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Production of ginsenoside Rgs—active
component of ginseng using convertive

method by soil-born microorganism
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SUMMARY
(YELFE)

I. Title
Production of ginsenoside Rg3 using soil microorganisms from rhizosphere

of ginseng root

II. Backgrounds
Ginseng (the root of Panax ginsengC.A. Meyer) is one of the most popular
medicinal plants, and it has been used for strengthening immunity,
providing nutrition and recovering from fatigue. Ginseng saponins
(ginsenosides) have been recognized as responsible for the biological and
pharmacological activities of ginseng. For example, many studies have
focused on their anti-tumor effects (inhibition of tumor-induced
angiogenesis and prevention of tumor invasion and metastasis), along with
their anti—diabetic, anti—fatigue, anti-stress and anti—oxidative activities.
More than 40 ginsenosides have been isolated from ginseng roots, with
five major ginsenosides (ginsenosides Rbi, Rbs, Rc, Rd, Re and Rgi)
constituting more than 90% of total ginsenosides. In recent decades, many
studies have focused on the pharmacologicalactivities of the minor
ginsenosides as their activities were found to be superior to those of the
major ginsenosides. These minor ginsenosides are present in ginseng only
in small percentages and can be produced by hydrolysis of the sugar

moileties of the major ginsenosides. Therefore, many studies have aimed to
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convert major ginsenosides to the more active minor ginsenosides with
methods such as heating, acid treatment or enzymatic conversion. Heating
and acid treatment, however, degrade other active minor ginsenosides and
acidic polysaccharides by randomly hydrolyzing all glycosidic bonds, which
deprive of the other pharmacological activities of ginseng. Therefore,
enzymatic hydrolysis of appropriate sugar at a specific position is desirable
for the production of active minor ginsenosides. This preference for
enzymatic conversion has led to the development of biotransformation
methods. Rb; is the most abundant compound (23%) of the ginsenosides,
and its structure can be converted to 20(S)-PPD by hydrolyses of glucose
moieties. Ginsenoside Rb; has a total of four glucose moieties at C-3 and
C-20. The conversion of ginsenoside Rb; to PPD begins with cleavage of a
terminal sugar moiety at either the C-3 or C-20 position leaving a

hydroxyl group, and is followed by stepwise cleavage of the other sugars.

ITII. Research scope

We isolated 200 beta—galactosidase producing microorganisms from
rhizosphere of ginseng root. Their Rbl-converting activites were analyzed.
And we tried to search the enzymes to convert major ginsenosides to
minor ginsenosides. After mass production of saponin—converting enzymes,
new technique may be developed to produce new product with quality

better than red ginseng.
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IV. Results and suggestions

1. Results

A. Enzyme types converting saponins

f3-glucosidase (sigma) was purchased commercially, and its ginsenoside
Rb;-converting activity tested. 1U of f-glucosidase and 1mM of ginsenoside Rb;
were dissolved in 1.5 ml of phosphate buffer (50 mM, pH 7.0). The reaction

mixture was incubated for 24 hours at 30°C and analyzed by TLC, as below.

Microorganisms were initially screened, using the Esculin-RZ2A agar, for
their ability to produce G-glucosidase. The black colonies on the
Esculin-R2A agar that showed AG-glucosidase activity were picked and
transferred tothe fresh Esculin—-R2A agar. Pure cultures were checked for

shape, color and size of colonies.

B. Screening of sponin—converting microorganisms
All the 1isolated strains were identified using their 16S rRNA gene

sequences. 16S rRNA partial sequences, with sizes around 700 bp, were
blasted in the NCBI database, with the closest type strains discovered.
Most strains are classified as Gram-positive Actinobacteria, Bacilli and
Proteobacteria. More precisely, the isolated B-glucosidase—producing
bacteria belonged to Streptomyces, Bacillus, Paenibacillus, Sphingomonas,
Enterobacter and Escherichragenera. The sequence similarity of their 16S
rRNA genes to those of their closest type strains ranged from 96.0 to
100.0%. 8 major groups were found - Proteobacteria a—subdivision (28
isolates), Proteobacteria B-subdivision (10 isolates), Proteobacteria
y-subdivision (24 isolates), Actinobacteria (88 isolates), Firmicutes (28

isolates), Bacteroidetes (2 isolates), Deinococcus-Thermus (1 isolate) and
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Sphingopyrix granuli (1 isolate).

C. Selection of saponin—converting microorganisms

From ginseng rhizosphere, 211 G-glucosidase producing bacteria were
1solated and from kimch, 111 bacteria were isolated. As a result of NMR
analysis, the conversion products were ginsenoside Rd, 20(S)-Rg3, F2,
compound K and gypenoside XVII.

Ginsenoside Rbl was converted to Rd by Serratia fonticola FS6(2),
Paenibacillus  kobensis EM6(6)-a,  Terrabacter  tumescens DL6(1),
Paenibacillus amylolyticus BB4(4)-b-1, Frateuria aurantia BB4(1)-b,
Streptomyces  bikiniensis  BBbH(7), Streptomyces  galilaeus  BB6(1),
Streptomyces olivochromogenes BB6(2), Paenibacillus amylolyticus DB5(3),
Sphingomonas echinoides BT4, Sphingomonas echinoides BT5,
Sphingomonas echinoides  BT9, Sphingomonas echinoides  BT12,
Sphingomonas  echinoides BT14, Streptomyces  tauricus B7T5(6)-a,
Cellulomonas uda T7-06, Cellulosimicrobium cellulans GS235, Terrabacter
tumescens GS 462, Microbacterium esteraromaticum GS508, Microbacterium
esteraromaticum GS514, Terracoccus luteus GS610, Streptomyces ferralitis
GS614, Terrabacter tumescens GS653, Microbacterium esteraromaticum
GS836, Microbacterium esteraromaticum GS844, Microbacterium resistens
GS1184, Lactobacillus brevis KC-72, Lactobacillus sp. CS1 KC-102.
Bacillus subtilis KC-103, Lactobacillus sp. KC-104, Lactobacillus sp. CS1
KC-105, Lactobacillus sp. CS1 KC-106, Lactobacillus sp. CS1 KC-107,
Bacillus subtilis KC-150, Lactobacillus sp. CS1 KC-153 and Lactobacillus
brevis KC-154.

Ginsenoside Rbl was converted to Rg3 by Burkholderia stabilis

EM3(2)-a, Terrabacter tumescens GS342, Microbacterium esteraromaticum
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GS508, Microbacterium esteraromaticum GS514, Terracoccus luteus GS610,
Lactobacillus sakei KC-01, Leuconostoc pseudomesenteroides KC-02,
Lactobacillus arizonensis KC-03, Leuconostoc mesenteroides KC-04,
Lactobacillus arizonensis KC-09, Lactobacillus sakei KC-14, Lactobacillus
plantarum KC-16, Lactobacillus brevis KC-19, Lactobacillus sakei KC-20,
Lactobacillus  sakei KC-21, Lactobacillus sakei KC-22, Leuconostoc
mesenteroides KC-28, Lactobacillus brevis KC-37, Leuconostoc citreum
KC-38, Leuconostoc mesenteroides KC-39, Weissella cibaria KC-40,
Leuconostoc citreum KC-41, Lactobacillus saker KC-43, Leuconostoc
citreum KC-50, Lactobacillus saker KC-51, Lactobacillus sakei KC-52,
Lactobacillus sakei KC-53, Lactobacillus saker KC-57, Lactobacillus saker
KC-58, Lactobacillus sakei KC-59, Lactobacillus sakei KC-60, Lactobacillus
sakei KC-61, Leuconostoc citreum KC-62, Leuconostoc mesenteroides
KC-63, Lactobacillus brevis KC-64, Lactobacillus plantarum KC-66,
Lactobacillus  plantarum KC-67, Lactobacillus  plantarum KC-68,
Lactobacillus  plantarum KC-69, Lactobacillus  plantarum KC-70,
Lactobacillus  arizonensis KC-78, Lactobacillus  plantarum  KC-79,
Leuconostoc  pseudomesenteroides KC-81, Weissella cibaria KC-82,
Weissella  cibaria KC-96,  Werssella  cibaria KC-97, Leuconostoc
mesenterordes subsp. mesenteroides KC—-100 and Lactobacillus plantarum
KC-143

Ginsenoside Rbl was converted to F2 by ZPFPaenibacillus kobensis
EM6(6)-a, Frateuria aurantia BB4(1)-b, Sphingomonas yabuuchiae BT,
Caulobacter leidyia BT3, Sphingomonas echinoides BTY9, Sphingomonas
echinoides BT14, Streptomyces tauricus BT5(6)-a, Terrabacter tumescens
GS462, Microbacterium esteraromaticum GS508, Terracoccus luteus GS603,

Terracoccus luteus GS 608, Terracoccus Iluteus GS 610 and Lactobacillus
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plantarum KC-143.

Ginsenoside Rbl was converted to compound K by Faenibacillus
kobensis EM6(6)-a, Sphingomonas yabuuchiae BT1, Caulobacter Ileidyia
BT3, Sphingomonas echinoides BT9, Sphingomonas echinoides BT14,
Streptomyces tauricus BT5(6)-a and Zerracoccus luteus GS610.

Ginsenoside Rb1l was converted to gypenoside XVII by Burkholderia
stabilis EM3(2)-a, Terrabacter tumescens DL6(1), Frateuria aurantia
BB4(1)-b, Streptomyces galilaecus BB6(1), Caulobacter leidyia BTS3,
Streptomyces tauricus  BT5H(6)-a, Terrabacter  tumescens  GS342,
Terrabacter tumescens GS405, Terrabacter tumescens GS462, Terrabacter
tumescens GS513, Streptomyces lenomycini GS516, Terracoccus Iluteus
GS603, Terracoccus luteus GS608, Terracoccus Iuteus GS610  and
Terrabacter tumescens GS653Y.

Major ginsenosides such as ginsenoside Rbl, Rb2, Rc and Rd can be
easily converted into a mixture of 20(R)- and 20(S)-ginsenoside Rg3 by
acid treatment or heating. But the isolation of each isomer from the
racemic mixture is a time—consuming and complicated process. 20(S)-Rg3
has also been prepared by chemical synthesis from
20(S)-dammer-24-en-3a, 128 20-triol (betulafolienetriol), but the synthetic
steps were complicated and the overall yield was low.

The enzymatic conversion through sugar hydrolysis at a specific
position of ginsenoside is desirable for the production of 20(S)-Rg3. Until
now no one has reported the production of ginsenoside Rg3 by using
microbial enzymes. In this study, we isolated [S-glucosidase—producing
microorganism GS514 from soil around ginseng roots in a field using
esculin-R2A agar, investigated the activity transforming ginsenoside Rbl

into Rg3, and identified its related metabolites.
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D. Isolation and identification of Rg3—-converting crude enzyme

Growth of the strain GS514 was very slow in nutrient broth and the
activity producing Rg3 was very weak. In order to compare the effect of
various media, the strain GS514 was cultured in LB broth, tryptic soy
broth and nutrient broth for 24 h. Samples were collected at 6, 12, 18 and
24 h,and O.D was measured at 600 nm. The O.D of LB broth, tryptic soy
broth and nutrient broth samples at 24 h were 2.346, 2.849 and 0.910,
respectively. The growth rates in LB broth and tryptic soy broth were
significantly higher than in the nutrient broth. Each suspension culture of
the strain GS514 at 12 h was mixed with the same volume of ginsenoside
Rb1l and then incubated for 10 h in a shaking incubator. We observed that
cultures in LB broth and tryptic soy broth converted ginsenoside Rbl into
Rg3, but the culture innutrient broth only converted Rbl to Rd. This
suggested that LB broth and tryptic soy broth were suitable for the growth
of the strain GS514 and also for production of Rg3. Therefore, LB broth,
which costs low price than other media, was chosen for more study.

When the ginsenoside Rbl was added to the culture broth of the strain
GS514, the content of ginsenoside Rbl and Rd gradually decreased and
that of Rg3 gradually increased from 2 h to 8 h. This proved that
metabolite Rd is a precursor of the ginsenoside Rg3. Similarly, when

ginsenoside Rd was added to the culture broth of the strain GS514, the
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Rg3 was also produced and the content of the Rg3 remarkably decreased
after 4 h. Conversion of Rd into Rg3 was faster than conversion of Rbl
into Rg3. This suggested that Rbl was converted by different enzymes
secreted by the strain GS514 in the following sequence: Rbl—d—g3. The
enzymes hydrolyzed the terminal glucose and consecutively inner glucose
at the C-20 position. Interestingly, after 10 h, the content of the
ginsenoside Rg3 rapidly decreased. This may have occurred due to the
decrement of the precursors (Rbl and Rd) converted to ginsenoside Rg3 so

the rate of production of Rg3 was slower than the rate of degradation of

Rg3.

2. Suggestions

A. The Rg3 producing Microbacterium esterarmaticum GS514 will be
applied to patent.

B. The Rg3 producing Microbacterium esterarmaticum GS514 can be used
to produce the active enzyme in mass production.

C. After completing mass production, the production technique can be
transferred to companies to produce functional food, medical product,
etc.

D. The Rg3-converting enzyme was induced by inducer. Appling gene
transformation technique, more cheap method for the production of Rg3

should be developed.
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(Tachikawa et al. 2001, 1999), 21 =4 &4 (Rhim et al. 2002), H9=7(Wang et al.,
2005)% &Ao] ®Haxal 9t} Ginsenoside Rg3E A &7tA F=E Aloli} Az o3
AARE JARE AT Skl Wo] 2hol= mAe] o3k ALk ofA AFE A &gkt E <

e
a4 targetE T3 AT H EYHAEZEEH

T+ ginsenoside Rg3& A e = = 3
B—glucosidase R ABES screeningsle] AMAIE W M35, 53] ginsenoside Rg3&E
o] @] A #FE AWetal G408 FElste HEH R Rgd LTHF AxAIF

B A=

_36_
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protopanaxadiolZ] AFE
protopanaxatriolZl AFEQl Rgld} Re & 6F AFEHolt) QIAALEHS 4ol Aul) ]
o, A, A ET S FEUH Tl whEl tha Apol7k AIRE AR FARE RS U
EFleh. Q1AHERE] o 4] protopanaxadiolZ] AFEY Rbl, Rb2, Re, RdZF AREW 9] 32 Rd
(0.15%), Rb2 (0.34%), Rc (0.35%), Rbl (0.63%)wCo & 3grFo] wWo] FEAstaL
protopanaxatriold] AFEY Rgl¥ Re= Rgl (0.40%)¢] ko] Re (0.35%) H.th okzt o)
SAGTH(AA 5 1987). 2 ATE UATd EYHAES ol &d i AREdEd
ginsenoside Rg3¢] AAte] 13t A" A] protopanaxadiolAlZEo A o] 7} ®i1 Rg3,
Rh2, compound K&2¢] #3to] BF 7b5d Rbl(Fig. 1S A3 didtoz X433t

GIe(1-61GI00E
OH

/
K Gle(1-2)Glc0

Rb,

GIc(1-Z)GIc-O/ "
Gyp XVII

\

GIe(1-6)6100 G

Gle(1-2)Glc-0 HO

Compounnd K

PPD

Fig. 1. Transformation pathway of ginsenoside Rbl to protopanaxadiols.
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Ginsenoside Rbl % FQ% 4FE9] spstxA v FAH24, FA2 Fig. 20 A8

S TH.

HOCHz O —CH»:

Product Name: Ginsenoside— Product Name: Ginsenoside—Rd
Rb1 Molecular Formula: Molecular Formula: C,3Hg,0,
CiaHg,OssMolecular Weight: Molecular Weight: 947
1108Storage Temp: 2—-8°C Storage Temp: 2-8°C

HOCHz © ——CH;

— 0 o
p .
HO@ HOWO\

Product Name: Ginsenoside— Product Name: Ginsenoside—Rd
Rb1 Molecular Formula: Molecular Formula: C,gHg,0 4
Cs,Hg,055Molecular Weight: Molecular Weight: 947
1108Storage Temp: 2—8°C Storage Temp: 2-8°C
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Product Name: Ginsenoside—Rh2
Molecular Formula: CyeHg,04
Molecular Weight: 623

Storage Temp: 2-8°C

Product Name:compound—K
Molecular Formula: Cg5Hg,04
Molecular Weight: 623
Storage Temp: 2-8°C

Product Name: Ginsinoside

aglycone—ppd

Molecular Formula: C,,H;,0,
Molecular Weight: 461
Storage Temp: 2—-8°C

HOCH, O —— CH;
H H o
HO@ HO@‘ \/\/\
OH oHOH 20

OH

Product Namd&ypenosidexVil
Molecular Formulaydsyg
Molecular Weight: 947

Storage Temp—8&°C

Fig. 2 The structure, molecular formula and molecular weight of ginsenoside Rbl

and main metabolites.
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extracted with
MeOH or EtOH

|

Ginseng extract

Ginseng powder

extracted with
MeOH or EtOH

|

Ginseng extract

Ginseng powder

laddedwo

laddedeo

Aqueous solution
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Aqueous layer
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|
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!
Aqueous layer

Fig. 3. Schematic representation for extraction of crude ginseng saponin (A: by

BuOH extraction, B: by Diaion HP—20 adsorption).
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Th(Table 1).

Table 1. Comparison of extraction by butanol and adsorption of Diaion HP—20
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Table 2. The reaction condition of enzyme on the market

[P wit | PH | wgem | wrsazt buffer
ZA
sodium

a-glucosidase 1 7.0 30T 1A13F
phosphate
sodium

B-glucosidase 1 7.0 30C 1A ZF
phosphate
sodium

B-galactosidase 1 7.0 30C 1A ZF
phosphate

WEEFELS FEIFEHEE 53 § 40 ColA ebsFstal FHES e &

Al A TLCOl A 3tar CHCly/MeOH/H:0 &3-8vl(65:35:10, v/v/v, 3t5)= 5 cm Z7N

1
T 109%E BFe] spdshe oz WA AT (Fig. 4).

Rg3 —

Rd -—

Rb1 — — — -
S a—-glu B-glu B-gal

Fig. 4. TLC analysis of reaction between ginsenoside Rbl and enzyme on
the market.

A A7 g—glucosidase, [—galactosidase oA = ofF# dHkSo] el kil 3
—glucosidaseo| A%t WFSS HPowW WS 2HES standard Rbl, Rd, Rg3, Rh2,
Compound K¢} B2 2A13+ A3} ginsenoside RAE 315 th(Fig. 4). wWatA o#+F 2=

A=)

Y99S B—glucosidase &d MAE 2HS T2 P35
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A 3 A AEd AHE v|PE HE
1. EY € AX ABZHE B-glucosidase £H] FAE £3 € TA
7} As L 4y

1) Esculin Agarg o]83 [-glucosidase EH) U]AE 9 A g

)

oA EY % XA A9 [B-glucosidase #H] H|AES Ey:= table 33 7L

esculin®] 5]+ agar plateZ o] -&3Fo] E2] 3530t} (Atlas, 1993).

