92 3.90 3.88 3.92

) Felel Al AE

FolAd AFe st vt A8 S H7Fe A¥= Table 3.10.217
Zom L-BP, P-BP, CBPS &#3 4Agito] shfalA g ol #l 3l
A, HA7 S50 glg9 FdEA v 92 e
Table 3.10.21. FglolA A G ALnA AL&A4 H7}

Al FH 2
w i &

T g CBP L-BP P-BP
A 3.68 3.88 391 3.87
iy 3.75 3.90 3.89 3.88

7 g 3.89 3.85 3.84 3.87
HEAY 9l 3.65 3.62 3.66 3.68
=5 9 3.80 398 401 3.97
2| 4223 3.75 3.76 3.72 3.76

2Bl Abe] diE ALEA H7be A3 Table 3102290 2ew L-BP,
P-BP, CBPE &3 Hdwro] /A & gzl vldl A5 wiiie] &
oA vl 9912 YERET AFSS wjiiele2 AFFolAe] AYMY &
o] Ak FEo R HF=, L-BP, P-BP, 457} oAl AvMy F3}
S YeRSlth ditdog Rt AMYAZReE 7] dAgEEE 2dSs
ARESETE, AP EF e 823 SHAA Fou AR AlFAA QoA EREY
ArFEA G A E 1 gt wElA] CBP, L-BP 2 P-BP biopolymer¥ & 9
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AYGARM A8 7hsd& el
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<
T AT

Table 3.10.22. AFF A& o] 2H|x} AFEA F7}

Al % =
o CES
CBP L-BP P-BP
A= 3.86 3.34 3.85 3.88
71324 3.75 3.90 3.89 3.88
ARG v ILe = 3.64 3.93 3.98 3.95
AHE3F 3.65 3.64 3.67 3.72

2. AER e 9% A5y
Azte] Al 4N ANPE APS B Aol ga AL Hohe
= ol Table 233 2t} CBP,

o] ol Ao vEhw.

o

AN
i
on}
e
<
o8
o)
(o,
b
]
ok
Ho
rot
&
(|
Al
1o
X

o
2
ox

rie

[e3}
A

Table 3.20.23. ¥=°] HEAF e 254 H7}

T =7 PGA Levan
271 AY - - -
24 AH - - -
ad A - - -
o Al &~ A - - -

AE A - - -
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3. 2%

AZEANAY FEAH AT CBP, L-BP, P-BP biopolymer ¥ *
AF3l ste] dHo Y3 aTaH}E HEI A} BEgeol 3 Aoz

Al
i
ot
o)

Aol oiet i 9@ mube]l sy yleAolA ylxsbdE ¥ RusAgE
Ade] A8%¥ CBP, L-BP, P-BP biopolymer 957} 3 3o tjst etdAS

gglov] mae] te AU &stel s Festart

freb/EAk e mE AFY hAgst AE 2 AYPs Aol A CBP, L-BP,
P-BP biopolymer & ©o|&3}o 7|z3ldE 4%, MzsAE 23, ZosTdE
o] A¥s E AFY HAHAMNLS HEI Ax AE IdREA HE VeSS

LHER T

AARESIRA 7123 E 4% (27, B2A, 39, olAlx) 5 MREEE 2T

(A28, FelolADS AFstaach
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FEATHA AT HE 2}

1) CBP, P-BP ¥ L-BP Al biopolymer® EAd# EA3 FAo ZE2EA
o A 3F<9] A& EF Non-Newtonianfr# 2] & X157} 101742 o 7FaAd
Al (pseudoplastic ~ fluid)e] F% b3

Herschel-Bulkley model# ol 0.90~1.09] =& A3 #AAE Ho HE&Ao] =
< As BATh

Jm
o,
o
.
3
=
i)
o
=
e
s
=
3
]
&
)

2) ARV Hre 2rolEAo| t3 FAlo| A Arrhenius model?]o] Z # &
HPa FEW3t wE 2xo&EAY FAY A3} biopolymer P-BP2 L-BP
ZEoEgo] F FAR YEHT FEREAY ZAA =

4) v-PGA$ 9 biopolymer(P—BP)iL% gz Hs] 8F FAAY =9
= ZY2HE 57 $odoz vgrom 7] HMG-CoA reductaseEA
S7F 2 o R HEA wjAdRS oA oR S ol Qe AW
g 2~E & pool 74t nAEF A B ov|vke] E37F dvkal Bt o]
2%t v-PGA$9 biopolymer® 3= Al #uke] Hl&] EA4 FA> e
WA gstovy 1 g37F sk A WS

