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SUMMARY

Chap. 1. The screening of microorganism on Hepatic improvement and it’s

condition of pilot plant scale

Glutathione of reduced form is a tripeptide consisting of L-glutamate,
L-cysteine and glycine. Intracellular glutathione widely affects oxidation and
reduction. It is used as a medicine for liver and as a scavenger of toxigen.
In this study, strin of high-producing intracellular glutathione was isolated
from Korean Traditional Rice Wine. The isolated strain was identified as
Saccharomyces cerevisiae based on the morphological, physiological and
biochemical characteristics, and was designated as FF-8 The optimal
condition for glutathione production by Saccharomyces cerevisiae FF-8 was
obtained after cultivation with shaking for 72 hours in the YM(glucose
1.0%, acid peptone 0.5%, yeast extract 0.3%, malt extract 0.3%) medium.
The optimal temperature, shaking rate and initial pH for the glutathione
production were 30C, 100 rpm, pH 6.0 respectively. The glutathione
concentration produced by Saccharomyces cerevisiae FF-8 was 204 mg/]
under the optimal medium condition ; 3% glucose as carbon source, 3%
yeast extract as nitrogen source, 0.06%6 KH;POs as salt source, and 0.06%%
L-cysteine as precursor.

Antioxidative activities of the glutathione produced by Saccharomyces
cerevisiae FF-8 were tested in vitro experimental models. In DPPH(a,a
‘~diphenyl-B-picrylhydrazyl) method, the electron donating activity of the
glutathione produced by Saccharomyces cerevisiae FF-8 in the optimal
medium was as high as BHT(0.05%, w/v). The antioxidative activity was
measured by inhibition against lipid peroxidation of rat tissues
microsomes, and this activity of the glutathione produced by
Saccharomyces cerevisiae FF-8 in the optimal medium was shown in the
following : liver 60.98%) kidney 56.43%) heart 52.91%) brain 52.13%>
testis 45.57%) spleen 42.95%. In antioxidative activity determined by
thiocyanate method against lipid peroxidation using linoleic acid, the
antioxidative activity at the glutathione produced by Saccharomyces
cerevisiae FF-8 in the optimal medium was much higher than control



during 7 days. In TBA method, the antioxidative activity of the glutathione
produced by Saccharomyces cerevisiaze FF-8 in the optimal medium was
higher than YM basal medium.

Antioxidative activities of the «cell free extracts containing a
high—-glutathione by Saccharomyces cerevisiae FF-8 were tested in vitro
experimental models, by radical scavenging activity using DPPH (a,a
‘~diphenyl-B-picrylhydrazyl) and lipid peroxidation inhibitions by both ferric
TBA method and ferric thiocyanate method using linoleic acid and tissue
microsomes. The concentration of intercellular glutathione by cultivating S.
cerevisiae FF-8 in the YM optimal medium obtained 204 pg/mL, which
was increased 2.76-fold by 74 pg/mL in the YM basal medium. In DPPH
method, the electron donating activity of the glutathione produced by S.
cerevisine FF-8 cultured in the YM optimal medium was as high as
BHT(0.05%, w/v). The antioxidative activity was measured by inhibition
against lipid peroxidation of rat tissues microsomes and the results of
antioxidant activity of the cell free extracts by S. cerevisiae FF-8 cultured
in the YM optimal medium was shown in the following order : liver
60.98%) kidney 56.43%) heart 52.91%) brain 52.13%) testis 45.5796) spleen
4295%. In antioxidative activities determined by ferric thiocyanate and
TBA methods against lipid peroxidation using linoleic acid, the lipid
peroxidation in the control mixture increased rapidly as typical peroxidation
curve of linoleic acid from one day and the antioxidative activity of the
cell free extracts by cultivating S. cerevisiae FF-8 in the YM optimal
medium were higher than that of the YM basal medium. These data
indicate that the cell free extracts containing a high intercellular
glutathione of S. cerevisiae FF-8 cultured in YM optimal medium showed
strong antioxidative capacities by DPPH radical scavenging activity and
ferric thiocyanate and TBARS measurements.

The protective effect of glutathione-enriched S. cerevisiae FF-8 on CCls
induced hepatotoxicity and oxidative stress in rats was investigated. The
activities of liver markers (alanine aminotransferase, aspartate
aminotransferase, alkaline phosphatase, lactate dehydrogenase), lipid
peroxidative index (thiobarbituric acid-reactive substances), the antioxidant
status (reduced glutathione) were used as biomarkers to monitor the



protective role of glutathione-enriched S. cerevisiae FF-8. The liver marker
enzymes in plasma and lipid peroxidative index in liver were increased in
CCly—treated groups, but which were decreased significantly on treatment
with glutathione-enriched S. cerevisiae FF-8. The hepatic glutathione
concentration, which is closely associated with antioxidant system, was
significantly depleted in carbon tetrachloride treated rats, but the carbon
tetrachloride-related lowering of the hepatic glutathione concentrations were
improved significantly by the treatment of glutathione-enriched S.
cerevisiae FF-8. Administration of glutathione-enriched S. cerevisiae FF-8
to normal rats did not produce any harmful effects. These findings suggest
that glutathione-enriched S. cerevisiae FF-8 is an effective antioxidant
without any side-effects and might be useful in treating hepatotoxicity and
oxidative stress by high protective effect in carbon tetrachloride
(CCly)-treatment in rat.

The result of the ©present study demonstrate that the
glutathione-enriched extracts produced by cultured Saccharomyces
cerevisiae FF-8 in YM optimal medium is an effective antioxidant without
any side-effects and might be useful in treating hepatotoxicity and
oxidative stress by high protective effect in carbon tetrachloride -treatment
in rats, as evidenced decreased serum ALT and AST activities and lipid
peroxidation. These data indicate that the glutathione-enriched extracts
produced by Saccharomyces cerevisiae FF-8 cultured in YM optimal
medium has arrange of protective effects for hepatic injury or its therapy.

Chap. 2. Screening and isolation of chitooligosaccharide bacterium and

processing of Korean traditional Soybean sauce
1) Screening and isolation of chitosanase and chitinase producing bacterium.

Bacillus sp. DAUI101, producing of chitosanase and chitinase, was isolated
from korean traditional food. This strain was identified on the basis of
phylogenetic analysis of the 16S rDNA sequence, gyrA gene, and
phenotypic analysis. The 165 rDNA sequences of strain DAUI01 showed
high similarity, 9996, to that of B. atrophaeus, B. subtilis and then 98% for



B. amyloliquefaciens. The similarities of the gyrA nucleotide sequences
were 98% for B. atrophaeus, and 83% for B. amyloliquefaciens, and 82%
for B. subtilis. However, the black pigment producing characterization of
this strain was different from that of Bacillus atrophaeus. Bacillus sp.
DAUI101 was inhibited hyphal growths of pytopathogenic fungi (Botrytis
cinerea, Fusarium oxysporum, Rhizoctonia solani, Sclerotinia
sclerotiorum). It was indicated that Bacillus sp. strain DAU101 should
secrete antifungal agents.

2) Cloning and characterization of chitosanase from Bacillus sp. DAU101.

The gene encoding the chitosanase (csn) was cloned and sequenced. The
csn gene was consisted of an open reading frame 837 nucleotides and
encodes 279 amino acids with a deduced molecular weight of 31,420. The
deduced amino acid sequence of the chitosanase from Bacillus sp. DAU101
exhibits 88 and 30% similarities to those from Bacillus subtilis and
Pseudomonas sp., respectively. The chitosanase was purified by using
fusion vector, pGEX-6P-1, and GSTrap FF affinity column chromatography.
The molecular weight of purified enzyme was about 27 kDa, which deleted
signal peptide, by sodium dodecyl sulfate-polyacrylamide gel electrophoresis.
The pH and temperature optima of the enzyme were 75 and 50T,
respectively. Result of thin-layer chromatography analysis that the enzyme
was produced a chitosan dimer, chitosan trimer, and chitosan tetramer, as
the major products. The enzyme activity was increased about 1.6-fold by
the addition of 5, 10 mM Ca®. However, Hg® and Ni' ion was strongly
inhibited the enzyme. The enzyme was reactive with soluble chitosan and
glycol chitosan but not colloidal chitin, gylcol chitin and CMC.

3) Cloning and characterization of chitinase from Bacillus sp. DAU101.

A chitinase encoding gene from Bacillus sp. DAU101 was cloned in
Escherichia coli. The nucleotide sequencing revealed a single open reading
frame containing 1,781bp and encoding 597 amino acid with a 66kDa by
SDS-PAGE and Zymogram. The chitinase was composed of three domains:
a catalytic domain, a fibronectin III domain and a chitin binding domain.

_10_



The chitinase was purified by GST-fusion purification system. The pH and
temperature optima of the enzyme were 7.5 and 60T, respectively. The
metal ions, an', Cuz’, and ng*, were strongly inhibited chitinase activity.
However, chitinase activity was increased 1.4-fold by Co®. Chisb could
hydrolyze GlcNAcz to N-acetylglucosamine and was produced GIcNAcs,
when chitin derivatives are used as the substrate. This was indicated
CHISB is a bifunctional enzyme, N-acetylglucosaminase and chitobiosidase.
The enzyme could not hydrolyze glycol chitin, glycol chitosan, or CMC, but

hydrolyzed colloidal chitin and soluble chitosan.

4) Soybean sauce crab

The soybean sauce crab was made by general method. Result of HPLC
analysis that the soybean sauce crab was contained a chitosan dimer,
chitosan trimer, and chitosan tetramer. This result was in accord with

hydrolysis pattern of chitosanase from Bacillus sp. DAU101.

Chap. 3 Development of Processing on. Korean Traditional Chungkukjang

using isolated microorganism

Bacillus sp. strain FF-7, which produces a strongly fibrinolytic enzyme,
was screened from soil. The fibrinolytic enzyme was purified from
supernatant of Bacillus sp. strain FF-7 culture broth and showed
thermophilic, hydrophilic, and strong fibrinolytic activity. The optimum
Temperature and pH were 45C and 9, respectivery, and molecular weight
was 28,000 as determined by soidum dodecyl sufate-polyacrylamide gel
eletrophoresis. The first 15 amino acids of N-terminal sequence is identical
to that of subtilisn and different from that of nattokinase, but FF-7 showed
a level of fibrinolytic activity that was about eight times higher than that
of subtilisin.

The antioxidative activity of antioxidative substances produced from
several bacterial strains isolated from fermented foods were tested by
DPPH (a,a’-diphenyl-B-picrylhydrazyl) free radical scavenging activity. One of the
strains showing the highest antioxidative activity was identified as Bacillus sp.
based on the morphological, biochemical, physiological characteristics, and 165

_11_



rRNA sequence, and named FF-7. The most optimal medium condition for the
production of antioxidative substance from Bacillus sp. FF-7 was 2% galactose as
carbon source and 196 tryptone as nitrogen source. The antioxidative substance
produced from FF-7 in these cultural medium was also tested by in vitro
experimental models, the peroxidation of linoleic acid and the peroxidation
of rat tissues microsomes by using thiobarbituric acid (TBA) for assay of
free malondialdehyde production. The antioxidative avtivity against lipid
peroxidation of rat tissues microsomes was shown in the following order;
brain 97.50%> heart 79.95%> kidney 77.84%> spleen 77.47%> testis
69.96%> liver 62.45%. The antioxidative substance produced from FF-7 on
linoleic acid peroxidation by TBA method was effectively inhibited during
four days, and 0.05% BHT (butylated hydroxytoluene) used comparative control
was also effectively inhibited. Results showed that the highest antioxidative
activity by DPPH method of antioxidative substance produced from Bacillus
sp. FF-7 was obtained by supplementing 2% galactose as carbon source
and 1% tryptone as nitrogen source in cultured medium, this substance
effectively inhibited the formation of TBARS in brain microsome in vitro

system and in linoleic acid peroxidation.
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thiol 3tFEZ ME UolA A3t (GSSG)T YA (GSH)L.2 EAjstHA o
FEALEY HZREA, DAY thioZ|E #AFHE FAANA FE 715, A
FHol BT AHX F24 epoxide, methylglyoxal ¥ acetaminophen 53 #
2 EAHEHY s, @A DNA 34, WA JFozHE HNERSZ
T AA A F83 AYFEE Yl ok o]¢h 2o glutathione A}
A el A o7 7R Al 2 djAbe] #9sta /7] wEd] o]R o] RFEA
HA 878, 253474 FLo ¥, 4894 918 € Sy o A4S Y
El71 = gtk Al o3 EofollA 1 AR AsA, HF7)E IH 2 o
528 So AWAgd 4 AMEHI e fﬂ SAEd AE5FG %
AR AstE AAGeZN ol AT ZHF AT FES U Re
2 Aztdr. .
mEpA] B d7e AF ‘31}37‘3"?‘51 A&y A9 glutathiones thFoz
FHote A4 7t &R #FE ®EstY glutathione & AdzA8 &
H3t, in vitro @A JAbst EHE o]&5te 1 AFLEHFLRY
B doS4Ed AF nAEY g7 ol o &dy Axd AF9 7F3H
T a7l AEREAEY M 2. AAFE oSS AR FE
of tanAg F UAFAER A Foste vAETY ST 5 AR
g ES LS T AHYISTAER B35 AL g, 3 A% AR da
B34 "ESAERAY @7 dRd Fdete WAEY FA, ¢+ A

nAES] RS T AGSAER A3 AT AF MEstax doh

SRl 25 FUsh FA ATAAY Az AFe LuTR7 WIAA
LH k=] A

U 7 ASLEAES V154, B4, DAARY, A AFezd
F87F F438 F/sta = AAen
= AF

BaAEe RS Ad, 3G Adel BE S4ANA Fesol
om, FF7t 0188 B ohizt 4 s BFP BAL
PR ABERAT S 2w A1vel 83 2

Kl
H‘iﬂ%gl wE 3ge U]*J!%%«l t“i} ﬁr"ﬂr g F ‘_91—57& 22 A
g UAE FH0] F2HoE FYPH o} FTh
g5 ALY Fe AAF, FF, 3Ed7F =
g 4 AT, 2 F AL AEY A A —11-‘5 ¢
Ank 3AZbF A7bg ZEAFC A AAF el =3
olrh
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9, Azt LHEAE #™ ”] AEo did 1@ R /s S #g 4

ALy olFoiAA g3 AE HAAoIth o] F AAFE AR
g FH UAER a4Fgo o8 g o
t3h -Elotrl At B AujgRo] TRt wuA

Fdsy zriazA 89 Aygs 433 &
A5 5 A A 53 2L 324Fe A9 AR, 33¢EH 59 9
2424 Chitine] ¢ 10% BX 5o Arh chitine chitinaseS ol «]
I 7tk ZEal=o] Aol e FF2 AgHo] Jddde E4%dA &&=
o Z7} 22l chitin oligosaccharide’} AAHE "oz <galAd gt} ol&
AN FZZFA EgFe] QE  chitine]l WEI}AH F HEA  chitin
oligosaccharides®] -2 4ol AFHo] o]F H7e nrled ATLaAF
o] Fjte] JhestElet AlR €. ,

ABLEAE F AHE 3, o] duzeln, AEA d¥de & ¢
FEdA “l*§€—4 Zgog Bl F4E %S ez zvjgr) HE=
Aol AZAdol S wEg A Folnh

AEZF 2aol Foste v AE] g8 7t Bl AdHE 7154
B2 F WYFHF EAY dAAT oA A G dIiME o} H 7t
2l A el o]FojA X ki Aok H7|AM, ABAF WAdFAER A

3} st HBzF Hrbd gl FsEAE HAe s AH AR FA A
e HsiMe 23 Holm AAHA A7/ Had}t

getA, & d7e 53 dEaAR8s AL e 3 ASLEAE F
A5 FHe GEvAE FEo o2 ddZAEde g AFE A
g WAFAEA] Agd AFHEHNES 7H‘“6J°i’“1 AELEgA T =
Aol ¢ 27154 AFY LS 53 RuhA AE, FUEAZTA £
2YAE Azol oblA] & ¢ e FE wAd

i dm

t..

R
X

18
°lN _?. o

rE
2

._.4

Az_f::'.»i

2. A% AeH

7} A1&d &4
D ATLAAEL $Yuet nhY BEYFLRN AALEA g A=
o Fout, Adstel AVZ At FBVAYFL EEHY PRl 754

HAZFWEA] i B4dol dFHUA BaE AT w2 FH3}se 27
T4 HERAF gl A4 aT7A HUG
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2) ATHaAEL wgHA F wAEY 549 7T 9133 o9 7HA
W57

B2z A3t AdH o8 7§83 B E vEhdo. o
gha dgel gejste nAES] Ade By 54 }_/‘}3}‘: A& 117]

T AELaAEe AL JHsskA g

& 448 A7 olg A B3 29
g 3l EE oS % HRE ?ﬂ]%l%‘ T e Fa% dFo|

HAFAERLE T2 715743 AF AxY AEEAY Z&o2 JS5E

Rol ditkrolxvt, AFFAED A vAES] FA3
AL AE A7 S8 715 AFELR 43 B s
al

5 3], 71Enge B F3te] Ao mrtz By ol
T Qo] o]F o] &% %A AES A Ao v GBS AL ek,
A, ALEINA F chitinase A FF G4} AzFL 5T 5%
AEo A BAFE o]&F AW, AZ L AF Ax A ABLEAE
Ao & ¥R JELIYTZoR A FH F & Y= AL AR
o] ¥zl ol4H: Yt WEWFAT UIZZEAY Baete $5F A
2 713 4 9ok

-
T4

o to

&ﬁiﬂ

S22
9
of
o
4
lo
()
I:o{u
2
e
_EL
olt
i)
rr
=
o
i
o
o
A
ro
A
0k
2
=2
2
o
2
2
R
-4
\d
-

D ER, AFAFY A= A GAFE B A5 ABRF AxvE
e AFAA oFoiR He gon 71E7, ZANCR gr¥ez 713
A 7154 AERF Aol T & Uk
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FE olFo & AUk

2 WEHES BENY F WAFZRA AL AT ¥NS F¢ LR
AF Ageld BEe AYTYREY $54F FoiAY 2FF3YE 7o)
Aste] 2y

3 AT FLF A7 olFoiAT Y AYBYBAY YA B 175
B} AGRYEA Age 1 Az IR BRARH A w2 HAL 4%
o 9] AAY FEe 43 Aok HAW, ATLANE AA W

ol 488 Bobo] A A AARE Azt 7S AF Aol A%
37 Grh % Fo WYFFEo) FuA AFIRAEY Ae JERE

A% AFAA WA to] LRAEA L) FEo] sFsaA Aok

9 =Y, ABLENE HEHY F UISFEL AL U4Ee] gL 1y
AN A% Aol AAnn2AY ANE 7HA Fu 4B Aoz )
AE $2E BF T AU $44S BRI 5 Yk

o A4 - #3459

$5E0) FHRZ AZTNE AEVTHES 2 $540) YdruE 2
FaI AAge] g e WA AABe AT FF7F 1 A
of g Aol Wojx 1 Yok WekAd, ARAFA, 7154 2FHL AAE
AGdoA RYZF AR AFLEAE AL AFHITAFo] By
Ao} Anst BAo] Frk FALES DAY + Ak

2) A2 ATLAYE F I AAY ol F7hzd &0 oFiAR
A= AR TGFE S FAYF $F4L A AAN 2 & g 2
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A& AFF SA) g Frshel ABLEAFAY AAHL FANA WS
9 A34E BANA

9 AEVEAEFL FUR7t I FHEo)Y] WP F4UE 2HE &
Aste] FojMe) £53dd 7 Aol WAZHEAC) BHH ABLE
Axel e AN FAL BWPorA 1P AT FAHE AHH
A2 ek u, xde BAAFS A N5AF AFo AAY AR}
2, FARAZAT AF] A73E SANANL FUNFY 20 AL
2 ohie} £5¢ 344 4 A

A2d A7/ W 2 U

1. AAF-FA 2 3 7 ARER A EF R R 3N A
7k @%b&iﬂ%ii—‘%ﬂ 7 ANEAER AAEF FH

A

U 2 7l B2 AdESY 29 2§34
gluthatione A4 %50°] 8 #5= 235l API kit 2 A, A3}ty
3} 16s IDNA sequenceE T8 #F9] 3

o 2YuAEe] 3t 715 4E EF AN g2
Spectrophotometer, TLC 5& ¢} &3t 39 #5ie % glutathione®] &
d

g wYRAES] 7 71eAMAERE AAPAxAY &
2%, pH, 57123, ©ad, F2d, Y 2F
g

ol #3 vAEY 28 F&9 FH S8 ML R A9ST

i
o

2. A2 EHAA] 2 $FEY FFE 0§ JELHRT I FF 7T B

5 7FElENE

. wdF ol% AT +3
BEAFE o4 BEAAY F IABTY 24

)
oft
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. bRl gt g Aol wE #AF chitooligosaccharide®l ¥
ZAF AF LE T AAE JIESYTY qFS FAet AR JIEST
9 A BYY AE

o JELYRT FqhHHo] & AFoZEEH chitinase FAFFE 23
7l 918 A ATl R(2.5% NaCl?}-n')HHZ]Q} g T x| (15% NaClg)2 Y
of ¥¥3tx, ¥&¥ chitinaseATS AEAEAY, A3z 5L, API
kit 16s rDNA sequenceE E3F 543 AA3h

gt EEnyEo] Yidte e 5 2 HFANEAY FY
2a nlyEo] AASIE chitinase®] 2%, pH, A sAld] wE 234 H]i.
chitinase3 3] A4tz &y (uiguAd, 229, S71xdd 5

b 28 flAES ol & AF AAF AL

3. A3AREFAA 4 B FFE o)L VITAH ZF JHEUle AE

)
ABLEAEQ B Fe A9, AZPPEE P £7.