Table 3. The component and contents of esculin agar medium

Contents Amount/L
Pancreatic digest of casein (Casamino acids) 13¢g
NaCl og
Yeast Extract og
Heart muscle, solids from infusion 2g
Esculin 1g
Ferric citrate 0.5g
Agar 15¢g

Esculin& "] Eo] 8|5l [S-glucosidased] & glucose®t esculetin®. & 7}443)
o) EalE esculetine o] 23} ¥kg3le] Fig. 59 7] colony FH 9l black complex

£ dA k= A7 Bol= colonys W AdEate] QAR o] ded ol ARg-skltt
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HO
?} Ho\
HO' o —0 HO
beta-glucosid X
AN eta-glucosidase HO' <—>—0H .
~

/ N VR
HO Ho oo / HO 0 o
HO
Esculin Glucose Esculetin

HO
m Ferric ion Dal'k bl'OWn
Ho™ oo colony
Esculetin

Fig. 5. The principle of esculin method.
2) B-glucosidase 4] H|AE9 Y

A BdE 471%= A3 dakgelA Hate] polyethylene vinyl bagell %
A ® EHketdleh. Alme 4ToA BESAA 6AIZE ojlel A AT EdFE o
o] 107% ~ 1077 serial dilution 3 A]&Z esculin agar plateoﬂ spreading 3o 28°C
A vl o¥Et Tt Black complexE & A3 single colonyES R2A agar platedll 4] & %A
M =l 2wz Ad u) gFsl

2]
agar plateo] 100 ul® spreading 3+ & 37°C incubatorol A 48A]3F w3+
dilution® 712 A& Z}ZFe] MRS plateo] YEbd A& T2 single colonyE 10704 A&
o] HdH o] AINE selection ¥ esculin agar platedl] %74 Mz WH3lE BHFY
t}. Black complexE ¥ A%k single colonyE=S MRS agar platedld 22 XA ZE &
weF 2 wW7kA Ad wFsin. AFHow MY € B-glucosidase EH

=z
=
esculin agar plate©l] streaking O EH B—glucosidase ©H] &L thA] 3 ¥H sk

==
O

Y
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174 =70 C9] deep freezerol| X33}

& 15% glycerol stock solutione #Heo] F<4 WYzha
AT}
B—glucosidase 4] P A& AN
HigE 755 1.5 ml tubeol

3) Polyphasic taxonomyE ©]-& 3%

(1) DNA9] &
ste] aatgith. Platedl A]

Chromosomal DNA®2] 2]+ CoreOne bacterial DNA extraction kit (Coretech. Co
=] = I~ I~
T
destol A8l A F ARG F5F DNAE Q790 S,

Ltd. Korea)S o]&
GAGTTTGATCCTGGC TCAG-3")¢}+
2ol A3} ke table 4¢] LERTH

(2) 16S rDNA®] PCR &
(7}) 16S rDNA ZZ & HEHH, Primer 9F(5'
ACGG(H)TACCTTGTTACGACTT=-3"), Pre—Mix(Taq—polymerase + dNTP +
— % Eo 2-"0

1512R(5'—
10X reaction buffer), TF+E AF&3t3Th Z
Table 4. The composition and contents of PCR materials
A= &
) 2 units(0.4
Tag-polymerase(5 units/ul) )
Pre-Mix
10 mM dNTP(2.5 mM/each) 5 ul
10X reaction buffer 5 ul
) 9F(10 pmol/ul) 5 w0
Primers
1512R(10 pmol/ul) 5 il
Template DNA(10 ng/ml) 1-5
=5 25-29 m
FHFTFE 31-35 u &

(4) Pre—MixZE 10 pl, PrimerE 10 nl, Template DNAE 1-5ql,

50 plog w3 )
(th) (W)l A +8ld 8NMS Programmable Thermal Controller (MJ Research Inc
|83 oF & cycled settingS th&-3 Zt}(Table 5)

golH & 3

USA)ell A FFget. o w A
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Table 5. Cycle setting of PCR

I 4 > =(0) Al 3
Pre-denaturation 94 5+
Denaturation 94 1+ 33
Annealing 60 15 cycl
Polymerimerization 72 15 30% e
Last Polymerization 72 T
Store 8 0

PCRE ZZ3H 16S rDNAE 1% agarose geldll A7]9 %S dlo] elstgin).

(3) DNA AA
DNA AAE 934, PCR Purification Kit(Bioneer, Korea)g ©]&3}% ).

(4) 16s tDNA F714 48 &4

DNA Purificationg 3] AAE 16s rDNAS 7|4 <d& ABI Prism BigDye
Terminator cycle sequencing ready reaction kit(Applied Biosystems)®} Automatic DNA
sequencer(model 3700, Applied Biosystems)S o]&3lo] A5 T},

(5) A&xE A4

GeneBankell Sl&= A=E o]&ste] weld ¥+ 7HF 77k type straing 243}
k. Ze| w5 AseE 1er] fsiA, 552 16S rDNA 9714 4S Clustal X
program (Thompson et a/, 1994)< ©]-&3ato] QA AUt} 7ML AT o
S A7 4 A= Gape BioEdit program (Hall er a/, 1999)2 o|&3}lo] 2kA|stz H A3}
ATt dFEY RHIJHAHL FAHEE 1S Kimura two—parameter model (Kumar et al,
2001)& o] €393, MEGA 2 Program (Kimura et a/, 1983)¢] neighbor—joining W3S
2 AFEG} AARRY ZoE f-glucosidase wH] #Fo] AlEEFeHy AAE 2A
s tH(Fig. 6).
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16S rDNA

PCR
amplification

DNA
G Extraction
DNA

Cycle Sequencing

> [ 168 rDNA data |

l

Alignment by Clustal X

[
neighbor-joining phylogenetic tree
Fig. 6. The pathway of analyzing of 16S rDNA.
= B

Genomic DNA+ Nuclease P12 #33}o] phosphatasex#]& 3ol HPLC

16S rDNA data from
NCBI/DDBJ

O+
i)
o

(6) Genomic DNA9 G + C mol®% =3

o 2 #0]= MIDI (Microbial Identification system)S A}
, TLColA &= A&

Qae] wAjstolTt.

2 543
Fo AAE SHLS A8
=
MNog AA AWs FEI F
3to] Zojdll 3 HPLCE =3
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(8) Quinone ¥4
Chloroform® methanol &3%+-&
(Ubiquinone ¥+ Menaquinone)< &



(9) Peptidoglycan o}u|x=2t £4]
Cell-walls & 715823)8te] AAE ofn x2S TLCO A&+ standard$} Y] i
atel A akqltt

(10) DNA—DNA hybridization test

Probe DNA®I| photobiotine ¥FHgA|Z1 A3} 96well B}Ho| B2 target DNA2] &
£ streptavidin® biotine] Eold A AHAAS o] &3t FFr|d LFuS S o] &

s
WS ol&sk3ith

rr

A

o

(11) 714 g=E % Z+F £/ 28¢ HXE
714 testi API 20NE ¥ API ID 32GN 2E# ©H2EY dwbuAE23 e gl

1BHQ e o] gake] AP

|

1). Polyphasic taxonomy= o] &3 [—glucosidase 1] #|PE-9) 447

HoAfE QA2 EgozRE 1xA 02 pB-glucosidase 1] RAES 7587
screeningdtlal 1 FollAl B—glucosidase wH] TS ThA] 3 A Adte] HFHo=
21170 #5712 = 10057, 224 = 1115) & 39l er, 2+5 AX 2 HEH X 1007 o4
9] fB—glucosidase 4] #F= A& Ach(Table 6). &XHH [B-glucosidaseH] A5 Y

16S rDNA 71 <E #4S 539 GeneBankdl 0+ database
o} ATTA AANE e A¥ Qi <A EGowRE B #7159 45 8
Q3 A B Proteobacteria a—subdivision (28%F), proteobacteria 3—subdivision (10%F

), proteobacteria y—subdivision (2475), Actinobacteria (8814+=F), Firmicutes (281FF),

—

Bacteroidetes (20F)$  Deinococcus—Thermus (19F) =& dAsG, A=

Sphingopyrix granuli (175)% ZAEAC}. o]ele] 297 =+ o3 v &4 Aeolt).
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TAHA @& 2979 #F5 A3 1827 H#FE2 165 rDNA 71D AEez 9
A5 & g A3, 5278 w57 vlolgulo] =3tE ot 90~97%9] s dS UE
Yol AlF & Al&ow Aotslal ols dF F AN dFEd gk Aty EAS
Wgate]l E7H s AA s

T3 AAZRE P fakit 127719 16S rDNA 97149 B4S& 53ko] GeneBank
o] di= database} AT RE B3 A}, Lactobacillus ol &3t d5E0] 7}
2 wekom (56%), 1 TFEO 2 Leuconostoc (25%), Weissella (10%), Pediococcus

(4%), Bacillus (4% ), Arthrobacter (1%) ¢ o 2 5

%% ot z,:g)]\ 1\‘:} (Flg 7)

EHo] 8

Proteobacteria a
—subdivision
b%

Proteobacteria

EYT REE
proteobacteria B
—subdivision
5%
proteobacteria y
—subdivision
3% \

j Firmicutes

Actinobacteria
419%

5%

a -subdivision proteobacteria y —subdivision

Fig. 7. Distribution of bacteria presented in ginseng soil.

oY

A =5 29
database®} A=3
Zorom (54%), 71t

&} =]

H X

[e)
T':q

=

FAHE 155709 16S rDNA 7|4 < %3} GeneBank
AAE &t AF, Lactobacillus %9l 43}

© 2 Leuconostoc (27%), Weissella (11%), Bacillus (2%),

1

= @FEel 7t
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Bacillus Not
29 determined
Pediococcus 5%
1% \ /
Weissella -

11%
Lactobacilus
Leuconostoc 54%
27%

Fig. 8. Distribution of lactic acid producing bacteria presented in Kimchi.

Table 6. The list of G-glucosidse bacteria isolated from ginseng field.

Blast search result high score
Sample Similarity
year No
Name . (%)
cultured strain
1 FS6(2) Serratia fonticola DSM 4576T 97.2
2 FS6(6) Paenibacillus glycanilyticus DS-1T 99.3
. . 3 FS5(4) Not determined
Soil First
b . 4 FS5(2) Not determined
acteria| year
5 FS5(7) Microbacterium resistens DMMZ 1710T 98.0
6 FS4(1)-a Bacillus subtilis IAM 12118T 99.9




7 FS4(1)-b Buttiauxella izardii DSM 9397 98.8
8 FS4(1)-b(1) Streptomyces galbus DSM40089 97.6
9 FS4(1)-c-b Not determined

10 FS4(4) Not determined

11 EM6(1) Bacillus megaterium IAM 13418T 99.2
12 EM6(2)-b Streptomyces lincolnensis NRRL2936T 96.3
13 EM6(6)-a Paenibacillus kobensis DSM 10249T 98.9
14 EM6(6)-b Paenibacillus kobensis DSM 10249T 98.9
15 EM6(6)-c-1 Paenibacillus kobensis DSM 10249T 98.9
16 EM3(2)-a Burkholderia stabilis LMG 14294T 99.7
17 EM4(1) Bacillus simplex DSM1321T 99.8
18 EM4(2) Bacillus sp. Fa29 99.8
19 EM5(2)-a Streptomyces lincolnensis NRRL2936T 98.2
20 EM5(5)-b Paenibacillus naphthalenovorans PR-N1T 91.1
21 EM5(6)-a Paenibacillus naphthalenovorans PR-N1T 91.0
22 DL6(1) Terrabacter tumescens DSM 20308T 99.1
23 DL6(4) Arthrobacter nitroguajacolicus G2-1 99.0
24 DL6(6) Paenibacillus kobensis DSM 10249T 97.9
25 DL6(6)-1 Streptomyces nodosus ATCC 14899T 97.5
26 DL5(4) Buttiauxella izardii DSM 9397T 99.0
27 DL3(2)-a Bacillus megaterium IAM 13418T 99.8
28 DL3(2)-b Terrabacter tumescens DSM 20308T 98.7
29 BB4(1)-a Paenibacillus macerans 1AM 12467T 97.4
30 BB4(3) Streptomyces tauricus JCM 4837T 98.4
31 BB4(4)-b-1 Paenibacillus amylolyticus JCM 9906T 98.8
32 BB4(4)-b-2 Paenibacillus pabuli HSCC 492T 99.2
33 BB4(1)-b Frateuria aurantia IFO 3245T 96.2
34 BB5(8) Arthrobacter methylotrophus DSM 14008 98.9
35 BB5(7) Streptomyces bikiniensis DSM40581T 96.8
36 BB5(5) Streptomyces tauricus JCM 4837T 99.1
37 BB3 Enterobacter asburiae JCM6051T 98.9
38 BB6(1) Streptomyces galilacus JCM 4757T 98.5
39 BB6(2) Streptomyces olivochromogenes DSM 40451T 99.7
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40 DB5(3) Paenibacillus amylolyticus JCM 9906T 98.9
41 DB4(1) Not determined

42 DB5(1) Cellulomonas flavigena DSM 20109T 97.8
43 BT1 Sphingomonas yabuuchiae GTC 868T 98.6
44 BT2 Sphingomonas stygialis SMCC B0O712T 97.8
45 BT3 Caulobacter leidyia ATCC 15260T 100
46 BT4 Sphingomonas echinoides DSM 1805-T 99.6
47 BT5 Sphingomonas echinoides ATCC 14820T 99.7
48 BT7 Sphingomonas echinoides ATCC 14820T 99.7
49 BT8 Sphingomonas echinoides DSM 1805-T 99.4
50 BT9 Sphingomonas echinoides DSM 1805-T 99.1
51 BT10 Sphingomonas stygialis SMCC B0O712T 97.8
52 BT11 Sphingomonas echinoides DSM 1805-T 99.6
53 BT12 Sphingomonas echinoides DSM 1805-T 99.4
54 BT14 Sphingomonas echinoides DSM 1805-T 99.4
55 BT6(1) Enterobacter asburiae JCM6051T 98.7
56 BT6(2) Enterobacter asburiae JCM6051T 98.7
57 BT6(5) Not determined

58 BT4(1) Paenibacillus amylolyticus JCM 9906T 99.1
59 BT4(1)-b Escherichia vulneris ATCC 33821T 98.6
60 BT4(2) Escherichia vulneris ATCC 33821T 98.6
61 BT4(2)-a Not determined

62 BT4(4)-a Streptomyces olivochromogenes DSM 40451T 99.7
63 BT4(4)-b Microbacterium phyllosphaerae DSM 13468T 99.9
64 BT4(6)-b Paenibacillus validus JCM 9077T 96.9
65 BT5(2)-a Planococcus antarcticus CMS 26T 91.5
66 BT5(4)-a Kluyvera cochleae ATCC 51609T 98.1
67 BT5(2) Paenibacillus validus JCM 9077T 96.7
69 BT5(5) Enterobacter asburiae JCM6051T 98.4
70 BT5(6)-a Streptomyces tauricus JCM 4837T 97.3
71 BT5(6)-b Enterobacter asburiae JCM6051T 98.7
72 BT5(7) Enterobacter asburiae JCM6051T 98.9
73 BT5(9) Not determined
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74 S5(1) Bacillus megaterium KL-197 99.7
75 S3(2) Bacillus subtilis KL-077 97.3
76 S5(2) Pseudomonas nitroreducens TAM1439 T 99.3
77 ADS1 Escherichia fergusonii ATCC 35469T 99.8
78 ADS2 Bacillus megaterium KL-197T 100
79 GC1 Sphingomonas echinoides ATCC 14820T 99.6
80 WT1 Raoultella planticola ATCC 33558T 99.7
81 WT2 Klebsiella pneumoniae subsp. ozaenae ATCC11296T 98.2
82 WT6 Raoultella planticola ATCC 33558T 98.9
83 WT7 Klebsiella pneumoniae JCM1662T 99.0
84 T5-08 Arthrobacter gandensis R5812T 98.9
85 TR6-04 Flavobacterium mizutaii ATCC 33299T 96.1
86 TR6-07 Arthrobacter gandensis R5812T 99.7
87 T7-06 Cellulomonas uda DSM 20107T 98.5
88 T7-09 Pseudoxanthomonas broegbernensis B1616/1 T 98.2
89 JipO8 Starkeya novella IAM12100T 98.7
90 Jip07 Bosea thiooxidans DSM 9653T 98.8
91 Kw07 Sphingopyrix granuli (A1) 100
92 DaeR-4 Deinococcus indicus Wt/1aT 93.4
93 A.Slu04 Rhizobium galegae NBIMTC 2246 97.2
94 Jipl4 Flavobacterium mizutaii DSM 11724T 90.4
95 A.Slu09 Rhizobium huautlense strain SO2 T 97.5
96 Jip02 Roseomonas gilardii strain ATCC 49956T 93.4
97 ChimO1 Pseudomonas stutzeri strain DSM 5190T 99.5
98 Ho-01 Sphingobacterium comitans 85.4
99 BT6(9) Cytophaga arvensicola IAM 12650T 95.6
100 BT4(4)-c Flexibacter sp. MDA2495 95.8
1 GS0157  |Bradyrhizobium liaoningense LMG 18230 T 99.5
2 GS0188 Brevibacterium epidermidis NCDO 2286 T 98.2
second 3 GS0199 Streptomyces griseoaurantiacus DSM 40430T 99.8
vear 4 GS0203  |Not determined
5 GS0206 Streptomyces griseoaurantiacus DSM 40430T 99.8
6 GS0208 Streptomyces griseoaurantiacus DSM 40430T 99.8
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7 GS0209  |Not determined

8 GS0216  |Not determined

9 GS0224  |Streptomyces filipinensis NRRL 2437T 99.0
10 GS0229  |Lentzea albida [FO16102 T 99.5
11 GS0235  |Cellulosimicrobium cellulans 99.9
12 GS0240  |Ochrobactrum tritici P61 100
13 GS318 Bradyrhizobium japonicum 99.8
14 GS334 Rhodanobacter lindaniclasticus 99.9
15 GS335 Dactylosporangium roseum DSM 43916T 99.6
16 GS341 Terrabacter tumescens DSM 20308T 98.6
17 GS342 Terrabacter tumescens DSM 20308T 97.5
18 GS404 Not determined

19 GS405 Terrabacter tumescens DSM 20308T 99.3
20 GS413 Arthrobacter stackebrandtii CCM 2783T 96.1
21 GS414 Terrabacter tumescens DSM 20308T 98.8
22 GS442 Dermatophilus congolensis DSM 44180T 96.8
23 GS447 Dermatophilus congolensis DSM 44180T 96.8
24 GS461 Arthrobacter stackebrandtii CCM 2783T 96.1
25 GS462 Terrabacter tumescens DSM 20308T 98.0
26 GS464 Agreia pratensis P 229/10 T 96.5
27 GS505 Not determined

28 GS506 Streptomyces lienomycini LMG 20091T 99.5
29 GS507 Bacillus luciferensis LMG 18422T 100
30 GS508 Microbacterium esteraromaticum DSM 8609T 99.0
31 GS510 Arthrobacter stackebrandtii CCM 2783T 96.1
32 GS513 Terrabacter tumescens DSM 20308T 98.8
33 GS514 Microbacterium esteraromaticum DSM 8609T 99.0
34 GS516 Streptomyces lienomycini LMG 20091T 99.5
35 GS519 Arthrobacter stackebrandtii CCM 2783T 96.1
36 GS520 Terrabacter tumescens DSM 20308T 98.8
37 GS521 Microbacterium esteraromaticum DSM 8609T 99.0
38 GS522 Streptomyces lienomycini LMG 20091T 99.5
39 GS529 Arthrobacter stackebrandtii CCM 2783T 95.6
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40 GS537 Kibdelosporangium aridum DSM 43828 T 96.8
41 GS545 Arthrobacter stackebrandtii CCM 2783T 95.7
42 GS548 Arthrobacter stackebrandtii CCM 2783T 95.7
43 GS551 Arthrobacter stackebrandtii CCM 2783T 98.0
44 GS552 Streptomyces lienomycini LMG 20091T 99.5
45 GS577 Curtobacterium herbarum P 420/07T 94.0
46 GS601 Burkholderia glathei LMG14190 T 98.1
47 GS603 Terracoccus luteus DSM 44267T 98.8
48 GS607 Terrabacter tumescens DSM 20308T 98.6
49 GS608 Terracoccus luteus DSM 44267T 98.8
50 GS610 Terracoccus luteus DSM 44267T 98.8
51 GS612 Terracoccus luteus DSM 44267T 98.8
52 GS614 Streptomyces ferralitis SFOp68T 97.9
53 GS638 Mycobacterium rhodesiae DSM 44223T 98.3
54 GS652 Burkholderia glathei 98.6
55 GS653 Terrabacter tumescens DSM 20308T 99.3
56 GS668 Mycobacterium moriokaense DSM 44221 T 97.0
57 GS670 Mycobacterium moriokaense DSM 44221 T 98.3
58 GS810 Arthrobacter chlorophenolicus A-6 98.4
59 GS812 Arthrobacter stackebrandtii CCM 2783T 95.6
60 GS814 Bradyrhizobium liaoningense LMG 18230 T 99.7
61 GS836 Microbacterium esteraromaticum DSM 8609T 1919111
62 GS838 Microbacterium esteraromaticum DSM 8609T 99.1
63 GS844 Microbacterium esteraromaticum DSM 8609T 99.0
64 GS849 Variovorax paradoxus 94.1
65 GS850 Dyella japonica 99.9
66 GS851 Afipia broomeae 99.1
67 GS852 Dyella japonica 98.6
68 GS858 Pseudonocardia spinospora 97.4
69 GS904 Not determined