5) Levan 591 biopolymer(L-BP) 8l el Hla] 4% FHAY =
ooz vgron BAY F942 glot 8% AWFE L 1 AAFE
boETl W R A% dehyglon woze HEA WHFe] h
ol Hlal ¥ e e
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12) A4 AEAF e A9 g WA FREE H4F A3}
CBP, PBP, LBP &% 414 29 5eo] glof 494 e AuzA A

FotA F= Adow dEuth

13) AZA A F&EA ATolA CBP, L-BP, P-BP biopolymer 982 3%
E AF3) sto] vHeo Y3 a5 adNE HEI A HGTol 53 How

vhebt

14) AFel wig g5 2 o] sty 7oA 7|2 gE 2 REshy
Z Ao &% CBP, L-BP, P-BP biopolymer ¥ &7} 3&o] th3t <tAA

ARew mubel] gk ATMY &3] ThedE Qe

o

15) fr3t/EAE Aol wE AFel HAdst HE B AEst AgelA CBP,
L-BP, P-BP biopolymer & ©|&3te] 7|xspdE 45, MEstdE 25, 2
shaEe AFs H AFY PSS AES A, AE d52A H48§ 7t
e WEtlH AAESEA V23 4T (22, 24, 29, o4Alx) 3

MzsgE 2% (d2d, TS AFststai.

=
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iT ol T =]
H 42 =zgddz 2 fdHAZOH L Z[{x
cAnw APEE 9 RbAeEel 97 AT ARREY BAE B Bavcrd s
oo 7d& T& 7l&
o ar
e A FEF R PR aa
=3
¥ o]
o AM| v-PGAS BAF Fol WolFo AL 100%
21 LevansucraseJ2HF S0 WHolF9 A%} 100%
Biopolym| ¥v-PGA A A9 &9 2 +x244 100%
er A&| Levan AR A2 289 2 +x244 100%
7 2}
N B4 2 F5H 5EA4xA 100%
A = = =
; A = A 2d2"HE A 2534 100%
s
T g duAdE g5 H1A 100%
biopolym| &9d=&F AA 100%
er9 &d| ImE d3 e 9 vedHA 100%
X, gH]| IF & 2 58 SA 100%
b g oI depbd gRk 54 9 95 pH 54 100%
FeotdA | ARy 8 &A% F v g8 4 100%
2L AgA g FA 100%
Biopolym
er A3 _
[ v-PGA/Levansucrase A2 Az &9 100%
© 7| ¥v-PGA/Levansucrase 2] €] proteome 4] 100%
proteome
A
W o] F7HO v-PGAS$ % levan$$ 7 biopolymere] &4 %(100%
A A3 | et S AL
2} Biopolym O "-'jPG_Aj’“?’] 2 levan$-$1 7} biopolymere] & Z~H] 100%
das= o 5l EAs 2544
er Fl0 v-PGAS9 2 levan$$ 7 biopolymere] ai1Ad
Syw, F|EEEH0 Fduns 24 100%
g O v-PGAS$9 2 l_evan—or% Z}  biopolymer®] 7|&
biopolymer A% 32| & %H 1
RO o AFNNY FEY AT 100%
e g0 Xﬂ%oﬂ o & qurq}‘%‘}%“i}ﬂ?’rffir 5;1%]*5&;&5 100%
. |0 ZF biopolymerd 3 73t 2S4S H A =
AR gz agy Az 9 495 A 10096
A O 7N1x34%E, NS FE, B dE AAES 100%
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[0 =7 biopolymer(CBP), PGA$$ biopolymer(P-BP) % levan %+
biopolymer(L-BP) Al biopolymere] &84 EAdA AMAE EF
Non-Newtonian- A ] % X457} 10]49 9 7FAA A (pseudoplastic fluid)

Fre58e BAT(FEA 1 100%24)

[J A biopolymer?] F=wWs} pHO| W3l 2xEwste] me FA¢ 355
A& Power law model?} Herschel-Bulkley model?] el #-8A171 A3}
Power law model 21¢] F&A5 ngko]l 10149 o7t FA
(pseudoplastic fluid) 54 S YEFHAIZ 090~1.09 =2 A3 #AAE 2
of A&l ¥ AR YEITh(HFEA © 100%24)