1
}AsS #&F 412nmoAlA FJE=
= 94 FHdor AdHgn

o ASFFESE FAstsol ¢4 FEUAEY 34 2 £
Fistwel ¢ AT F L AHFAA FAsEA JAF AR e B
g vAELS Z}Z 10,000rpmol A 1527 44 283ty A5 de Hids
I AARA i"iﬂﬁ sonication% AALgE & st g 22 g
a3 F 5% F89AES API kit, AW 24, A3lety EzA 2 16s
rDNA sequenceZE 3 %ZJQ‘ A Al 3o}

gt g v Eo] Aitste 7%/‘]'35} 75—-194 Eig]]
FEUBEZREH AMdEE FAEDL o9 JHA] Sul2 &8 F Fi43)
g4E& FAHsln Spectrophotometer*g 01%01'04 Ag-E Az,

vl 22 vjAdEe JAstEH] HAPSZ2E Y
g FEuAES uiguAd, 71 A, Sr1zAd, MezaE 33
A& gyt

vt 22 9B ES o]&3 AT AAF AL

o
o
B
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3. sHAT, ABRENE F AZoY FFE A9, APy, ASAR n
g @, ) 23 71549 Holst Yr) WEA ol YE AAHY AT B

4, B3, ABAEAFL 7154 29U B ATE F2 FYSHIL Y= A
Hold, 7154e FANAUA S5 ABVEAFY AzTENLe) B
ATE AY olFolAA G2 o, BEH AWPES ART Ax Ao

5. =%, BYZFEAE A ¥ V1% ANEL, NELYLY EE
gde 2o b3 BRF AT ) FolAm gk Ropoly o F F3]
4 7o) @iolth

6. o121 WYFAEAE ATLRAF FH7lstee AxEs B A o] F9
AzFA =hstd LAHF AA 9 71e4E F4AI= 4T

7. 0l AFUEHEY WASHY 127 f404RY BT Fakol
2

B
7 APHEAN AGSFEAR AsHo] HFAA A ol EFo] FsE &
d
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LA el A% 2AE ARG AF Az %0%34%—91 43 woh
$EHD AFBHAFY 207t A Z7HE Rolth ok AFURAFE
g AAHY A7E B EEHF AAHolok & Aol

rlr

2. A, T FE AF AT LEAFY o] ojFo]H HAoR oigEolA
o, 7133 U 7Y S SAC BENAE 250 AF A
ol Hojop & Zojt}

T B2 d7AEd g8 ATLRAF AHBATAC #F O A
E7F dold Holm, olo] e uFd AT LaAF Mol 7HsT Aol

4 5

WaE EAol 28 EAES ALe AnAsAA AFLEAE A
A Bojn BAle] AuAZY B, 7154 $54E PAE AFVEAF
£29 99 @ 4 & WAl WA Aol
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A 12 s ALED B S35 AT 2 aiF4L

Zl& 7

1. A&

YA 9 2 BAHNFES HES Z4F 3 ZAE dygol
°]' A5a7t 53 g A3 549 o] A 8FHIT
A% X];L’LX)]—J MNEe de A AEE & AU AAEGA
S FE&S 7HAle BEES e Wo] AEZolg 4449 e
oﬂtﬂ- ;‘(]_’w;’,_ 7H/K']}C|§g F A= Aga]%/ﬂ }\4,’%‘_4 E)—Aﬂoﬂ .»]—‘6}- =il
83tk A2 Eo] FE&UAEY GAES o83ty Z4F A

ot 2 AzadE ved ¢ Jde AYUZAF 49 g
7b @9d] AHEIT Yo 2 F VR 3 A AHdEHASE dE
2] 7 glutathione & 3F F&VAE FF(ER)Y 47 gz A
o] I gPo 2 glutathione I TFH R 7| A 4 AFrzAE
7 A% M G4 R Ag5e 8% AFETAE E& F dE
iy

=]
_

izrlrr\lm —lo_&ZL
- ()
&a}il‘i@r{ﬁk~

)

dd R

[o ol

P A I R R g
(WA
m&-ﬂr*
a
m\;‘LrlFO{NN

o t& N fo &

fodo X b

Glutathione2  tripeptide(Y-L-glutamyl-cysteinyl-glycine)9] nigr®izaA
thiol 33E=2 AL WolA 43P (GSSQ)H FVF(GSH)o 2 EAHA o
FaAE REEA 9BA9 thiol7]lE FIMYHZE FAAA FE 7%, A
¥ulo] w3 AXxol 4 epoxide, methylglyoxal & acetaminophen 53 2
L EAEAY 5, 99d DNA 34, HAAe] JFozRE AHEXRT
5 A QoA Fa3 AP E Jeld ). o]9) o] glutathioned A}
A el A o) 74x A 2 diAbe] @93t Q7] g oAl FF3A
HE 8828, 3474 F8e] 9%, 434 18 € 9uF 59 A4S U
HgUrlE s dAE o8 BopdA g AR AaA, AU)S HE 2 9
218 5o AdYXad 498 AlEHI Jan, SAHAEFAY H5HEd g%
AR W ASE AAAGoEZA ol FUY ZF4F AFY] FiE oI Ao
2 Azdr

ety 2 d7e AF “ai?ﬁi‘dﬁ A 24 glutathiones thFoz
daste A4 e &R FFE £83o glutathione A AAZxAE &
Y3l in vitro AFA AAe 43 g3 disted 1 ARE BIsnzy



Eige

gz Y3%H o 2= glutathiones G EFe= st A8 FFE F
gt A% AFo2EE st JEEHE, Aty ®H AEEHE 544 A
Saccharomyces cerevisige®2 3 on, YM Hivjxiet 2 ujR] 7o
A Z+zk A9 glutathione L3 FAE AME3ste daksl a3 2 Al sis
2 5 dAERE HESAS.

E 2 AYA 2, 54, 3AAAZD Y, Agstgrd 9% T 5
A dAERs d5d FFEALE 1¢F ERY Saccharomyces sp.
FF-8¢ ©937 #4& Zotrnr] $3ted of 2 4] E(macrophage)?] &/ o
st} AESA. A MEE Hrlse £do 83 98& 3t denE
Hg oA g Al AR 44T 5 Jde EFolrh

(o]

2. A5 2 ¥y
7}. Glutathione g #5929 ¥ 2 A=A

1) #59 £

Glutathione 3 ¥4 &E #3& 22 EFoz RAF9A F4F 34
A3 ddldA AE A g 339 YMl(glucose 1.0%, peptone 0.5%,
yeast extract 0.3%, malt extract 0.3%) ZLAv]R o] =23 }-& 30CAA 2~
3U7 v & AAE Y colonyERE ERZ Z2AHHE FFE 1x 2
st 1A EeElg #5858 YM AR e ZtZ HE3E F 30ToA 297
A g3t ulgFAS 7,000xgA A 1583 4 EEstd A5 Ae AA
st 3d Al YL S7FFE 7189 Sonicator(F60, Fisher
Scientific, USA)Z AEZ¥-& #AHAZ] AL AEZ 39 Owenss} Belcherd]
wyog z FF9] MXY glutathione AA5E EAsA. £ #5F F
Al glutathioneitFol 713 S48 T35 HTHoZ AWsIed 2 A
AHE-3lth o] AWbAQl Ad v YM wjA & A}R-3H4

2) 79 &3

Glutathione B9 8L ASddtn FHFLES} FHESAH ¢
F38t3 gl Micro ID Co., Ltd.el ¢}5]ste] AIP 20C AUX kit 2 &3 A%
AF 24(MID], Hewlett-Packard Model 6890A gas chromatography)2 2 %3
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39k, glm o] TFFE 2% glutaraldehyde(0.1% MgSO: ¥ 01 M
Cacodylate buffer, pH 72)2 24A17F ¢ A2 A AT ©F 01 M
Cacodylate buffer(pH 7.2)2 2A1ZF &< AFHS3, 02 M Cacodylate
buffer(pH 7.4)°1 1% &=7F A %< osmic acid(0sOs) &YO.2 4T A
24N7F B¢ Az2lstd A AT 1A E sampled] A §9L AAG Hel 50,
70, 80, 90 = 95% olgt2olA Z+zt 1087 23¥ @AFY. @53 Ho
sampleS AR AzxANGA AZ3tI platinum coating ¥ oS FAF AR}
37 7(SEM, JSM-6700F, JEOL, Tokyo, JAPAN)S.2 HElS 7Haratelc).

3) Az #FAF =23

A2 MBE RAZTE VM B AFOIR 13 FIe4n 0CAA
7242 A% MET F FAL 7,005l 158 948 AT 2o E
FAE ZFF2 13 ARGT 0TAA 24A2FE Gkl D WAx A=A

A %z FA9 FAE GEstd FHAstn FHFN A" X
spectrophotometer(UVmini-1240, Shimadzu, Kyoto, JAPAN)E A}&3t9 660
molA FJEE AT TTJFHoZHE Y] dx FAFS 55 A
o},

4) Glutathione®] &%

Owens$} Belcher? o} @2} 0.2 M Phosphate buffer(pH 7.1) 25 ml,
1.0 mM EDTA 0.8 ml, 0.6 mM DTNB 0.03 m/, glutathione reductase(5 unit)
gt N8 02 miE E¥F F 412 nmolA T%EE %73t3 02 mM NADPH

£ 01 miE IF7ete] 30ColA 58 WAZ T 412 nmoA FIFEE &
A3tk NADPHE % 7t A9 F3%E Aolg T3lo 4" EFJFHe
23 g glutathione F#S AF3A

5) Glutathione A34Fzxzd

A 7o) 2 FA o A4S} glutathione BAFE HES V] Y3td YM
Aol WFol2 13] HF3Z, 30TNA 24 ok AvjFdE 54
3 Aol 2% AFsA 30TANA AR FIFEA 124 FFez wFdS
Hs) FAe] ABS3 glutathione BAFFS FAsATH 28l YM viAE A}
g3le 25, witxd 2 pHE HE}H o, glutathione S g A
HAZAN AEE YM MAS 7l12oz 3o 72 e £F9) 2 ¢
STk
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1}. Glutathione 313§ T3F9] 343t 84

1) DPPHY ol ol& 3itst &4 53

DPPH(a,a’ -diphenyl-B-picrylhydrazyl) €92 100 m! °|€-&°] DPPH 16
mgs %2 F SHF 100 miE &89 Whatman filter paper No. 2¢] <3}
AA BHEAT ©] &Y 5 midl AEEY 1 miE EFsHA] LA 30837
H8-A12 % 528 nmollA FF =9 #AAE &AsY. old ulzF<2d BHTE
0.05% FEZ HIIste olAxet Y3 ez F3E AE SA3AH
DPPHE o] &3 Aa F o5 (electron donating ability; EDA)E A8 A7

F37E7e FREARE HER(E AT

EDA (%) = {1 - (Abs / Abc)} x 100 -

Abc : Absorbance of control treatment at 528 nm

Abs : Absorbance of sample treatment at 528 nm

2) Zt %3 microsome ¥ 32 ZA|

4719 AY FFHERE HES 4 23S Y4 AgHdTE FA A
2 AFAR B718 AAT F 9¥FE A 1.15% KCI-10 mM phosphate
buffer(pH 7.4) 4 ml& %31 homogenizer(DIAX 900, Heidolph, Germany)2
AZA AT} o] £AE 4T, 12,000 rpmellAl 2087 AR 3T F 298 4
Aol JlotAlz oztatm, JAE 4CTE HAY YA E7)(Hitachi 55p-72,
Tokyo, Japan)slA 45000 rpmoZ 4583 QAR st dojzl HEq
1.15% KC1-10 mM phosphate buffer(pH 7.4) 10 m/& ¥ ¥ microsome &
goz 3.

Ol

offu

3) Zt =3 microsome #+3-E o] 8¢ Fi3 FAH &7

gAirsl 2L Wong $2 e wel 50 mM Tris-HCl buffer(pH 7.5)
15 mio]l A88% 02 ml, 2 239 microsome 31 mi5Z 1 mgel &HA
) 0.1 ml, 0.1 mM ascorbate 0.1 m!/ € 5 mM FeSO4 0.1 mlE & 7}
ste] WbgS A E3e F 37T 9 shaking water bathol A 1412} incubation
AlA #AA3E FEARACT old dERTFE ARE HAIA @1 YoMt
9% Bz AN} Incubationo] U Esterbauer 59 Wilo] &
3t} 3 M trichloroacetic acid®} 25 N HCI9] £%-89 05 miE 7}slx 3,000
mpmo 2 1087 AL F A3F Y 1 mlE Ao 067% TBA 1 miE 7}
st Tt B & &olA 3087 7HEete] @A Zh ¥4 $ 535 nm
AN FAEE FAFI e, A A5 JA&E Q=+ FF 20 U
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As&(%)2 vastgrh.

4) Thiocyanateo} 2J3t &4k3} &4 &7

Osawa®] ¥Widl ulgt WA linoleic acid (25 mg/mi! in EtOH), ferrous
chloride(2.45 mg/m! in 3.5% hydrochloric acid), ammonium thiocyanate(0.3
g/ml in H:0), 0.2 M phosphate buffer(pH 7.0)Z ZAjste o]ARL stock
solution®&. 2 /\}%‘3}9\1\3} TFEAL AJE8H 02 ml, linoleic acid 0.2 mlE
Al o] Wi %35 & phosphate buffer 0.4 mi®}t FHF 02 miE 7ty
40ColA &¥ £7F & incubationstBA YA717He A2 FA{YGH. &
AREE EFEAAA 0.1 miE At test tubed] YL 70% ethanol 3 ml
3} ammonium thiocyanate <% 0.1 ml/, ferrous chloride €% 0.1 miE &%
g 3 g3 3% F4 500 nmolA FREE SASAD. ojwf &4 vlnE
93t BHTE 0.05% sE==2 AH&3tel BHT d7M+2 s

5) TBA(2-thiobarbituric acid)el]l &3 34ts) 34 =4
]E’r.-g-"“ 1 ml, linoleic acid (25 mg/m! in EtOH) 1 mi€ Ad B ¥ &
3k & 0.2 M phosphate buffer(pH 7.0) 2 m/¢ FF4 1 mliE 715 40T
o)A incubation 3}tHA YATRZAecR =AU ZAYYPMUYLS Al8d 05
mlE centrifuge tubeo] W3 35% trichloroacetic acid 0.25 mi} 0.75%
aqueous TBA 05 miE 7}slo £ 3?— boiling water batholl A} 7}E &%
HA 1587 YAt olRAE 2 Ed YZAAR F 70% trichloroacetic
acid 0.5 m/E 7Fg tH& 208 ¥ 3,000 rpmoﬂfﬂ 1587 QAL oz, 2 4
Z9E 532 nmillA FHEE SHGAU.

|

o Adsiea 7 54 4% 49

’é‘éi sE2 8573 IFHAE T TN AR 1JARE FoHH
A gAGd HAeA F 27 67r2l¥ @3 (randomized complete block
design)2.2 EF3lo] AlSA &% 242TC, 5% 50+5%, 94F7] 12A17H9
F71: 07:00~19:00)°0] AE AFE FF AFSHANA ASAd P&
T Heog 657 Fd4% F SYR{FUES EAFAG AT (Normal
group), WA 2 ojo) 5% FFECZ glutathione FHF AE S. cerevisiae
FF-8 #A £%$& 657 5F49¢% F SEH wE EFFA ¢ FF-8¢
(FF-8 group), ¥4 2ol & 65 F9& F BRI AGstdLE &3
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(20 peg/kg body weight)Al1A A3 HF 2°7 23] BFFAF 3t g4 3¢

P 5
e A AdstEL F(CCly group) B WY Aojdl 5% FEoR
glutathione L3+ ER S cerevisize FF-8 T 22<% 657 F4% & &
B ol g3z AR LE BAFA ¢ A9 Y@ A+FF-8F(FF-8+CCly

group) &2 Wit & Aol AFEF Hojx4 2 Table 13 Zth

Table 1. Composition of experimental diet(%)

Ingredients Normal  FF-g®  ca? 4P
FF-8
Casein 20 15 20 15
a-Corn starch 15 15 15 15
Corn oil 10 10 10 10
Cellulose 5 5. 5 5
AIN-93 mimeral mixture 4 4 4 4
AIN-93 vitamin mixture 1 1 1 1
L-Methionine 0.3 0.3 0.3 03
Sucrose 445 445 445 445
Choline bitartrate 0.2 02 0.2 0.2
FF-8 powder 0 50 0 50

1) FF-8 : glutathione-enriched Saccharomyces cereviciae FF-8 strain
2) CCly : Carbon tetrachloride

2) EY A=Y =A

4y HAFTY AR AGsELE HF FA & F 1242 F dHE=Z U
WA wEAA 55 dEsdezyE sty dojd HAL of 3083 A2
oA FAIAIZD F 3,000 pmol Al 1580 AHEE o] S Pk ¥
A F AdE: 9 7% AE 2L BS54 A 3 2P L H&E
d F 34" AN g SRS A¥sta 718 AAY Of 3] FAE
A4k, -80ToA REFAA AP EY ATt
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3) 834 Ads= 2 A%ty AgEH

At stetad] g3 7 54 A EFHE HESH] 989 Total lipid,
triglyceride, total-cholesterol, HDIL-cholesterol, nonesterified fatty acid
(NEFA), alanine aminotransferase (ALT) and aspartate aminotransferase
(AST), lactate dehydrogenase (LDH), alkaline phosphatase (ALP) &4}
AR AFTFEHAAZIAS oY stdgAd g=sted 43 AT. 1 F
2 AL Folch 59 #Wid &3l 7+ 1g$ chloroform: methanol ¢ 2:1 &
FAozA AAE FEto -40T e WE A BBSHA A LA o] &
sk 3k 249 FA4 AR FEE FEF oI AP dFFE F53A
Afodize fAA ABAELY  (Triglyceride-E  test wako; Wako
Junyaku, Osaka, Japart)2.2 &34 3Rt}

4) Glutathione2] A%

+ 27 % 9| glutathione 33 42 Beutler 2 Kelly (17)9] Hiio] oz}
0.2 M Phosphate buffer(pH 7.1) 25 ml/, 1.0 mM EDTA 08 ml, 06 mM
5,5’ -dithiobis(2-nitrobenzoic acid)(DTNB) 0.03 ml, glutathione reductase(5
unit)$} AlE 02 miE & F 412 nmelA E-"]'Eg— 23431 0.2 mM
NADPH €< 0.1 miE #71ste] 30ColA 583 WX F 412 nmolA F3

=& =334tk NADPH& Y H7F AF9 F3E old Fatd AP B
FF X0 2 HE glutathione F#-S A HFsch

5) LtxA o] WAy B

FEHE FAF AET 1S W AR BRstd 98 AAAN
Fejo A =29 dAT ¥ AR E FAdtd 10% FAHAE=ZA &do 1
At T4 A Hetd o) FHE AA 3~4 @ FAZ FH3I}
o hematoxylin ¥ eosin (H&E) 44 ¢ ¥ J&gdn P oz #A3ch

6) Zt4 microsome &9 A E Fist A A}

AAAelE Fod JAHE EM]QOHH]EE 7H Al U}—ﬂ"lﬂ 7ﬂiﬁ}°‘] A&
T e WAE AYAEFR SA AL AR 271§ FFAU g 4
AL A 115% KCI-10 mM phosphate buffer (pH 1T4HE 713ty
homogenizer2 &3l AZth o] §9d& 4CT2 HAAFA YELHAEH7=
12,000 rpmol A 2087 YAEE S F F5AE 4589 AZ=E AqFea, 99
S 4C=Z AARAY 2YAR 7] (Hitachi 55p-72, Tokyo, Japan)olA 45000 rpm
o2 4587 QAR AAd & 115% KCI-10 mM phosphate
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buffer (pH 7.4)& AAZF 715t microsome R oz st Fatst 4L
Wong 59 Wil mtg 50 mM Tris-HCI buffer (pH 7.5) 1.5 mLel} 2} A&
49 02 mL (6 mg/mL), Z¥ microsome £8(1 mL% 1 mge ©%A &)
0.1 mL, 0.1 mM ascorbate 0.1 mL @ 5 mM FeSO; 0.1 mL& =2 718td
kgl A E33k & 37C9 shaking water batho] Al 1A]3F incubation A]A
s E FEARL old dx2FE AEE H/ANA €3 X T4
Byl o 2 gt ch ¥WkS3% 3M trichloroacetic acid®t 25N HCle] £3d89
05 mLE 7Istn 3,000 rpmo 2 1087 AR & 459 1 mLE Fg
o 067% TBA 1 mLE 7}8le] st B & oA 3082 71<Este] &
AARAY ¥4 F 533 nmolA FFEE SAHI}I oY, AARAAsY JAE
S Y=Y F3xo Uid HA(%)Z v et Th

7) EAAE

F20 (meantS.E)E EASHen, & HddTe 94 AFE Duncan’s
multiple range test®2 F2138}¢t}.

g}. Saccharomyces cereviciae FF-8 W g a3 A% A|Feo] HAgFH

H Y

D A¥FE

AP} g3 Rat:e SDA AR FHALo|AA(HF)AA 13l AL&
Atk 24T 6vtely 2Eddx Aol WFez wWjEsnh A 2k
T 2212TC, §2F& 55760%2 A W3 ool 1227 @92 2HHE
FAdA 714 E2ArRs E5 AT flol FFsHH

2) Al Az

B AYox Bag #FQA Saccharomyces cereviciae FF-82 & A7
S 2 AR YgE HF2AR EELEFEY, EYNE B2 AL
o dAMAE F4F5E v, FAHIFAt(Fig. 1)

3) Al 3L uj Ful =)

A8} A}Ed A X ujekRe RPMI1640(Rosewell Park Memorial Institute;
GIBCO)9] 2mg/ml sodium bicarbonate(GIBCO), 2X10°M HEPES
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buffer(GIBCO), 5X10°N HCI (GIBCO), 10% <-ejo}3d3 (Fetal bovine
serum, FBS; GIBCO), 100 U/mL penicillin(GIBCO), 100 ug/mL
streptomycin(GIBCO), 5X10°M 2-mercaptoethanol(Sigma)E& H7tste] @A
vi R 2 ALg-3F AT

4) AAANTMZHFEZT, BEZYAAL)EE

ANHAE AZE ¢ZA7 the& 70% ethanolZ EHREZ A %53 F v[AFE FF3F
o8 AHZ3ta AF ¥ Hank's balanced salt solution(HBSS; GIBCO)o} B
petri-dish® &7, 3¢9 F&& Z2Z 23S Jd 5 dAHe=E AEAH Ax
E HERAR F % 183 AANANA 23 AEE AAG F 500golA 10&3E
AAAANAG ELE HAFE AAST] A cell pelletE ACK
buffer(Tris-NHACDl @3t 183 AA1§ 5 FBS 10mLE A7kt 2
22 FBSE 23] M A3} tripan blue AP o2 Holdde NESFE AFH
E AAuA Y HAAsEE 2AFIYCY B A X thioglycollate 1.5mLE A
FAol Bgol FAT F 49 T AF ¢=F AYAZ th pasteur pipetE ©]
43t FBSZ BA4-& Z A3Fstd FFAEE A8

5) 27 giaAxe g%

gAA T Ba% ZHL Iwao Suzuki®] WS WPstd FP3Ach AFH
o] B AZE FASY A £ dishdlA 29 < wiFstdd. 2 F
disholl #3817 e AXE PBSE 28 AlEste vlglx 5X107 fluorescent
microbeads (lum, Polysciences)/1X10° cell® 21 4583 wikstdch W%
T v g2 259 A H(microbeads)E FBSE 3W A3 ste AAs AX ®H
o] & nlgd REFAAE AAS ] 93] trysing 187 Asii 3WE A
Hatar. 2 F 325 e AXE wojA tubed %3 the dF A
& E3lo] AX <o B8 microbeadsE Allon, ZF AYEF F 300719
AXZE HA3AT

R
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CHAL AN

o 7=/ = . FITC =3
Ot MR Saccharomyces £l e (e X )
(Hiazms cereviciae (Fluorescent S
=2rAl E EF-8 gt5 o micobeads SS
- _'Jb,gkﬂ ) o o Ingested Binl
. £l Tumer. Cell) =3y
: 1

(2 225,
EE SIH)

ToR)E ARZ AHgstel dAAE 245 L ME, 57

3. 23Aas}
7F. Glutathione 13- 59 28 2 =2

) #Fe 29 2 £3
Bad N FAT FANA ‘ZJ_E}MW FAT AF BRI 145

o2 FaE3 #F FIN AR "354“1 5ol vinA -3 FF 5F&
Ad3le] 1 5 glutathione /‘g*}'“ o] &% FFE 5‘12751"1 Adete £

Ao AL&3IQHTable 1). IF /‘*%?ﬂ glutathione A4F #F& 54 o}_T'_Z}
AAAn A (SEM)2.2 #ad A(Fig. 2), wE€ ¥ gd3ez e
45%3.4 1m(FEx95)2 vud guky 3r1e] grolon, sorEd ¥

g Qo] Folgez FATES 4 ¢ AU FH FEvd BYHY
A& API 20C AUX kit2 A3 A3} Saccharomyces cerevisiaeZ &7 = 3]
ov|(Table 2), #A AW £4oz Axote] A9t 24E EAME A
Saccharomyces cerevisiae2 A &A= o] ¥ AFAE o3} Saccharomyces
cerevisige FF-82 34 = %{tH(Table 3).