70 GS950 Microlunatus phosphovorus DSM 10555T 95.6
71 GS961 Streptomyces scabrisporus 99.4
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72 GS963 Not determined
73 GS967 Actinoplanes aurantiacus 93.4
74 GS970 Not determined
75 GS972 Mesorhizobium amorphae 100
76 GS973 Mesorhizobium amorphae 100
77 GS1003  |Mesorhizobium amorphae 100
78 GS1012 Cupriavidus necator ATCC 43291 T 98.1
79 GS1110  |Not determined
80 GS1119  |Not determined
81 GS1121  |Paenibacillus barcinonensis BP-23 T 99.3
82 GS1162 Mycobacterium mucogenicum ATCC 49650 T 98.4
83 GS1177 Streptomyces ferralitis SFOp68T 97.9
84 GS1182 Streptomyces avellaneus NRRL B-3447T 97.6
85 GS1184  |Microbacterium resistens DMMZ 1710T 99.5
86 GS1414  |Bacillus simplex DSM1321 T 99.0
87 GS1418 Kytococcus schroeteri Muenster 2000T 94.6
88 GS1542  |Not determined
89 GS1543 Cupriavidus necator ATCC 43291 T 98.7
90 GS1546  |Pseudomonas fluorescens strain S2 99.9
91 GS3007 Streptomyces violaceolatus DSM 40438T 99.8
92 GS3049  |Not determined
93 GS3055  |Arthrobacter oxydans DSM 20119T 99.8
94 GS3060 Streptomyces griseodotifer 100
95 GS3061 Arthrobacter chlorophenolicus A-6 98.4
96 GS3066  |Microbacterium esteraromaticum DSM 8609T 99.0
97 GS3071  |Arthrobacter stackebrandtii CCM 2783T 95.7
98 GS3072  |Arthrobacter tumbae LMG 19501T 98.4
99 GS3099  |Bacillus luciferensis LMG 18422T 100
100 M1-215 |Not determined
101 M1-213 |Not determined
102 8 Not determined
103 M2-328 |Not determined
104 M3-221 |Not determined
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105 B13 Not determined
106 B12 Not determined
107 B9 Not determined
108 B8 Not determined
109 B6 Not determined
110 KCTC12 |Lactobacillus equi KCTC13921 100
111 KCTC27 |Lactobacillus reuteriKCTC3594 100
1 KC-01 Lactobacillus sakei 99.0
2 KC-02 Leuconostoc pseudomesenteroides 99.0
3 KC-03 Lactobacillus arizonensis 99.0
4 KC-04 Leuconostoc mesenteroides 99.0
5 KC-05 " INot determined
6 KC-06  |Not determined
7 KC-07 " |Not determined
8 KC-08 Leuconostoc pseudomesenteroides 99.0
9 KC-09 Lactobacillus arizonensis 99.0
10 KC-10 Leuconostoc citreum 99.0
11 KC-11 Leuconostoc citreum 99.0
12 KC-12  INot determined
Lactic 13 KC-13  INot deter’mined :
) third 14 KC-14 Lactobacillus sakei 99.0
baii:’ia year 15 KC-15 Weissella cibaria 99.0
16 KC-16 Lactobacillus plantarum 99.0
17 KC-17 " [Not determined
18 KC-18  |Not determined
19 KC-19 Lactobacillus brevis 99.0
20 KC-20 Lactobacillus sakei 99.0
21 KC-21 Lactobacillus sakei 99.0
22 KC-22 Lactobacillus sakei 99.0
23 KC-23 Lactobacillus sakei 99.0
24 KC-24 Leuconostoc mesenteroides 99.0
25 KC-25  INot determined
26 KC-26 Leuconostoc mesenteroides 99.0
27 KC-27 " INot determined
28 KC-28 Leuconostoc mesenteroides 99.0
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29 KC-29  INot determined

30 KC-30 Leuconostoc mesenteroides 99.0
Sl KC-31  INot determined

32 KC-32 Leuconostoc mesenteroides 99.0
33 KC-33  |Not determined

34 KC-34 Lactobacillus sakei 99.0
35 KC-35 Lactobacillus sakei 99.0
36 KC-36 Lactobacillus sakei 100.0
37 KC-37 Lactobacillus brevis 99.0
38 KC-38 Leuconostoc citreum 99.0
39 KC-39 Leuconostoc mesenteroides 99.0
40 KC-40 Weissella cibaria 99.0
41 KC-41 Leuconostoc citreum 99.0
42 KC-42  INot determined

43 KC-43 Lactobacillus sakei 99.0
44 KC-44 Lactobacillus sakei 99.0
45 KC-45 Leuconostoc citreum 99.0
46 KC-46 Leuconostoc citreum 99.0
47 KC-47 Not determined

48 KC-48 Weissella cibaria 99.0
49 KC-49 Not determined

50 KC-50 Leuconostoc citreum 99.0
51 KC-51 Lactobacillus sakei 99.0
52 KC-52 Lactobacillus sakei 99.0
53 KC-53 Lactobacillus sakei 99.0
54 KC-54 Lactobacillus sakei 99.0
55 KC-55  INot determined

56 KC-56 Lactobacillus sakei 99.0
57 KC-57 Lactobacillus sakei 99.0
58 KC-58 Lactobacillus sakei 99.0
59 KC-59 Lactobacillus sakei 99.0
60 KC-60 Lactobacillus sakei 99.0
61 KC-61 Lactobacillus sakei 99.0
62 KC-62 Leuconostoc citreum 99.0
63 KC-63 Leuconostoc mesenteroides 99.0
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64 KC-64 Lactobacillus brevis 99.0
65 KC-65  |Not determined

66 KC-66 Lactobacillus plantarum 99.0
67 KC-67 Lactobacillus plantarum 99.0
68 KC-68 Lactobacillus plantarum 99.0
69 KC-69 Lactobacillus plantarum 99.0
70 KC-70 Lactobacillus plantarum 100.0
71 KC-71 Not determined

72 KC-72 Lactobacillus brevis 99.0
73 KC-73 Lactobacillus plantarum 99.0
74 KC-74 Lactobacillus plantarum 99.0
75 KC-75 Lactobacillus plantarum 99.0
76 KC-76 " INot determined

77 KC-77 Lactobacillus plantarum 99.0
78 KC-78 Lactobacillus arizonensis 99.0
79 KC-79 Lactobacillus plantarum 100.0
80 KC-80  |Not determined

81 KC-81 Leuconostoc pseudomesenteroides 99.0
82 KC-82 Weissella cibaria 99.0
83 KC-83  |Not determined

84 KC-84 Lactobacillus sakei 99.0
85 KC-85 Leuconostoc mesenteroides 99.0
86 KC-86  |Not determined

87 KC-87 Lactobacillus sakei 100.0
88 KC-88 Weissella cibaria 99.0
89 KC-89 Weissella cibaria 99.0
90 KC-90 Leuconostoc garlicum 99.0
91 KC-91 Leuconostoc paramesenteroides 99.0
92 KC-92 Leuconostoc citreum 99.0
93 KC-93 Leuconostoc citreum 99.0
94 KC-94 Weissella sp. KLB9 99.0
95 KC-95 Lactobacillus paraplantarum 99.0
96 KC-96 Weissella cibaria 99.0
97 KC-97 Weissella cibaria 99.0
98 KC-98 Lactobacillus alimentarius 98.0
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99 KC-99 Weissella cibaria 100.0
100 KC-100 Leuconostoc mesenteroides subsp. mesenteroides 99.0
101 KC-101 INot determined
102 KC-102 Lactobacillus sp. CS1 99.0
103 KC-103 |Bacillus subtilis 99.0
104 KC-104 |Lactobacillus sp. 99.0
105 KC-105 |Lactobacillus sp. CS1 99.0
106 KC-106 |Lactobacilius sp. CS1 99.0
107 KC-107 |Lactobacilius sp. CS1 99.0
108 KC-108  |Not determined
109 KC-109 " |Not determined
110 KC-110  |Not determined
111 KC-111 " INot determined
112 KC-112  |Not determined
113 KC-113 " |Not determined
114 KC-114  Not determined
115 KC-115  |Not determined
116 KC-116  |Not determined
117 KC-117 " INot determined
118 KC-118  |Not determined
119 KC-119 " |Not determined
120 KC-120 " |Not determined
121 KC-121 " |Not determined
122 KC-122  |Not determined
123 KC-123 " |Not determined
124 KC-124 " |Not determined
125 KC-125  |Not determined
126 KC-126  [Not determined
127 KC-127  INot determined
128 KC-128  INot determined
129 KC-129  INot determined
130 KC-130  |Not determined
131 KC-131  |Not determined
132 KC-132  |Not determined
133 KC-133 " |Not determined
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134 KC-134  [Not determined

135 KC-135  [Not determined

136 KC-136  [Not determined

137 KC-137  [Not determined

138 KC-138  [Not determined

139 KC-139  [Not determined

140 KC-140  [Not determined

141 KC-141  [Not determined

142 KC-142  [Not determined

143 KC-143 |Lactobacillus plantarum 100.0

144 KC-144  Not determined

145 KC-145  Not determined

146 KC-146  [Not determined

147 KC-147  Not determined

148 KC-148  [Not determined

149 KC-149  [Not determined

150 KC-150 |Bacillus subtilis 99.0

151 KC-151  [Not determined

152 KC-152  [Not determined

153 KC-153 |Lactobacillus sp. CS1 99.0

154 KC-154 |Lactobacillus brevis 99.0

155 KC-155  [Not determined

Total 366
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2-1) AACE EGoE £28 #FY AT 54 € 27583 A
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-

Fig. 9. Electrophoresis of chromosomal DNA by benzyl chloride method.

Benzyl chloride ®¥S o]&3Fo] chromosomal DNAS A7|d% 23 11,200bp 9ol

chromosomal DNAE &<21& 4= 9JAt}.

(1}) 16S rDNA®] 5= 3 7|54}
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Fig. 10. Electrophoresis of 16S rDNA amplified.
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Primer 9F(5'-GAGTTTGATCCTGGC TCAG-3")¢} 1512R(5'-ACGG(H)TACCTTGTT
ACGACTT-3")<& o]839 16S rDNAE %31 A7|9%5S 33 23 1,500bpolA
16S rDNAE 2H¢l & 4= At}

(th) Asx= 24
5 BB4(1)—-b2] 16S rDNA2] 7] €S NCBI databaseE ©o]-&3&to] AZEFa4 9
x5 Aok (Fig. 12).

Xanthomonas campestris LMG 5687 (X95917)
Kanthomonas melonis LMG 36707 (Y10756)
Wlella fastidiosa ATCC 358797 (AF192343)
Poeudarxanthomonas broagbernens DSM 125737 (41012231)
Stanotrophomonas maltophiba LMG 9587 (3(95923)
L Tuteimonas mephitis DSM 125747 (41012228)
L Lysobacter engymoganes DSM 20437 (4729829)

&7 Rhodanobacier lindanioclasticus RP59557T (AB039167)
Fulvimenas sol LMG 199817 (A1311653)

100 Frateuria aurantia DSM 62207 (AT010481)
%'_Eﬂjeﬂa karcensis BBAT (AY884571 )
Dyella feponica XD53T (AB110498)
Escherichia coli K12

7!
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—
002

Fig. 11. Phylogenetic tree based on 16S rDNA gene sequences, showing the
phylogenetic relationships among strain BB4 producing B-glucosidase
and related species in family Xanthomonadaceae.
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Table 7. Differential physiological characteristics of strain Dyella koreensis
BB4" and the type strain of recognized members of the related species in
family Xanthomonadaceae.
Characteristic
Motility
Oxidase
Catalase -
Acid from:
D-Glucose + +
D-Ribose - -
D-Xylose - -
D-Galactose - -
D—-Mannose - +
L-Arabinose - -
Fructose
Growth on:
Maltose
N-Acetyl-glucosamine
D-Malate
D—-Mannose
D-Sucrose
Acetate
L-Fucose
Valerate
Caprate
Citrate
D-Arabinose
D-Ribose
Hydrolysis of:
Cellulose
Starch - - -
Casein
DNA
Growth at 4% NaCl
Sensitive for Kanamycine
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(mg/ml)
Beta—-glucosidase + W - +
Beta—galactosidase + - - +
Hydroxy fatty acid composition|11:0 iso, 13:0 iso,| 11:0 iso, 13:0 11:0 iso, 13:0

(30H) 17:0 iso iso 17:0 iso iso, 12:0 iso
DNA G+ C content (mol%) 63.8 63.4-64.0 63.5 71.7

Strains: 1, Dyella koreensis BB4" 2, Dyella Japonica XD53" 3, Frateruria aurantia LMG 15587 4,

Fulvimonas soli LMG 199817 [data for taxa 1—4 from Nalin e a/. (1999)] +, Positive; —, negative. All strains
were positive for assimilation of glucose and negative for assimilation gluconate and mannitol, and the

production of urease.
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Table 8. Cellular fatty acid profiles of strain Dyella koreensis BB4T and the

type strain of recognized members of the related species in family
Xanthomonadaceae.
Fatty acid 1 2 3 4
11:0 iso 4.3-10.4 3.8 - 4.0-5.6
Unknown 11.798 1.4-4.4 1.9 0.5-2.0 2.6-3.5
11:0 iso 30H 3.4-9.9 3.7 - 5.6-7.4
12:0 - - 0.9-1.0 -
12:0 20H - - 2.3-5.1 -
12:0 30H - - 5.2-10.7 -
12:0 iso 30H - - - 0.6-1.4
13:0 iso 30H 2.3-7.1 3.9 0.8-2.0 3.8-4.3
14:0 - - 2.1-34 -
15:0 iso 18.2-22.6 23.6 38.2-54.7 25.8-31.2
15:0 anteiso 0.9-1.0 1.6 - 2.8-4.0
16:0 iso 2.1-2.8 4.9 - 3.7-13.2
16:0 3.2-6.4 1.5 3.8-5.6 0.4-2.2
17:1 iso 9c 21.3-28.1 25.6 2.3-2.5 15.8-21.7
17:0 iso 15.6-26.0 20 1.8-4.4 10.9-15.0
17:0 anteiso - 0.7 - 0.6-1.1
17:0 iso 30H 0.8-1.1 1.1 - -
17:0 cyclo - - 2.2-6.3 -
17:1 6¢ - - - 0.3-1.5
18:0 1.1-15 - - -
19:0 iso 1.6-1.8 0.7 - -
Summed features 3 4.9-7.0 4.0 9.3-13.0 2.0-2.8
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Strains: 1, Dyella koreensisi BB4T [data from this study] 2, Dyella japonica XD53" [data from Xie et
al(2004)] 3, Frateruria aurantia LMG 15587 [data from this study] 4, Fulvimonas soli LMG 19981" [data
from Mergaert ef al. (2004)]. Unknown 11.798 & 11.798% ol YEI}= Peak 9. 0.5% 1T} A& ko] Xukik
< BAIHA 2. Summed featurest™= GLCE 8|7 HA &&= FU Al /M9 A¥AF 1F. Summed feature

32 is0—C15:0 20H o]+ C16:1 7¢ =& =0 233t

BB4'9} AEEH 0w Je FFES Dyella Japonica XD53', Frateruria aurantia
LMG 1558", Fulvimonas soli LMG 1998172} At Bl #-24& F3le] 15:0 anteisod}
17:1 iso 9c¢ X|WAto] 7} W& HAME 8428 2X|8}3L Dyella koreensisi BB4T #3-2)
A Eure| EAS = XAl 2X S Dyella japonica XD53T9} §-AVSlM  Frateruria®d tFE
ZAS Holx Y= AL At wEkA Dyella koreensisi BBAT W57}V Dyellad) %

o A = Ui

A

e
rir

tlo
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(2) DB5(1)9 dig |a+2%

(7}) chromosomal DNA¢] A7]9d% 2 16S—rDNAY H7]d %

BB4'#5 9 w3 AR Benzyl chloride WS ©]&3ke]  chromosomal DNA]
A7195S T3 23 11,200bp 9ol chromosomal DNAE €1& 4 QI3 Primer
9F(5'=GAGTTT GATCCTGGCTCAG—3")¢} 1512R(5'-ACGG(H)TACCTTGTTACGACT
T-3)% ol&3te] 16s rDNAS SH38tal A7|gsS 3 38ke] 1,500bpol* 16s rDNAES

Lol & 4 vk (Fig. 9, Fig. 10).

ok

() AEE=AA
DB5(1)¢] 16S rDNA® ¢7]4 €S NCBI databaseE o]&3dle] AEEFIE A=
A7 sk th(Fig. 11).
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Fig. 13. Phylogenetic tree based on 16S rDNA gene sequences, showing the
phylogenetic relationships among strain DB5 producing S-glucosidase and related
species in genus Cellulomonas.
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Table 9. Differential physiological characteristics of strain Cellulomons terrae DB5" and the type strain of recognized
members of the related species in genus Cellulomonas.

Characters 1 2 3 4 5 6 7
Catalase - + - + + + +
Growth on:
Acetate - - - + + - ND
Lactose + + + - + + +
Lactate - - - + + + ND
Mannose + + + + + + ND
Rhamnose (+) + + - + + +

Hydrolysis of:

Cellulose + + + + + + ND
Xylan + + + ND ND ND ND
Casein - - - ND ND ND ND
Starch + + - ND ND ND ND

Peptidoglycan
O L-Orn-D-Glu L-Orn-D-Glu L-Orn-D-Glut L-Orn-D-Glu L-Orn-D-Glu L-Orn-D-Glu L-Orn
composition
Rha, Man, Rha, Gluco, Gal,
Cell-wall sugars* Rha, Gla, Glu Rha, Man, Fuc Rha, Fuc, Glu Rha, Fuc, Gluco, Glu|Others ND, NO Fuc
6-deoxy-Tal 6-deoxy-Tal
G+ C content (mol%) 73.9 73 ND 75 71.5-75.6 71.3-72.0 76

#3551, C terrae sp. nov. DB5' 2, C. xylanilytica 3, C. humilata (data for taxa 1—3 from this study) 4, C. cellasea [data from Rivas et al (2004)] 5, C.
biazotea [data from Rivas et al. ( 2004)] 6, C. fimi [data from Rivas et al. (2004)] 7, C. hominis [data from Rivas et al. (2004)]. +, Positive; (+), positive, week or

delayed response; —, negative; ND, not defined.
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Table 10.

Cellular fatty acid profiles of strain DB5' and the type strain of

recognized members of the related species in genus Cellulomonas.