O 2R7] Az 2mo&EA st ZALA 4% FX=9 Al Al87}
AebEw 20494 Arrhenius model?} o] & A& Ao w e
o W3l e exogE&EAY XA A3 biopolymer P-BP$}
L-BP7} CBPETH &=oEA 0] & fFAlZ YEFHTh(ZEA 0 100%2
)
O 2rR7] AR FLEoEALY ZAPAA = Power law model ¥}
Exponential model 2] 27 & A 85 %l oy Power law model®] 43t

Aol § ke Aow JErh(2EA : 100%4)

[ 83 Adsx: 9 dHARANA 34 44 52 Control(e] et C)
ol vlE = (olst CH)w ¥ =7 biopolymer(e]dl CBP)T< 7438
o fFojFQl Aol yEhlA Fdth EF F FHzHE vk, 9
HDL-cholesterol, LDL-Cholesterol =% A&7t f2%2 AolE
A ekekt). 5w 7 31 %] 4= (atherogenic index , A= CH, CBP+#, Ci-¢
AR e (F3EA 0 100%279)

[0 ¥&x9¢ (Glutamic pyruvic acid(GPT) % Glutamic Oxaloacetic
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transaminase(GOT) 4% : 7H7]5 X GPTS GOTE CBPTAA 9
Ao g A YEG T (E XA 0 100%EA)

4= el biopolymere] FHZ~HE A3t a5l zHe] F AH w&,

ZAAL 9 ZF FY2HE 2= CHo B8 CHT 3 CBPwo] Fozo=
A JeEbskar 779 HMG CoA reductase activities® CH 3 CBPito] %9
T B 9 @S CHTE I CBPEo] CTd Hls] o8 oz =4 o

BN TH (324 1 100%273)

[ =7 & biopolymer®] &3 &
44 & FU2HE v Gty 5 DMCH(E =4 2o])wo] t&
ol Bls] WA YERs . HDL-cholesterol?} LDL- cholesterol %ol
g dafrdwase]l folAow =4 vetut dxFdd dolAd A=A
2 =% 9 biopolymere] @7 AatadeE FAT F AAT(FEA

100%6<73)

olf
N 2 >,

(] biopolymer 2]o]A] AT F7Fa2 A7k fFolxel ol flAoy

P-BP«* ¥ L-BPwo]

O AT 3 3 FAt AT 3 AZFA= A7 Holol o3 Aol= At
GPT¢F GOT+= P-BPwo] thx<tel nlsf fof#om viokty ko] SA4, &
BAY, ZUsHE $¥S P-BPao]l tlxaa Al dutatel wls) s A
Fold ot Fol Al atol= AAT L-BPr o] 1+ SAAI} SAAAYS dx

w3 Al ElRkel wlal] v FEFS YEhdTh (FE4 0 100%2 )

]

g7 FAAY sE%E P-BPw¥ L-BPo] dixated Hls] v Ags
Uty FFd2dH & HDL-Zd 20, 94 sE ddatl &
AFol= gl LDL-Zd 28 &S P-BPito] thxwtol s v 7
ol ot FoAl Aol= AATH(HZEA 1 100%24)
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ol o= glolon o W HE olxA B <%
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o] A Q1 Apol S YERHA SFUTH(FEA 1 100%E4
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[] J] 5ol gk Aspyd 2 71s4d A4

ANHE AgS T3 FJHo dig HsdS Hrses A3 H=5F Fd
biopolymer(CBP), PGA-$-$]biopolymer(P-BP), levan$$ biopolymer(L-BP)

B o] g Aol glol HES YnEA YT

(A 0 100% 243)

Ao 2 e
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(] AEo e fFaAd AHEEA : 100% EA)
: CBP, L-BP, P-BP biopolymer 98% 3}%

=
FeadE HEY A9 Hesol ¢ Aoz yehwth

O] Aol gigh 95 2 =2ke] Hsle 7|5 AE(HEA @ 100% 24)
D7 zEEE 2 RdsdE Ao A8 CBP, L-BP, P-BP biopolymer

AR WFol e dAHS Ador Wil tig AUMY Eate] A
%

=

: CBP, L-BP, P-BP biopolymer & ©]&3}o] 7|%23FE 45, MZ3F
2%, EbshEe] A 2 AF S HES Ay sE dREA
A8 7heAd s YERY

[ Al A3k (534 0 100% 24)

- 723 FE 4T (271, 2A, A9, oA,
A3 gE 2% (F2d, Fo1A9)
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