Juog
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Table 2. Measure of glutathione production and dry cell weight on
yeasts isolated from Korean traditional rice wine

Veast Glutathione Dry Cell Weight
(mg/) (g/)
FF8-1 49.2 4.05
FF8-2 74.1 4.68
FF8-3 39.8 » 2.62
FF8-4 38.9 4.02
FF8-5 35.2 4.63

SEI 30K/ X10000 1pm_ WD82mm

Fig. 2. Scanning electron micrograph of the isolated Saccharomyces
cerevisiae FF-8 (x10,000).
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Table 3. Physiological characteristics of the isolated Saccharomyces
cerevisiae FF-8"

Carbon source Assimilation
Control =2
Glucose +
Glycerol -

2-Keto-gluconate -
L-Arabinose -
D-Xylose ' -
Adonitol -
Xylitol -
Galactose +
Inositol -
D-Sorbitol -
a-Methyl-D-glucoside -
N-Acetyl-glucosamine . -
Cellobiose -
Lactose -
Maltose +
Sucrose +
Trehalose -
Melezitose . -
Raffinose +

Hyphae/Pseudohyphae -

Y used with API 20C AUX kit

2 . o . .
? posttive, —! negative
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Table 4. Composition of cellular fatty acid of the isolated
Saccharomyces cerevisiae FF-8

Fatty acid composition FF-8
Cu:o 1.5
Ci6 : 1 cis9(w7) 53.3
Ci6:0 14.5
Cis : 1 cis9Hw9) 28.0
Cis:o 2.7
ID Saccharomyces cerevisiae (0.423)

2) Glutathione2] A4+=A

71 WAz W& FA A% 2 glutathione A4

YM uixie A vlFAZbe) wE Saccharomyces cerevisiae FF-8 #52] A
43} glutathione AALHE AET A3}, Fig. 3949 o] w9 A& )
27188 F33] F71st7] AlFste wig 722100 HOlE YEh e
I o]FRE AXA o R Faste AFolAnh o] o glutathione AL w)
G 4ANAE TA BEH AolE vEH BYoy, 36AFE #A8] F
7vet7] AlFete] wiF 72A1bA0) A S dEhdio] Al ASH Fdd
Fde JElA T ol Shin 5o 818 Candida sp.o) €3 glutatihone
el A vl 36412t Hd#FS JeERAds RasE AR oRE Aol
7F dev, #F9 g3 717t A F glutathione AAtEo] A7t =9}
e BadteE FAMG 2F3E JeE it

) wjFexo] wE glutathioned] A=A

Saccharomyces cerevisiae FF-82] X W3lo] 93t FAo Ay 4
glutathione AAr#ES HE3] 98] YM ®lAE 20, 25, 30, 35 2 40Tl A
72X 7t g w3 A Fig. 47 2}k FA9 A5 glutathione AT
£ 30CAA Hd FFHS veuisien] 30T o9 2o glutathione
Aol FA3A 7243t th Shinichiro 52 Saccharomyces cerevisiae2)
A% 20~40TCo] i X oA glutathione Aol FToix HBUFYPI,
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Tadayuki 52 Candida utilis®] 735 24ColA glutathione A4tFe] Foix
Rustgoh ety B Aol ®Ee8l® Saccharomyces cerevisiae FF-8 &5
£ Saccharomyces cerevisiae®] # 7 AFLES} {FAF AFHE JER AT

o) WHkE T o] & glutathioned] AArz27

Saccharomyces cerevisiaze FF-89] X¥l&Xko] mE #Ao S o
glutathione A& HESZ] A3l YM ¥jAE A&t 30ClA 0, 50,
100, 150 2 200 rpm&2 7213 w4 A= Fig. 59 #vh 49 KL
shaking rate7} Z7}gto] uwlel Zr)lsle AFS B HAX T, glutathione AJA‘aE
e AYEE 100 mpmol A HdFE YeEhlen I ol mutEEoA =
aste A Vet olElgk ddte AgFdozy A SHEHA &
Hoj 713 Zg3te wgAA o] HolA 1 I FFRA Ao of
2 FAe A& FItEAR A3x3 Age 23] glutathione A
dshe Aoz AzsolA

[

*&Hﬂirl

)
Ring
A
0
=

p=s3
[+3
Hx1

2}) z7] pHYl W& glutathionee] AJirx7

Saccharomyces cerevisiae FF-82] %7] pHel 23 a9 A8 o
glutathione AAFS HEIZ] 93] YM wiAle] pHE 4~1022 ZA3te 3
0CelA 100 rpmo2 72A17F v g3t A= Fig. 69 2ol #A9 A{FL =
71 pH7} 5914 HoigrS Vel 3, glutathione ABAFES Z27] pHZF 694
A= ERAY. Kenzo %" Candida krusei®l 7% pH 694
glutathione A4H3e] Eriz 3t e, Tadayuki 5% pH 694
glutathione A4teke] Evix st B dAFolA  Eeste  AMSE
Saccharomyces cerevisiae FF-8 ﬁ-rg} A A3HE JEeEhid

HFI

I:l

of w& Saccharomyces cerevisiae FF-82 A&7}
glutathione AA4FE HESHZ] 31 YM uixle] ©@42922  glucose,
galactose, fructose 59 @3 F9} lactose, maltose, sucrose 59 o3&, 1
2]3 soluble starch$} & 37 E 244 1%/ HEE Y7 w3t A
Ii= Table 49 2t} o]FH9Q lactoseE H7F A$de A S 2
glutathione AJ4te] &3] <A = 9121‘3} 2 9o gaxddAe vz AR
A o] A% Z glutathione AAFHFES e #3119 52 sucroseo] A
7t EA JElgteny glutathione "3" 22 glucosel Al 7% EA el
glucose?] =& F37} 1, 2, 3, 4 2 5% H7tslo] v} & FAe A4S
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# glutathione BAFZE S AHFig. 7). T BHL glucosed FE7}
Z7kste) ulel F7tsleE BEdS BYAR, glutathione AAFE 3%= H7bst
2e o HAdHFS JeERey I o] Agde #adte AFS B

Shimizu & )¢ AKX sucrose} frutose?t 5302 glutathione
Aol = glucose?t 7HE &S AAEFHE JERAdT T Ruggoen, Lin 5
% Saccharomyces cerevisiaeS ©]-&3% glutathione AAtA ©Aigoz
glucoseZt 7H¢ 958 AAERE Yot Buste] & AoA £
© Saccharomyces cerevisiae FF-8 #59} A3 A34& Jel o

v AP w2 AdF

Ar9e FHN wWE  Saccharomyces cerevisiae FF-89 A&3
glutathione A4S AESY] $ls] YM wizAle] ALY E  peptone,
tryptone, yeast extract, malt extract, beef extract, casein, soybean meal &
o] 7] AA93 NaNOs; NHCl, (NH9:S0s 59 F7] ALY E 27 1%7)
HEe2 Hrbste w3t AxtE Table 59 z2th FAY A% §7] 2axd
9 tryptonedl A 7} E=A JElRten F7] AAUA (NH).SOAE 713
v ott}, Glutathione ABAMZE UiAZH22 f7] Aado] 77 A4 B &
A e e, 53] yeast extractollA 7HF A JeERe] yeast extract?]
FEE 53N 1, 2, 3, 4 % 5% A7 wgd F #A A4S
glutathione AAtES =3 AHFig. 8). T A AS8L yeast extract?] %
7t F7tgel wel S718ke] 4%oA 7HE Al VrER AW, glutathione A AFEF
2 3% A AYFES YHEPRA L 2 ol Afdde #Ases S BY
o} ©o]#Al glutathione Al N 717 & FFE A= Ax
Shin $& yeast extract7} 33t B3 oen, Liu 55 4249
yeast extract®} peptonee] 7% E-& glutathione A4t &3 Yeluddx
Buste B 43 a8 Saccharomyces cerevisiae FF-8 ¥ 9} ALg
ARE et

A B4 90 w2 g8

njPgYRo XN HErAYe FHd W& Saccharomyces cerevisiae FF-82)
57 glutathione BAIFS HESZ] A8 3 Y4z 842493 244
2 5% uixld Fridgez MgSOs K:HPOs, KHPO, NaCl, CaCl,
FeSOs, ZnSOs, MnSOs4 52 71298 Z+zF 0.05%% H7lsle wjg3t A
= Table 63 &t} # Aol A8 NaCl, CaCly, MnSOs 594 7V =4 v
Bl A 9t glutathione A4r&E KHPOsSNA 718 A yehllo] KHPO,9
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g F37F 002 004, 006, 0.08 2 0.10%=Z Hrlste wjgst & TA 9
7} glutathione A4FEFE ZA3}AHFig. 9). A9l ASXI glutathione
F& KHPOs9 FE7F S7Hstel ket F7hslke] 0.06%904 %S et
oun 1 ojAte] ALdlE AAstE FES BYrl Gamarallage T2
Fated glol e Friddol 9Fe Feu, 538 K, Mg”? 29
Ca'c] &R trAl#Ad AFHYA 4P Fn nusgen, Kim 5
Candida sp. ¥o)FE& o]£3 glutathione AN Fr1AY oz KHPO,
7} V4 Egdn Basdte B Ao ®® Saccharomyces cerevisiae
FF-8 #F¢ A% 23& Yl dch

0 £ o ox of
o 32 2 g

fo K

o}) olui=ite] W& g

Glutathione®] AFAZ tFst ofv|xibe] o] wWE  Saccharomyces
cerevisize FF-89 X837} glutathione AL AES 7] Y& 3 AWAZA
ol gAY AxgY, ¥z Br1EAIES /3 wlAd L-glutamic acid,
L-cysteine, glycine, L-methionine, L-cystine, taurin 52} opu]x3te Z}z}
0.05%% HAr7tstd wjgd A= Table 73 2ol 749 S-S L-cystineol
A 7} =A JElg o) glutathione ABAFEE L-cysteineo) A 7HF &4 o
Eho} L-cysteined ¥EZ F37}, 0.02, 0.04, 0.06, 0.08 R 0.10%=2 H7}sh
o wFd ¥ ZAe A%} glutathione B4 %W F A}, Fig. 109141
Zo) 006%AN4 FAE Yelol Murata 59 glutathione A4 A3 A
L-cysteine®] glutathione A34tell Aoz Fgsicte B9 {FAS AF)
£ Yehiich

Z}) Glutathione 434Fe] 7 =2

AF7A ] AT AR Saccharomyces cerevisige FF-8¢] glutathione 34t
Fol dFE vA= IdF w2 S AES A= Table 8% 2t} o2 A
HA RS ALgslo] vl 7] pHE 622 ZA33 30TCoA 100 pmeE
uFAIZ ] WE FAe] A& 2L glutathione AAFFE YM AA|v]x) ¢} vl
HEZ A3, Fig. 119149 2o] 72A1 2t A A9 A5 R glutathione A4E
ZFol Hdl FHE Jeho] YM uiAo Ao wgAZ o] wWE AL FAMS
74%S YRR A9, glutathione A 90 mg/ilA 204 mg/IZ °F 234,
AZFA F2| glutathioned 156 mg/gol A 215 mg/ge 2 ¢ 148] AL F
7t At

_41_



80 5
S
o
B 4
i <3
o i
§ o0 3
5 =
& o
i [}
cg)40 =
o -23
g '3}
S 20 &
NS L1 A
S
I
S ]
=
[D 0 T T T T T T T O

0 12 24 36 48 60 72 84 96
Cultivation time (h)

Fig. 3. Profiles of glutathione production and dry cell weight by
Saccharomyces cerevisiae FF-8 during cultivation.
(-H- : Glutathione, ~&— : Dry cell Weight)
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Fig. 4. Effect of temperature on glutathione production and dry cell
weight in Saccharomyces cerevisiae FF-8 culture.
(-M- : Glutathione, -A- : Dry cell Weight)
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cell weight in Saccharomyces cerevisiae FF-8 culture.
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Fig. 6. Effect of initial pH on glutathione production and dry cell
weight in Saccharomyces cerevisiae FF-8 culture.
(-M- : Glutathione, ~A- : Dry cell Weight)

_45_



Table 5. Effect of various carbon sources on glutathione production

and dry cell weight in Saccharomyces cerevisiae FF-8

culture

Glutathione Dry Cell Weight

Carbon source
(mg/D) (%) (g/D (%)
Glucose 576 100.0 4.15 100.0
Galactose 54.6 94.8 4.05 97.6
Fructose 524 91.0 413 97.6
Lactose 188 326 2.10 50.0
Maltose 56.6 9.3 400 95.2
Sucrose 53.8 93.4 4.23 100.0
Soluble starch 24 42 2.38 57.3

The medium contained 0.5% peptone, 0.3% yeast extract, 0.3% malt

extract, and the carbon sources were added at 'a concentration of 1.0%

(w/v).
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Fig. 7. Effect of glucose concentration on glutathione production
and dry cell weight in Saccharomyces cerevisiae FF-8
culture. (-M- : Glutathione, -A~- : Dry cell Weight)
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Table 6. Effect of various nitrogen sources on glutathione
production and dry cell weight in Saccharomyces

cerevisiae FF-8 culture

Glutathione Dry Cell Weight

Nitrogen source
(mg/D (%) (g/) (%)
Peptone 66.4 100.0 4.60 100.0
Tryptone 67.4 101.5 5.80 126.1
Yeast extract 38.4 133.1 5.63 121.7
Malt extract 46.2 69.6 4.85 106.5
Beef extract 44.4 66.9 3.7’.7 82.6
Casein 36.0 54.2 3.94 84.8
Soybean meal 64.2 96.7 4.53 97.8
NaNO3 41.2 62.0 4.28 93.5
NH4Cl 37.2 56.0 3.83 82.6
(NH4)2S04 26.2 39.5 2.91 63.0

The medium contained 3.0% glucose, and the nitrogen sources were
added at a concentration of 1.0% (w/v).
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8. Effect of yeast extract concentration on glutathione

production and dry cell weight in Saccharomyces cerevisiae
FF-8 culture.
(-H- : Glutathione, -A- : Dry cell Weight)
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Table 7. Effect of various salt sources on glutathione production
and dry cell weight in Saccharomyces cerevisiae FF-8

culture

Glutathione Dry Cell Weight

Salt source
(mg/D) (%) (g/D) (%)
Control® 127.0 100.0 8.30 100.0
MgSO, 1358 106.9 8.30 100.0
KoHPO4 140.0 110.2 8.60 103.6
KH2PO4 1448 1140 8.68 104.8
NaCl 130.2 102.5 8.73 104.8
CaClz 1286 101.3 8.73 104.8
FeSO4 1264 995 853 102.4
ZnSO4 L 1432 112.8 8.85 107.2
MnSOq 140.0 110.2 8.73 104.8

? The control medium contained 3.0% glucose, 3.0% yeast extract, and

the salt sources were added at a concentration of 0.05% (w/v).
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Fig. 9. Effect of KH:POs concentration on glutathione production

and dry cell weight

in Saccharomyces cerevisiae FF-8

culture. (-IR- : Glutathione, ~A- : Dry cell Weight)
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Table 8. Effect of various amino acid sources on glutathione

production and dry cell weight in Saccharomyces
cerevisiae FF-8 culture
Glutathione Dry Cell Weight
Amino acid source
(mg/D) (%) (g/D (96)
Control® 158.0 100.0 840 100.0
L-Glutamic acid 139.0 88.0 8.15 976
L-Cysteine 200.4 126.8 8.28 98.8
Glycine 132.8 84.1 743 38.1
L-Methionine 150.0 949 7.98 929
L-Cystine 140.6 839 8.40 100.0
Taurin 134.0 84.8 7.90 94.0

* The control medium contained 3.0% ghicose, 3.0% yeast extract,

KH:PO4 0.06%, and the amino acid sources were added at a concentration

of 0.05% (w/v).
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. 10. Effect of L-cysteine concentration on glutathione production

and dry cell weight in Saccharomyces cerevisiae FF-8

culture.

(-~ : Glutathione, ~&- : Dry cell Weight)
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Table 9. Optimal medium composition for glutathione production
by Saccharomyces cerevisiae FF-8

Medium component Concentration (w/v)
Glucose 3.0%
Yeast extract 3.0%
KHPO4 0.06%
L~Cysteine 0.06%
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Fig. 11. Time courses of glutathione production and dry cell weight
by Saccharomyces cerevisiae FF-8 in the optimal medium
and the YM medium.

Optimal medium(-M-: Glutathione, ~4&-: Dry Cell Weight), YM
medium(-[]-: Glutathione, —A-: Dry Cell Weight)
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1}. Glutathione 313§F ¥ 59 313 &4

1) DPPHY A 9% Az 4%

DPPHE ©®l23 <33 free radical®4, ascorbic acid, tocopherol,
polyhydroxy %3S 3tE, WIS ofdlFed o U= X2 Ao &
A= 9IE o83t F4s BA4E FAHsEd, olEd DPPHELS AR
Saeo] izt BHE D3] SAHE & e A AA FiAst GhA=
ABdAgel wg Er] wiZd ®ol o&F= wWHelth.  Saccharomyces
cerevisiae FF-89] YM vjA19} HZ Aiujz| oAl AA4HE glutathioneo] 4%
3l &7 E DPPH radical AAREE A%t Az Fogsoz wms A},
YM WX} A 5549%, A AN 67.269%2 e glutathione A4
Zo] Zvbgto] uwEl s AT 9L L 5 AATFg 12). B
glutathione & o] =& FF Aiuixo] Z$ dl=T<9A 0.05% BHTS} 1]
g FFEOZ =& i3t Ao vET.

i)

Hr

2) Zt =2} microsome?] A& Iiks A FA

FE 4 zHoz2R¥E XA microsome 3L free radical ¥F-g-o 2fsf
ks =57l 48 EEIA S Wol dfetn YT AERoZ AAA
Aot XA FHAid3t in vivo AEA B ot in vitro APAZE d¥
ol-g-xo] o3 9t} ol AA s wEL A7 A 54 FFEY
FE EE T T AA ol dd o3 Z Axd Fuid &4 Ysle AL
2 484 o A8 71Ae 23 W Axe A3t 2Edf 29 FIL F free
radical A9 71 R ikt wolge AR s dojuA drh oly g
Ad st wgez FAA AF HAAELS AA oA "5 AAHS F
w5, ¢, w3t AAgel W3t R sy § Azl FA X8 a3%E
el zz A oA d FAEEY Ao dlg- Fasit TE AudA
A XA FistE AP AEE veidle TBARS 32 7 23 A X9
microsome®]  Fe''/ascorbateg #7139 Hlgadoes HEIE=d,
Saccharomyces cerevisiaze FF-89] YM uix|e} 7z AibaAdA AJitd
glutathioneo] Zt Z&A A X2} TBARS &3] nlXl&= 43S Fig. 139] YeEh
Atk 2+ ZAAE microsome AET BX3A|WAiE] A AR &)=
glutathione &#°] & 33 ALuIA7E YM WA BT AAHoz =4 e
wow 7HE 60.98%, A1 56.43%, A 5291%, ¥ 52.13%, ¥ 4557% 2
Bl 42.95% o2 Jeht g2+ 0.05% BHTS ulud Hl&3 JAadd
& Vet Qt. E3 Saccharomyces cerevisiae FF-8°] A43E glutathione2
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te 244 Bk B ABAA AA G B FA dHU BE
2 o1§% in vivo APANA P B4 B ol BHFAY AR EHES
Aol BAs% Bago) A HA

3) Linoleic acid 4t3} APAE o] &3 P4tz &4

Saccharomyces cerevisiae FF-82] YM ujx|9} HZH Aitujz|ofA] Fitd
glutathione e X 3}x14H1 linoleic acidE ¢]-§% thiocyanate g o2 3
A3 4 & SAZ A= Fig. 148 2l Glutathione &30l & 3 A
A7 YM iR B & Faks A4S JeEdch 2E 3 g 74 A7}
A iz vl wg- A st o] FAEHALH, 0.05% BHTHE H]
o N FEoE & FASf FHE YUY B TBAYS ©]838)
o Fi3 AL ZAJ AFE Fig. 159 2ok 2 AFA G E 98 585
72 HA A7 YM wlxlnc} 343 4ol =A vElhtoy wkg 6
AAFE = FA3E Fo Aolg B F A olgd ¥l diz7E AHER
0.05% BHT< vi-$- 2% 34itst 848 e
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Fig. 12. DPPH electron donating ability of glutathione produced
by Saccharomyces cerevisiae FF-8.
BHT : butylated hydroxytoluene (0.05%)
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80 100 120

Peroxidation (% of control)

Fig. 13. Antioxidative activity of glutathione produced from
Saccharomyces cerevisiae FF-8 in organic microsomal
system as measured by the TBARS method.

BHT : butylated hydroxytoluene (0.05%)
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Fig. 13. Antioxidative activity of glutathione produced from
Saccharomyces cerevisiae FF-8 In organic microsomal
system as measured by the TBARS method.

BHT : butylated hydroxytoluene (0.05%)
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Fig. 14. Antioxidative activity of glutathione produced from
Saccharomyces cerevisiae FF-8 in the linoleic acid system
that is measured by the thiocyanate method.

(-@- : Control, -¥- : BHT, -H- : YM medium,
-4- : Optimal medium) BHT : butylated hydroxytoluene
(0.05%)
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Fig. 15. Antioxidative activity of glutathione produced from
Saccharomyces cerevisiae FF-8 in the linoleic acid
system that is measured by the TBA method.