Fatty acid 1 2 3
C14:0 3.6-3.8 4.6-4.8 1.0-1.8
C16:0 8.0-9.5 9.5-10.6 11.2-12.8
C17:0 1.8-2.3 1.8-2.7 1.2-2.1
C18:0 7.1-8.2 10.7-13.0 0.8-1.8

C14:0 iso 5.1-5.9 7.7-9.6 7.8-8.9

C15:0 iso 15.2-18.5 18.6-22.1 10.9-12.2

C15:0 anteiso 44.5-45.6 40.1-45.5 32.8-44.9
C15:1 anteiso A - 1.9-2.6 2.4-3.3
C16:0 iso - 1.8-2.3 1.7-7.0
C17:0 iso - - 0.8-1.6

C17:0 anteiso 7.4-7.6 5.5-6.6 11.6-13.7
Unknown 14.258 2.9-3.4 3.0-3.3 1.2-2.7

1, C terrae DB5Y 2. C. xylanilytica 3. C. humilata. Unknown 14.258-2

14.258% W YEl = peak 9. 0.5% Hul &8 %] x| Hbake FA] ¥4 S

M

C. terrae DB5' 159 M xuto] ZAst= WAk FolA C15:0 anteiso AWAko] 714

Be %8 AN AL HANAL, o|AE B2 Cellulomonas TE) MET AWt %



(2}) 22+9 TLC (thin—layer chromatography)Z ©]-838 3 DB5'¢] polar lipids %41
Fig. 14%= 229 TLC (thin—layer chromatography)& ©]€3 3 DB5'¢] polar
lipids w4224 A, B, C, D& 27 5% ethanolic molibdatophosphoric acid,
Periodate—Schiff, Ninhydrin, Zinzard reagent & A}&-3}53t}.

Fig. 14. Polar lipids analysis of strain DB5' by two-dimensional TLC
(thin-layer chromatography). First direction: Chloroform—methanol-water

(65:25:4), second direction: chloroform-acetic acid—methanol-water
(40:7.5:6:2)
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Plates: A, 5% ethanolic molibdatophosphoric acidE spray reagent® AF-& (X2 lipids &
Z%8) B, Periodate—SchiffZ spray reagent® A& (vicinal hydroxyl 1% HAZE) C,
Ninhydring spray reagent® A& (free amonio &S 73 polar lipids A&E); D,
Zinzard reagent & spray reagent® AFg& (phosphorus polar lipids &%), 2%} DPG,
diphosphatidylglycerol; NP, NPG, nihydrin postive glycolipid PG, phosphatidylglycerol;

PE, phosphatidylethanolamine; PIMs, phosphatidylinositol mannosids.
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D. chromosomal DNA¢] A7]d% 2 16S—rDNAS #A7]|A %
Sequencing 23 KC—143¥H 59 16S rDNAG AL 1355bpe AV7|2 A H o
AR o™ (Fig. 15 ), Lactobacillus plantarum DSM 201747 (X52653)9} 97.7% similarity S

Bl Lactobacillus &0l &3t o2 A HA.
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S_i_27 GTGTETRCARGGCCCEEEARCE TRTTCACCGECEECATEC TRATCCGCAATTRC THE CGATTC CGAC TTCATE TRGGC GAE TTE CAGCC TRCAATC CRAAC TRAGAR TGECTTTRAGARGAT 120
5_i_27 TRGCTTRCTCTCGCGRGTTCGCARC TCGETTE TRCCATOCATTGE TRGCACE TETE TRECCCAEE TCATRAGEGGCATEATEATT IGACGE TCATCCCCACCTICC TOCGGTT IS TCACCEGEE &40
5_E_27 RAGTCTORACCARGHRG TGCCCARC TTRATEC TE G CARC TRATRATAAG GG TIGC G0 TOE TTECEE GRS TTRACC CARCATC TCACGRCACGERAGE TRAC GRCARCCATECACCACC TETRTCCHR 260
5_E_27 TGETCCCCGRAGGEERENCETC TRATC TCTREATTIGCA TRG TATE TOARGHC CTEE TRAEE TIC TTC G0 6 TRECTICGAR T TRARCCACATIC TCCACCEC TG TECGGEECCCCOETCRAT 4610
§_%i_27 TOCTTIRAGTTICAGCCTTGCGECCETRCTCCCCAGGCERARATEC TTRATE CG TIRG CTGCAG CAC TRARG G0 GERARC CC TCCARCAC TTRG CATTCATCG TTTRCGE TR TERACTRC  B00
5_i_27 CRGEGTRTCTRATCCTETTIGC TRCCCATRC TTTCEAGCC TCAGC G TCAG TTRCAGACCAGACAGCCECCTICECCACTEG TG TIC TICCATRATRTC TRCGCATTICACCGC TRCACATE 750
5_F_27 GRGTTCCACTETCCTCTIC TECAC TCRARGTTICCCAG TTTCCGATECACTTCTTOGEE TTEAECCGRAEGECTTTCACATCAGHRC TTRARRRRCCECCTECEC TCGCTTTROGCCCAATRAR. & 0
F_E_27 TOCEEACARCECTIGCCACCTROS TATTRCCGECEECTEC TEECAC G TRG TIRGCCE TEEC TTTC TR S TIRAATRCCE ToAA TRCC TEARACAG TIRC TC TCAGRTRTE TICTIC TTTRACH J60
S_i_27 RACAGAGTTTTACGAGCCERAARRCOC TIC TICACTCACGCEGCE TIECTCCATCAGAC TTTC G TC CATTE TERARGATTCCC TRC TR TECCTCCC G TREGAG TTIREGCCETETCTCAGTCE 1050
§_i_27 CCARATGTGGCCGATTRCCCTCTCAGGTCGEC TROGTATCATTGCCATEETEAGCCE TTRCCCCACCATE TRECTRATACECCECEEGAC CATCCAARAGTRATRGCCGRAGCCATCTTIC 1200
5_E_27 ARACTOGGACCATGECGEETCCARAGTTETRTECEE TRTIRGCATC TR TT ICCAGE TE TIRTCCCCCECTIC TEEECAGETTTCCCACG TG TTRC TCACCAS TICECCACTCAC TCARATET 1250

5_E_27 ARATCATEATECARGCACCARTCARTACCAGAGTT 1355

Fig. 15. The nucleotide sequence of 16S rDNA of lactic acid producing strain KC—143.

@. As=24d

NCBI®] Blast search® &3l Lactobacillus genus ol KC—-143 59 FAAA7}
7V 7h8  species 5 2 nucleotide sequence search® E3l9] type straing9Y
A7 LS AT Bioedit program (Hall, 1999) % Clustal X program (Thompson et
al, 1997) o]&3slo] A7|ES alignment (Fig. 16)3 T similaritysS ZAFS] = Az}
Lactobacillus plantarum DSM 201747 (X52653)%} 97.7%, Lactobacillus zymae LMG
22198" (AJ632157)9}F 93.5%, Lactobacillus spicheri LTH 5753" (AJ534844)9} 93.4%,
Lactobacillus brevis DSM 200547 (M58810)$} 93.2% , Lactobacillus acidifarinae LMG
222007 (AJ632158)9F 93.2%<] 4%54& BTt (Fig. 17). 109 #59 A54 A&
AARS= 4& MEGAS3 program (Kumar et al, 2004)¢ neighbor—joining ®Ho =

33l 21| phylogenetic tree: Fig. 17°] YERHATEH
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5_i_n

Lactobarillue_plartarm L2 DQE
Lactobacillus_plartaram DEM_20
Lactobarillus_fermentu ATCC_1
Lactobarillue_rakeei TEM 30017T
Lactobacillus_rewgteri DEM 2001
Lactobarillus_sanfranciscensis
Lactobarillue buackmeri TEM_f00
Lactobacillus_brevis DEM EN054
Lactobarillus_hammesii LP3ST &
Lactobarillue_spicheri LTH 575
Lactobacillus_symae LM 2E195T
Lactobarillur_acidifarinae_LME
Lactobarillue_alimentariue DEM
Lactobacillus_farciminiz_ DM I
Lartobarillurs_acetotolerans_D3

5N

Lactobacillus_plartara L2 _D0E
Lactobarillur_plartanm DEM_i0
Lactobarillur_fermentum ATIC_L
Lactobacillus_sakei TEM 20017T
Lactobarillus_rewteri DEM_i001
Lactobarillur_ranfrancircencic
Lactobacillus backmeri DEM_E00
Lactobarillus_brevis_DEM_Eo054
Lactobarillur_hanwesii LP2T &
Lactobacillus_spicheri LTH 575
Lactobarillur_mmae_IME_iE195T
Lactobarillur_aridifarinae IME
Lactobacillur_alimentarius_DEM
Lactobarillur_farciminis_D3M &
Lactobarillur_acetotoleran: T3

i

Lactobarillur_plartanm L _DQE
Lactobarillue_plartarm DEM_i0
Lactobacillus_fermentam ATIC_L
Lactobarillus_sakei D3N 30017T
Lactobarillue_rewteri D3M 001
Lactobacillus_sanfranciscensis
Lactobarillus_buochneri _D3M 00
Lactobarillur breviz DIM E0054
Lactobacillus_hanmesii LP2T &
Lactobarillus_spicheri LTH 575
Lactobarillur_mymae MG 3E195T
Lactobacillur_acidifarinae LME
Lactobarillurs_alimentariue_DEM

Fig. 16. Comparison of the KC—143 with other strain sequences

L

GORARGECGECTETC TEE TCTE TRAC TRACAC TRAGEC T ARARG TRTEAE TRECRARCAGARTTRAATROCCTG A TRATCCATROCA TRARC GATEART
GORARGECGECTETCTAE TC TR TRAC TRRCACTRAGGC TOGRARE TRTGAG TRECAARCAGERTTRAATRCCCTG A TRATCCATRCCE TRARCGATEART
GOEARGECGECTHTC TG TC T TR TRRCECTRAGEC TOGRARG TRTEEE TRELAARCAGBRTTREATRC OO TG A TR TOCA TROCE TRAAD GATEART
GORARGECGECTROCTEE TCTECARL TRRCACTRRGRC TOARARGCATEAE TRAC AR AGARTTRAR TROCCTE A TRATCCA TG COG TRARC GATEAGT
GOGARGECGECHNTC TAG TC TR TRAC TRACGCTRAGGC TOGRARGCATEAE TRECRARCAGERTTRAATRCCCTG A TRATCCATGCOG TRARCGATEAGT
GORARGECGECTETOTEE TO TE AR TARCECTRAGEC TOGRARGCATEEE TRED GARCAG BRTTREATROCC TG A TR TOCA TG 005 TRARD GATEAG T
GORARGECGECTRTC TEG TC T TRAC TRRCAC TRAGEC T ARARACATEAE TRACRARCAGARTTRARTROCC T A TRATCCA TG COG TRARC GATEART
GORARGECGECHNTC THENC T TRAC TRACGC TRAGGC TOGRAARGCATEAE TRECGARCAGERTTRAATRCCCTG A TRATCCATGCOG TRARCGATEAGT
GOEARGECGE0TETC TRG TC T ThED TRRCECTEAGEC TIRARRG CATEEE TRED GARCAG BRTTREATROCC TG A TR TOCA TG 005 TRARD GATEAG T
GORARGECGECTETC TRG TC TR TRAC TRRCACTRAGEC T ARARGCATEAE TRECRARCAGARTTRAR TROCCTE A TRATCCA TG COG TRARC GATEAGT
GORARGECGECTETC TRG TC TR TRAC TRACGCTRAGGC TOGRARGCATEAE TRECGARCAGERTTRAATRCCCTG A TRATCCATGCOG TRARCGATEAGT
GOEARGECGECTETC TRG T T TR TARCECTEAGEC TOGRARGCATEEE TRED ARCAGBRTTREATROCC TG A TR TOCA TG 005 TRARD GATEAG T
GORARGECGECTETC TRE TC TR TRAC TRACACTRAGEC TOARARGCATEAE TRAC ARCAGARTTRAR TROCCTE A TRATCCA TG COG TRARC GATEAGT
GORARGECGECTTTC THENC T TRAC TRACGC TRAGA TTCGRAARGCATEAE TRECRARCAGARTTRAATRCCCTG A TRATCCATGCOG TRARCGATEAGT
GOGARGECGECHTTCTEE TC T Thiy D TRRCEC TRAGA T GRARGCATEEE TRELAARCAGBRTTREATRCCC TG A TR TOCA TG 005 TRARD GATEAGT
GORARGECAECTOTOTEE TOTE TRAC TRRCAC TRAGHC TERRARGCATEAE TRAC GARCAGARTTRAR TROCCTE A TRATCCA TG CTA TRARC GATEAGT

GOTRAG TR TTGERRGGETTTCCGCOC TICAG T TRCRAC TRACG CATTRA - GLATTCC 00 TR AEGAGTROGGCCALARGEE TRARRC TCARAGGRATTE
GOTRAG T TTERAGEE TTTCOEC o0 TICAG THEE TECREC TRACG CATTRA - GATTCC GO0 TEEEGRG TRO SE0 CALARG G0 TRARRC TCARRGERATTS
GOTRAG TR TTGEARGGETTTCCGCOCTICAG T TRCA ~-C TRACG CATTRA - GLATTCCA0C TR AEGRGTROGGLCACARGEC TRARRC TCARAGERATTS
GOTRAG TR TTERRGGETTTCCGCOC TICAG TRCCGARAC TRACG CATTRA - GLAC TCO GO0 TR AGGAGTRO AL CALARGE TTRARRC TCARAGGRATTE
GOTREG T TTERAGEE TTTC0EC o0 TICAG THCCGRREC TRACG LA TTRA - G AL TOO 00 TEEEGRG TR BRI CALARG B TTRARRC TCARRGERATTS
GOTRAG TR TTEARGEETTICCGCOC TICAG THCC Ta TTC TRACG CATTRATE AL TCO A0 TEAEGRGTROGACCACARGE TTRAARC TCARAGERATTS
GOTRAG TR TTERRAGE TTTCCGCC TTICAG TRCCGCRAC TRACG CATTRA - GLATTCC 00 TR AAGAGTROGACCALARGE TTRARRC TCARAGGRATTS
GOTRAG T TTERAGEE TTTCOEC o0 TICAG THEC TERREC TRACG LA TTRA - G AL TOO 00 TEEEGRG TR BRI CALARG B TTRARRC TCARRGERATTS
GOTRAGTETTGARGGEETTTCCGCOCTICAG T TRCRAC TRACG CATTRA - GLAC TCO A0 TEAEGRGTROGACCACARGE TTRAARC TCARAGERATTS
GOTRAG TR TTERRGGETTTCCGCOC TICAG TRCCGCRAC TRACG CATTRA - GLAC TCO GO0 TR AEGAGTRO AL CALARGE TTRARRC TCARAGGRATTE
GOTRAG T TTERAGEE TTTCOEC o0 TICAG THEC TERREC TRACG LA TTRA - G AL TOO 00 TEEEGRG TR BRI CALARG B TTRARRC TCARRGERATTS
GOTRAGTETTGARGGEETTTCCGCOCTICAG T TRCRAC TRACG CATTRA - GLAC TCO A0 TEAEGRGTROGACCACARGE TTRAARC TCARAGERATTS
GOTRAG TR TTGERRGGETTTCCGCOC TICAG THE TRCRAC TRACG CATTRA - GLAC TCOGCC TR AGGAGTRO AL CALARGE TTRARRC TCARAGGRATTE
GOTRAG T TTERAGEE TTTCOEC o0 TICAG THEC TERREC TRACG LA TTRA - G LA TOO 00 TEEEGRG TR AR TC GRARGATTRARN, TCARRGERATTS
GOTRAG TR TTEARGGEETTTCCGCOCTICAG T TRCRAC TRACG CATTRA - GLAC TCO G0 TEAEGRG TRO GATC GLARGATTRAARC TCARAGERATTS
GOTRAG TR TTEEGEAGE TTTCCGCA TD TCRG THE TRCRAC TRACG CATTRA - GLAC TCO G0 TR AGGAGTRO AL CALARGE TCARARC TCARAGGRATTE

ACGEEGECCCHCACARAGDEG TEERGCATE TG 3 TTTRATTOGARG 0 TRCGCGAREARCC TTROCAG TC TTRACATRC TRTECARA T TRAGHER TTRERD
ACGEEGECCCACACRAGIEE TEARGCATE TE A TTTRATTC GARGC TRCGCAARERACC TTRCCAGH TC TTRRCATRC TRTECARATC TRAGHEA TTREAS
BACGEGEGGCC -GCACRAGTGGE TEARGCAT: TR TTTRATTCGAR - C TRCGCAARGRACC TTRCCAGH TC TTRRCATRC TRTGCARA T TRAGHGATTRGAS
ACGEEGECCNICACARAGCEE TEERGCATE TG 5 TTTRATTOGARG 0 TRCGCGAREARCC TTRCCAG TC TTRACATC TTE0 G0 CRRCCC TREAGA TREEH
BCGEEGECCNECACRRAGIEE TEARGCATE T3 A TTTRATTC GARGHARC G0 AARERACC TTRCCAGE TC TTRRCATOC TTTEACCAC TC TRGAGA TRARGC
ACGEGEGECCCACACAAGTEE TRARGCAT: TG A TTTRATTCGARGE TRCGCAARGRACC TTRCCAGH TC TTRRCATC TTEC G0 TRACC TTRGAGA TRAGGE
ACGEEMACCHICACRRAG DG TEERGCATE TG 5 TTTRATTO GRTHC TRC GO GAREARCC TTROCAGERC TTRRCA T TTO TG0 SRR T TRAGHEA TTRERD
BCGEEGECCNECACRRGIEG TEARGCATE T3 A TTTRATTC GATHITRC G0 AARGRACC TTRCCAGENC TTRRCATI TTOTECCRACC TRAGREATTREGC
ACGEGEGGCCNECACAAGIGE TEARGCAT: TR A TTTRATTCGARGE TRCGCAARGRACC TTRCCAGH TC TTRRCATC TTC TGO CRAT TTRGAGA TRAGAD
ACGEEGECCCHCACARAGDEE TEERGCATE TG 5 TTTRATTOGARG 0 TRCGCGAREARCC TTROCAG TC TTRRACA T TTO TG0 SRR T TTRGEAGEA TRAGRAD
BCGEEGECCCACACRAGIEE TEARGCATE TE A TTTRATTC GARGE TRCGCAARGRACC TTRCCAGE TC TTRRCATE TTOTECCRATC TRAGREA TTREAS
ACGEGEGECCCACACAAGIGE TEARGCAT: TR A TTTRATTCGARGE TRCGCAARGRACC TTRCCAGH TC TTRRCATC TTC TGO CRATE TTRGAGA TRAGAD
ACGEEGECCCHCACARAGDEE TEERGCATE TG 5 TTTRATTOGARG 0 TRCGCGAREARCC TTROCAG TC TTRRACA T TTO TG0 SRR T TTRGEAGEA TRAGRAD
BCGEEGECCNECACRRAGIEE TEARGCATE T3 A TTTRATTC GARGHARC G0 AARERACC TTRCCAGE TC TTRRCATRCCATEARRAGC TRAGRGATTRETD

were aligned
using the CLUSTAL X program
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0y Lactobacillus zymae LMG 22198T (AT632157)
S Lactobacillus acidifirinae LMG 222007 (AT632158)
%) Lactobacillus spicheri LTH 57537 (AT534844)
— Luctobucilius hammesii LP3ST (AT632219)
. % —— Lactobacillus brevis DSM 200547 (M58810)
N Lactobacillus buchneri DSM 200577 (M38811)
n Lactobacillus sanfranciscensis DSM 204517 (M58830)
Lactobacillus sakei DSM 200177 (M58829)

[ Luctobacitlus plantarum KC-143

f
_ = Lactobaciilus plantarum DSM 201747 (X52653)

. — Lctobacillus alimentarius DSM 202497 (M58804)

3 Lactobacilhus farciminis DSM 201847 (M58817)

Lactobacillus fermentum ATCC 149317 (M58819)

109 Lactobacillus reuteri DSM 200167 (L23507)
Lactobacillus acefofolerans DSM 207497 (M58801)

B

1

(=9

—

0.01
Fig. 17. Phylogenetic tree of Rg3 producing strain KC-143 from Rbl.

A

2
o

KC—143% #59] 16S rDNAQ] 97|14 ¥ S GeneBank®] database?} fFAFHAE

Lactobacillus plantarum DSM  20174T¢} 744 7V7he &<

Gl

A7} KC-143& 2
Yet o] Lactobacillus &0l &3l =2 ¥ ).
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A 3 A ARXIAS nPELE

1, Az 2 ¥y
7} AR

< DifcoAt?] nutrient media, trypticase soy media, Luria— Bertani media, R2A
media @ MRS WA (24 2 328 Table 11~150] YebS)el A viekslint. 847140
ZRE 273 ginsenoside Rble ®lgr|dgo=w AL3519 1 KT&GEHFE Hokdbe

Rbl, Rd, Rg3, Rh2, C—K* standard® A}-&3}9it}.