(-@- : Control, -¥~ : BHT, -l- : YM medium,
-€- : Optimal medium) BHT : butylated hydroxytoluene
(0.05%)
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. At 2 A543 A '3

) AFo A IF

HAujR oA A=l Saccharomyces cerevisiae FF-8 A& 5% ¢Fo =2
2ol Fol Hrtstd HHAAZ FF-8TANA e 4T B AFol ¢t #a3}
Ror}, Apg3ters Ay 93 CCLTIAY AT BAaE Saccharomyces
cerevisize FF-8 i JF92Z A AHTable 10). olgd A=
glutathione 3&-F Saccharomyces cerevisiae FF-8 A7} AAAH A=
AFL B2AZIL T 71% Astel #HT AHAME AT FAE F3AT)
it AFE Hole Roz At H AL Ty ofgd 7 ¥t
Ag Asle ALY 730 Aole fle AR vEnT

Tablel0. Body weight changes of CCls treated rats.

Body weight (g)

Group . . Changes
Initial Final

(6 weeks)

Normal 381.89.3 436.4121.8 54.6+14.40

FF-8" 3815+11.8 426.8+13.9 45.446.22

cCl, ? 388.6+7.4 428.0+78 39.4+3.02

CCly plus FF-8 389.9+13.1 432.8+15.9 42.8+4.41

D FF-8 : glutathione-enriched Saccharomyces cereviciae FF-8 strain
? CCly : Carbon tetrachloride

2) r 27 FF e I

RAF Blsl] CCLzolA A 2+ T3 (g) 2 A 3+ F%(%, ¢/100 body
weight)o] A3 Z7letgitH(Table 11). o] 3 AAgdtea g 44 3
ZA9 A FoHe g 1 54 2ddA veive d¥3QA A3
24 Ag3ledd S4es b AlxT £doz FiAo] Frlete HFo} o
ojvt:, XA F2 FAALS FHoZ A HFol v A A
2 Bra H3 gk 28y ArdstegadaA veid oed 3t 23 S
Z7}b= FF-8 739 AAYZ AFT FFE22 dAS F2HU
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Tablell. Liverweights of CCls treated rats.

Absolute weight Relative weight
Group )
(g) (g/100 body weight)
Normal 10.58+0.26 2.45+0.11°
FF-8 10.65+0.46 2.49+0.07°
CcCly ? 13.40+0.34 3.15+0.07°
CCly plus FF-8 12.77+0.81 2.94+0.10°

Y FF-8: glutathione-enriched Saccharomyces cereviciae FF-8 strain
? CCly : Carbon tetrachloride
3) F A4 ¥59 oA 9F
g3 F A =25 AIEAE F98A 4 AYT vl FF-8T oA
Frd@dFE EAL, B3 AgErE F9% CCLhzd] B3] CCL+FF-8T 9
AT FA7EE B Saccharomyces cereviciae FF-8 Ay AAAE &
7% Aas 2L WA AHNE WA F A2 BE AsAgol A= A
o2 AtgHo] H(Fig. 16). o8& Saccharomyces cereviciae FF-8 i3] %
AqZoA F AL TR ZFae APToA % Fd2HE 9 FAHAAE,
O

°lE
T ALY FE ZFid 7)dske Ao Ho o

o

500
- a
§) 400 T
E ab ab
N
~ T
S 300 R
8
K] b
Q I
A .
s 200
=
S
3

100

, 5
Normal  FF-8 CCli CCL+FF-8

Fig. 16. Concentrations of total lipids of serumin CCly treated rats.
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4) 83 2 1 279 FAAL F=d A= IF

F 2A9 FAANA FEE AT HE] AFLSEE ATt A3
F7tst A wl(Fig. 17), ole AMgstaa Al o8 AFHoz vehte 7
z3219 F4AA F2(3435)] o3 AEtol fFidE AL Uetde] Eroh o
Ay Atdsters Xl od FAAALY ojdg F7lE glutathione 13K
&% Saccharomyces cerevisiae FF-8 T2} Z‘jﬂ?ﬂi ARXTE FENA A
st} AAHE AAAATIE Aoz vEiwth Abgstea Ay ol 3t FA
A4 Frte F2 O AME 38 F7ke 7&°ﬂ’\1 dFoz Eulde
lipoprotein®] #H] Ao 71ste A2 Ry Q)

59 FAAE s AdsaAd Ao o) s B g ez
veiston, ojglgk Ade o Bud Ao dAsta givh. ¥
sleth 9% A3 CCudol W3l Saccharomyces cerevisiae FF-8
o] CCl+FF-81oA dA 8] Zastrh ojde] AF4E HWH AHgsa
Aol o dF E 2 A FAHAA FUlE glutathioneS: 3L
Saccharomyces cerevisiae FF-8 @3 g2 dA3 Bagozy FAHAXA
F7tet #H Ago Mo {88 Aom AR At

l->rtlJ.\:

Serum TG (mg/dL) Liver TG (mg/g)
80 50
a b
60
40
20
0

Normal FF-8§8 CCls CCl Normal FF-8 CCl4 CCl
+FF-8 +FF-8

Fig. 17. Concentrations of triglyceride of serum andliverin CCls treated

rats.
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5 83 ZU28E 2 A FE nAE I3

g3 F ZHa2HE = AT 4§ glutathione 1¥HF &R
Saccharomyces cerevisize FF-8 #F @& 5o FF-8Z°lA E74449 #9
A zto] gflo] ofzk ¥tow, Ardsietd A7 CCliwel ¥l8) CCli+FF-8T
A @A FAeAHTable 12).

¥ HDL-ZH2HE =t ATl vl FF-8FolA 7174
3, CCl %2 CCI+FF-8TdAe AYT noe A7 EE FF-8
FoAd ZAE Jel At

N(O
—\1 fz
rr 2

FUO?L‘

Table 12. Concentrations of total cholesterol, HDL-cholesterol and free
fatty acid of serumin CClLs treated rats.

Group Total cholesterol HDL-cholesterol Free fatty acid
Normal 99.83+4.22° 24.83+1.17% 591.00+43.65°
FF-8Y 85.83+4.77° 28.67+1.41° 366.17+14.83"
ccL ? 87.00£4.95 20.50+1.69° 761.00+29.51°
CCl, plus FF-8 61.50+7.37° 20.67+2.54° 530.20+23.13°

1) FF-8 : glutathione-enriched Saccharomyces cereviciae FF-8 strain
2) CCly : Carbon tetrachloride

¥x fIATE BEE AT 88 glutathione 2% AR
Saccharomyces cerevisiae FF-8 #F @% FAIZ(FF-8T)NA #oldo=

FASE 3, CCLEAAE Felxes Z713 9bH CCL+FF-8TdAM = 2319
AT FF ol3lE dA3 FASHLE CCLy Ao 4% dF Fexyite
A% S7te 3 2FAA AL FAHe FUME U8 Fem f{eH
o] & Bow AzAr)

6) 7+ 715 A ¥ &4 ALT 2 AST FAd) njx= Qg3

7+ &4 oAz el ¥A F AST 2 ALT AL Alg3tera A
gz o Sogdoz =150l AYH Adstes S ENS YR
tH(Fig. 18). 22} glutathione X ¥# &EX Saccharomyces cerevisiae FF-8
FZFe] ANTYE ALT AL A #4248 A AST L EA9] &

_65_



o<1 Aol flo] ot At AFE e @8 ¥4 LDH FAE
ALT 843 54 AYoE Fasigod, ALP 42 7 4377 a4
g Aol UATHEFIg. 19). AMgstgd A2 7F &4 dAAEZ AMEEHE
d%F ALT, AST, ALP 2 LDH &4¢] $& 4 A& At o&Foz F7H
Aoz ¢aA Ao} Sugimura®t Yamamoto: acetaminophen- F &
Aol A glutathione ¥ Saccharomyces cerevisiaze FF-8%%%< 4314
& W FAFE oEHoz ¥F AST 2 ALT A A2 7 540 9
H Aoz »uy v Yuh

s

AST (IU/L) ALT (IU/L)
500 3 3 300 .
400 ] 250
o b
300 200
150
200 a
1 100
a
100 a
50 < a
Normal FF-§ CCl CCls Normal FF-8 CCli CCls
+FF-8 +FF.8

Fig. 18. Activities of serum AST and ALT in CCl; treated rats.

ALP (IU/L) LDH (IU/L)
350 s 3000
300 2500 b
250 2000
200
1500 a0
150 . a
100 1000 I
50 500
0 0
ccl Normal FF-8 cCls
+FF-§ +FF-8

Fig. 19. Activities of serum ALP and LDH in CCls treated rats.
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7) 3+ Z]Z‘J_J—}ﬂ-i}% X 2 glutathione FX9] vAE I3
2 carbon tetrachloride, acraminophen 2 alcohol®} -2
o2 7R 5*3 5}@’%"]‘/} GE T AW T AF ¥H AyYTH dAdo)
=g YJehle M $2% 71702 AAHT QU oy
71L&z H]EE-J Astd e 29 F7t, F free radical A9 F71
2 3akstd wrojel el Az Qs ofrjEY, & AulolA At XA 3}
ASE A Az AREZ ¢elA JdE TBARSE 7+ =33} microsome &
oA FAT A= Fig. 205 2ot Argstgdas 22 7 528 7 23
W AR AE FEe AR 24E AFAA FFHEE MEEHNS
FEAIZIA "ok o] REERETE &4S Y4 FS T Axde] xAo)
st He iR-o BAAV gIgerd 89 2 23 O HASAA FF
o] F7tstA "t

Homogenate Microsome
12 5 6
210t 5t b
S T
i a
S 81T 4}
3 a
g 6F 3t T a
NS
<
3 i
B
2t It

Normal FF-8 CCls CCls Normal FF-8 CCl4 CCls
+FF-8 +FF-8

Fig. 20. Concentrations of TBARS of liver homogenate and
microsomal fractions in CCls treated rats.
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b 22 AN E A FE Yl TBARS $x5& Z4T vl
glutathione 18 &5 Saccharomyces cerevisige FF-8 TF FoTolA 3
A FoAA Aol ey gt FAAFAUR, 53] AHgsEgar AR
TBARS =7t &A% F7tste 1 23] &44d AE veldo F1 it
a2y o] 3 TBARS X9 A% F7he vlEdA F4sx] 988 st
glutathione 13 EE Saccharomyces cerevisize FF-8 T3] Fd2 7b A
E R AT FTLE FAF #AadY AldsEio g A EE
25 - A= SIAIIE EFE BHAFITH

Zr 2A U AN E AL vEAF PisA 9E8S se uaAd
s 42l glutathione ¥E9 2HF AAAS 7Ixxn Yo 3¢
3938 glutathione FEE AT 4Hl& glutathione IFHF~ER
Saccharomyces cerevisiae FF-8 &4 %o} FF-8Zd @A Z7sta.ont,
g steta A elo) 9| XE Saccharomyces cerevisize FF-8 @3 o2 &
Agel Aol glol okzk Ftste Aoz uehthFig 21). WEA E A
AE b 23 U AAFAALEE Ao UIJQA 343 £2< glutathione ¥ %
o} 1A% #AG S HRE RoZ AAEHUT

Glutathione (mg/g liver)

Normal FF-8 ccly CClL+FF-8

Fig. 21. Concentrations of liver glutathione in CCls treated rats.
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2L FAE4E 3 FdEHe F 54 RdFEl
o oz 3t A= 2 gl AAFAA FEI Fadte
I71 XA gyl o] glutathione 18 BE Saccharomyces cerevisiae FF-8
TFo FA olnxat ZAE BA3 A3 Saccharomyces cerevisiae FF-8
3o FA opvixdt FF W 1151~151%AH(Table 13). 74 oFF]x=
Ao} b Zo] FGH AEL glutamate 11.51% (g/100g dry weight) 93,
th& &0 2 valine 595%, aspatate 5.46%, lysine 4.56% %550 ATt E
3] Saccharomyces cerevisiaze FF-8 d5o] %ol &-#3F glutathioned] F8.
T4 olnl:=4k glutamate (11.51%6)7F AQY Bo] FF=eol Qo] FHA4ksk=|A
FES 2 AL TS w3 JtsAel AXFEUTH

2
e
T

Table 13. Concentrations of compositional amino acid of

Saccharomyces cerevisiae FF—8 strain.

Compositional amino acid 9% in sample
Aspartic acid 5.46
Threonine 2.32
Serine 2.46
Glutamic acid 11.52
Proline 1.86
Glycine 293
Alanine 3.59
Cystine -
Valine 5.95
Methionine ) -
Isoleucine 3.02
Leucine 4.09
Tyrosine 1.92
Phenylalanine 242
Histidine 151
Lysine 458
Arginine 3.29
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2229 Fesa B A, AHTANE B A9 FEH E FAHN0L
‘_C_)__

o, BFAEEL FHE TAAH AXAY T2 92 /KT U A xS
BE 3 Fog & FxHo Ut ol9} {-AFSHA glutathione 31EH &%

Saccharomyces cerevisiae FF-8 # A o FF-8T A< 3 29L& FA3)
Qe AT Aoz FAA widE] o AFHA iz
3 v]l5d FAS By AHdagd ETddae SAAYL FAe
A AZA YA 2HER e, xF ] dF D A1 B2 (UAEE
o] °o]g zubAA(fatty changes)e] e HH(Fig. 22). 28y A3}
F-839 7+ 2FoAE 45 2 JA7E A EojE £ ol &X
ABAEEY AV} A A FAES FHTH FFAA FA
Zupzkel FAAEIzE Sl @E 7 23 o AYAEE Adsig s A
2 arisk 247 dA43% FUk e Al Bld glutathione 13 &R
Saccharomyces cerevisiae FF-8 TA¢] Ax o] &3] A3 ZFolso] A
Z A 37 FAH A HFig. 23).
wet A AR F4 54 2 Aol dig glutathione L3
AR S cerevisize FF-8 @52 AAZ ] o3 3tz A%, AAL ANF
2 QAN EY AT A2 7P BE D At AH e AFAE
A oAl Fgol & Aoz BaH

»aozrg;.jgmriu
+ =
oo

._70...



Bl
' Normal+FF-8

&
i s

| CCl¢tFF-8 Hoge

Fig. 22. Hepatic histopathologic changes in the rats treated carbon
tetrachloride . The liver sections (right 200 and left 400 X
final magnification, n=2) were stained with hematoxylin and
eosin (H&E). CV: central vein, arrow: Kupffer cells in

sinusoids.
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Fig. 23. Effect of glutathione-enriched Saccharomyces cerevisiae
FF-8 strain on hepatic fatty changes in carbon tetrachloride
treatment rats (hematoxylin and eosin stain, right 200 and
left 400 X). FF-8; glutathione—enriched Saccharomyces
cerevisiae FF-8 strain, CCly; carbon tetrachloride,
CCl4+FF-8; carbon tetrachloride+glutathione-enriched
Saccharomyces cerevisiae FF-8 strain. Arrow: fatty drops.

o9l A3 Yl AFFaFod EBaE  Saccharomyces
cerevisiae FF-8 w3 FElo] uidA F43EA glutathioned 2 o)A
39 HAAAL A 21N HAEY AS 5 DA o] diFA
Ato] 7hssld, 484 7+ A3 4% FERYA glutathione g &2 A
Aol o3 2 54 JAG M2EHE 94 EFHE 4F FFFE £ =3
A4A &S FAd HEAL £ e ARRIAEF J2Y%E AL A8
2 AH8E 7HeAe] ¥ AR ARHIL.
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2}. Saccharomyces cereviciage FF-8 23 q4 3 Algt #|F2] WY

Hady A3t
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Fig. 24. Effect of Saccharomyces cereviciae FF-8 Fermented
Solution on phagocytic activities of peritoneal macrophages.
(B:Control, N:Kanne Juice, Hl:Saccharomyces cereviciae FF-8
Fermented Solution, FITC ; Fluorescent micobeads Ingested
Tumer Cell)

Fig. 24v ¥ Q7oA "HYFZAEAS FAddr] 93t s o
Saccharomyces cereviciae FF-8 2 a %] tj2Mxe] g5 mxe I3
S Yo} E Azlolt}, Saccharomyces cereviciae FF-8 R E Yol 2 Alx &
AeL gxFAA = microbeadd UE B3R &2 AE7 oF 595%0]
deon, 1-571, 6-1071, 11-207H, 207} o|3-& B4 ALt Zz 31.1%,
5.4%, 3.4%, 0.6%°]lAt}. o] vldld Saccharomyces cereviciae FF-8 ¥ &9
o] A ME FolA= microbeadE b= HAEHA S ME vl go] 287%
2 gz 595%° vld] wolxa, 17] o]48 B2g AXIL 7T1.3%ZE Uiz
79 405%°) vl dAA FUMEIATE o] AFAERE Bol Saccharomyces
cerevicige FF-8 a4 g AE &2 58 FYAASS YT & Ut
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A2A ¢y IFE ST VNESHNT 1¥F TE

A A 77l

1. A&
79L& N-olAdZFIA(GIcNAC)°] f-14 A 3 FEA A A5
59 4F AR, TF9 924, Ao FRe Ay dudd E3HA
24 giEo] glon, AgAdE AE2029 Zo] AEAY AU BHE
o d3g dHsty Ut [1] 719 AFAddA dzk o 1,000 & A==
Adsln eon, dESE T AEAYD (Biomass)el#tl & 4 dok [2].
FIEALS 7198 Adzgz gola a3l (deacetylation)Al# 4& 4+ dow,
D-ZF3AM (GlcN)o] f-14 A F2E 7IAx Ao [34]. 719 - 71 E4L
o] o] &2 MY WEAYY F& olgo] FHS UL olF F&I] LA
W, I $EFRE FHE ASEA HeAHA F2 FI55 FFHA, AE
T Aur2A Zh ARG FA, 22EIYIE F4 2 Ve 4, Y
£ AB2A WEH AYA, o5 g AREAN AT T UFE
24 ol &= gt a8y FHE 1049d9ARYH 719 - 7| EAL E
AgZ7; 9@ 53 Lo o 4, FF8AY, A Sy
2 w39} g FE F A8 IR AP BHE /MR doEs Ao BEA
ozN dA AT AEARA AT Ade] &2k s
(56,789,101 234, 79 - 7| EA2AANZA digs] n&A B
AE 22 gletrda o] Abge] @A 43t F5 HA REh J
Aol FB/AME [-14 SEIANE AFE £l F 4 UE &

X gk wEA 71" - F1EQRS] A FHEHRA ZTEHL
7] A E 289 SE1dS AAT FaUt Ao (11l

Chiting Z3sls A4t 7181& ZdstEs wyd wet 2 37ix9 1§
(endochitinases, exochitinase[EC.3.2.1.14]3} N-acetylglucosaminases)2 2 4}
¥ 4 9t} Endochitinaser 71¥0 WHE FIAA=Z 714 23 = a3,
exochitinase® 94X L JFAE GIcNAc? 133 2l GIcNAC2 892 J)
glo] wode) A RE] B3ttt N-acetylglucosaminasest endochitinased] 23l
A BAE GlcNAce &8 13 ) exochitinased] 2314 A E GIcNAC2E
IeRste] 71 A9 7182 ¢99 GleNAcS A4rstt [12] o8k 71¢
B EAEL Bacillus circurans [13), Serratia marcescens [14], Aeromonas

N

_82_.



Chitiosanase (EC 3.2.1.1.32)% " EE% ofve}, 2¥ 9 AEAE #3y
o}z o} [18,19,20,21]. Chitosanasetr 7]EAF #AF<9] B-glycoside AEe 715
Eaete dHdld wax =ZA 3 BFE UE 5 Utk Class 1
chitosanase[22,23] GIcNAc-GIcN# GIcN-GlcN 2§ Alo] & 38}, class
I chtiosanase[24]= GIcN-GleN A3 Ale]&  ®3sin], class I
chitosanasel25,26]% GIcN-GlcNAc2} GIeN-GIeN 2 3tAlo]l & R 3sls 54
7H o},

71&d) 43R 799 R #AAS Fig. 1914 293yt w8 1, chitin
deacetylasecll o|d}jA F1€d] &A= olAE 7|7} A FelQd F)|ELdo] A
gt g8 2, 719 o] golMA e AEQ JEALS R st I 24
chitosanasedl] 98X g3 e SFIZAMY (GleN), G2 EalH 1, o
of dEHoz g% 7t £33 &4 exo-f-D-glucosaminaser: TFF FH
A SFFIANS A4 o) (ukS 3). A1 REEe ® g2 A4 Ui 9
B 5 ZF 99 chitinased] oA TFHA ™ol ojFHe FHY
GIcNAc®!  (GIcNAce=  ®iste FAAeldr (s 4, 5. B
-N-Acetylglucosaminase™ ©]%F2 (GIcNAc):E @379 el GlcNAcE
Z2asAY &nd FHA (GleNAcAA ©2HA GleNAcE 23 dh
(W3 6). old PlAELE (GleNAc)E GleNAcZ &#38AY  (GleNAc):
phosphorylased] & &4 GIcNAc-1-phosphateE A4t o} (W8 7) ==
(GlcNAc): phosphotransferase system®l| gH=E GIcNAc-6-
phosphate-GlcNAcZ W38 Alzlt} (43 8). ©]o]F w¥§-©o =2 6-phospho-B
-glucosaminidased] 2} 814 GIcNAc®t GIcNAc-6-phosphate® E38}3tct (-2
9) [27,28,29].

tlo
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Chitin ® .| Chitosan
[o) ®
r v
(GIcNAC)n (GlcN)q
®
GIcNAc6P @
GieNAe | (GlcNAc),
1 ® lg—j
+ ‘ A 4 A
GlcNAC6P GlIcNAc GlcNAc1P GIcN

Fig. 1. Previously known chitin catabolic pathways from chitin to
monosaccharide. Enzymes are displayed as 1, chitin
deacetylase; 2, chitosanase; 3, GlcNase; 4, endochitinase; 5,
exochitianse; 6, GlcNAcase; 7, ClcNAc2 phosphorylase; 8,
GIcNAcz phophoryltransferase system; and 9, 6-phospho-P

-D-glucosaminidase.

2. A8 2 4y

D A&

FIEAL, S80lE J1EA, 719 Alan-¢ =g XALZEE sty JE
A 29327 (GleN)3 719 28313 (GIeNAC)hES Aol FAIE R +
] 3oy, g8 RE AGEL 5EF AS AHgsd.

2) Chitosanase @ chitinase A4t o529 £

£ AT A8 TFE 39 AF AEQ 2HoENH s AE
lgOﬂ W 10mldl] ¥ 3 vortexing mixerE o] ZslA mutgk 3 644 3
2 @3 Wo=w LB agar H]X(polypeptone 10g, yeast extract 5g, NaCl 5g,
agar 15g /1L)d] =23l AAE colonyE 0.1% colloidal chitin-LB agar ¥
A} (1% colloidal chitin 10ml, poly peptone 10g, yeast extract 5g, NaCl 5g,
agar 15g /1L)®} 1% soluble chitosan-LB agar ®1#] (1% soluble chitosan
10m], poly peptone 10g, yeast extract 5g, NaCl 5g, agar 15g /1L)o} A =
et} 37CAA LF L7 vlg F, 05% congo red2 43l NaClz2 &
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A3t9-& w colloidal chitin®lY} soluble chitosan©] ¥ 38% o] clear zone®] &
AHE TFE 13 Adsuh 13 283 255 94 LB vixdd FHE s
37Tl O/N wl43te} thA] 22§ LB agar vl A4 =U3le] 37ColA 1
Fd wigsle] F2yY FH) colloidal chitin®} soluble chitosang 3} 3}
clear zone°] 7F% ARGIAME IA JYeutE FFE chitosanase L
chitinase A4t #5F2 F£ AL Ao (Fig. 2).

3 &3 JFIEA 71”9 &4

1% 84 71EANS S/FS 900mlel 71EA £2S 10g Ho vt
ol F IM9Y Acetic acid® 90ml F7} dden, HE BEES THRTFE 9
£3ld 1 liter® @& ov, IM Sodium AcetateE o] &3le] pH5.02. 2
3t [30].

4) Colloidal chitin #| =

Colloidal chitin® Roberts$}t Selitrennikoffe] -8 W 3td chltm(Slgma
A}, C9213)-8 o835t A|x3HTh Chitin £'Z 20g°l Z‘l& G4t 350mlS %
A3 H7ME &, 4TCAA Z8tA stirringst¥ O/N3FH vl Chitin-g 4t %Qﬂq]
A7FE 95% g8 2L H7EgE ¥, -35TA ZshAl stirringdh® O/N38}H
S 44 &8 (5000g, 2%, 4CT)E8 T3t sHsAS =318 IA
2 ZFFE o] 83l pH7.0°l 2 o 71X washingstEtt [31].

w
o
r)d
m{u

5) Glycol chitin A=

Glycol chitin> Molano% ¢ S W3t glycol chitosan®] olAlE o]
& 53] AUr}. 5g9] glycol chitosand 10% acetic acid 100mle] mortardl]
A Addq b A5RS5IE AAE 22T over night Wx}stsdch
Me-OH450mD-& A3 #7I3t® 1 4AE Whatman paper Nodell ET}A]
719 33514} o] d3gd AL vle]HAZ &7]3 acetic anhydrate 7.5mi<
A7bet stirring AT 2 A PAE gelS A2 30F FA HAEL
e zZto R Asith Gel2RE WEE £718 AA At Gel 2ZE
Waring Blendor2 &7 2k7te] Me-OHES B2 Ax 2 H7}8t9 homogenized
33tk o]E 4T 10,000rpm 15%7F GAEY ATt Gel2 @ pelleto] 1vol
9] Me-OHS #H7b 3t9 tHA] homogenizeddti Q41 a3t PelletS
0.02%(W/V) sodium azide7t X®3d FHT (500mhol] Folx 4% F¢
homogenized 3}t [32].
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6) T+ ¥ DNA9 &

Al F39 545 Hstd DAUI0IY €44 DNAE o3 2ol £838
t}. 44x] DNAE 97 18t pre-cultured #FS LBUX] 3mlol HE sl
37T shaking incubatorelAl 476A17F E<¢F widslgd o widd #F&5 FF35
o 1X TEN buffer(Tris-HCl, EDTA, NaCl)Z washingdt$ith. 500ul SET
buffer (20% sucurose, 50mM EDTA, 50mM Tris-HClpH7.6], 1mg/ml
lysozyme)E  suspensiondti, 37ColA 10 &<t  incubation ¢
proteaseK(20mg/ml)E 4% 73l FAld SDSE AF I1%IE=EE H7bs
o 37°CoNA 3087 AEE lysisdti, 6M NaCle 3 7}g 3 phenol B A
t}, Phenol AAE sample 99% Et-OHE I AAIA-70T, 108),
chromosomal DNAE 3]43t 51t}

7 FA AR drjR #EE AT AF &4

23 58 2% Glutaraldehyde (0.IM sodium phosphate buffer[pH7.2],
01% MgCl E3HZE 2AZ F< 4ToA A AT, 2AHAE A A3
0.IM Sodium Phosphate Buffer pH7.22 1417+ 23] A& &2, 02M Sodium
Phosphate Buffer pH7.49] 1%7} A %21 22024t §402 4TAA 24
AIZE Bt 23 nAAAY, 2 " A4 §9E AAT H @& Irh
234 7L 50%, 70%, 80%, 90%, 95%, 100% Et-OHol o} 10%<t WAjg
T 94 REsld &9 AASE A4S 47 234 vHESIAT 50790% @A
T 4ToA dygsigden, 957100% DA A4 AP ez
hexadimethyl -disilazaneS 713l 4T A 1A WA = A B sto
48 A A3A T

8) AL A AAHTY H2E

Bacillus sp. DAU1019] ZH& Ma 459 AdE 939 TGYHXA
(tryptone bg, yeast extract 2.5g, glucose lg, agar 15g per liter)$}
glycerol-glutamate agar®lA] (glycerol 10g, monosodium glutamate 25¢g,
K:HPOs 0.5g, MgS0; - TH:0 0.2g, CaClz - 2H20 0.011g, FeSOqs - TH20 0.015g
ZnS0O;4 - TH2O 0.013g, CuSO4 - 5H20 0.005g, agar 15g per liter)olA] #2314
o} [32,33].

9) 165 rDNASH gyrd # A o148 ASE ¥4

16S rDNAS} gyrA f3dxE PCRYS T34 &53. 165 1DNAE 5
Zarl g F A9 ZgelW (57 -GAGTTTGATCCTGGCTCAG-3”’
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[position 9 to 27 E.coli 165 rDNA]s} 5’
-AGAAAGGAGGTGATCCAGCC-3 " [position 1,525 to 1542 E.coli 16S
rDNANE AHg3den, grA #3AA FF& AsiA F 719 Zeteoly
(5" -CAGTCAGGAAATGCGTACGTCCTT-3" ¢+ 5" -CAAGGTAATGCTC
CAGGCATTGCT-3 " )& A& 3titH35] PCRY L o3t 22 Adatd] wz}
A 83tk pre-denaturation 95°C 60%E 43 ¥, denaturation 95C 60
%, annealing 60°C 603, extension 72C 90%% 30 Alo]F 33t oy, v}
Ago 2 final extension 72C 10 3384 PCR¥3S w#7g 3th
PCR¥ ) ¢)s)x] A% PCR AHE L pGEM T-easy ¥ ¥ (Promegaib)ol A%
&ttt

10) Bacillus sp. DAU1019] 7)1EAbolA] f-xzke] £A4F £2Y

Bacillus sp. DAU101¢} genome libraryE F+3349tl. WA, Bacillus sp.
DAUI019] A2 F2YE LBUA 10mldl HF st 37C, 180rpmoll A 3H=3F
5ot mjFsldth AXE st Sambrook[36] Tl 71Ed W oA
genomic DNAE &H|atdth. #8]9 DNAE A3 &4 EcoRIS o438t #
= HGS 3 F, 06% obEa Ad M7l gFste] diF 172 kb AE] @
AES 34 stk 4% DNA dHELS A &4 EcoRIF calf intestinal
alkaline phophatase #2}¥ pUC18 ZgtAv|=o] AZggFHAAHT. AxHE &
Zt2u == thA] Ecoli JM1099] transformation (B3 A3) st g2 A3
9 #FE 37CAA g3dAG0ng/mheol ¥ 05% glycol chitosan-0.1%
congo red agar ¥ixlolAl wikstdch. HS Mo uiAelx FEY F9o F
33 oA S YeEde FFE JIEAGAE Adste AxY FFE
Adsgeon G714E8E EAA. €71 AEe B4 2 {AAEY 2AE
NCBI®] BLAST(N)Z M43tk 454 detojdELE MacVector 659
CLUSTAL W Z219& ol&sgdch =

11) GST-chitosanase fusion EF&t2nj=e] +&

Glutathione S-transferase (GST)-chitosanase fusion ©¥% A F337] 9
ste] ol uolalelA  FAFT  F7le]  oligonucleotides EE}elH (5’
-TACGAATTC GCGGCCGGGCTGAATAAGGAT-3 ', 5°
-TTCCTCGAGTTTATTGAATAGTGAAA TTTCCGT-3")E A&t
o] ELglo]lEL2 GST fusion ©¥jA o]l 2d WEQ pGEX-6P-10] A E2
Jat7l YA xetoln] Wie] A3 EA EcoRIFH Xhold] & AYstAth
PCR %39 50ul &9l& 100pmole] Ez}olw, 200nge] 3 DNA, 20mM9
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Z4Ztel dNTP (dATP, dTTP, dGTP, dCTP)9} 1.0U¢] Taq DNA Polymerase
& &t FF 4L g dAE 308 98 8tk pre-denaturation
95Col A 60%S AAF F denaturation 95ColA 60%, annealing 55C o} A]
60%, extension 72To)Al 90x2F 303 WE34on, o] ulx)u} extension
BEg o2 72TColA 1083 AAEAT %€ DNA ©HE AT8A EcoRl
#} Xhole 2 A3 3 EcoRIZ}F Xhol AZE stz AA7I7F AAR
pGEX-6P-1 # o] F2Y3t4tt. o A3, GST-chitosanse §3 ZEAn=
9lpGECSN-SPE 73 33tk

12) Azg 22" CSN-SPe A A

GST-chitosanase fusion Fet2u =5 7}3 Ecoli BL21 (DE3)& A4 A%
719l 0.1mM®e] IPTGY] 9siA 8@ Azlow, ofF 37CHA 3NANAHE o
vjekst ek, AlEE 47T, 6000rpmol A 1583 94 E S AF gL
™, 1X PBS ¥ (10X PBSE 24AH§: 14M NaCl, 27mM KCl, 100mM
NaHPO4, 18mM KHoPO4 [pH 7.3DE ©]&-3le] Washingdtdon], 1X PBSE
o]-gato] AAEE UL AlEE sonicationd F3le T4 sPon, 2 459
& 47, 13,000 rpmel A 30 #7F 94 2Este #AFA. 45 9L 1X PBS
2 H¥3 Fodx GSTrap FF columnol 3 A3 %, 10mM reduced
glutathione S ©} &34 §&34th. 8% $EE £% 1lmld &x=& #4 3
Aot % 3% fraction> PreScission cleavage ¥ ¥ (50mM Tris—HCl, 150mM
NaCl, ImM EDTA, 1mM DTT [pH70D& %2381 Amicon Ultra-4& o]&
o] F=sdt. ¥5F" GST-chitosanase §F THAL  PreScission
proteaseE ©] 83t 5Tl 12 AZFFL HHEAIA GST 99 AlA skt
o] 2" gl AEL t}A] GSTrap FF columnol tHAl 3 A)A AA 2%
314 %2 unbounded @RAEE 353t AAT G2 ARG Th

13) Enzyme assay and protein determination

Chitosanase®] &4 #A9 $84 7IEALZRYH AAYFHE 393L =4
sle] AAsIA Y 98- FolE 50uld 1.0% 84 71EAL 100ul 1X PBS$}
enzymeS H7bsle] HE HIZ 250ulz E3T F, 50CA 30827 v+ Al
Ak &4 W82 100TAA 1083 BLL2H AAARAL. ofF dHEIE
o] AL I F, ddy DNSHel oM A FR371E AR
ok 1UEe £% 1 umold] &£U3E AASHY] Hal a3t 4o Fo2 Ao
3ttt Glucosamined ~Wt= EA 2 A3l &40 9vd & B
Hex=y[38]e] oA AAHA LN, 2duE EF2E BSAE AMESHATH
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(0.271mg/mb. SDS-PAGEE  Laemmlig[38]¢]  &aiA  A7jssien,
Coomassie G4l 2JaiA aNdL gt

14) 7b5E3 AE9 #4

FIEA Selngs) J|EASZRE Y 7ty B8 A& #4& fl@lA Thin-
layer chromatography (TLC)E %3t9 £4] stdrh #sd 1uE A=712
EdolEd A3 F n-butanol-methanol-25% ammonia solution-water
(5:4:2:1 [vol:volvolivoll) &3t-g o]&3te A7) A7 wpAI RO 2 aniline-
diphenylamine reagent (4ml®] aniline, 4g2] diphenylamine, 200mi2] acetone,
30ml®] 85% phosphoric acid)E FA}ste] 180ColA 103 FHA v AHE
< #A43oh

15) &R #4 AE

o #59 AE 4y FFold iy 2T AL EAE U]
4 PDA HiA(DIFCO, USA)d X=ojA AW FFojds {3}
Botrytis cinerea, 1SS 253 Az EdA dE 2AWS {Lst
Fusarium oxysporum, Y-8 4883 717 Z35WE U4stE Rhizoctonia
solani, #8YE W8t Sclerotinia sclerotiorum, A+, 33 25 HL&
$Fo) e §u3E Aspergillus nigers PDAv|RNA B2 FF9 4 H
Z38te] 30C AL AKAZIH 2 FFo &) AE HEY FFo] AF

o] A&fHE= AE BE3UTh

O

16) Nucleotide sequence accession number
o] B iAo 7}AE Bacillus sp. DAU1012} 16S rDNA, gyrA, csn genes <
GenBankell DQ316093, DQ316094, DQ31609%52 % & 3}l
3. 4¥4dx
7}. Chitosanase®} chitinaseZ AAtsles #59 Ad 9@ &34

1) Chitosanase & chitinaseZ AAitsle #F9 Ad

sharo] AE A FEQ @AolA chitinase$} chitosanase AJAitso] -3 vlA)
22 By gatd AZE A8 694 31438l single colonyE 34
AA 8439 colony FoNA 0.1% colloidal chitin, 0.01% glycol chitin E£&
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soluble chitosan®] &8 LB agar platedA] ZHzZF 79 S g3l g S A$-
ofef o} Zo] 7Zd FAH(FHIHE UeEe #FE Edst9g DAUlIOICIZHT
Bystao (Fig. 1).

a) colloidal chitin b) glycol chitin ¢) soluble chitosan

Fig. 2. Degradation pattern of colloidal chitin, glycol chitin, and
soluble chitosan by Bacillus sp. DAU101.

2) A 59 43 2 54

DAUI01Z 23 @Ayl sl a8 FHFo=z &Y JRow, AAYA
& FA AAEN 7 (Field Emission Scanning Electron Microscope,
JSM-6700F, Jeol, Japan) #zte] o}sfA] rod typee] HEj7} ## o] iy
S #AAsAG (Fig. 3). 282 {71248 JduA9o= AT v L2498

MrE Aste 54& YA 289 MAE TGYWAA 149 A=
Bl A3 gAggdoen, Ao MAE glycol-glutamate agar W= ) A
1245 W 39S o BAHUG (Fig. 4). o3 d3e 7124 g8
MAE AAste Aoz U@ A Bacillus atrophaeus 59 ZolE Yelu&=
Aoz FIAAY. E, I F31F AFE F437] 98A 16S rDNA

gyrA FRAAE AA3A k. 16S rDNAY B9 29 %Al B. atrophaeus,
B. subtilis[3940] 3831 B vallismortisE 99%, B. mojavensis, B.
amyloliquefaciens 183l B. licheniformis$}tE 98%3 Yelliglch 1A g
gyrAS] AEAel ZAS$ B atrophaeus?t 98%, B. mojavensis$t 96%, B.
amyloliquefaciens®} 83%, B. subtilis®} 82%, B. vallismortis$} 81%% ER
Atk (Fig. 5, Fig. 6).
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g
DONG-A ’ . 50kvy X6000

Fig. 3. Scanning Electron Microscopic (SEM) photography of Bacillus
sp. DAU101.

Fig. 4. Ability of pigmentation by Bacillus sp. DAU101. A, brown
pigmentation was observed after 14 days in TGY medium; B,
black pigmentation was observed after 1-2 days iIn
glycerol-glutamate medium.
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B.licheniformis X68416
[ B.atrophaeus AB021181

DAU101
B.mojavensis AB021191

B.subtilis AB110598

B.subtilis AB042061

B.subtilis XB0646

B.amyloliquefciens AF489591

B.vallismortis AB021158

0.0t

Fig. 5. Unrooted phylogenetic tree constructed from analysis of the 16S
rDNA sequence of isolated Bacillus sp. DAU101. 16S rDNA of
B. thuringiensis(D16281, AY138290), B. anthracis(X55059) B.
cereus(D16266) was used as an out group.

|» B.licheniformis AF272017
Blicheniformis AF272018
B.amyloliquefaciens AF272015

B.amyloliquefaciens AF272026

B.mojavensis AF272019

B.atrophaeus AF272016

DAU101

B.vallismortis AF272025
B.subtilis AF272020
B.subtilis AF272021
B.subtifis AF272022
B.subtilis AF272023
o B.subtilis AF272024

Fig. 6. Unrooted phylogenetic tree constructed from analysis of the
gyrA sequence of isolated Bacillus sp. DAU101. 16S rDNA of
B. weihenstephanensis (AB021199) was used as an out group.
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w
~

HdA g% A& 94 #A&

3¢ DAUL01S A& Wd4d F3Fold U A% JA & &A
171 184 PDA #i=lol] 215 ®HYUA %) Botrytis cinerea (R
1), Fusarium oxysporum (BZ273Y), Rhizoctonia solani (%)%
, 7YAREY), Sclerotinia sclerotiorum (T3W), Aspergillus niger (A
Folw)et A HF st 1Y AE 30TA wigstn] HEspqch
Bacillus sp. DAU101 #TFoA AAE chitosanase®} chitinaseo] €3] B.
cinerea, F. oxysporum, R. solani, S. sclerotiorum® 2|5 ¥4 FZo)E9
MEB S FA3+E chitind} chitosang 3] KL Ao g AAF
2719 zone& FAASA o 2 A3} B. cinerea, F. oxysporum, R. solani,
S. sclerotiorums} 22 2 E HAdA4 F30le AFE At BT zones
gelst ¢ gloen B2 #F Bacillus sp. DAUI01S 25 HYA F33ole]
ASE Adfsle 8488 71 #3498 39 & 5 g (Fig. 7).

M

) E _[Z
oii l"-% (g
ol

flo do w2 nu

od of ul

C) b
Fig. 7. Inhibition of the growth of pytopathogenic fungi from Bacillus
sp. DAU101 by pairing culture on the PDA medium. A,
Botrytis cinerea; B, Rhizoctonia solani; C, Fusarium

oxysporum; D, Sclerotinia sclerotiorum.
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Y}, Bacillus sp. DAU1019] chitosanase A2} 24 4

n3

54

A

d

1) Cloning, sequencing and analysis of chitosanse gene

Bacillus sp. DAU1019] A% #eolBglE pUCI8E o439 T3t
(Fig. 8). DAU1019] choromosomal DNAZY-E] chitosanase F+43& 714 &
A AZH E coli JM109+ glycol chitosan-congo red agar iAol A 21
FHoR QAN EYES JAAT. dHEFF 20,000718] ampicillin A FA4
FEZUE FAA 27 stvte F2Ywo] AN £ 8S Ve

Fraifeone Sdifents
e

Y-
ot
\‘; -
\ Xood
ww)

of Bacidus sp, DRUIOY Ll

DGEX~EP~1
(5.0 k)

pGECSN-SP
(5.7 kb)

Fig. 8. Construction of recombinant plasmids, pUCSN, and
pGECSN-SP, with chitosanase from Bacillus sp. DAU101.

Chitosanase F3AF 9714 9& 43 A} chitosanase F+AxLe] EA}F
31,420 Dag 7FAE 279719] oirjxAbs ¢ dtste 83779 wEHLHER
TP Utk ARF A3 A4y (AAGGGR)= A& ZE9] upstream 99
A Z& & Jdlen, T4 IE (TAA)S o}dZFo M= Har pin FX 7%
2 & £ YMYrk  Chitosanase®] N-glnd 92 SignalP (
http://www.cbs.dtu.dk/services/SignalP) [41,42] Al°]EE F3lA <533
A% A3, Alad HElolze Ag F9& Ala-367 Ala-379H Aol Ao
2 veygt (Fig. 9). #5 DAUI01S A H olvxit AdS o2 979 9
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Blglo}d chitosanasest vl st 9742 ofnx=qt A €& CLUSTALW %
FE F3t deEolvE St AL 7 & &4 family 469 &3t
Aoz FAHAOY, Bacillus subtilis (88% identity), B. sp thermostable
chitosanase (66% identity), Pseudomonas sp. (309 identity), Amycolatopsis
sp. (28% identity), Streptomyces sp. (19% identity), B. ehimensis (19%
identity), B. circurans (17% identity) ZZ@l3 Burkholderia gladioli (14%
identity)9} AFAS vEMUTE. Bacillus sp. DAU1019] chitosanase2]
Glu-199} Asp-35% Striptomyces sp. N1749] chitosanase [43]2] &l &4
452 Hez Agd Glu-229F Asp-409] olnlx=4t MIEFH dA 3k
(Fig. 10).