Table 11. Approximate formular of Luria—Bertani (LB) media.

Contents Amount(g/L)
Trypton 10g
NaCl 10g
Yeast Extract 5g
Distilled water 1000ml

Table 12. Approximate formular of nutrient media.

Contents Amount(g/L)
Peptone 5.0g
Beef exract 3.0g
Sodium chloride 8.0g
Distilled water 1000ml
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Fig. 21. TLC pattern of modified Rbl by soil-born microorganisms isolated in
ginseng field at first year.

Table 13. Approximate formular of tryptic soy media.

Contents Amount(g/L)
Trypticase peptone 15.0g
Phytone poptone 5.0g
Sodium chloride 5.0g
Distilled water 1000ml
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Table 14. Approximate formular of R2A media.

Contents Amount(g/L)
Yeast Extract 0.5¢g
Protese Peptone 0.5¢g
Casamino Acids 0.5¢
Dextrose 0.5g
Soluble starch 0.5g
Sodium Pyruvate 0.3g
Dipotassium Phosphate 0.3g
Magnesium Sulfate 0.05

Distillde water 1000ml

Table 15. Approximate formular of MRS media.

Contents Amount(g/L)
Proteose Peptone No. 3 10.0
Beef Extract 10.0
Yeast Extract 5.0
Dextrose 20.0
Polysorbate 80 1.0
Ammonium Citrate 2.0
Sodium Acetate 5.0
Magnesium Sulfate 0.1
Manganese Sulfate 0.05
Di-potassium Phosphate 2.0
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v Wy

1) G—Glucosidase #H] U Eo] &3 QAMAIEUY] AF AF

(1) B—Glucosidase #8] P AES AAu]F vj=] A

Esculin agari < o|&3to] Egl¥ [B-glucosidase EH nAES oty & HWyHow
S et oFEE P Aol dEst wixE A4 eFSIvk(Fig. 18).

v
(7)) AR o] L streaking = 30C Incubater ©|A] v <F3hc}.
(W) colony”} &el¥ ™ single colonyES HHEHFS 100ulo] 3]A st}
(th) #A7F A" A+ S 27 nutrient media, trypticase soy media, Luria— Bertani
media, R2A media @ MRS media Z}+7}+9] B33 30T
Shaking Incubatero] A & E w3},
EWEE o] &3 600nmelA 0.D#S SAHsI 53

Ao Ed7 FE

(2} 12h, 24h ¥R 5
[e)

AANER F
Tt e At b
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"% 100Ul
il HELHH 2
12, 2442} RS 242t BYE =X

Fig. 18. Selection procedure of suitable media.
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(1)) TLCEA

MeOHel| £3]A171 wWF2AFELS TLC plateo] 9A= A& 331 chloroform/methanol/
water ( 65:35:10, by vol, 3}%) E3&m=2 AN & 10% H,S0,S 534 110CelA
10 min 7}E3she W o=z WA Z T}

(t}) HPLC &4

Folot.

ol

HPLC 4& 43 o4 T /b oz 24

@ <A HPLC &7 (ELSD detectorE ©]-€3 HPLC £4]):

Z+2): Alltech Prevail Carborhydrate ES, 5um, 250 X4.6mm

Flow rate: 0.8ml/min

ELSD detector

o] 5 2721 Table 169 YERHATH
Table 16. The composition of mobile phase in HPLC analysis
using ELSD detector

Solvent

Time (min) AcN : 20 : Prophanol ACN : H20 : Prophanol

80 5 : 15 80 20 :15
0 70% 30%
20 0% 100%
55 0% 100%
65 70% 30%
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@ 94 HPLC ZZA(UV detectorE o] €% HPLCEA]):

Column: C18 column (250 X 4.6 mm, ID 5 um)
Flow rate: 1ml/min

UV detector: 203nm

o] 54 %712 Table 17 YeRWTh.

Table 17. The composition of mobile phase in HPLC analysis using

UV detector
Solvent
Time (min)
A: Acetonitrile (100%) B: Water (100%)
0 15% 85%
5 15% 85%
25 21% 79%
65 45% 55%
75 90% 10%
85 90% 10%
87 15% 85%
100 155 85%

(F) ABAEIY T2 T

TLCSt HPLC #4& Tate] iAbzds agdor Fad 4 e #5 o
ginsenoside Rb19] HBAEL silica gel 60 columno® 4 Hgdte] 'H-NMRI}
YC-NMRS B3] 3}8t4 xE EA3t9ch. NMR 2417]7]%= FT-NMR spectrometer

(Varion Inova AS 400, Varion USA. 400 MHz)Z A}&3}% ).
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2. 249 ¢ uF

7h QAALED S AE AR 43

DL3(2)—a #5(27H)¢} BB4(4)—b—1 #F(31)2] #]%N 3} ginsenoside Rb1S A 7HH
= R3AZl F TLCE 243 A5 Fig. 200 depth

Rg3

e | Rd

12h  24n  36h 48h 12h 24nh 36h 48h S
o7e 318

Fig. 20. TLC analysis of transformation of ginsenoside Rbl by reaction time.

B Azl Z7htel wet 714 Rble] FFe 7
of Rblo] thii H5Re) Hi Ae #2Y

7} ginsenoside Rb19] WHGAIIHS 2441702 A7 ekl

Rd $FeFe =7)slm dWkS 48h

kA B—glucosiase EH|MAE

zl_ll
9_‘(1
ol
50
52
a
8 H

1}, B—glucosidase ¥H] m]YEo 2] ginsenoside Rb19 A3 TLC ¥4 A3

1) 1xPa% B—glucosidase ¥H] BB E 9§ ginsenoside Rb19 A TLCEA]

12Pd % QI EGOZHE esculintl A& o] &3] F 10057 E2l¥ S-glucosidase

H] v ES 717F Rb1y} WHS A1 TLCHEA] A3= Fig. 219 yersich
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TLC ®A41& E3te] ginsenoside Rd¥Fo.Zo] ANIIAHL zl= #FE= FS6(6
BB4(4)—b—1, BB5(7), BB6(2), DB5(3), DB4(1), BT(4), BT(5), BB5(7), T7—06% 9 ¥+%
om, Rd R Rd Bt} Ry gto] ©& =25 Ao Aaksh= #5°= DL6(1), BB6(1) + o

Ttk Rd$t Compound K 3 Rg3EU &, gko] 27 & EH(Rg31)S SAlol AXbs)

),

rr

#33= EM6(6)—a, BT1, BT9, BT14%5 4 i#3o]n o]¢} t]&o] RAX T} Rgte] =&

EARAL)S S0 s #55 450, 709 FFo|th I v E A A uk Rg39}
Rd, Z18]2 RA®.T} Rigke] 25 @& EZ(Rd!), (Rg31)S A= #5371 SelsAnt
(Table 18). 7= ©] 54l table 69 12PA%E WMo wpe} A& om A4S F31o

rlo

Table 18. The strains number converting ginsenoside Rbl

Secondary Compound
Rd Rdl Rg3 Rg31 Rh2
metabolite K
2, 13, 16, 22,
31, 33, 35, 38, 16, 22, 13, 33, 13, 43,
Strain
39 40, 41, 46, 33, 38, 16 43, 45, 45, 50,
No.
47, 50, 53, 54, 45, 70 50, 54, 70 54, 70
70, 87

2) 22Pd % B—glucosidase ¥H]) B A Eo] 23l ginsenoside Rb19 A3 TLCEA

22bd % QAT A EUO ZRE esculintlAE o] &3t F 1115 89 G-glucosidase

wH HAES A7 Rb1# ¥hg ARl TLCRA] 235 Fig. 22¢ vrebdleh
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TLC 24123} GS235, GS342, GS404, GS462, GS508, GS514, GS603, GS608, GS610,
GS658, GS836, GS844, GS973, GS1184, GS3066, M2—-328 5 TF5°] 247} Rg3, Rd, F2,
Rh2, Compound—KG ¢ HF-g-S& HAow, olF GS514 #7F 71 55137 Rde} Rg3&
AR e FAS YEhl o2 GS514 755 o] 83te] Rg3E Aakstazt e s
223k tH(Table 19). 5= o] &2l table 69 223 A% W&o we} ALEslglon 4]
S Eate] yehd vx B kgl wEl 2 AREAS VTR sEn(t L)E 9

§3tol P,

Table 19. The strains number converting ginsenoside Rbl

Secondary

Compound
) Rd Rdl Rg3 Rg31 Rh2
metabolite K
Strain 11, 18, 25, 30, 16, 19, 25, 17 30 25, 30,
33, 50, 52, 55, 32, 34, 47, " 47, 49, 50
N 33, 50
0. 61, 63, 85, 103 49, 50, 55, 77 50

TLC Ao A ginsenoside Rb1S Rd, Rg3, Rh2, C—K % Rg3X Tt} R, jto] &
B2 (Rg3 1), RAVTE Rr Fto] =7

HPLCE o]-83o] #4233

it

rlo

o BARIL) 5 f9 @ B AYTE g Hs

of
=

(3). 3xld= pB—glucosidase #H] "L 2§ ginsenoside Rble H3F} TLCEA
43

AR A4 A ARERH esculiniA S o€t F 1555 wElE fakds A

7} Rb1¥} WkE-A171 TLCEA A= Fig. 23 eI
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1. [actobaciius sakei

. Levconasioc pseudomesanieraides
L actobaciius arizonansis

. Levconostoc mesantercides

Mot determined

Pop T &) IR OV B 1

Mot determined

=1, 2,3 4 BHOIM £F2| RgSZ,
B 0ll 4 RdZe] FEto| Yoil,

7. Mot determined

8 Leuconostoc pseudomesenteroides
9. {actobacilius arizonensis

10, Lewconostoc citreum

1. Leuconastoc citrewm

12. Mot determined

-7, Gl 2| Rg3E,
1280l Rd22| ®E0| Lojkt,

13. Mot determined

14, {actobaciilus sakel

15, Weisselia cibaria

16. Lactobacilus plantarim
17. Mot determined

18, Mot determined

~18, 14, 16, 17810Il4 42| Rg3 =9
TEo| Loid,
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C—K
Eh,

I

F
RE,
Rd

- .- - _— b,

¥ 20 21 &5 22 23

19,
20,
25
2o
73,

Laclobaciius brevis
Lactobacilus sakef
Lactobacilus sakef
Laclobackius sakai

faclobaciius sarei

=18, 20, 21, 2240l 4+Fe| Rg3 22|

ol 2o,

R L

————e e

24 25 26 § 27 28 29

24,
2y
26,
2
28,
29

Levconosioc meseniercides
Mot determined
Leuconosioc meseniercides
Mot determined
Levconosioc meseniercides

Mot determined

-27, 28, 2080l ~Fe| Rg3 22|

SE0] 20,

- e - - Eb-l

30,
il
g
33,
34,
3h,

Levconostoc mesenieroides
Mot determined
Leuconosioc mesenieraldes
Mot determined
Lactobacilus sakel

facfobaciius sakel

3180l 22| Rg3 22|

S0l 20,
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C—K
- Ehz
F
- R,
s Rd

e L
-

. r " =
35 37 38 5 39 40 41

36,
i
38,
39,
40,
41,

Laclobacilus saksi
facfobaciius bravis
{euconostac cifreurm
feucaonastoc maseniaraidas
Weissella cibaria

Leuconostac cifrecm

- 36 0ld OIAI=2 =, 537, 38 39, 40, 41

ol =2 Rg3=z, 382104 Rd=2

2.

Hato|

e

B

= C—K
:Eh2

- F
e,
kd

eoee a=" Rb,

I S 7 T T— '] =

42 43 44 S 45 44 47

42,
43,
44,
45,
45,
47,

—42, 430l ~F 2] Rg3=Ze| & EH0|

Mot determined
Lacfobacilius sakel
Lacfobaciiius sakei
Leyconosioc cifreum
Levyconosioc cifreum

Mot determined

2=,
o i SRS | 45, Weisselia cibaria
. iy | 49, Not determined
i .Eﬁ, b0, feuconastoc clfraum
b1. Lacfobaciius saks!
Rd b2, Lacfobacilus sake!
b3, Laclobacius sakel

LE X .0‘ Rb,

48 49 50 § 51 52 53

-4, 50, b1, 52, b3H MM =F2| Rg3=2|

SEol 20,
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el

Fe B4, {acfobaciilus sakei
55, Mot determined
- ng, b6. Lacfobacilus sakel

BY. factobacilius sakal
Rd L&, [actobacilus sakei
59, {acfobacilus sakei
- - - - = » kb,

- &5, 57, B8, 590l Rg3=2e| HEH0|

— e

B4 55 56 § 57 5B 5% ol of ot
F
RE__ _ali™ea _ Ml
| B0, [acliobacilus sakei
- ek
Eh,

B1. Lacfobaciius sakei
- Fp"._?;, B2, Leuconastoc cifreum
63, [ewconosioc meseniergides

B4, {acfobaciius brevis
65, Mot determined
- - e kb,

: -60, 61, 62, 63, 64, BEH MM = 2| Rg3
%06 62 5 & 4 20| M0l 2ol

ek 66, Lactobaciius oiantarum

Rh, BY. factobaciifus plantarm
pr,, B8, [acfobachius olantarm

69, Lacfobaciius olantarm
Rd 70, Lactobaciius olantarim

71, Mot determined
-~ - . meaaws Ry

-G8, 67, 63, 89, 70, 7T1HNM 2| Rg3
5 &7 8 § & 70 71 20| A0 <ot
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- Eh_z K T2, Laclobaciius brevis
- Fli‘g';, T3, Lactobaciiius piantarm
7. Lactobaciius plantarm
Th, Lactobackius olantarim
Rd 76, Mot determined
T7. Lactobaciius olantarm
Bew  mme
- 7290 RdZ2| HEO €O,
;2_ ?3 74 S 75 76 TF
- (E:h_z k 8. Laclfobaciius arizonansis
- Flz"g';, 79, Lactabackius plantarum
80, Mot determined
ia 81, Lewconostioc oseudomesanieroides
82, Weissella cibaria
SRS e o, 83, Mot determined
o oS e = -78, 79, 80, 81, 82, 83 0|H Rag3=2|
78 79 B0 § 81 82 83 FE0| 2Lt
- 84. Lacfobacifus saksi
8b. Lesuconosfoc masentsroides
= i | 86 Not determined
a E;_tg, 8Y. Lacfobacilus saksi
88, Weissella cibaria
kd 89. Weissella cibaria
S e Rb,

B4 85 86 S @7 88 89

- TS0 S2E ES0] E0LIA ES




90, {euconcstos garicum

02103104 8§ 105106 107

= E@K 91. {euconosioc paramesenteraides
F 92, Lsuconostoc cifreum
b, 93. Leuconosioc cifreum
94, Weissalfa sp. KLES
- 95, [actobacilius paraciantarsm
.- - - -
- 3| RESOIM S8 820 LolLER 2.
9091 92 § 93 94 9
=" — (Ii:h_zk 96, Weisselia cibaria
- FR%” 9Y. Weisselia cibaria
98, LactobacHius alimentarius
Rd 99, Weissella cibaria
100, fewconosfoc mesantercides subsp.
-- . - m mesenferaides
101, Mot determined
. el - 96, 97, 100, 101 HollA 42| Rg3Z22
B5 @7 B 5 %9 0001 F=Eto| 2ot
102, Laciobacifus sp. 51
103, Baciius subtiis
104, [acicbaciius =p.
(E:h—zlt 105, Lacicbaciius =p, C51
106, {acicbaciius =p, C51
FPZQ, 107. Lacicbaciius =p, C51
Rd
- . - & & & b,

=102, 103, 104, 105, 108, 107H 0| A
Rd=22| HE0| €0,
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144, Mot determined
145, Mot determined
146, Mot determined

. C—K .
- Rh, 147, Mot determined
- =3 148, Mot determined

149, Mot determined

- e e -ee b

& oo oo 4 : -145, 146, 147, 148, 148%1 0|l Rd=2|
M4 M5 WA 8§ 17 M5 WY

HMEG] 2t
-
1680, Bacitius subiifis
151, Mot determined
= EEK 152, Mot determined
- 2 153, Lactobacitus sp. C51
& FE'*S’,, 154, Lactobacilfus brevis
155, Mot determined
- - - Bd

-150, 1561, 152, 1563, 154H UM RAZ,
166910l A =2] Rg3=Z2| &0 20 e.

- - % = Fb

BO®l B2 § B3 B4 BS

Fig. 23. TLC pattern of modified Rbl by lactic acid bacteria isolated in
Kimchi at third year.

_94_



108, Mot determined
109. Not determined
110, Mot determined
111. Mot determined
112, Mot determined
113, Mot determined
- 108, 108, 110, 111, 112H A Rd=22]
FHEtol, 1138H0lle +Ze| Rg3R2| FE0|

2.

114, Not determined
115, Mot determined
116. Mot determined
117, Mot determined
118, Mot determined
119. Mot determined

=114, 115, 116, 117, 118, 1195 0f| A
Rd=ze| ®E0| 2o,

120, Not determined
121, Mot determined
122, Mot determined
123, Not determined
124, Mot determined
125, Not determined
-120, 121, 122, 12481011 RdZ,
123, 126% 0l A=l Rd 2 Rg3=22|

TIEto] dojE
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126,

Mot determined

127. Mot determined
- gy | 128 Not determined
Ez 129, Mot determined
- g,
130, Mot determined
@ e & 131. Mot determined
- - - . e RD,
- =126, 127, 130, 131909 Rd=2| HE0|
6 B7 128 5 129 130 131 ol oL
132, Not determined
133, Not determined
134, Not determined
E{K 135, Mot determined
2
" 136, Mot determined
2z
kg, 137, Not determined
- Rd
- e - - - Rb,
: = =132, 133, 134, 136, 136, 137H0|AN
B2 BI RS BB Rdze| ME0| 2oy,
138, Not determined
e i 139, Mot determined
i 140, Mot determined
B, 141, Not determined
142, Mot determined
- rd
143. Laciobacilius ofantarum
- e - - e RD, -138, 1439104 Rg3 B F2E,
139, 140, 141, 1429H M Rd=2
138 139 MO 5 M1 M2 43

g0,
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TLC =443 KC—-68, KC—78, KC—79, KC—81, KC—82, KC—83, KC—138, KC—143 ¥+
So] 53] ¥olt ginsenoside Rg329] A3k W3S wBgom =1 F KC-143H H#FZ o]

Table 20. The strains number converting ginsenoside Rbl

Secondary Compound
) Rd Rdl Rg3 Rg31 Rh2
metabolite K
17 27 8) 4) 6,
1, 2, 3, 4,
7,9, 13, 14,
6, 7, 9, 13,
16, 17, 19,
14, 16, 17,
5, 12, 72, 102, 20, 21, 22,
19, 20, 21,
103, 104, 105, 27, 28, 29,
22, 27, 28,
106, 107, 108, 31, 37, 38,
29, 31, 37,
109, 110, 111, 39, 40, 41,
38, 39, 40,
112, 114, 115, 42, 43, 49,
41, 42, 43,
116, 117, 118, 50, 51, 52,
49, 50, 51,
119, 120, 121, 53, 55, 57,
52, 53, 55,
oy 122, 124, 126, 58, 59, 60,
STl o 57, 58, 59,
127, 130, 131, 61, 62, 63,
60, 61, 62,
132, 133, 134, 64, 65, 66,
63, 64, 65,
135, 136, 137, 67, 68, 69,
66, 67, 68,
139, 140, 141, 70, 71, 78,
69, 70, 71,
142, 145, 146, 79, 81, 82,
78, 79, 81,
147, 148, 149, 83, 96, 97,
82, 83,
150, 151, 152, 100, 101,
113, 115,
153, 154 113, 115,
123, 125,
123, 125,
138, 143,
138, 143,
155
155

TLCEA oA ginsenoside Rb1S Rd, Rg3, Rh2, C—K % Rg3Xt} R go] £ =2
E4(Rg3 1), RAET} Riftel 27 92 EZ(Rdl) 5 F9va He+E wz FH )

HPLCE o]&3to] A4 L kit
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t}. B—glucosidase ¥H] T L] 2% ginsenoside Rb19) AFAHE HPLCEA A3

TLCEAlo A ginsenoside Rb1S Rd, Rg3, Rh2, C—K % Rg3H U} R, #to] 7 =&
d 3] A= A

E4Rg3 1), RAZTH Ry gto] 27 @& B2 (Rd!) 5 B2HERE AIND &+
& tAl HPLCEAS Ssho] Abxd
Zbe] QA YUY WEE AIZFS F9lsy] 95 11F AAAFEU(Rb1, Rb2, Re, Rd,

Re, Rf, Rgl, Rg2, Rg3, Rhl, Rh2) % ginsenoside Rb19] 7}53 Fal4k& Rd, Rg3, Rh2,

compound K& X ZEH 2 FA359}h.(Fig. 24, Fig. 25).