1

K[p}- R 1F G- -KTEIGY¥GC Y VEALDDGRG Y TiC G

K - R 1 F G--TTE]QA(Y~ :EJRIL D D R T;cx;

K[D|- R 1c G . . TTEMRIY[P]YV[AR Ln~n[§_‘]nr;c,o

DPA 1 5 A ssDwaQ'xKYflfn'nl@nc‘ncYnA,c

D PR v SF 5 S DwnAqg‘}j\AYgl;znr&;nanwc‘ngr‘r‘u\c

APY T SF S S TDWQALRY rm}:nrnc‘kswxcc

c[E]- N K P p DIEINfw{I K Y|Y ¢ ¥]C]E » ¥iN|p{E]R & Yis|1{c

G - N KP D S|E{DW|T K F|Y 'YCE‘D]GDiDRG;Y‘TMG

GIE]- N K P poiL|Niw|l K Yiv. ¢ ¥iclE D tieiplElr ¢ ¥ 1i1|c

b

Batr R A T T]A[T AfTE EV v K - [T]k[K;¥ L]P EfC RIR[E
Bsb R A T TlalT AL E EV v K - |L{K{K'Y L|P ELIRIR|L
Bagl P_A T.FAlT ¢ FJE PV A4 K - [L{P N]Y L]A G|L:R{R|L
Amyoo [T]1 ‘CSGT M[TE i QJH K Y - |Lja[K.T LiP AlLIK|K]|V
1|1 res’eT ML E E R K P]- (LJA[RY Lic A[LiR]AV
Preudo [L[1 TS ML E R|A s ip P|- ILIE ‘11 AfLE Aly
Baki |I|F T T ¢f¢ G PlE K|A K P|s|V|E ¢ AJLik RiL]c I N
Bu.gia |I|F TT G G A K|A s Pi{sviQ GILIA R G AH
Ber [LJF T T ¢ic ¢ P[D KJA K 2]JS AD ¢ AlLIK R[LjG I N

Fig. 9. Nucleotide sequence of the csn gene and deduced amino acid
sequence of the gene product from Bacillus sp. DAU101. The
putative Shine-Dalgano (SD) sequence for ribosome binding
side is underline. The N-terminal amino acids predicted from
the signalP site is indicated arrow. The amino acid residues
that seems to be essential for chitosanase activity are marked

by circled.
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GGCTTAGGATTCAAAATATTGACAAATTCGTGTGTTTTCAACAAAAAAATCACTCCCTCAGTATACTCAGTCCGTAACTTTACATATGAAAGGGGTATGE 100
s/

CAATGAAAATCAGT TTGAAGAAAAAAGCAGGTTTTTGGAAGAAGACGGCGGTTTCATCTCTTATTTTCACCATGTTTTTTACCCTCATGATGAGCGGTAC 200

MK I SLKKIKAGFT®XIKTAYSSLIFTMFTFTLMNMYSGEG T 33

GGTTTTTGCGGCTGGOCTGAATAAGCATEAGAAGCCLCCOCCERAACACCTGACCAGTCATCTTTRAAAACGCAAAGACGGAAATCCAATACGGATATETT 308
Y FAAGLNEXDE EXRRAEIDDLTSIF®NTGEKTEIQYRBYYVY 1
T
GAAGCGTTGGATGACGGAAGAGGTTACACT TRCGGGCGRGCCCRC TTTACGACGGCTACCGOAGATGCGC TRGAAGTAGTCGAAGTCTACACGAAAGCGE 400
EALD®GRGYTCGRAGTFTTATCDALEVYVYEVYYTEKA 93

TGCCGAATAACAAATTGAAAAAGTATTTGCCTCAATTGCGTCGTCTTGCGAAGCACGAAAGCGATGACATCAGCAATCTGAAAGCATTCGCTTCTGECTG 500
Yy PHNNKTLIEKEKYLPELRABLAKDET STDDTISNLTEKTETFASAWY I3

GCGCTCACTTGGCAATGATAAAGCCT TCCGLGCTRCCCAAGATAAGGTAAATGACAGCTTGTATTATCAGCCGGCGATCAAACGTTCAGAAMTGCCGGA 600
R SLGNDXAFRAADRDDT KUY NDSLYY QP AMMEKRSENATG G 188

CTGAAAACGGCCTTGGCAAAAGCAGTGATGTACCATACGGTGATTCAGCATGGCGACGCCGATGATCCGGACTCCTTTTATGCCCTGATTAAACGCACGA 700
L KT ALAKAYMWMYDTY I GHGDGDDPDSFY ALTIKRT 139

ACAAAAAAATGGGCGGG TCACCGAAAGACGGAACTCACGAGAAGARATCGE TCAATAAATTCTTRGATGTGCGCTATGACGATCTCATGAATCCGTCAGA 800
N KX ¥ GGSPKDGTDETEKT K®LNKFLDVYRYDODLNNSPSD 23

TGAGGACACTCAGGATGAATGGAGAGAATCCGTTGCCCGTGTCRACGTTT TCCGCGATATTGTCAAAGAGAAGAAC TACAATTTAAACCGCCCRATTCAT 900
EDTOQODEW®WRESYARYDYFRDIVYUYXEUHKNYDNLNGEGPTIH 258

GTCCGGTCAAGCGAATACGGAAATTTCACTATTCAATAAACAAAAAAACCCCGECATATGRCRGGGTTTTACTAT TAACCGATGGAGCCTTCCATTTCGA 1000

YRS SEYGNFTIOGHS L 273
ACTTGATCAAACGGTTCATTTCAACTGCGTATTCCATCGGAAGTTCTTTTGTGAATGGCTEGATGAAGCCCATAACGATCATTTCTGTTGCTTCTICTTC 1108
AGARATACCGCGGCTCATCAAGTAGAAAAGCTGTTCTTCAGAAACTTTTGATACTTTCGCTTCGTGCTLCAATGAAAT 1178

Fig. 10. Amino acid alignment of other bacterial chitosanases. Arrows
indicate two conserved carboxylic amino acid residues. DAU,
Bacillus sp. DAU101 (DQ316095); B. sub, Bacillus subtilis
(X92868); Bacill, Bacillus sp. KFB-C0O4 (AF160195); Amyco,
Amycolatopsis sp. CsO-2 (BAA94840); Strepto, Streptomyces
sp. AM-7161 (BAC79047); Pseudo, Pseudomonas sp. A-01
(BAC06189); B. ehi, Bacillus ehimensis EAG1 (BAA23489);
Bu. gla, Burkholderia gladioli (BAA82154); B. cir, Bacillus
circulans MH-K1 (P33673).

3) GST &% 99 AL o] 83 chitosansed] A A

Chitosanaset ZFEIALZ S o|&% 3} AZvtEIHRAE o] &3t Al
%t} chitosanase A% pGEX-6P-1 WY& o] &3l &y AFhon, 3
@ E. coli®]l AMEAC &A1ty 188} chitosanase TP L] Al2d
gol= 49L& AA st A= &3} FH£7 =2 pGECSN-SPE 713l
o] g chitosanase 84& FUsAth AT AEE 2YAIAE
ZdA a3t 9 e, AAE GSTrap FF A& 3 PreScission proteaseE o] &
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el Agsgch eude e 2dn
a2 S W, digF 27 kDa HEZ I &
SDS-PAGEE E3l4 &8 4+ JAtHFig. 11). o] AAY vz
oqX o] 1R & A A o]t

100

70

Fig. 11. Purification of chitosanase from the GST-chitosanase fusion
protein. Lane 1, marker protein; 2, soluble fraction after 6h of
induction at 37T; 3, GST-chitosanase following fusion
protein adsorption; 4, purified protein digested by PreScission
Protease.

4) pH, €% 9 Z%0l2Eo] &4 HA Hx= dg

Chitosanase®] 7 ZA-& soluble chitosang 7122 AF-g-3}w] w2 w9
pH 75 & W H3E eyt o8 2= FoAE 50CoA wwgdoe]
19 4% JeERAY (Fig. 12). 3% o229 ade oS IFF oE
(Co”, K', Mg*, Ca”’, Ba®, Ni*', Cs', Zn®, Cu®, Hg”, Na', EDTA, Li)&
T FTE LS5 EE 10 mM AEZ wgdo] Uy} s axo AL A3}
Aok Ni'sh Hg” ¢l 34 o]252 V18U E o, RE SEddA axe &
e W 97799% A At. 2T Zn®, Cu¥, Co¥, Cs¥* ojle5& At
AL o, 2 (55, 80, 97%), (83, 71, 71%), (54, 56, 28%), (15, 11, 40%) A=
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9 @i FAHS Adsts Aoz BAEUTH Hg?o] & chitosanase?] &
A= thE chitosanase THA & LutAQd E4Q vtHd o2 3
oj o o3 &A A9 AFE 1LF B o WiE 5 10mMe]
Ca® o) &g #7I3t9-S& WE soluble chitosan®] &3 Aol digk 16w A=
F7h9.em, 10 mM Mg¥o] &9 2% 154, 1, 5mMel Na': theF 1.4v) 3
T2 g4 AL F/MAAY tE F5 o2, LiNEL I 54 34
& Z/MN71E Aoz JEyt (Table 1).

3
ey
=

100 -
80 ~
60

40

Relative activity (%)

20

0 T ) T . T T T 1
20 30 a0 50 60 70 80
Temperature {°C)

Fig. 12 Effect of temperature on the activity of purified chitosanase.
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Table 1. Effect of metal ions on the activity of purified chitosanase.

Reagent Relative activity (%)2
1 mM 5mM 10 mM
Control 100 100 100
Co?* 47 45 73
K* 113 113 115
Mg? 103 125 147
Ca? 131 165 163
Li* 115 119 124
Ba2 66 98 125
Niz* 3 2 0
Cs* 85 89 61
n2 46 21 3
Cu? 17 29 24
Hg?* 05 8 3
Na2* 142 146 128
EDTA 97 110 82

5) 713 FolA

A5 chitosanase?] soluble chitosan, gylcol chitosan, ©& thd ol st
A9 ZAS Table 29] vebilr). chitosanaset soluble chitosan®} gylcol
chitosan< 5°]4& 7FAAR, ©& 712E (colloidal chitin, glycol chitin,
CMO)l disidE Bold& 7HAA Xt ZEl3 soluble chitosans:
glycol chitosandl ®]&jA ©] %] 714 &3t (Table 2).
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Table 2. Substrate specificity of chitosanase from Bactllus sp.

DAU101.
Substrate? Activity Relative activity®
(1 %) (jumol/min per mg of enzyme) )
Soluble chitosan 1123 100
Glycol chitosan 255 227
Colloidal chitin N.D.= N.D.
Glycol chitin N.D. N.D.
Carboxylmethyl cellulose N.D. N.D.

“Each reaction mixture contained substrate at a concentration of 0.25%.
"Relative activity was expressed as rates relative to the activity of enzyme
on soluble chitosan. “N.D., not detect.

6) 7FFEs] AEY 4

chitosanased] 7}&38 A2 7]4Z soluble chitosan # 19 &3
(GIcN1-GlcNg) &2 ©)] 83l @3ttt soluble chitosan® 19 ¥ 1F&
o] &3 b B AE Y A HAIE A A dRFE 50ToA
180%-7+ wkg AlZth TLC 48 %E3lA] chitosanaset soluble chitosans:
7142 o]&3lgA FZ GlcNg, GlecNs, GleNy Fejel &S Aidsts R
oz ##F mlojxrh o]= chitosanase’t 71d 2] WHE HddE= endo-typed)
23 5L e RS ogudth J1EA AFZA(GIcND)E 712 Z o]-&314
g, I AELE J1EA o7 A (GleNa Rtk 71EAN 23 A(GleNs)E 7132
0] 83 W, 2 AEL JEA o|FA (GleN2)%t A2 A (GleNa) R o1, 7]
EX SZAGINDE 71AZR o]&3des o, I AEL JEA oA
(GIcN2), 71EA A3 A(GlcNa)$t 71EAL AP A(GIeNy) Rt} (Fig. 13, Fig. 14).
3} A1 9k, chitosanaset 71EAFN @9 F(GleN)3F 71 E4F o] 2 A (GleN2)E 712 =
o] &3lA = ZaUrh o2 T JNEA SYnF st B AEY HAYgS E
gz B3 A3 AAS chitosanases 71A =2 FHox A}FA] o]4F2] GleNol
A" &n3s AFAA F 29 fFE Adde Aoz AZHXL
Soluble chitosang 71FZ ¥kE AIFHS WE 71EA A4FAGIN)E F4HE
2 A sgey ole} FAld thEke] F1EAL o] FA(GleN2)%t J1EAL AFEA]
(GlcNag)7F A4 Her, vZe] F1EA B A(GIN:)% JI1EA |34
(GIcNg)7F A=t AT a7Fe &0 =HA FAdd (Fig. 15). & &
slo] A3 chitosanase’} endo-typed 7t 5A4E& 7HE oAl @9

g & F AU

¢

o
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Gl
G2
e}
G4 &
G5
G6

""“‘ﬁ‘“‘“;k . cau # : Aoy M’*-—-‘#‘ *"M ¥ M . * # ]
S C 15 80601201806 C 15 30 60 120180 S C 1530 60 120180 S

GlcN GlcNz GleNg

15 30 60 120 1808 C

“ 15 30 60 120180 S ©

s ¢ 15 30 60 120 180 S

GiclNa GlcNs GlcNg
Fig. 13. TLC of hydrolysis products by chitosanase from various
chitosan oligo saccharides. The reaction mixture (50ul)
containing 0.5ug of substrate in 1X PBS was incubated with
purified enzyme (0.75ug) at 50TC. The raction mixture were
analyzed at the indicated times. Lane S, standard chitosan
oligosaccharides from GIcN(G1l) to GIcNs(G6). Lane C,

negative control.
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30

o 0 120 180 S
Fig. 14. TLC of hydrolysis products by chitosanase from soluble
chitosan. The reaction mixture (50ul) containing 0.5ug of
substrate in 1X PBS was incubated with purified enzyme
(0.75ug) at 507T. The reaction mixture were analyzed at the
indicated times. Lane S, standard chitosan oligosaccharides

from GIcN(G1) to GIcNg(G6). Lane C, negative control.

Bacillus sp. DAU101
M\‘*‘_‘:‘“‘

\92 R o
n J\/\,\%ﬁ\M

Standards

20.00 3000

00
Retention time {min)

Fig. 15. Hydrolysate profiles of chitosanase from Bacillus sp.
DAU101. Sample were incubated at 50T for 12h and analyzed
on a TSK-Gel NH2-60 column for the chitosan
oligosaccharides. Standards G1 through G6 indicate standard
GlcN, where n is 1 through 6, respectively.
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t}. Bacillus sp. DAU1019] chitinase A4 F3A9 24 2 54 E4

1) Cloning and sequence analysis of the chitinase gene

DAU1019] choromosomal DNAZY-E] chitinase #3#E 7}z &2 A3
E. coli ]M109% LB-colloidal chitin agar BjA]ejA Z 2 FHoE FEHES
FARAoz AA3Ah. digF 10,000719 ampicillin A34d F2UE FolA
2.7 3l 2z Yxgko] colloidal chiting B33t A& YehA) o] &
g2 =& pUCHISBE 2 W33t} (Fig. 16).

Luameve SEdese
- Ram AL (956
v
J ZeoRI LY
<
’::m; 3]
< ey

PGEX~6P~1 @t
{5.0 kb) 5t 570

\
§ Ny

£UCHIS8
@say Sox

Cragiunt Sdawiense
-

BeeRiawy

pGECHI-SP
(6.7 kb)

T o

e

Fig. 16. Construction of recombinant plasmids, pUCHISB and
pGECHI-SP, with chitinase from Bacillus sp. DAU101.

pUCHISBE 98] 719 & DNA 93& 7FA & subclonEZE o]l 471
AES AAsY AA ORFE 65919 Daol EATS 7lxE 597709 o}n)
g d3Ete 1781719 wEHLEER FAE Ao wE A A
FAEL ATGE AHE-3te] ORFE A&t 3¢ otvlx=it A 49 N-Z2&
o 2 HE 33WA olulxite] MHFAQ Ald Elol= A F47F EA%=
232 ®H4 ZHru. CHISBY Alad IEoj=&  SignalP AO]E  (

>£l
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http://www.chs.dtu/services/SignalP/)& E3iA I3 A AT9

Aee A

gatod BASAT. AH A9 $A9E A-333 34 M) Ao 43

o] Rt (Fig. 17).

TTG AAA ANG GGG TGA ACA AAA TAN AGT TTC ATT GAT GAA CAG CCA AAA AAA TTG

=P chisb

1 ATG AAA AAA GTG TTT TCA AAC AAA AAG TTT CTC GTT TTT TCT TTC ATT TTIT GCG
M K K V F S N K K F L V FS F I T A

55 ATG ATT TTA AGT CTG TCT TTT TTT AAT GGG GAA AGC GCA AAA GCC AGT TCT GAC
M I L $ L S F F NGESAIK KA S S D

110 AAA AGT TAT AAA ATC ATC GGC TAC TAT CCG TCC TGG GGC GCT TAT GGA AGG GAT
K $ Y K11 G Y Y PS WG A Y G RD

165 TTT CAA GTA TGG GAT ATG GAT GCT TCT AAA GTC AGC CAT ATT AAT TAT GCA TTT
F @ v W b M D A S KV S H 1T NY ATF

220 GCT GAT ATT TGC TGG GAG GGG AGG CAT GGA AAC CCT GAT CCG ACA GGC CCG AAT
A DI CWEGI RHGNZPDU®PT G PN

275 CCC CAA AAA TGG TCT TGC CAG GAT GAA AAC GGA GTG ATT GAT GTT CCA AAT GGA
P Q K W S C Q D ENGV 1DV P NG

330 TCA ATC GTT ATG GGG GAC CCA TGG ATC GAT GTG CAA AAG TCA AAT GCC GGA GAT
s 1 v M G D P W 1 DV Q K S N A G D

385 ACT TGG GAT GAG CCG ATT CGG GGC AAC TTT AAA CAA CTA TTG AAG CTG AAA AAG
T W D E P11 R GNF K QL L K L K K

440 AAC CAT CCT CAT TTG AAA ACA TTC ATA TCA GTT GGC GGA TGG AGT TGG TCA AAT
N H P HL K TV FI1I SV GG W S W S N

495 CGC TTT TCA GAT GTT GCG GCA GAT CCT GCG GCA AGA GAG AAT TTT GCT GCT TCA
R F S pV A A DPAARENTFA A S

550 GCA GTA GAT TTT TTA AGA AAA TAT GGG TTT GAT GGG GTC GAC CTT GAC TGG GAA

AV D FLRIEKYGFDSGV DL D W E

TAC CCG GTT AGT GGA GGG CTG CCG GGA AAC AGC ACC CGT CCG GAG GAT AAG AGA

Y P VS G GL P GNSTIRUZPEDK R

660 AAC TAC ACG CTA CTC TTG CAG GAT GTG CGA GAA AAG CTT GAC GCC GCA GAA GCG
N Y T LL L Q DV REIKIULUDA A E A

715 AAG GAT GGC AAG AAA TAC TTG CTG ACG ATC GCC TCC GGC GCC AGT CCT GAA TAT
K D G K K Y L L TI1ASGASUPTEY

770 GTA AGC AAC ACT GAA TTA GAT AAG ATT GCT GAA ACC GTT GAT TGG ATT AAC ATT
V S NTEULWD K1 AETV D W I NI

825 ATG ACC TAT GAC TTT AAT GGC GGA TGG CAA AGT ATA AGC GCT CAT AAT GCC CCA
M T Y D F N G G W Q S1 S A H N A P

830 TTA TTC TAT GAT CCA AAA GCG AAA GAA GCC GGC GTT CCA AAC GCT GAG ACA TTT
L F Y b P K A XKZ EAGVZPNAIETF

935 AAC ATT GAA AGC ACC GTG AAG CGC TAC AAG GAA GCC GGT GTC AAA GCG GAC AAA
N I E S TV KRYIKEAGV K A D K

990 TTA GTG CTT GGC ACA CCG TTC TAT GGC AGA GGC TGG AGC AAT TGT GAG CCT GCA
L VL GTU?PV FYGRGWS N CE P A

1045 GAC AAC GGA GAA TAT CAA AAA TGC GGA CCG GTT AAA GAA GGG ACG TGG GAA AAG
D NG EYQ K CGPV KEGT W E K

1100 GGG GTA TTT GAT TTT TCA GAT CTT GAA AAG AAC TAC ATC AAT AAA AAC GGA TAT
G V F DF S DLEIKNTYTINI KNGY

1155 AAA AGA TAT TGG AAT GAT CGA GCA AAA GTG CCG TTT TTG TAT AAT GCG GAG AAT
K R Y WNUDU RAI KV PFUL YN A E N

1210 GGA AAC TTC ATT ACC TAC GAT GAT GAA GAA TCA TAT GGA TAC AAA ACC GAT TTA
G N F 1 TYDDEESY G Y K T DL

1265 ATT CAA TCA AAC GGA TTA AGC GGG GCT ATG TTT TGG GAT TTC AGC GGT GAT TCA
1 Q S NGL S G A MF W D F S G D s

1320 AAT CAG ACT TTG CTC AAC AAA TTA GCA GCC GAT TTA GGG TTC GCT CCG GGT GGG
N Q T LL NI KULAADULTGT FAUPGG

&
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1375 GGT AAT CCA GAG CCG CCT GCA TCT GCA CCG GGT AAT TTG CGT GTG ACC GAA AAA
G N P EPPAS AP GNIULRYTE K

1430 ACC GCA ACC AGT ATC AGT CTG GTG TGG GAT GCA CCG AGC GAC GGA GCA AAC ATC
N 1 T A T S 1 S L V W D AUPSDG A

1485 GCA GAG TAT GTG CTG TCA TAT GAA GGC GGG GCC GTA TCG GTC AAG GAT ACA TCG
A E Y VL SYEG G AV SV KDT S

1540 GCG ACA ATC GGG CAA TTA AAG CCG AAT ACG ACA TAC TCA TTT ACA GTA TCG GCA
A T 1 G Q L K PNTTY S FTV S A

15% AAG GAT GCG GAC GGA AAG CTC CAT ACC GGG CCA ACG ATA GAA GCA ACA ACA AAC
K D A DG KU LHTGU?PTIEA AT T N

1650 TCT GAT CAA ACA TGT GGG TAT AAC GAA TGG AAA GAT ACA GCC GTC TAC ACA GGC
S D Q T C G YNUEWKDTAV Y TG

1706 GGA GAC CGA GTC GTC TTT AAC GGC AAA GTG TAT GAA GCG AAA TGG TGG ACG AAA
G DRV V FNGI KV Y EAI KWW T K

1760 GGA GAG CAG CCG GAT CAG GCT GGT GAG TCG GGT GTA TGG AAA TTA ATT GGT GAT

G E Q PD Q AGE S GV WKULTIGTD
1815 TGC AAA TAA ATC AGT TTG ATA GAA AAC GAT AAA GAG AGA G 3/
C K »

Fig. 17. Nucleotide sequence of the chitinase gene and deduced amino
acid sequence of the gene product from Bacillus sp. DAU101.
The N-terminal amino acids predicted from the SignalP site

is indicated arrow.