My FAF- L
r
s
FE - L
y | I
000 L
] 2 b
203,000 - L
18,000 -
16,000 é
1 A,
e - f
1-1.0-'.!07 = i <] -
1 &
12,000
i = =
10,000 = 3
= 2
8.000- A §
oy
: = = = 2
8.000-] " = ] = =
EET = = 22
4000 B E H
i X :
4 B B ﬂ
zoo0-| = 3
18 E
faRasls] A -
—=2.000]
T T P T T T T T T EETONL . ¥ ———— * 1 .l - o OV
min 000 7.00 14.00 21,00 28.00 35.00 2,00 38,00

Fig 24. HPLC analysis of 11 kinds of ginsenoside standards (ELSD detector).
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my 1531

:
3

SIS - SoS i

e
v T T T T T
T T T T T T T

mim .00 7.00 A58 21.00 28.00 GO0 AZ00 40,00

Fig. 243} Fig. 25+= ELSD detectorE ©]&3F QIAALE W A FEH 9] HPLCEA S 2 A
11= AAAFE Y compound K& X33 & 125 ALEU 9

ER T

=)
4
il
>,
)
o
-
[o8)

=
@D

[\
=
2
i

Table 21. Retention time of 12 kinds of ginsenoside standards (ELSD detector)

Ginsenoside| Rb1 | Rb2 | Rc Rd Re Rf | Rgl | Rg2 | Rg3 | Rhl | Rh2 | C-K

Retention
48.9136.7135.7|25.624.2119.5]17.8114.8|16.2| 9.2 | 7.1 | 6.5

Time (min)
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Fig. 267} 272 UV detectorg ©]&3 A2 A4 tigh HPLCEA 4 dol .,

md om

E
]
i
250
OF I

b
#
i

=3

0

_hw.u

43900 4 =] R

8 .
.
s " STy
I%Iﬁ
Q

N

m  odo o0 400 2100 = B aQn b 5800 7]

Fig 26. HPLC analysis of 7 kinds of ginsenosides including Rb1l, Rb2, Rc, Rd, Re,
Rf, Rgl (UV detector).

L !

34000 3
124000 P ¥
120000

(el
SR
L

o

2000 Ao = Ras3
104000 =2

o8 000 B
000
80 000

3000

58 000

k]

&5
ER

o

RE f e Wmm

n 0% 70 1400 0o 20 BX oo & 5800 ]

0900 —

-2 000,

Fig. 27. HPLC analysis of ginsenoside Rb1, Rd, Rg3, F2, Rh2, C-K (UV detector).
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Ztzbe] W E-2 A7+ Table 229} 2t}

Table 22. Retention time of 11 kinds of ginsenoside standards(UV detector)

Ginsenoside| Rb1 | Rb2 | Rc Rd | Re Rf | Rgl | Rg3 | F2 | Rh2 | C-K
Retention
. o 141.4|43.3|142.2|45.7|125.8|39.4]25.1|57.9|53.5|68.3]|66.7
Time (min)

% BT4 (Fig. 28), BT5(Fig. 29) ¥ BT12 (Fig. 30)& TLC®A] (Fig. 18, 57H)ol 4 H.
A3 Rd 29 Eold o= A3ty g Folr}.

mv &1z

i e,ooo—j
4 s,ooo{
1 4,000—:
12.000 :
1 D.DUDE
8.000 E
6000
<.000 |

2.000-|

0. 000 —hrs e S it

-2.000

1

Bk

ey

P>

?F 103,712

mv _si=a
1 s,oou—:
16.000]
1 4.000{
1 2.000{
10.000]

B.OOO;
s.ooov:
4.000{

2.000

0000 st Nt et v

-2.000

T
7.00

Fig. 28. HPLC analysis of the

T T
14.00 =21.00

503 AR |

25830,

W66, AN E 3

883,80l

. ' T
28.00 35.00

T
42.00

strain BT4 ( ELSD detector).

56501

B1,HA4R )

18383, bl

g R e

min o.00

7.Go

Fig. 29. HPLC analysis of the strain BT5 (ELSD detector).

14.00 21.00

—
2aloo =s5.00
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o,ooo—iwwm WAN—J'/ & i, ~PEEt !
Fig. 30. HPLC analysis of the strain BT12 (ELSD detector).
HPLC #AlolA %= TLC &A1 4¥el mpz7kA = MF5F AZF 25.7minel Rd peak”}

s Ae 32 5 A TH(Fig. 28~30).

o EM6(6)—a¥ BT32 TLC ¥4 (Fig. 21—48W)o A R, ko] Rd¥. T} 3t & B3
3} Rg3Hth R gho]l ot 2 WA =do] ti® HE¥ AgFtolvh. HPLC A4 w
FE AIZF 25.7 min®} 26.2 mino] YEFH peaki= ginsenoside RdE, 14.9 min¥} 14.8 min
| YEld peak: ginsenoside Rg2& <12)o] F A} (Fig. 31, Fig. 32).

2

64.000 |
sc,uuo—f
ss,uoo—f
52,000—:

48000 |

40.000

36.000

T T T T T T

32.000

28.000 |

20.000

16.000

1l

B ok
12.000 |

o

8.000 |

4.000]

THM AR

J(M416, 3

0.000]— — J

-4.000

" T T v v T | . T T
nin 0.00 6.00 1z'a0 18.00 24.00 30.00 36.00 42.00 48.00

Fig. 31. HPLC analysis of the strain EM6(6)—a (ELSD detector).
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mv =1

7.500 |

7.000 |

Ht6-Rol

6.500

6.000

26150, Rd

5.500-|
s.000]
4.5002
4.000%
3.500 E
3.000
2.500]

2 000

403, FlAE 1

1.500

0766, TR

1.000

0.500

g
!
!

©0.000-]

-0.500

. T . . T 1 * T T
min ©.00 7.00 1400 21.00 28.00 35.00 42.00 49.00

Fig. 32. HPLC analysis of the strain BT1 (ELSD detector).

HPLC ZA3E TLC 2427 (Fig. 21)9 vl wste] & ul ginsenoside RAZ ¢1A1H peak
i Rd7} obd Aol A 24 5 gypenoside XVIIZ FAE. 3 TLC 4] llA
Rg3HtF R, gte] oF7h A vehd WX EHE HPLCREA A Rg2® Q124jo] o] ihe}
S AW Fig. 330 YEFH FF224S B HbS-o] AFE3F QIAALFE UL aglycone?] 3WHI 12
Heoll OH”]17F 27§91 protopanaxadiol AIAFEW Sl ginsenpside Rb1 2. %A aglycone®] 3,
6WH = 1299 OH7]7F 370 ZAgEo] 9= protopanaxatrioldl AFEWQl ginsenoside Rg2
7F 2 7hesdeol A8 givh. = HPLC 240lA Rg22 A4 5ofx A2 Reg2, Rgd37F v of
W S0 A F22 AbsET

Aglycone—protopanaxadiol Aglycone—protopanaxatriol
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HOCH, O—CH,

o \PH Ho " ‘
HOCH, O
HO OH
OH
Ginsenoside Rbl Ginsenoside Rg2

Fig. 33. The structure of aglycone-protopanaxadiol, aglycone-protopanaxatriol,
ginsenoside Rb1l and ginsenoside.

BT3, BT9, BT14 5% TLCA| A ginsenoside Rd, Rg3X.t} R, ko] 27t =A ek

% v %] 524 "9 compound K7} F Aol vERE AHElFtelth BT99F BT14 oA W5

mv Sl=

. . . T T 1 . ;
min 0.00 6.00 12'00 15,00 2400 30.00 36.00 42.00 as.00

Fig. 34. HPLC analysis of the strain BT3 ( ELSD detector).
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mv S

W
W
Q
o
I
LYSLORY]

T . . 1 v T 1 .
min a.oo 7.60 14.00 21.00 2aloo 35l00 42.00 a9.00

Fig.35. HPLC analysis of the strain BT9 (ELSD detector).
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Fig. 36. HPLC analysis of the strain BT14 (ELSD detector).

E A1t 26.1 min¥ 25.7 min®l ginsenoside Rd peak”} YWeElwkal BT33 BT14 ol A
W5 AZE 14.9 minol Rg2= FA¥ Rg3W U Ry #hol ofRF =A vehd wjx] &4 9
peak’} YEl o™ BT3, BT99 BT14 oA WFE A|ZF 6.5 min, 6.9 min¥} 6.3 min
o| A1 compound K9] peak’} YEFGTH(Fig. 34—36). BT9 &4 Rd ¥ compound K¢
peakt BT3¥ BT14 5ol Hla] °fF A Uetdl=d o3 peak7} AA Aoz o3t
HE nFoizl dflew & 4 gt

EM3(2)—a #5% 1xhd

A2

TTE 5 FUsHA TLCol A Rg37F &lo] # #50]
(Fig. 21)oll A 9} v}a71x 2 Adeke] Rd7} 7t
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A ¥ A tH(Fig. 37).
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l

T

e = = F
ol a o -
z-2 2 :
T = G2 =
= 5 = =3 o
g E = = b
g = = = r
N o = = = C
*—-'_.L_‘_—A'_.A._ S — k. - ‘Nlﬁ.v‘ =
T T T
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Fig. 38. HPLC analysis of the strain GS514 (UV detector).
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-] HPLC w42 TLC &4 Zspst wlasigls o AR AakE ekt shA
W ginsenoside Rg3HE.TF R, gto] 25 =4 YElY E 23} ginsenoside RAETF R ko] =
= A e mx E24S HPLC A A 72z FAo] {AlSH ginsenoside Rg2,
ginsenoside RdZ A E vt weba ojn] &A4o] FAuly FAEE &2, TLC AolA
v HPLC @A olA g o] x| &2 A EAE, Hol7bA ginsenoside Rg3¢F #o] 20
H A7 9] 91X 7 thEedl wel R—form¥ S—form$] Rg3= F&¥+ A& U5 A

g 2 4 Slstel NMREA S 383t

1o

2. NMREY ] 93 Rb1ASNIE 2 FF
1) Ginsenoside Rd, F2, Compound K¢ F+Z%3#

BT3 % LBulR|o A w%43 & ginsenoside Rb13} AJ7bH = wF&-Al# TLC (Fig.
7

39)% 13t & Z}zto] H3SIALES silica gel columne ©]-&3e] E2]s%it).

F@3 - an I
Rd-' 1
Fb1--

S 123456 78

Fig. 39. TLC analysis of reaction between strain BT3 and ginsenoside Rbl by

reaction time.
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(1) Ginsenoside Rd F+%%3A
Fig. 4039 41& Z}7F BT3 w59 ginsenoside Rb19] ¥ A 3MAE T (standard Rd9F %
& Rl YR el 'TH-NMR#} C—NMR 24} o]t},

8,673
758

7,550
—7.am

T T T T T T T
8 7 6 5 a 3 z 1 ppm

T
s [am— P o TR ) — P [N o
35 sisigeEmi e 06 £ aB4 18

5 0753, w6828 . 5 E3 13

se.

Fig. 40. H-NMR analysis of metabolite I converting ginsenoside Rbl by strain
BT3. 400 MHz; solvent, pyridine—ds.

128,679
88.920
83.256
83,097

NV «LMJ T T .

Fig. 41. C—-NMR analysis of metabolite I converting ginsenoside Rbl by strain
BT3. 100 MHz; solvent, pyridine—ds
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AFAHE 11 white powder; mp.: 204~206 °C; '"H-NMR (pyridine—ds, 400 MHz, §): 0.73
ppm (3H, s, H=19), 0.88 ppm (3H, s, H=30), 0.89 ppm (3H, s, H—18), 1.05 ppm (3H, s,
H—-29), 1.22 ppm (3H, s, '—28), 1.56 ppm (6H, s, H—26, H—27), 1.58 ppm (3H, s, H-21),
4.87 ppm [1H, d, J=7.6Hz, H'—11, 5.14 ppm [1H, d, J=7.6Hz, H”—11], 5.34 ppm [1H, d,
J=7.6Hz, H’—1]. "C—NMR (pyridine—ds, 100 MHz, §): 39.1 (C—1), 26.6 (C—2), 88.9
(C-3), 39.7 (C—4), 56.3 (C—5), 184 (C—6), 35.1 (C—7), 40.0 (C-8), 50.1 (C—9), 36.8 (C—10),
30.8 (C—11), 70.2 (C—-12), 49.3 (C—-13), 51.4 (C—14), 30.8 (C—15), 26.7 (C-16), 51.7 (C-17),
16.3 (C—18), 15.9 (C—19), 83.3 (C—20), 22.5 (C—-21), 36.0 (C—22), 23.3 (C—23), 125.8
(C—-24), 130.8 (C—25), 25.8 (C—26), 17.8 (C—27), 28.1 (C—28), 16.6 (C—29), 17.3 (C—-30),
105.0 (C'-1), 83.1 (C—2), 77.9 (C—3), 71.6 (C—4), 78.2 (C—5), 62.6 (C—6), 105.8 (C'—1),
77.0 (C'=2), 79.1 (C'=3), 71.4 (C'—4), 78.0 (C"=5), 62.6 (C"'—6), 98.2 (C"—1), 75.1 (C"—2),
78.2 (C”=3), 71.6 (C"—4), 78.2 (C”"—5), 62.8 (C"—6).

BT3 #9 ginsenoside Rb1¢] uHg-d#hitE 19 'H-NMR¥ “C-NMREA A=
ginsenoside Rd¢] NMR data (Dong et al 2003)9} FAFSH ¢ x| oA YEFY ginsenoside
RdZ 7% 574 ¥

(2) Ginsenoside F2 +% 3

Fig. 423 432 77} BT3 #5¢} ginsenoside Rb1¢] wWH& A $AFE-TT (standard Rg3H.th
R, #ol oF7k =7 vehd v 22)9] 'H-NMR#} “C-NMR #4]o]t},
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| ‘ N m] W* |

T T T T T N T T T
12 1 10 9 8 7 6 5 a 3 2 1 -0 -1 ppm
— R ) ettt ot gt e
—an 4 1 e 1 55 1778 7 904 Sz s 2 b7
ot 216800 5 e Vs Tm . a5
Pulss Sequence: szpul

Fig. 42. 'H-NMR analysis of metabolite Il converting ginsenoside

Rbl by strain
BT3. 400 MHz; solvent, pyridine—ds.

155,609
150.015

f i

& } y th g TPV i A V " L Y AR iy ) \
M AR At A T Pl A b o P YA S AL S P A Y
150 Lao 130 120 110 100 S0 80 70 50 so a0 z0 20 PR
cme-1-130

Fig. 43. BC—NMR analysis of metabolite I converting ginsenoside Rbl by strain
BT3. 100 MHz; solvent, pyridine—ds.

A 32211 white powder; mp.: 184~186 °C; '"H-=NMR (pyridine—ds, 400 MHz, §): 0.81
ppm (3H, s, H=19), 0.95 ppm (3H, s, H=30), 0.97 ppm (3H, s, H=18), 1.00 ppm (3H, s,
H-29), 1.31 ppm (3H, s, H-28), 1.60 ppm (3H, s, H-26, H—27), 1.63 ppm(3H, s, H-21),
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4.95 ppm (1H, d, J=7.6Hz, H'—1), 5.20 ppm (1H, d, J=7.6Hz, H"—1).

YC—NMR (pyridine—ds, 100 MHz, 6): 39.2 (C—1), 26.8 (C—2), 88.8 (C—3), 39.9 (C—4),
56.4 (C—5), 18.5 (C—6), 35.2 (C—7), 40.1 (C—8), 50.2 (C—9), 37.0 (C—10), 30.8 (C—11), 70.1
(C—12), 495 (C—13), 51.5 (C—14), 31.0 (C—15), 26.7 (C—16), 51.7 (C—17), 16.4 (C—18), 16.0
(C—19), 83.3 (C—20), 22.5 (C—21), 36.2 (C—22), 23.3 (C—23), 126.6 (C—24), 131.5 (C—25),
25.8 (C—26), 17.8 (C—27), 28.2 (C—28), 16.9 (C—29), 17.4 (C—30), 106.9 (C—1), 75.7 (C—2),
78.7 (C'—3), 71.6 (C'—4), 78.3 (C'-5), 62.8 (C'—6), 98.2 (C"—1), 75.1 (C"—2), 79.2 (C"-3),
71.8 (C”—4), 78.4 (C”=5), 63.0 (C"—6).

BT3 759} ginsenoside Rb19] WhHS-AAE M9 'H-NMR#} “C—-NMREA A3t
ginsenoside F22] NMR data(Dou et al. 1997)¢} +AFSE 91 %o A4 YEFY ginsenoside F2
2 FxE4 Ao

(3). Compound K¢ #+ZFH

Fig. 443} 45+ ZZ} BT3 w59 ginsenoside Rbl19 #®WHSAZAHET(standard
compound K9} 2 R, #tol YeEb) 9 '"H-NMRZ} “C—NMR &4 o]t}

7,800
5,953
300

—

I Y smwﬂmhb :

T T I T T T -
El 8 7 6 3 2 1 ppm

e e e >
ssssssss 052 0.sn'ss o asoa Tsal27 7.8 ERYE N
94 0 Em 73 8.66" Bimasa

Fig. 44. 'H-NMR analysis of metabolitelll converting ginsenoside Rbl by strain
BT3. 400 MHz; solvent, pyridine—ds.
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148,478
T s
149,440

98.250

T T T T T T T T T T T T T T T
150 140 130 1zo 110 100 0 a0 70 60 50 a0 30 20 10 ppm

Pulse Sequence: s2pul

Fig. 45. C—NMR analysis of metabolitelll converting ginsenoside Rbl by strain
BT3. 100 MHz; solvent, pyridine—ds.

A BAFET: white powder; mp.: 220~222 °C; 'H-NMR (pyridine—ds, 400 MHz, §): 0.83
ppm (3H, s, H-19), 0.90 ppm (3H, s, H—18), 0.94 ppm (3H, s, H—30), 1.00 ppm (3H, s,
H-29), 1.19 ppm (3H, s, H-28), 1.57 ppm (6H, s, H—26, H—27), 1.59 ppm (3H, s, H-21),
5.16 ppm (1H, d, J=7.6Hz, H"—1).

YC—NMR (pyridine—ds, 100 MHz, 6): 39.4 (C—1), 28.3 (C—2), 78.0 (C—3), 39.6 (C—4),
56.3 (C—5), 18.8 (C—6), 35.2 (C=7), 40.1 (C-8), 50.3 (C-9), 37.4 (C-10), 30.8 (C-11), 70.3
(C—-12), 49.4 (C-13), 51.4 (C—14), 30.9 (C—15), 26.7 (C—16), 51.7 (C—17), 16.4 (C—18), 16.1
(C—19), 83.3 (C—20), 22.5 (C—21), 36.1 (C—22), 23.4 (C—23), 125.9 (C—24), 130.9 (C—-25),
25.9 (C-26), 17.9 (C—27), 28.8 (C—28), 16.4 (C—29), 17.4 (C-30), 98.3 (C"—1), 75.2 (C"—2),
79.2 (C”"=3), 71.5 (C"—4), 78.4 (C”—5), 62.8 (C”"—6).

Caulobacter leidyia.BT3%} ginsenoside Rb1¢] WS- A3AIEM 9] 'H-NMRZ “C—NMRE
A Ax= compound Ko NMR data(Sung er al 1995)9F A 9 x]oA el

compound K& &<l & 4 3t}
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2) Gypenoside XVII®] #+Z%A
GS 603 #F= LBu| Aol A uj<k

% 7tz

@ 5

ginsenoside Rb1¥} 48h WFSA|# TLCE &<¢lsh
FZFo] ASAE-S silica gel columnS o] &3t 28kt (Fig. 46).

Rb1

v —————he = -1
=

D) 12 24 3§ 43

Fig. 46. TLC analysis of reaction between strain GS603 and ginsenoside Rbl by
reaction time.

Fig. 479} 48% Z}Z} GS603 <2} ginsenoside Rb19] ¥H$-A3AHE I (standard
ginsenoside Rd®.th Rfgko]l kb w7 vpebd wx] &4)9] 'H-NMRZ} “C—-NMR 4]
o}, BajAE TE olv] ¢o A gisenoside F2E =

1o

Jo] ¥ AvH(Fig. 42, Fig. 43).

Fig. 47. 'H-NMR analysis of metabolite I converting ginsenoside Rbl by s{rain
GS603. 400 MHz; solvent, pyridine—ds.
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149328
135,750
——106.752
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Fig. 48. BC—NMR analysis of metabolite I converting ginsenoside Rbl by strain
GS603. 100 MHz; solvent, pyridine—ds.

BEAE T 'H-NMR (pyridine—ds, 400MHz, §): 0.75ppm(3H, s, H—19), 0.91ppm(3H, s,
H-18), 0.93ppm(3H, s, H-30), 0.94ppm(3H, s, H—29), 1.25ppm(3H, s, H—28), 1.56ppm(3H,
s, H-26), 1.61ppm(3H, s, H-21), 1.61ppm(3H, s, H-27), 4.89ppm[1H, d, j=8.0 Hz, H—1],
5.03ppml[1H, d, j=7.6 Hz, H"—11, 5.08ppml[1H, d, j=7.6 Hz, H'—1]. 1% H—-21¥ w & 7|2
3MF29] signale H-279H wWE 79 370 49 signaldl A YES:

BC—NMR (pyridine—ds, 100 MHz) :39.1 (C—1), 26.6 (C—2), 88.8 (C—3), 39.6 (C—4), 56.3
(C—5), 18.4 (C—6), 35.1 (C—7), 40.0 (C—8), 50.1 (C—9), 36.9 (C—10), 30.7 (C—11), 70.1
(C-12), 49.4 (C-13), 51.3 (C—-14), 30.7 (C—15), 26.7 (C—16), 51.6 (C—17), 16.0 (C—18), 16.3
(C—-19), 83.4 (C—20), 22.4 (C—21), 36.2 (C—22), 23.2 (C—23), 125.8 (C—24), 130.9 (C—25),
25.8 (C—26), 17.9 (C—27), 28.1 (C—28), 16.8 (C—29), 17.4 (C—30), 106.8 (C—1), 75.6 (C—2),
78.6 (C=3), 71.8 (C—4), 78.2 (C—5), 63.0 (C—6), 98.0 (C"—1), 74.8 (C"=2), 79.0 (C"=3),
71.4 (C"—4), 76.9 (C"-5), 70.1 (C"=6), 105.13 (C”—1), 75.1 (C"—2), 78.2 (C"=3), 71.6
(C"—=4), 78.2 (C""=5), 62.7 (C""=6).

GS603 w59} ginsenoside Rb19] WHg-&ibE I ¢ 'H-NMR¥} "C-NMR¥4] Axt
gypenoside XVII¢] NMR data(Teng et al. 2002)¢ FAFSE 9 x| A vFEFLE gypenoside
XVIIZ F32=54e] At
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3) Ginsenoside Rg3¢ F+ZFA
GS 514 #FE LB A A wjst & ginsenoside Rb1¥} 10h ¥H&A|A TLCE SHelsh

T Z+7ho]l A IAES silica gel columne o] &3te] E&stgct (Fig. 49).

C-K
Ros | - -
Rd -—

Rbi .

Fig. 49. TLC analysis of reaction between strain GS514 and ginsenoside Rbl by
reaction time.

Fig. 503 512 Z+Z} GS514 59 ginsenoside Rb19 wWHS-A3AHE 1 (standard
ginsenoside Rg3$} & rRAL YERd)e 'H-NMR¥ “C-NMR 24 o]t}.

=
g

T T T T T T T T
& 7 6 5 4 3 2 1 ppm
torr ! e St bl gt [ o by ittt et e
12.03 B.26  12.0414. FR4B B85 24.0134.751.5929835084TMLE8 .71 §1.42
1z.22 6.7627 .36 .6%2.41 10.77 6.28 25.50 12 .47 6158 IDRENF . A5 . 19

Fig. 50. 'H-NMR analysis of metabolite converting ginsenoside Rbl by strain GS
514. 400 MHz; solvent, pyridine—ds.
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Fig. 51. C—NMR analysis of metabolite converting ginsenoside Rbl by strain
GS514. 100 MHz; solvent, pyridine—ds.

B 22 'TH-NMR (pyridine—ds, 400 MHz, §): 0.77 ppm (3H, s, H=19), 0.93 ppm (6H

)

s, H=18, H-30), 1.08 ppm (3H, s, H-29), 1.26 ppm (3H, s, H-28), 1.44 ppm (3H, s,

H-21), 1.59 ppm (3H, s, H-27), 1.62 ppm (3H, s, H-26), 4.91 ppm [1H, d, J=6.8Hz, H’

—11, 5.36 ppm [1H, d, J=7.2Hz, H"—1].
YC—NMR (pyridine—ds, 100 MHz)¥ Table 23¢] Yebsith

Table 23. C—NMR Chemical shift of material Rg3 (100 MHz, solvent:
pyridine—ds).
Carbon 20(R)—Rg3 20(S)—Rg3 sample Carbon 20(R)—Rg3 20(S)—Rg3 sample
site (ppm)* (ppm)* (ppm) site (ppm)* (ppm)* (ppm)
Aglycone Aglycone
moiety moiety
C-1 39.2 39.2 39.1 Cc-27 17.7 17.1 17.1
C-2 26.7 26.8 26.9 C-28 28.2 28.2 28.2
C3 89.0 89.0 88.9 C-29 16.6 16.7 16.7
C-4 39.8 39.8 39.8 C-30 17.4 17.8 17.8
C-5 56.4 56.5 56.4 sugar
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C-6 18.5 18.5 18.5 moiety

C-7 35.2 35.3 35.2 C-1 1059 1052 1051
c8 40.0 40.1 40.1 C-2 23 5 83.5 83.4
c9 50.4 50.5 50.4 C-3 78.0 78.0 78.0
C-10 37.0 37.0 37.0 C-4 71.8 71.8 71.6
c-11 322 32.1 32.2 C-5 781 78.3 78.3
C-12 70.9 71.0 71.0 C'-6 62.9 62.9 62.8
c13 49.3 48.7 48.7 C'-1  qp61 1061  106.1
C-14 51.9 51.8 51.8 C'—2 77 9 77.2 77.2
C-15 315 31.4 31.5 C'-3 78.4 78.4 78.3
C-16 26.8 26.9 27.2 C'—4 71.7 71.7 71,6
C-17 50.7 54.9 54.9 C'=5 783 78.2 78.2
C-18 15.9 15.9 15.9 C'—6 62.8 62.8 62.7
C-19 16.4 16.4 16.5
C-20 73.0 73.0 73.0
c-21 228 28.2 27.2
c22 433 36.0 36.0
c23 22.7 23.1 23.0
C24 126.1 26.4 126.3
C-25 1308 130.8 1308
C-26 25.9 25.9 25.9

Ginsenoside Rgs¥= Fig. 529F #o] 201 €49 OHY| X7} thEo] wg} R—form}
S—form®.& WA R—form¥ S—forme “C—NMRelA C—17, 21, 229 Aol A & 2}o] &
Yeb At (Teng et al, 2000). = C—173% C—219] signal& S—formo] R—formol H]&] X
A Aol A YEbal C-229 signal> S—formo] R—formell Bla] B4 mxo A vpeb
t}.
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ANSgreacsiceRB ARgreasiceRP
Fig. 52. The structure of 20(S) and 20(R)-ginsenoside Rg3

)

Ginsenoside Rb13¥} B—gulucosidase A #59+2] wH-g-o| 4 A ¥ Rg3: Table 23914
HUAlg] C—17, 21, 229X 9] &4 signleo] S—form¥} ¢Hd3] L33t whebA] o] diAk

AHE-L 20(S)—ginsenoside Rgs® 7% =4 &} th.

B

A 4 A QAZH EYO ZHE ginsenoside Rg3AALE

9 2 54

=]
o

Ginsenoside Rb13¥} esculin®¥H o2 E&|3k G—glucosidase FEH|U A E2] HH-&-S F3}o]
ginsenoside Rd, Rg3, F2, compound K % gypenoxide XVIIG Ao 2] HEFHS
TLC, HPLC 3 NMRZA4& Fate] Slsigivh. & dyahals ey Edudes o
43 QA AFGAAEA  ginsenoside Rg39 Ak B3I AFEA GS 514750 A

ginsenoside Rg34AFE A9 o 24L& FAT}.
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1. Az ¢ ¥y
7} AR

< DifcoAt?] Nutrient media, trypticase soy media, Luria—Bertani media B} *] (ZA
S E 11~150 YEb )l A s GH AT, s o 28 H HP-2054] F2H S ©]
slo] 23t ginsenoside Rbl1& HF&7|d 8072 ALL3P T KT&GOA] EoFuke Rbl,
Rd, Rg3, Rh2, C—K¥ standardr® A}&3l3 . FEEZE ALREH A A7 A= AHBAS
Qi Fo3its, dAEUS T3 FusongolAl F+¢i8te] AFE3skqla 2-DE IPG
Buffer(pH 3—11 NL)< Amersham Biosciences® ##& F4ste] A3k TLC
(Thin Layer Chromatography, 60 F—254 Silica gel plate) MerckAte] AES F435te] A
L3191 g4y Ag3 DEAE —cellulose DE-5244% WhatmanA}, Mono Q
column PharmaciaA}l, gel chromatography = superdex 200(No. 9636019)FPLC7] 7]+

Phamacia LKB-Programmer GP-250 Plus 22, @2 A7|9d% 7]|7]= Amersham

oo g

Biosciences SE 250 Mini—format Vertical Unit for two gels 2 Amersham Biosciences
US/80—6485—08 Ettan DALT Six large Vetical system<= AF83}9 12 silverd & ()9}
o] . M AFe] EZ—Silver Staining Kit for proteing A&t}

v Wy

1) GS514759) 93 ginsenoside Rg3AAE Ao AN FAHXA

(1) ==

GS514 ¥<+Z% nutrient agarol] w3t & single colonyS 5ml?¥ culture 3+ ¥ LB, SB,

NB, PY(Pepton + yeast + Nacl) BA|ufx]ol] HEst 27C, 150rpmEFHA L2 Shaking

Incubatorol| 4] 48 h v eks}lSith. #uf UL spectrophotometer® 600nmollA] 0.5, 4, 8, 12,

16, 20, 24, 48 h 7+A 22 OD#=S FAHIY 9 AAEEE W udtal 12h wjFde 7}

7} ginsenoside Rb1¥ HF2A]# ginsenoside Rg3/Ate]H-& o1&} c)
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(2) Y= & AR A= 9%

GS 514 75 Z LB brothd] & 2702 A2 & 247} 22, 27, 32, 37 Col A 24X 7F uj

st 600nmel A 0.DE sl 44T FulFLET FsAC
(3) PHEA O] & A% AT 9%

LB broth& HCI¥} NaOHF& 4= 7}7} PH 5.5, 6.0, 6.25, 6.5, 6.75, 7.0, 7.5, 8.0 =

2HZ 5 27CA 4843 wiFstar 600nmell A O.D#S S48kl 443 pHEAS &
Hal ATk

ol
B34

(4) FEEQ9 77t Re3AFELE it viA e 9

LB brothell #& dAZF HF & z47F LBulAI49] 1.5, 1.75, 2.0, 2.25, 2.5% (w/w, E1
~E5) F4sF, 5, 6%(w/w, P1, P2)) 422, 0.4, 0.5, 0.6, 0.7. 0.8%(w/w, C1~C5) &
FAPE S 7bske] 27°Cef 327ColA] 48 h w8ttt wte] Abgk A2l 10000 gol A

517 YAl E2 3k % ginsenside Rb1¥ HFHg-A]A TLC #4418 F3le Rg3Atas &4
(5) TFHY Al O0.D#FA WE FE=EEZY HIMAZIZE Rg3AAELS A wlX=
a3

LB brothell #& A AF F 27C, 160 rpmol A AIZFEE wjdste] 0.Deott S =

=
Aetal ODFHEE FEE4d AEUS LBUIX Y9 0.6~0.8% Fo=Z H71ste] 24 h 4l
A2 3 Z ginsenside Rbl3} HFE-A]HA
t}

(6) IFHYE A F=EZY A7t §F 2 F=EF A7 F IFMEAT] Re3R
AaL A A= 9%
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LB brothell &S 44 A= 3 27T, 160 rpmolA O.Dgoogk®] 0.5~0.8 == v =
=54 AQAEIS LBEIAI 2] 0.6, 0.8, 1.0, 1.2% o= HArtste] Z2F 24, 36, 48 h
oA 587 YAET 3 & ginsenside Rb1d} ¥H-SA]HA

o g
of Rg3AELDH S BHelaoir,

A Fe] 1.2%E #7bskal 24 h sk Ful el 10000 goll» 2 )
T jde] N2 ginsenside Rb1¥ WA & FX3FESE 23] WHE 3530l 7Ats
3ot &2 HPLCE MeOHeol| &3|A17]aL ofge} 2 A x7ez HPLC ¥4

= T3t (Table 24).

HPLC #4 =1
HPLC717]: Watere—2695, 2996 DAD
Column: Hypersil ODS2 (250%4.6 mm, 5 pm)
Flow rate: 1.0ml/min

Mobiler phase: A—acetonitrile (Merck); B—water (MiliQ)

Table 24. The composition of mobile phase in HPLC analysis

Time (min) A(%) B(%)
0.01 20.0 80.0
20.00 20.0 80.0
31.00 32.0 68.0
40.00 43.0 57.0
70.00 100.0 0
80.00 100.0 0

2) Ginsenoside Rg3AAN &4 £¥

(1) Ginsenoside Rb1 .25 Rg3=2] A3 pathway
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(71}) Rg3RAZAEF ZEAL N ZA
© oF MG F=xA

GS514 5 oA AT “GS5147 9 2|3+ ginsenoside Rg3A ta Ao A4F H A=
7, (7) Ginsenoside Rb13} GS 514 o5 wjeFo] A apo] wk-g-AtEof ok HPLCEA]"] i
FYPoR FrEdS Aeste] LBuj#elA 1L vk $- 9000 g, 4TColA 1 h A4+
. AFae 243 1L AAZaaze] QWi 4T WA sk el ds vhET

o of

HO ginsenoside Rb1¥ ¥F3SA]# Rg3AWAEATAHS A3}

o] AFH vjekol Nl 1Lo] (NH.)2SO, 472 g& stirringstAA 4T3 oA 2413 FH
7betel 70% EsFENS whETh (NH)»SO7F 4438 &8s Wgare] Q@i (4T)el A

overnightdle] Tl &S x4 A| 71t}

@ F4
70% (NH4)2S0, X3}-8-oe] ohald 2 4CoA 10000 g= 1A1ZF SA g ste] 4
ZHe Wglm AAugWmae A2 20mM sodium phosphate buffer(pH 7.0)l &A1

o} ez gde MWCO 3000 membranes ©]&3e] 1L¢] 20mM sodium phosphate
bufferol] 29 FA3te] A3 ZF2 X HE=E A AT (B4 HS 20mM sodium
phosphate bufferg& 4% WA FETH). FA N AT E S3lo] B8 ELS AAS L

0.45 pm membrane filter® 3 #3t4] column 8§ ZagsrNo =z 3T}

(}) Mono Q™ columndll 9§ ZFE A9 £

AN B4 B3 2EANS Mono Q' columnS o] &3le] ofgjel B HHow
C

FPLC (Fast Protein Liquid Chromatography)Z 33} th.
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FPLC #A4z=7:
Column: Mono Q™
Elution buffer:
A 20mM Tris—HCI, PH 8.0
B: 20mM Tris—HCI, PH 8.0, 1M NaCl
Flow rate: 1ml/min
Detector: UV, 280nm
ABS Unit: 1
Injection volume: 0.5ml

Fraction volume : 1ml

Table 25. The composition of mobile phase in HPLC analysis

Time (min) A(%) B(%)
0-5 100 0

5-25 0 100

25-30 0 100
30-35 100 0

(t}) Ginsenoside Rb1 2 ZXE Rg3=Z¢] A3 pathway B4

Mono Q™ columns E3&fo] wro zhzke] Role 717} ginsenoside Rbl % Rd9} ¥
Al71a1 TLC 48 E3to] Rg3AAaAE <235lal ginsenoside Rb1 S ZFE Rg3= 9]

3} pathwayS AA3FA .
(2) Ginsenoside RAAALE A 9] £
(7}) Ginsenoside RAAALE A2 A4k

GS 514 #FE “ginsenoside Rb1 S ZXE Rg329 A3 pathway 24 OvF wid

MzA"e} 7o WMo xgads AT
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(4) Ginsenoside RABALE L] £

AN E DEAE—cellulose DE—52 column®l] &ZA|7)1 o}egfie} 2L o2 g4h8
o},
airiy x4

Column: DEAE—cellulose DE=52 column (@ 1.8 X 10 cm)

7]

At
b

Elution buffer:
A: 20mM NaOAc—HAc, PH 5.0
B: 60, 120, 180, 240, 300, 400, 500 mM KCI9 20mM sodium acetate buffer
Flow rate: 1ml/min
Detector: UV, 280nm
Injection volume: 12 ml.