2) Functional domains of chitinase

CHISBY #748 oprx=i XIS 4T ZI, DAU0L] Aitste
chitinase= tg9 EUQ &AZ2 74 @ Zoz wazith N-gd Alad
Felo] =, glycosyl hydrolase family 18, fibronectin 3 (Fn3) domain, Z@]x
chitin- binding domain (CBD) (Fig. 18). Steptomyces griseus ChiCE ]2}
3 i8] ATFA chitinase: glycosyl hydrolase family 189 &3le RO
2 ¢elA vt [44]. Family 18 A4 chitinase®] HEZFH olujxit A&
Fig. 199 Yeliigich BER opvit A Folls Sof wh3oA Az F9
A2 ZFL&3le SFEAE 20319 0H45,46]. Fn3 domaing catalytic domain
3} chitin binding domain A}e]o] & H o Fig. 209 tE FAF ofv] Ak
ALET detoldE AAE YeEMIAY. AFA Fn3 domaing 2& A7 9
chitinase, cellulase, amylase poly (3-hydroxybutyrate) depolymerase[47]12}
& AT Fih EAste Aoz gz Fibronecting t3d 71%5S 7t
1 A9 vlEg 22N ME o] #rH48,49]). Chitinased] A o] Zvj
Qe EAE vlFEA B Zexd FHY J19E E3E s QG U]
Al F8% 93-S gk "-‘—3— ZEAF soj=EAotr St (Ser?t Thr)S =
S M2 AZA39YFE domain linker24 &3t Aoz A Uk

r>4 fl

- 105 -



[50]. CHISB®] Fn3 domain%® catalytic domain¥} chitin binding domaing A
Z dF8sg F£ 7% sty Aoz 44 Hoth Fig. 212 & AEA
chitin binding domain#¢ FAMEE HlaFd A& el Cellulose
binding domain® o}H] At A& 7IEo 2 9 10719 LYz 153 &
F Actbll CHISBE H%éte] difE9 ATFA chitinase®] CBD <olE
chiting& T4 3= N-acetylglucosamine®] pyranose -2 F 43 Aoz A

zZtsjo] A= Tyrs TrpZt obF 2 BE Holx Ut

0 100 200 300 400 500 597 a.a

Fig. 18. Functional domain searching of chitinase from Bacillus sp.
DAU101.
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w P HITRT F[T RIFISDVITAD P AA[RIE RIFRARATYD X Y| B X TPIVSG m
w P H{T KT F|1 ¥1S D VIAAD ? A A[RIE NIF AlA|S A Vi ¥ ¥|GE D& YPVSG m
w P HIL KT F{I & F{5 D VINAID P V AIRIG NIF 3lA|S AV.E RY[cFug YPVSG m
w P NIL KT []1 5 21515 D VIAAIT S A TIR|E VIF AIN|SAVD E YN F DG, YPIVSG m
w P EIL KT F{1 S ¥is D V{NAD PV AIRIG NiF AIAIS AVE K G P UG YPVSEO m
1 P HIL KIT FII F{S D V]AAID ? A A[RJE N STAJAIS[FIV E[EL RIX )| DG YLVSG m
w PALEKT IS FISDMAADER TIRIR VIFAID|STV D EYGFD G YE n
m P H[L K|T 11 %] 1S D MLYAID 5 K TIR]R VIF AJE]S T Via A Yle'F Do e "
w P BILKT I § F{S DMAAD ER TIRIK VIF AJE|S TV A AYIGED G YR m
mPHELKTILYS ¥|S DMXAD E R VIF AJE[STV'A WYeF DG Ye "
w P SILETLITY FIS D VIAAINA A TIR|E TIF AJN|{S AV.E T Y|G ¥ D YFVAQ m
w P HIL KT LTS FIS D VIXAITEE TIR|E NIF AIN|S A VDI VR[QYGF D G YPVSG ™
w N[LE[VML§ V{FIF $ AJ&'S{T D A HIRIR NIF A{RIT A [ TIEMR[DW i ¥E ™
wPAVEVLIIS FIS VVXAD P ARIRIQRIFAIEITAI'ET K D G Yy =
w NiL KV ML S NIFJF S A4 5]1 D A NIR|R N{F AJRITA LT D DG Y P I
mo N KV ML S A¥lp s AJASITD ANIR|R NIF AJK|T A 1T 2{D F DG ¥R n
e NiL KV ML & S[EP S A% SIT D A NIRIR N AIRIT A LTIEME[D W GE D ¥ e e
w N[L K]V ML § tE{P S AlLSITDANRIZ NP AJRIT A 1 TIFMED DG Y P -
w P N|E KT T{1 38" £1S D VIA'AIT A A T[RJ3 V|E AIN[S A V D{ X o v -
9 . ¥ § i

Fig. 19. Alignment of putative catalytic domain in chitinase of

Bacillus sp. DAUI101. The putative catalytic domain of
Bacillus sp. DAU101 was compared with those of B. subtilis
AF069131.1, B. circulans AF154827.1, B. circurans
AF265220.1, B. licheniformis U71214, B. licheniformis
AY205293, B. thuringiensis YP_034712.1, B. thuringiensis
AY189740, B. thuringiensis AY456381.1, B. thuringiensis
AF526379, B. ehimensis BAC76694.1, B. clausii YP_174146,
Trichoderma viride AF20884.1, Thermococcus kodakarensis
AB024740, Trichoderma hamatum 771415, T. hamatum U88560,
T. asperellum AF"188933, T. asperellum AF188930 and
Kurthia zopfii D63702.1. Arrows indiéates the four residues
identified as being conserved among bacterial and fungal
chitinases. Symbol @ indicates conserved aromatic residues.
Identity are dark background and similarity are light
background.
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1753 « E PFIAISIAIFIG v [T]E K[T]A VIDAPISDCAN[TIAE[YVILISYECQGAVSY
BabAPUEILY w0 E PIPISISIAIRID] YIT|E K|T]A AWDAPISIDOAN{TIAEBIYIVILISYEGGAVSY @
i UTI214 « Epipisis|alely viT[0 K{TiA awD AAlSsoTHITEWV|SFESRS 157 =
2o AYT05293 = E PP APV VITIO K|T}A AVIDAPISISGAN|IIAE VIVISFENRS ISV s
B hal D64 « E E{PISIS|AIPIT A|TIE 9T TIWIQAPITIEEP - T TQIY{S|V(AYD Y
Foy TPRWBAT sa AP . -IRG QITIC AITIP AMIDAPITIOO TAVID VIVYIRIIIYSFDAPTY TV &
Py AASS344L o D QIPIPIS |ARIT AITID 1 A E TAPISIOPHR|IIKQ I\ »
Sece TISTS E0 PIPITIA{PIG AIT]O Ri{TIA AIWADR SITIDNV A[TIA A s
CAm P28 m  E[P|PiS|AlP]S vV s kisje JTIMD K S|TIDNV K|VIA G K YRDO w
TAsZPOpIssEI w E TIR|PISIKiPIO A@Dl A TIRIDAS|TIDNY Q[ViIV G K e
Fig. 19. Alignment of the Fibronectin 3 (Fn3) domain of chitinase
with those of other bacterial chitinases. The putative
fibronectin 3 domain of Bacillus sp. DAU101 was compared
with those of B. subtilis AF069131.1, B. licheniformis U71214,
B. licheniformis  AY205293, B.  halodurans D83764,
Pseudomonas syringae ZP_00127547, P. syringae AA053944.1,
Streptomyces coelicolor T35719. Cellumonas fimi P26225 and
Thermobifida fusca ZP_00294422.
chish s YNERVR DIT]A VITT G[GID R{VIV F N[GIR v ¥ E[TEWWT|RITIE Q[F]D Q A G E S[G]V[¥ s
Bosud AFDORISIY s YNE‘;\{KDTAVYTGGDRVVFNGKVXEAﬁKW\\’TKCEQPDQAGESCVm
B.0e YPOITE81 s YDE\'\"KETSAYTGGER\"AFNGKVXEA.K\V\\’TKGDR_E‘DQSGEW&V ssx
B.fic AY2D3203 uYDE\VKETSAYTGGER‘-’AFNGKVXE:&KWWTKGDR s
BLeUNN4L wYDE\\-’KETNAYTGGER’V’AFNGKV_Y_EAKW\\‘TKGDR_ s
B.hat D$3764 52 '\VQANNVY»TGQDQVQHGGKLXEA;K“\VTTCEEI’GTGEW’G’V 4
B.cht AB1109%0 o }VDSKVYTGGQK‘«’}‘]YNGKVEE-\;‘KW\VTQGETPSQTNTWGSu
Lk YPI74HG 82 V’?EQTAVYTGQDQYQHKEHLXE K\Y\\’TTGBEPGTGEW&V m
Asp ABDE3629 ﬂtYPTWDRSTVYVGGDR\’YHNSNVEEA?KWWTQGEEPG ADVW us
Cpec AFI201571 mYDA\\*‘VAQV)"VAGDRVEVDFRVIE)QQ\V\\:TQGQHPLVSGPW%‘S 1
V.par NPT9056% ™ NAWDASAVYTGGNQ‘{THAGKT}XEA;KW\\(’IQGDDPSKSGEW!}V ()
Vfis YP204981 ™ N \\DASTVYTGS}DQYEQAGKV\_YE KWW’IKGDBPSKSGEWGV e
V.alg ABOS213S ™ NA'WDASAVYTGGNQVTHAGKT\_VEAKWWTQGDDP‘SKSGEWGV )
Soft AJ2T6990 ™ WiT A[TIR EiYT Glols Viv HKGHTngR\V\\'TKGEEPGTcswg;v s
S.cor NP§312811  am \’S"SAGSVYSGGDT\’SFGGHTL\_’R'\,KW\\WTGEEPG TGEWEV 238
Poap AFUN78961 n \\’NADAIYTGGDTVLYNGVEXKARW\V QIGIDRIPIDL GG Y]
Luc7ro0ss935 N IMJQRDK ¥V QS|D RIV|T F 1[¢|v D ¥ E[A R WRN|T|6]Q Q[B[D O S GD FE]P[Hw
Concensus W T ¥ [ Vs T @ X wW@T C P T c W
Fig. 20. Alignment of the chitin binding domain of chitinase with

those of other bacterial chitinases. The putative chitin
binding domain of Bacillus sp. DAU101 was compared with
those of B. subtilis AF069131.1, B. licheniformis
YP_077581.1, B. licheniformis AY205293, B. Ilicheniformis
U71214, B. halodurans D83764, B. ehimensis AB110080, B.
clausii YP_174146.1, Alteromonas sp. AB063629, Cellulomonas
pachnodae AF120157.1, Vibrio parahaemolyticus NP_799565,
V. alginolyticus ABO055155, Streptomyces olivaceoviridis
AJ276990, S. coelicolor NP_631281.1 Pseudoaltermonas sp.

AF007896.1 and Lactococcus lactis ZP_00381935.

r
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3) GST &% 9MAL o]§3 chitinased] FA|

Chitinase® SFEAXE o] &3 3 ZZvEIHIE offstd A A3}A
t}52]. Chitosanase FAAE= pGEX-6P-1 WEE o]-&3ldd glutathione-S-
transferasest §IAAIAA ZdH B}, 8 @A dAFE E coli
BL21 (DE3)e] AxAo &4t th. 18l3l chitinase @A A3 e
ol g AA Rt AxF &3} 529 =< pGECHI-SPE 71
date] &4 chitinase 442 #1eAen, IPTGE °l§3td 23S #x
AT gqidd AEE 2YAlelAdE FaA I stHen, AAE GSTrap
FF Z Y3} PreScission proteaseE °]83t9 AysiArt. djdo] RBAFL
2t gl Hwste o olv S Hlu FHS W, U 62 kDa A%
He oz #F Hojxrth ol SDS-PAGEE T3A #HAZ & Ut
(Fig. 21). ©o] BAg 2¥AS o] §3todr o7 7kx] &4 B4 S o]-&3
At

4) pH, 25 9 3% o] aaddd g 9%

Fae HY Z4L NAE 202 J1¥9E AT 9, 60TY pH7S5E Y
e ith (Fig. 22). 9% ol J&e t}ge] 2% o258 JF ¥= 1,5
EE 10mMe] = Hrlste BAstk Co¥, K, Mg”, Ca”, Ba™, Ni*',
Cs', Zn*, Cu*', Hg”, Na', EDTA E= Li". 2% & Zn*, ¢ 7 Hg™)E
chitinase #4< ¢4A3] Asstdet. 18lx Ni'# EDTAE &49 48 o
g 20740% HE AHse &FHE Jehddd AW, 5 mM Cot's 4 W
Sqe A7t st W 20 Ao 148 F7t ATk aElm 94 Co,
Mg”, Ca” =& Ba”g A7t SuE aie #Ael 27t sk = o
& <4 o2E (K, LiVdAEe &4 A v 9ge] o),
(Table 3).

N
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Fig. 21. Purification of chitinase from the GST-chitosanase fusion
protein. Lane 1, marker proteins; 2, soluble fraction after 6h
of induction at 37T; 3, GST-chitosanase following fusion
protein adsorption; 4, purified protein digested by PreScission
Protease; 5, chitinase activity after SDS-PAGE in a gel
containing 0.0126 (w/v) glycol chitin as substrate.
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Fig. 22. Effect of temperature on the activity of purified chitinase.
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Table 3. Effect of metal ions on the activity of purified chitinase.

Reagent Relative activity (%)
mM 5 mM 10 mM
Controf 100 100 100
Co?* 118 143 135
K* 100 103 112
Mgz 97 124 94
Caz 117 125 109
Li* 86 119 117
Ba2* 96 136 134
Ni2 82 63 80
Cs* 117 107 98
Zn2* 20 0 0
Cu2* 0 5 14
Hg2* 0 0 0
Naz 99 96 104
EDTA a3 89 85

5 713 5olA

Bacillus sp. DAU101¢] AAbeE= chitinase® AA 718918 v &3ty o7 7)
g BAE (ZR20]E 71, FetolF 7IH, £84 JIEL, Szl JEAL,
carboxylmethyl cellulose)E Fol4 Al 7]9& wkg 7|A =2 718 & ol & 3}
2t} (Table. 4). &4E ZTolF 71", 2ol & 7|EAI CMCE S 714
2 o]&3kx] R3tFey, 2ol FH3 84 JNEAS AA J19E 71E
2 AR23 w9} vl ste] zhz} 28%9) 19% AX #A-S et

- 111 -



Table 4. Substrate specificity of chitinase from Bacillus sp. DAU101.
*Each reaction mixture contained substrate at a concentration
of 0.25%. PRelative activity was expressed as rates relative to
the activity of enzyme on soluble chitosan. °N.D., not detect.

Substrate @ Activity Relative activity »

(1 %) (umolmin per mg of enzyme) (%)
Colloidal chitin 0.73 28.02
Glycol chitin N.D. N.D.
Purified chitin 259 100
Soluble chitosan 0.51 19.70
Glycol chitosan N.D. N.D.
Carboxylmethyl cellulose " N.D. N.D.

6) Chitinase ¥F-§ AHE9] &4

chitinase®] ¥Hg AHE £4 AP Z=2olY JElz 229 716 LYUAZFE

& 71AR o83ty Pt AWl AMFA chitinases ZA 2719 wo]
A Foz JYE4 Utk endochitinase (EC 3.2.1.14)9} exochitinase (EC
3.2.1.29). Endochitinase® 719-& W¥-& FANYH o2 At q chitotetraose
(GlcNAcy), chitotriose (GlcNAcs)9} chiobiose (GleNAcz) &2 NAGS 84
YA ES ALk} Exochitinase® ©HA &L F 719 #o2 YE F 3§
t}. 719le] Zotowiy YT FE|QA chitobioseE AAFSIE chitobiosidase
9} endochitinase$} chitobiosidase?] ArEE Ea&A  ©de IJHA
N-acetylglicosamine (GIcNAc)E A 4AFslE N-acetylglucosaminaseZ #3738
4 53]l $-2lE CHISB7F thgel Aed ol 934 chitobiosidase}
N-acetylglucosaminaseq] &4 A& 7} bifunctional proteinel&t F5
gtk (a) CHISBE GlcNAcE &304 GIcNAcE A4kdtt. o]+ CHISB7H
N-acetylglucosaminase®] A%t endo- chitinase® otyzlE RS vk (b)
Zzolg 7|88 u&E35Y GlcNAcs “GlcNAcsS 7|2 o] 88 o, 8 A5
Z GIcNAcE AArgr), o)A CHISB7Z} chitobiosidase®ts A& YEdTH
(Fig. 23, Fig. 24). olg}& wr-$ W& C(Clostridium parapurtificum [54]9]
chitinase®] ¥r$ sjelst fAlstAth. C parapurtificum®] ChiBe GleNAc2<}t
GIcNAc:Z 58 2422 A4sgc). DAULIY GIcNAceSt GIcNAcE 82
A2 GasleE AL o mznd 299 dgolr} (Fig. 25). 2B =
Bacillus sp. DAU1019] chisb +3A= GlcNAc:$}t GleNAcE AAitsts 78
g el & 5 US Aotk

- 112 -



S 15 30 60 120180 C S

Fig. 23. TLC of hydrolysis products by chitinase from colloidal
chitin. The raction mixture (50ul) containing 0.5ug of
substrate in 1X PBS was incubated with purified enzyme
(0.75ug) at 60TC. The reaction mixture were analyzed at the
indicated times. Lane S, standard chitin oligosaccharides from
GIcNAc (G1) to GIlcNAcs (G6). Lane C, negative control.
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ahEsa

&
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Fig. 24. TLC of hydrolysis products by chitinase from various chitin
oligosaccharides for 3H. The reaction mixture (50ul)
containing 0.5ug of substrate in 1X PBS was incubated with
purified enzyme (0.75ug) at 60C. The reaction mixture were
analyzed at the indicated times. Lane S, standard chitin
oligosaccharides from GlcNAc (G1) to GlcNAcs (G6). Lane C,

negative control.
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Fig. 25. TLC of hydrolysis products by chitinase from colloidal chitin
and various chitin oligosaccharides for 12H. The reaction
were conducted at 60T for 12H by using
N-acetylglicosamine (G1), chitobiose (G2), chitotriose (G3),
chitotetraose (G4), chitopentaose (G5), chitohexaose (G6), and
colloidal chitin (CC), as the substrates. Lane S, standard
chitin oligosaccharides from N-acetylglucosamine (Gl) to
chitohenaose (G6); 0, not treated with chitinase; 12, treated
with chitinase for 12H.
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0.06g% 0.IM borate buffer(pH7.5) 10mlell 2o} 37CZ 2FE F27jdA 24
3 T Fol g4A3F] HYo. 32 fibrinogenS petri dish] 10ml¥ BF31
fibrinogen 10ml% thrombin(5,000unit, Sigma Co. StLouis, USA) 40unitZ
petri dishd@o| FF T AEE Fostdx ¥u Fe32 F3E
E5o FAA F4934.

6) £a49e A pH % A 2=
5499 pH W3 0E TLEY WEHE Lotry] $3tke] pH 40 ~ 7.0
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MY+ 0.02 M citric acid-sodium phosphate dibasic buffer, pH 7.0 ~ 80 3
9+ 002 M sodium phosphate mono basic sodium phosphate dibasic
buffer, pH 80 ~ 9.0 ¥+ 0.02 M Tris-HCl buffer, pH 9.0-11.02 0.02M
glycine-NaOH buffer2 243ttt 2442t pH F =¥ =2 0.6% fibrin(w/v) 713
| 05mlE EF F 37TCTAA 1A Tt WA A Z42FPS s}
Aok, 2xWigle o aiAgAde Wsle FF-7 28499 protease A&
Ag ke pH 9002 zAska, o] 2EA £93 0.6% fibrin(w/v) 71284
7 £33 F 10, 20, 30, 40, 50, 60 2 70CAA NHSAA TA BAHE =A%)
At

7) wiFuRld] w2 FAe 43 2 fibrinolytic enzyme activity.

7h g4 F7F 2 vkol wE #AAS € 2284 54

g TR g A AS 2 ZAEHE 5337 A8ty 712uEA
9l L-broth®] Al glucose, maltose, sucrose, lactose, galactose® 24z} 2%%
=2 FArista wjgkde pHE 682 2A3QY. zelx, AwFd Bacillus
sp. FF-7Tulg¢dE 247 3% s =2 FFste] 30T 18213 v et & &
Ao A ZALFHEE SHEA

®&, Bacillus sp. FF-7 ¥ %Al 718 9% protease@A-& el
galactoseZ ZtZ} L-brothol =37}, 1%, 2%, 3%, 4%5 5271 SHEHEE 3o
30ColA 18712 i@ & FA9] ST TA2BHAEE S8 A

W Ao FRe g FA A% @ AT =A

AxYY THA G2 FA K 2 3284 S 54317 98 L-brothdll
R EolX= 1%9 tryptoneS FAUFE9 peptone, yeast extract, malt
extract, NaNQs;, (NH.):S0s4, NH4C], casein, soybean®o. 2 t]A|3}x w|Fx7]
pHE T YA 682 AT F 30ToA 1842 WjFdd T FAo B &
2B EE SASAT

239 A4Y FAA 714 943 proteaseF A S IR E A4S o] &5y
T34} 2%, 4%, 6%, 8% =EE dtd ALxdd Fxd o FA WK &
AR EE S35 A.

8) &9l fibrin 3G & &7

Fibrin plate® 80Col4 30%3% <A plasminogens A7}
plate(Plasminogen-free  fibrin plate)s}  Ex83HA e fibrin
plate(plasminogen-rich fibrin plate)o)] Z&A %] W3-8 v w3}
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9) Urokinase(542Ah) ¢t x4 &4 v

Urokinaset F4AFoll A AlFo] Algstn dv AFE(E54HA) 0.IM Borate
Buffer& ©]&3d9 7,000[UZ %% ¥ Fibrin Plate’dolA] FF-7¢] & A7
v H B35t

Y. Bacillus sp. FF-7 vl Aol FA3t8 A (In vitro, In vivo)

1) DPPHW o 93 a4kst &4 4.

DPPH €92 100 ml ol&&¢] DPPH 16 mg< %< § F7HF 100 miE
£%3te] whatman filter paper No. 29 Al #A W= o] &4 5 midl
 wlgd 1 ml 2 BHT 005%S &g €9 1 mE #42 £t 37 T
ol A 308 wEAIZl ¥ 528 nmollM  EFREE ZAAUY. AT AT
(Electron donating ability, EDA) & EDA (%) = IZFF3E - A2 -+
F3x /U2TERE x 100 ASHETS FHMTFY F3E AE A
of WRgz FASFC

L ZFHF 92 v=d o g I3t &4,

B2 FHd e wgde st 4 £4e DPPHYC A A
FToFor &2AFAFHPT. FF wjYS J1Eujx]<¢l L-broth #}A]¢] glucose,
sucrose, maltose, lactose, galactoseE Z}Zt 2% F:E2 #HJlstx %7] pHE
EFA3A 682 2AF F AuIFH FF-72 7z 2%2 HE3t 30TCA 18
AlZE B FE ¥ 7,000 rpmoll A 1583 A EEEY IS AF5IE FAst &
Ao o]tk g FF-7 wlgA] 3H7He &4 FolA st &40 7}
A 953 galactose®l FEE &g HESFY] 93to L-brothel 1, 2, 3, 5
2 7% T2 4z Hrbete 30CelA 18X uvigdt 45 HE o]&3ste
Abst #43& SA3sgrh

3 FA2Y FF 9 Fxo & wigge] 33t #4

AxYY FHo OE g da3 ¥4 FHS DPPHYA o A=
FAdFor ZAPY. FF vFe 71EuXQ0 L-broth ¥lAle] tryptone,
yeast extract, malt extract, beef extract, (NHs):SOsZ 44 1% ¥ = 7}
stz Awjgd FF-72 247 2%=2 FHFsto x7) pHE 59384 688 =4
St 3 30TColA 18A1ZF wigdt ¥ 7,000 rpmol Al 1523 AR s IS
e As i3 248 EFZE o] g3itk. =3 FF-7 vidA A7tk A4
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FollA 3akst gEAdo] 1§53 tryptoned] ¥R ANRE AE3Y] A8ty
L-brothdl] 1, 2, 3, 5 2 7% &2 42} #71st9 30TAA] 18417 wj g3k 4
TA4E ol &3t kst BAE SAHAT

4) Z+ 23 2] microsome 39 =A ® itz Y 4.
A Aols FAF 3FH IF=REH HEd 4 2L IdAF FHd
1.15% KCI-10 mM phosphate buffer (pH 7.4)E 7}5l9] homogenizer2 &
3t A1 9L 12,000 rpm 2 45000 rpm o2 Z+2E PAEE st dojA A
AEd 37 butferE& A F 718t microsome o2 3t ¢itst &
43L& Wong 59 wWydl wat 50 mM Tris-HCI buffer (pH 7.5) 1.5 mlol ¥}
%A 02 ml, Z+ =32 microsome ¥ Zt7Z} 0.1 ml, 0.1 mM ascorbate 0.1
ml 2 5 mM FeSO4 01 mlE XAdZ 7}8}q uvtgds & &33tn 37CY
shaking water bathell Al 1A17F WA A A F F4bsteE FEAAHT ojd o
ZTE ANEE H7FsHA %o, 34 F4sAA BHTE ASHH
0.05%& AH&3ste] Z2 Wioez AUt ¥E F 3 M trichloroacetic
acid¢} 25 N HCI®] &9 05 mlE 718t 3,000 pmoZ 10833 AR
& & 459 1 mE st 067% TBA 1 mlE 7Hetd &£sta £+
ol 30&zF rHEste] EMAFAY Wz F 3,000 pmol A A4 EEEH
AT S 535 nmollA FREE SR er, AF HAiste] A&

fo dh

pd

N

7o FFxo U3 A& (%)Z vmsg. old w5 wi%y
DPPHY o2 &9 3itst &4¢] 3 20L& 7|22 L-broth iAo} &
9 galactose 2% 2 A9 tryptone 1% H7}e2 27|15 pH 68% ZA
A FR FF-78 2% FE3 &3l 30CoA 1841z w23t 3 7000 rpm
A 1583 A EZse L FF YL o] &5t

P &2 o

5) Fe''/ascorbatecll ¢l& #=d dsAH FA}

A3l &4 Wong 59 Wl uel 50mM Tris-HCl buffer(pH 7.5) 1.5ml
of Z+ AE £9 0.2ml (6.0 mg/ml), 7 microsome ¥ (Iml F Img A
&%) 0.Iml, 0.1 mM ascorbate 0.lml 2 5mM FeSO; 0.1mlE X+l 7}sto
g8 & TEE F 37C9 shaking water batho]A 1417t incubationAl A
H33E FEAZT old tzTe AEE H/MIA 31 $i9 YHFt F
A3HA 83t A ).

Incubation®] &} Esterbauer 59 ¥WHol #3t9 3M trichloroacetic acid
¢} 25N HCI8l &£389 05mlE 7Het 3,000rpmez 1083 dAEdd ¥
AR 1mlE Hetd 067% TBA ImlE 7hete E3sln B E &4 30
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B 7tgstd wANZHY ¥z 3 535mmolA FREE Z2Fgen, AA
Fiste]l A& T FF = dig AA&(%)= v e

6) Linoleic acid A3 A9 kst A A}

Osawa?] #¥d] wal AR linoleic acid(25mg/mi in EtOH), ferrous chloride
(245 mg/ml in 35% hydrochloeic acid), ammonium thiocyanate(0.3g/ml in
H:0), 0.2M phosphate buffer (pH 7.0)0& FA)8te] o]=2 stock solutiono 2
A8l ck, EFgAe Z+ Al 8 02ml (6.0mg/ml =+ 06 mg/ml)
linoleic acid 02ml1& A1 W] ¥ &%3 F phosphate buffer 0.4mle} 3

T 02mlE 7}ste] 40TColA 23 X7 ¢ ¥ incubationd}H Al ‘34_747]”-4 7*
Ao A3 A FAYYL EFEAAA 0.1mlE FH et test tubed] Y1
70% ethanol 3mi¥ ammonium thiocyanate89 0.lml, ferrous chloride &%
0.1mlE &3 ¥ AFF 38 o 500nmolH TIE=E AT old
gde] vug 959 A4 FAsAIel BHTE AE3H7M39] /1038 A1-83)
o] BHT #7l72 3 ch

7) TBA(2-thiobarbituric acid)® ol <& 3its 24,
Linoleic acid (25 mg/ml in ethanol) 1 mi¢} ¥jFE& 9 1 mIE AlPHA] ¥2
£33 ¥ 0.2 M phosphate buffer (pH 7.0) 2 ml¢t 5 1 mlE 71514 4
0CoA BAIUA dARAc =z TBAYLZ ZAF{A F, 3 05 ml
& 339 centrifuge tubeol] il 35% trichloroacetic acid 0.25 ml¢} 0.75%
aqueous TBA 05 mlE 7}8ted &3t3t ¥ boiling water bathdlA 715 &&

FmA 1583 Adste] WzhAzl F 70% trichloroacetic acid 05 miE 7}
g oS 20 ¥ 3,000 rpmell Al 1583 LA EYE}E, I A 5HE 532 nmol
A FF=E ZAHSAH.
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t}. Bacillus sp. FF~-7 &

g o]&d AXAF e

=

D A% A FAE
194 || 294 344 4G4 5¢A
AT A 2 A% F| (WP 4= A
g ] g g
B Y 4 A Az o =7
g 2 g
g 4 AAF
g
s A
g
AT &%
g
22 49
3
&3 A%
3. 492}

D w59 £

e AsiA 4o dutrt o2 Ry AFFHAEE AFdY R A4S
% #3222 fibin plate WlAlo] =% F 37CoA 1812 o] ujdstd]

AAD 35 T AU ez Fuyto] 71 & #5& AWsq FF-7&2 9

3.

Bal#F¢ FF-7& gram staining}4l 23 ¥AS Jehyslen, spore
staining 9l Al = sporeZt £+ 2 V9 colonyFEHIE 7HA 2 A}, (Fig.

1)
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2) 5 3

EY227¥ Fibrinolytic enzyme #/d°] $53% FF-72 E83, Yt
5AA Bacillus sp.9d< #9381 API 50CHB kitE ©o]&3to Bacillus sp.Yd<
3Hel3lgth. (Table 1) AAANA(SEM)L 2 #2AN Peg FFE Joo=
Bacillus sp.2.2 #2= vt (Fig. 1)

ol¢} 2 AF}E (F)Micro IDA] 283l 165 IDNA sequenceE A A3}
o A% AF Bacillus sp.EA ol 7tA] BEHAA & FFE BAHHIA
A7 9} Bacillus sp. FF-72.2 w33l t} (Table 2)

e

DONG-A SEl 30kY X15000 1um WD.Omm

Fig. 1. Scanning electron micograph of the isolated Bacillus sp.
FF-7(x15,000)
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Table 1. Physiological characteristics of isolated microorganisms FF-7

Gly + Cel +
Ery - Mal +
Dara - Lac +
Lara + Mel +
Rib + Sac +
Dxyl + Tre -
Lxyl - Inu

Ado - Miz

Mdx - Raf +
Gal - Amd +
Glu + Glyg +
Fru + Xt -
Mne + Gen +
She - Tur -
Rha - Lyx -
Dul - Tag -
Ino + Dfuc -
Man + Lfuc -
Sor + Darl -
Mdm - Larl -
Mdg + Gnt -
Nag - 2KG -
Amy + 5KG -
Arb +

Esc +

Sal +

1) used with API 50CHB kit
2) + : positive, — : negative
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Table 2. 16S rDNA partial sequencing patten

of Bacillus sp. FF-17.

1
51
101
151
201
251
301
351
401
451
501
551

CGGCG TGCCT AATAC ATGCA AGICG AGCGG
TGATG TTAGC GGCGG ACGGG TGAGT AACAC
ACTGG GATAA CTCCG GGAAA CCGGG GCTAA
CGCAT GGITC AGACA TAAAA GGTGG CTTCG
CCGCG GCGCA TTAGC TAGTT GGTGA GGTAA
GCGTA GCCGA CCTGA GAGGG TGATC GGCCA
CCAGA CTCCT ACGGG AGGCA GCAGT AGGGA
GTCTG ACGGA GCAAC GCCGC GTGAG TGATG
CTICTG TTIGTT AGGGA AGAAC AAGIG CCGTT
CGGTA CCTAA CCAGA AAGCC ACGGC TAACT
ATACG TAGGT GGCAA GCGTIT GTCCG GAATT
AGGCG GTTTC TTAAG TCTGA TGTGA AAGCC

ACAGA TGGGA GCTTG
GTGGG TAACC TGCCT
TACCG GATGG TTIGIC
GCTAC CACTT ACAGA
CGGCT CACCA AGGCG
CACTG GGACT GAGAC
ATCTT CCGCA ATGGA
AAGGT TTTCG GATCG
CAAAT AGGGC GGCAC
ACGTG CCAGC AGCCG
ATTGG GCGTA AAGGG
CCCGG CTCA

C1ccc
GTAAG
TGAAC
TGGAC
ACGAT
ACGGC
CGAAA
TAAAG
CTTGA
CGGTA
CTCGC
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3 dALHNELEA

EgogRe EEH Bacillus sp. FF-7 284909 AL S fibrin
plateE ©]&3t9 Z}7} 5009t 100iE 8mm paper disk ¢l #5383t 37T
oA 2A)7ke] At F A3 A= Fig. 29 2k B Bacillus sp. A E
HALNTHE FA% F glen, FF-7d4 = $53 34348 39
g = AU

Fibrin plateE ©]-4% FF-7¢] 483 £A3-2 AR 2A3 114 o2 §
AEe Fysie wAe] ngyes Frtske AE¢S JYeHden. ot 9
53 2 S 98 2y @ Ao} X5 h(Fig. 3)

Ul FFAFozRE B vARe 3 &IAFTL I AT Bol
BRag vt 9loy, ojn] Bu Ho Y E HFFozZRE EEd Bacillus
sp. B}t A& AL T ¢ g8 S oA E A=
At E o] Rt}
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.
L

Fig. 2. Clear zone indicates the fibrinolytic enzyme activity of
Bacillus sp. FF-7
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C lear zone size(cm)

T ime (hr)

Fig. 3. Calibration curve for determination of fibrinolytic activity

(-@-: 30uL, -M-:50.0)
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Az W E FAle S 2 a4A84g9 Wzt
FF- 7i‘—r«] A ZHE A ST 242348 RASE AT Fig. 49 2
k. TAe AKL vF 6APRE FA3] Fte7l AlAste] w| g 15412 o
o AAGE JEMUAL 2 o]F 2 ZrastE AFE eI dd 43
Ehe 4L A AFT FY3 U= S JeERYy] AF} stgon, o
= olv] B3 HolA Bacillus sp.2] A XS] proteased] FA3 FAd3 AE

5) %7] pH Wisld] os 74 4% 2 52 FA A3
FF-7759 %7] pHH sl m& 79 W83 &4 B4 AU3lE dolny)
A8 wFuiA e x7] pHE 4 ~ 1002 -3 T A wFdS 3%4 HE3)

3 30TolA 24A12F vt & #ANST} AX8HYEE Fig. 5 9 2k 8%
uizle] x7] pH 5 ~ 107kA #AASE AAH ez dasdxnl, g4 34
T pH 4%¥ ZF718t7] A&slo pH 6914 7H3 A delygs %7] pH7L
6 ~ 82 24 F u|I} A ALAE o] ¢FIAT 28, Mg F9
ekl el pHE HAH o2 86 ~ 882 HAIA T

6) Za2N9 EAHA NXE pH L.LE 9T

Bacillus sp. FF-7 ¥3 349 4344 vx= pHe F38S AEs)
71§18t 71289 pHE 594 117bA] WHEAA 2EL 897 HSAZ
H 248 5AHT A& Fig. 67 2. pH 64 5E 9714 vlud w2
HAA FHL|Egol 70%01/de T E YeiiRien, o 2aAd
g H2 pHE 62 el FA4 proteased S & 4 AT

TS FF-7 284 %9 JAdLfaied HAHLXEE HES 7] Y3 =& 1
0C ¥ 70C=Z W3A 77U 22848 &A% A= Fig. 79 2o a2
HES-AH2 20 ~ 60CoA 80% ol & a4F84E& Yepyglen, o &4
9 HH WIeEE 40CE Jehidrh wakA, 2 ¥l A}8¥ Bacillus
sp. FF-7& 20~40ColA 90%olde) ¥ BAE 7lxE ARBNELE A
Ao zy AdgHoz olfAo] et n HJaHAh EE, F4 pHA
6 ~ 794 BALNTol +F8td FALIAAZA FAF BH 7 AHHEF
ol } ojokE Fol dE] o] &HoA AHolgt ALEH T
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120 2.5

100 }

{12 ~
© 80 | >
© 41153
Q) St
Qe 60 | ®
3 11 2
S 40} b
-
< 20 | N 05

0 y ' 0

3 6 9 12 15 18 21 24

Culture Time(hour)

Fig. 4. Time course of fibrinolytic enzyme activity in Bacillus
sp. FF-7. (—El—E—Relative activity , —@—€@—:Cell growth)
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120 2.5
_ 100 } 1 .
< 0 S
b -

S 1158
b [0+
T 60 | 2
3 11 8
] i Qo
s 0 2
0 {05 <

20 |

0 ! ! | ! ! 0

4 5 6 7 8 9 10
Initial pH

Fig. 5. Initial pH for <cell growth and fibrinolytic enzyme
activity of Bacillus sp. FF-7

(—B3—B—: Relative activity , —4¢—€—: Cell growth)
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3 B

Relative activity(%

! ! |

o 8 & 8 8

&8

30 40 50 80 70
Temperaue

Fig. 6. Optimal temperature for fibrinolytic enzyme activity of
Bacillus sp. FF-7
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‘0\0‘100
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s &

O

< 60

()

=

5 40

(O]

T x|

O ! ! t ] t
5 6 7 8 9 10 11
Odirval tH

Fig. 7. Optimal pH for fibrinolytic enzyme activity of Bacillus
sp. FF-7
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7) wjckuxjeo] 2 FA9 AA @ fibrinolytic enzyme activity.

7h 84299 % 2 Fxo WAL dAsqFY v

FF-72 59 @44 $F wE 483 a4 &4& vusry] 915 LB
i x| d] glucose, starch, sucrose, lactose, galactose®E Z}Z} 2% == AH7}s)
o 30CAA 18A17F vlFet & 8000xgellA] 2027t A EE s A A
ZA2NE fibrin plated] 30u0S paper diskoll 7}ste] 37ColA 4A1 F &
AHolzl Za3e] 278 o] & FARMBANEE Fig8¥ ) AMSEH A
Sade W3 dALHFAAEE galactoseS AHEEUS W HF Egrow,
galactoseFT ol M HALHEY L o vt Friste BFE YE
e 4%oA 73 et (Fig. 9

) A42de T/ 2 vk mAe @835 vln

AxQel THo o2 AL S vlwdy] fste LBujAGA A4
9l 1% tryptone WAl9] soybean, yeast extract, malt extract, (NHi)2SOs,
NHCIE 5d3F s=2 dAste] 30TCoA 18A17F w3k & A EE 3 A
TYE ol&sted WG FAE vt (Figl0) A3 84 FHLS
malt extract® A28t W 7B Eton, g4 de] AARdAY Zo] T =
e vlHdoz Friete A¥AS HEUlen 4%9] FxdA PF -F
st oh.( Fig.1l)

) v BFdA THE dd 8 v

i FHo wE FHLNEAE vzZstr] s LBuiA A NaCl&
tAilel] yeast extract, KoHPQOs;, KHoPOs, MnSOs, MgSOs, ZnSOs4, CaCls,
FeSO4E 0.15%TT2o2 dAste 30T 18213 vlgst & dHE=S A
A& o]&3ld FALHNFALS v ALNELLE KHPOE A
A& o 7Y Ao 4. (Fig.12)
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120

100 1

80 |

60

40 1

20 1

0
sc ST 6 L e

Carbon source

Re lat ive activity (%)

Fig. 8. Effect of carbon source on activity of fibrinolytic enzyme
(SC: Sucrose, ST: Starch; GL: Glucose, LA: Lactose,
GA: Galactose)
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28 K8 8

Relative activity(%

i

75

70 i ! I !
0 1 2 3 4 5

Goncentrdte of glactos(%

Fig. 9. Effect of galactose concentration on activity of fibrinolytic

enzyme.
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120

Re lat ive activity (%)

SBSM YE ME NC NS
Nitrogen source

Fig. 10. Effect of nitrogen source on activity of {fibrinolytic
enzyme.
(SB: Soybean powder, SM: Skim milk, YE: Yeast extract,
ME: Malt extract, NC: NH4Cl, NS: (NH4)2S04)
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Coroarirate of natedract (93

Fig. 11. Effect of malt extract concentration on activity of

fibrinolytic enzyme.
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25

Fibrinolysis activity(cm)

NC YE KH Mn Mg 2Zn KH2 Ca Fe
Mineral source

Fig. 12. Effect of mineral source on activity of fibrinolytic
enzyme.
(NC: NaCl, YE: Yeast extract, K2H: KzHPO4, Mn: MnSOQOs;,
Mg: MgSQ4, Zn: ZnSOs, KH2: KHoPO4, Ca: CaClz, Fe: FeSQy)
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8) £4 9] Fibrin ¥4 u& &
AL EAE fibring st Fd Wt F /A FHE Ys F Aok
a e g9 5 plasminogens active typed! plasmin@® WHIAA
plasmin®.2 3ty F fibring B XS 3= plasminogen activator typed}
ols} F-#AsA EAAAI A3 AS FstE direct active typeo] Ut
ojo] B §Aie RIS #FQ3lr] 93] plasminogen-rich fibrin plate9t
plasminogen-free plateZ AF&3lth. Fig.13 oA BE niel o] B dAE
EAE plasminogen= A Az plasminogen-free plated] M &
plasminogen-rich fibrin plate®} v}37lxl2 A& L3t A3E BJh
2822 E 3AE fibring 2H EI3IE direct active typel® G HY
o}, Urokinase < Bacillus sp. FF-79] Ir&d R&FS vx 3 293§
Fig.14d] Yellidct 2 A3 2 ¥ XA Bacillus sp. FF-72] 3Bd &
&5 o] UokinaseB ot <FzF wgtoy} Bacillus sp. FF-79] HBH RIP5E
$-3 Aoz A FHAU)

kil
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Plasminogen-rich- plate

Plasminogen-{ree-plate

Fig. 13. Fibrinolytic activity of FF-7 in plasminogen-free and
plasminogen-rich  fibrin plates. plasminogen-rich  fibrin

plate contained 5U(0.5U/ml) of plasminogen per plate
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Fig. 14. Comparison of the fibrinolytic activity with urokinase.

Y. Bacillus sp. FF-7 wjgA 9] 3334 (In vitro, In vivo)

D AZF, Aol AAZF & o] £&o X 4

Bacillus sp. FF-7% 2}o] S 10%9 20% FFo2 Hrtsle 33243 43
AN AF] AF 2 Aol HAFL AIFE ol FoFHA Aol AAH=A
g9k}, (Table 2)

e BF-10, BF-202 controlit %t AF F7HFA #9939 ol ¢l
Kot 7t FAEE AFAE BHIYh ojHTd A Al o] uldel HUMg
TAZE 4FAQA FRAA dzFr "ojxy] gl Aoz Fyt FA Fol
BE FF 27t AN

Azl did Z F71e FdiA T34 (g/ke body weight) ¥3tE Table 3
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3z},
Ao Bl S Y= control ol Hlste] APT BF-10 3 BF-20391A4
FA&3t 2™, control ¥ H]we}e] BF—lOE‘Zl"’ﬂH 5% T FefHez
FZaste Aol BF-20T A e FoAZAA zoje AFHA &t
a9 & F7A o, 3 A, Hl%, I3 T AU TR 7 AT
ZHel f-oF ol AAHA Arh wElA, 72 AHolE FHF YR
H8l A Bacillus sp. FF-7& 543 AN 2zt Z719 F3n7t 4314
HstE BYgoga A dAHANE of" JFgs A JeAe] de AL
2 Aad

|

u\l

[0
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Table 2. Effect of Bacillus sp. FF-7 on the body weight and body

weight gain in rats.

Body weight

Food
Group . FER
initial Final Gain intake
g/rat g/day
control 93489+499 21015822  11667:378 18641040  029:0.34
BF-10 0464:353  19329+668  0865:884  17.23:098 027051
BF-20 0502t175  18820+1171  93.17:096  19.17:002  023:052

1)FER(Food efficiency ratio)= Body weight rain/ Food intake
Values are meantSE of six rats per group. Between the groups, values
with different letter are sigbificantly different at p<0.05
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Table 3. Effect of Bacillus sp. FF-7 on the tissue weight in rats.

Ingredients Control BF-10 BF-20

Tissue weight
(g/100g body weight)

Brain 0.75+0.05 0.81+0.04 0.87+0.07
Liver 3.8240.15 3.38+0.10 3.79+0.08
Kidney 1.84£0.13" 1.15£0.08" 1.49£0.11%®
Heart 0.93+0.04 0.91+0.03 0.94+0.02
Spleen 0.56+£0.02 0.50+0.03 052+0.06
Testis 3.08+0.06 2.73+0.10 2.83+0.13

Values are means:iSE of six rats per group. Between the groups, value
letter are significantly different at p<0.05
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Table 4. Effect of Bacillus sp. FF-7 on the TBARS concentration of
tissue homogenates in rats

Ingredients Control BF-10 BF-20
Kidney 207.07+25.93" 138.68+4.02" 181.08+15.49%
Brain 190.10£26.70° 127.13+11.34° 130.82+14.17*
Testis 169.75+30.42 132.37+5.02 139.02+12.38
Spleen 141.33+15.32 151.79+13.93 114.75+9.43
Heart 119.27+6.18 136.21+16.39 12415778
Liver 97.71+11.44 109.21+5.16 112.69+5.20

TBARS(nmol/g tissue)

Values are means*SE of six rats per group.

Between the groups, values with differnt letters are significantly different
at p<0.05.

Thiobarbituric acid reactive substances (TBARS) in the tissues
homogenates were meansured as described in the materials and methods
section.

- 158 -



Table 5. Effect of Bacillus sp. FF-7 on the TBARS concentration of

tissue microsomes in rats.

Ingredients Control BF-10 BF-20
Liver 205.84+43.97 140.44+8.29 136.02+£355
Brain 169.75+30.42 132.375.02 139.02+12.30
Heart 118944348 94.35+4.08° 99.12+1.20°

Kidney 113.34+11.14 111.46+6.87 113.47+10.62
Testis 111.98+7.46° 85.86+1.25° 83.22+3.48"
Spleen 110.72+9.22° 87.27+2.04° 87.69+5.36°

Values are means*SE of six rats per group.

Between the groups, values with differnt letters are significantly different
at p<0.05.

Thiobarbituric  acid reactive substances (TBARS) in the tissues
homogenates were meansured as described in the materials and methods
section.
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161.09ppm, BF-10°14] 180.07 ppm&.& Eltth (Table 6) 7+ =9 A 47}
25E P AETT o8 FIFS wevs Ay mod v 9o
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Abstgon B Ao E tizFo) vldl Bacillus sp. FF-7 o3 73
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A A3k

Table 6. Effect of Bacillus sp. FF-7 on the nonheme iron and zinc

contents of liver in rats.

Ingredients Control BF-10 BF-20
ppm |
Fe 161.09+6.11% 182.07+07° 162.82+0.86°
Zn 29.70+0.98° 32.87+0.27° 38.37+2.54°

Values are meanstSE of rats per group.
Between the groups, values with different letters are significantly different
at p<0.05
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