Fraction volume: 5 ml.
80 ml9 20mM NaOAc—HAc (pH 5.0) buffer® WA elutiond & Z}zF 45 ml9 60,
120, 180, 240, 300, 400, 500, 600 mM KCI(20mM NaOAc—HAc, pH 5.0 X3%3H) buffer
S TAH S 2 elutionHt}. fraction collectorg o] -838Fe] &3¢ &4 & 9| fraction(5 ml)

ginsenoside Rb1¥} WFSA] A RAAAAIE A &AL A =30}

rlo

(t}) Ginsenoside RABAIEA BA%F =4

DEAE—cellulose DE—52 columne &3} &3 222 fraction®l 4] ginsenoside RdA
AE A o) A ASA YERUYE fractiond Ws] 15% SDS—PAGE (polyacrylamide gel
electrophoresis, 5% stacking gel)E& 2 Al8}al ginsenoside RAAALE A9 BAHS 435}
At

SDS—PAGE®] A& ¥+ acrylamide stock solution (solution A), 4Xseparating gel
buffer (solution B); 4Xstacking gel buffer (Solution C), 10% ammonium persulfate
(APS), electrorhoresis buffer), 5Xsample buffer, staining solution % destaining solution

9 Protein Methods (Daniel et al. 1996)Z Zra1dte] =A%t}
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(3) Ginsenoside Rg34At&E4A £

tlo

GS514 5+ ginsenoside Rb1S RdA¥WF olyg} Rg3=Z7HA] HAIAZA = A= &

UElYith Ginsenoside Rg3A4taAE FEEZ9 H7) dloA AAE a4224 &

A

&

i Y

2

K

& F7beA @2 AgTE TR sho] Fig 539 22 WHoR Re3AMNELS

=

A skt

.train producing Rg'
]

search of the enzym
producing Rg3

Fig. 53. Schematic representation for isolation of enzyme producing Rg3.

(7} Ginsenoside Rg3AAt& A2 A4+

“Ginsenoside Rb1Co.Z X E] Rg3Z9 H3t pathwayAAoA e D5 Hjdko] NzA "9}
AY, FAS AAH FahNA(o]F

ve Yo FREAS Pdel 7L WS
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(W) Ion exchange chromatographyell 23t ginsenoside Rg3Ata 49 £

o] vude 2ol S Ha 9t} wEbA] ginsenoside Rg3A4ta A9
Mono Q™ columng E3e] #28t9th. Mono Q™ columnel 93 dAo Hz
29 “ginsenoside Rb1 O ZXHE] Rg3R9 3+ pathwayZAA L] @AA"e] £
= 33l

Treatment®} controlol A Mono Q™ columng ¥dte] HF Z¥7} 9] faction-
ginsenoside Rbl & Rd¢} wr$-A1# &A fractions 2Hil ginsenoside A3FEAo] 7H4 o}

oFstar 7}st fractione gel chromatography® tA| &4 Ed 1% t).

NN He
ALY M
lo o rf

T
b

(t}) Gel chromatography o] ¢J%F Rg3 AAta 4 £

M

o

99 A fractione o}t L 27102 gel filtration chromatographyS 384t}

SRESE

.

column: superdex 200(No. 9636019)

elution buffer: 10mM Na,HPO.,/NaH.PO.,, PH 7.0;
flow rate: 0.4ml/min;

detector: UV, 280nm; ABS Unit: 2

injection volume: 0.5ml.

Z+7+9] fractione Rbl % Rde} WHSAlA A aAE AT

(&) A719%F 9% Rg3YFaL9 &

@ PAGE 9% ¥ slicedts

H
=
O
Mo
1%
o

f
ol
o,
2
e

stdo] Hole= BHNE 10% PAGE(16X18cm)E 333t th. PAGE
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o] A& ¥+ acrylamide stock solution (solution A), 4Xseparating gel buffer (solution B);
4xstacking gel buffer (Solution C), 10% ammonium persulfate (APS), electrorhoresis
buffer), 5X<sample buffer, staining solution 2 destaining solution< Protein Methods
(Daniel et al. 1996)% Zrarste] ZA|sFS T}

H719=0] 285 F separating gel2 0.5 cmiFEOE sliceE 9HEo] 20mM sodium
phosphate buffer(PH 7.0)2 & ¥ wwldS %3+ & Rbl, Rde} ¥H-5A]# Rg3ALta

29 native ¥ El o] B 922 BA A
® 2-Dimensional gel electrophoresis

Mono Q columns E3}e] £33 Rg3AAas do] 7} £ fractione F4L AA

A& AAE F centricon®Z F% (150 mg/m)éte] 2—-D #7149 % sample® 3t}
1x+9 @719 %E(IEF: Isoelectric focusing):

100 wl sample] 250 ul A3 &M (rehydration buffer)S 2 &3t 7223 strip
holdoll ZA 2" A =43}, Nonlinear gradient strip(18 c¢cm, pH 3~11) & o3+ &
2 A7 ¥ sample Edhe] FaF 2% 9o RFA7AL MUF oil® HolET
Strip holde 74L& 9& & AL A over night(¢F 1647133 IPGphorE o] &3Fo] 7z}
Z} 500V 1A]ZF, 1000V 1A]ZF 8000V 6A]%F focusing=S A A| gt}

224 A719F

12.5% SDS—PAGE (20x26 cm)E& "=t pHEA S 1 (IPG Buffer 10ml + DTT 0.1
A Z3F] focusingo] Byt stripe] BAUE tubed 5 ml® H7Fste] 1087 H 3
stodrh pHEA R 13 Weja pH =48 [(IPG Buffer 10ml + iodoacetamide
g)E ZA 8t strip tubed] 5 mI® H7lste] 108 H A3 wwrsto] =}, Stripe 3%}
Foll AHate] ojw] wrEo] X geld ol E|al 7|EE AT @G markers

F i
F A7 filter paperg® 23 UH agarE A3 FYUEA stripsx LGAI] F Gel A

)

filo

o

gz

.25

I

ol
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gt

719958 AAEAL silverdMH oz oAl
Treatment®} control® 2-DA7|9EA AZoly+= spotE pickingd}led amino acid

sequencingS 3}t
(4) Ginsenoside Rg3AMEAE ©]-&3F ginsenoside Rb1AdTE SH

1 mM Ginsenoside Rbl1<&°! 72 mlol “Ginsenoside Rb1Oo ZFE Rg3zZ9o] =3t

pathway A (7}) Rg3AAAT Zagrhdo] ZA"IH o2 ZA 3 ginsenoside Rg3AAF

2. 2% & 1%
7} GS 514750 2§ ginsenoside Rg3AAEA L] AA FAFZEA

1) WA

GS514 #% Z+ZF LB broth (LB), Tryptic soy broth (TSB), Nutrient broth (NB) o
A £3}o] Shaking Incubatoroll A vjF3le] O0.Dgoos 543 A table 269+ Zo] LB}
TSBuf Al Al 7Fd 2 A5k NBul Aol A= 7o) AebA] et

Table 26. Value of O.D by spectrophotometer for detection of cell growth
according to cultured media

Time (h) LB TSB NB PY
0.5 0.028 0.027 0.020 0.015
4 0.051 0.053 0.029 0.035
8 0.240 0.305 0.090 0.156
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12 0.613 0.656 0.095 0.451

16 1.076 0.951 0.089 0.827
24 1.481 1.387 0.093 1.208
48 2.046 2.046 0.021 1.620

Zkzbe] wjA|o Al 12 h wjgNS ginsenoside Rb1¥} 2 A|AH o=z &33lo] APE=

[e]
WEEAIZ A= Fig. 54¢F 2ok

RS | me
Ro3| “ [2%¢]
Ad
Ad | s Ad
Aol - " " = Folfvs - & = ROl - e
S 2 4 6 8 10 S 2 4 6 8 10 S 2 4 6 8 10
hr e hr
A B C

Fig. 54. TLC analysis of transformation of ginsenoside Rbl by strain GS514
cultured in different media, (a) LB broth, (b) Tryptic soy broth and (c) Nutrient
broth. Developing solvent: CHCl3/MeOH/H20 (65:35:10, by vol.,, lower phase). S:
saponin standards.

GS514 #5= LBulA| ¢} SBujA|o|A o] 5 Hwul oluz} ginsenoside Rbl13<]

-2 TLCE Ao A standard Rg39 28 RfgL YA o] Rg3 bandE #H &3] &2d = 9
27k NBH Aol = t©}7F ginsenoside Rd band®F &<lo] H i Rg3 bande YEN}FA &9k

o} o] AL GS514 7} NBujA|o| A = zepA] gk fdoloz =4 Hul welA Rg
Aoba el Ak wix 25 LBl A9k SBulx| A A o] A3l vt LBujA| ] 7}Ae] v%

A sl7] wiol GS514 #FulSS LBHlA & A A sSiT

w
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2) MFLE7t & AR vA= 9%

GS514 #FZ LBHjA oA 22, 27, 32, 37CL=HE v 3 0.Dsodks =Asko] Hj

FZZ7F & AR mAl= &S ARSI HH(table 27).

Table 27. Valu7e of O.D by spectrophotometer for detection of cell growth

according to cultured temperature and media

Temp. (C) 22 27 32 37

0.Dsoo 1.240 1.953 1.616 0.125

APA3 GS514 #FE 37CAA L= 7bF =ea 27Col A 7H8 meE 4gE5e

T B3tk mebA GS514 o] 2R gRiS 256~28T2 HAASSIH.

3) pHEZ o] & AFd "A= Y%

LB A ¢] pHE 6.0°14] 8.07b#] 243 § 27CoA & 7o =2 wjeFstal 600nmell
A 0.D3HS SA43ATt.
Table 28. Value of O.Dgoo by spectrophotometer for detection of cell

growth according to cultured pH, temperature and media

LBHIA] 5.5 6.0 6.25 6.5 6.75 7.0 7.5 8.0

27T 1.327 | 1.988 | 2.124 | 2.029 | 1.843 | 2.045 | 2.157 | 2.159

Table 2804 HtiA]g] pH 5.5014 #AH o] 2zt "oz ¥ 7|e} pHEAN A= 0.Dsoo
el 2.00~2.15A 0] 24 frAFSE A& =5 Helth weka LBulX 9] pHE 24dsH] @i

Z4A) o] pHEZA(pH 7.0 £ 0.2)S AH AL&39 ).
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4) FEEZY H/UF Rg3RAEL A HAE FF
GS 514 #5E LBulA oA 27C, 160 rpmF7A S 2 36 h 91 & oS 10000 goll
A BRI AAEE ot vl A e 1mM Rb148A 7 12 h ¥kgAH o, w323}
o Fyxzieger FE3 T TLC plated] AASA chloroform/methanol/water (
65:35:10, by vol., 3t%) EFEm= A/ F 10% H.S0.& &8kl 110CelA 10 min
7t ato] WA ZATH(Fig. 54).

GS 514 wF¢ uvjko]Ni} ginsenoside Rb1el HFEAF(Fig. 55)& HjHAz

[¢]

Bns | -

F2

Rg3 -

Rd et

Rb1 — -

Fig. 55. TLC analysis of transformation of ginsenoside Rbl by culture filtrates of
strain GS514. C: control(no elicitor).
ginsenoside Rb1¢] WA} (Fig. 49)9 M= vE S ®Hth Fig. 4904 Bty

Tl F N} ginsenoside Rb19] WEG-AlA] 85| Rg3 band”} YEFSEIL NMRWEA S

20(S)—Rg3= 3&-+27F FAHE S GS 514 79 ginsenoside Rg39] Arks8 = Rg3A
AEAE FHE F Ay YS Gelstilth shARE Rb1¥ wruf ko 3] whgo A=
A= GE ginsenoside Rg3+ AAEA 2ok ¢k ginsenoside RdWF A o]
Rg3AFEALTE EASHA AU F2 T3] AA EAets Aoz Atrdd GS 514 ¥
HjFel BlowfQkejole] Rblte] whg-ol A uyebd olg3t B2 GS 514 57 AAbg

k. = GS 514 w59 wjF 3} Rb19] vbgolM dF= Rb1S YL 317 98]
Rb19 glucoseE a3t a4 (Rg3A tas TIHE EH|dle] Rg3ES AAE 271 g

aL GS 514 w5 wjFo] dell M= wjFatgol A Rble] H7H7F g19l7] wiiEol R34t a A

- 131 -



| st &l Fr
H7yeko] wjokstal tha] ujoko] e} ginsenoside Rb1S WHS-AIZTH Q1A ] i A

ARG (Bolx = 2002) 0% olste] TaAEZol olART oAby ue] H b= 1
Shol whe} o A Fgo] Frtete] FAAEUS 0.73 0.8% (C4, C5)FH 78t
o] AtehA] ¥kl FEAFEFH AL AolME 2.0, 2.25, 2.5%S HIIEIS o
S BE T 5 Ak o] AA 2> AT C4, C5E ALF 7E
A5 AAEEE Fsto] cellg A7 $ Rbl¥} ¥HgAIZ] TLCEAA3E Fig. 5690

o 12
o
o|\
S

@ oot
o
2
=L

RE

A3l %[ | [ =

Rb1 ’...'.‘-..

1\ I i L I « L 1

S C1 C2C3 El E2 E3 B4 E5 P1 P2

Fig. 56. TLC analysis of transformation of ginsenoside Rbl by culture filtrates of
strain GS514. C1~C3: 0.4, 0.5 and 0.8% of crude saponin was added to LB broth;
E1~E5: 1.5, 1.75, 2.0, 2,25 and 2.5% of red ginseng extract was added to LB
broth; P1~P2: 5 and 6% of ginseng powder was added to LB broth.

TLCEA S Fdte] Fassd, e 3 Atzxd A7 ATl 2R
ginsenoside Rg3 band& =Sl & = Uk oL FAEFY, LT, BAAELS &
T Rg3AMELE 22 7+ e vEe 7ML v AS 2 Y O 5 AR
Aade] fEaIrE S-Sl v Aot vebde 32 5 AT 2ARE
H7F 5 0.5% 7Feksle Wl Rg37F 7Hd ®eol AAEEAL 0.6% H7eti<s o Regd37F A7

BYE AL 0.6% AT QMATUL FF F4E A% 7 AFAARAL U
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5) T ¥l 0.0 WE FE=EZDY AZMN7ZI7t Reg3AFEL Aol viA= IF

T WA FEEAY HIbE GS 514 7FE dtold Re3RAIEAE U A T o u)
=42 Uik Qlirtxd e FdAgow

) 0.6% WATFAA i Aol olm @ol oAl Hrh webq HE Be R FEE

2
A7bskel Bl% W o) Re3WAtEARE AnddtuA dwfgee] ODewgkel W i
Ao HANAE 1&g h LB Ao GS 514 #55 AE3F3L 0.Dgoodke] 0.111, 0.417

M b
1.387, 1.7457} B A 71 % 27} LBuIA 9] 0.6%, 0.8%9 AFALEIS FH71sle] 24 h
st ATt Cells AIAZ o #lFe] o)L ginsenoside Rb1¥ WHEAZl & TLCEA S &

3to] Rg3AAtaA~E g<l&t vl (Fig. 57) .

CK

F'ﬂo-

F2

A3 (= =]

Rd

Rbl - " s e

ST T S

S Cl CI"Cc2 C2 C3 G344

Fig. 57. TLC analysis of transformation of ginsenoside Rbl by culture filtrates of
strain GS514. C1, C1" 0.6 and 0.8% of crude saponin was added to suspension
culture (0.Deoo: 0.111); C2, C2': 0.6 and 0.8% of crude saponin was added to
suspension culture (O.Dggo: 0.417); C3, C3" 0.6 and 0.8% of crude saponin was
added to suspension culture (O.Deoo: 1.387); C4, C4': 0.6 and 0.8% of crude saponin
was added to suspension culture (0.Dgoo: 1.745).
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of 7}sl= Z Xt} ginsenoside Rg37F Bo] AAHE AS #&ET = A3 ZAEU ]
A7VES 0.8% H7F17F 0.6% B} Reg3AMEAES ¢ Bo] FEA7E AL #A#s &

6). TFMEF A FEEZY H7t ¥F R AEED HAVL F FFU ATl Re3Y
L A MA = %

e H7teee Rg3A At aAae Ak 2 g4 dS F#=vf. GS 514 #55
LBHI Aol A O.Dgoodk®] 0.606°] = A wjF 3 5 <lit AFAEUS LBHIAIY2] 0.6%,
0.8%, 1.0%, 1.2%=S 2Z+7zt H7bstel z+zF 24, 36, 48 hvjdsigich. o wjFolle

ginsenosidde Rb13} Z+Z} Wk-SA|7]31 TLCHEAI S 3313 o)

cK

Rh2 | -

F2

Rg3 -

Rd

Rb1 - o o - E EErEr - e @

S 1 2 3 4 12 3 48 1 2 30 4g8

24 h 36 h 48h

Fig. 58. TLC analysis of transformation of ginsenoside Rbl by culture filtrates of
strain GS514. 1~4: 0.6, 0.8, 1.0, 1.2% of crude saponin was added to suspension
culture (O.Dggo: 0.606).

Fig. 5894 RtAld] fFE=&Ed FAPx U H7bgteFo] 571845 ginsenoside Rg39]

ARG FAbSte] A7E L2gelA TbE B Re37h A4l Ha fERA A7 5 oug

A7 24A1%be] Aet AR dERgTh
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7) Ginsenoside Rb13} GS 514 &5 v|gd N3] wr-A+E 9 HPLCEA

(1) NEEZ F2, 20(R)—Rg3, compound K, 20(S)—Rh2 ¥ 20(R)—Rh2¢] HPLCEA]

Fig. 59+ standard F2, 20(R)—Rg3, compound K, 20(S)—Rh2 % 20(R)—Rh2¢] HPLC

R EEICH

0.2 m X4
] 2k ok: ]
0.264 @ cx
024 I >
34] -~ 3
g g e
- o N

~ 8 2 T«

020] TR Q T <

P ¥ NE L&

g »n

1 ¢

S

2 o S

0.12
0.107

0.087 ‘

0.06]

0.04 J ol

= S\

=0.021

5.00 10,00 15.00 20,00 25,00 30,00 35,00 40.00 4500 5000 55.00 50,00
Mioutes

Fig. 59. The HPLC analysis of standard F2, 20(R)-Rg3, compound K,
20(S)-Rh2 and 20(R)-Rh2.
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01207
01104

0.100

49.2;& 808

0.090-

20(S)-Rg3 20(R)-Rg3

0070 \A /

0.080-

AU

0.050-

0.0907

0.0207
0.010
o000/ | e N \\__,‘/\_,//\,/‘\

e E— = 4 ; . e : = .
0.00 500 10,00 1500 2000 2500 000 3500 4000 45,00 5000 5500
Minutes

Fig. 60. The HPLC analysis of standard 20(S)- and 20(R)-ginsenoside Rg3.
Ginsenoside F2, 20(R)—Rg3, compound K, 20(S)—Rh2 % 20(R)—Rh2¢] #FE A|7+&
Z}Zy 47.3 min, 49.9 min, 54.6 min, 55.6 min ¥ 56.1 min®] peak’} YEAT}

(2). AZXEA 20(S)-Rg3, 20(R)—Rg3 ¢ HPLCEA

20(S)—Ginsenoside Rg3%} 20(R)—ginsenoside Rg3+¥ Fig. 52014 HE A9 tfwt €420
Ho Ao AAHdE OHZ|9F CHs719] FIF9IX7F np oAl o] Fojxl o] A A 2 A
TLCEA A o] HA et & HPLCEA =AM E S—form? R—form Rg37F 7
By w75 A7 247t 49.3 min? 49.8 minoll YERATH(Fig. 60).

(8) GS 514 #F W% NI} ginsenoside Rb19 ¥HSAHE HPLCEA

GS 514 #FE LBHIA A wiF & wjdAS A A ginsenoside Rbl1¥ wWHS A]7]H
20(S)—Rg37} 232 e] = AH(Fig. 50~51). LBHjA o] FE&dS H2ste] & Yt
Al AR E E8] S A A3 T ginsenoside Rb13 FFSA|ZH S 2 TLCEAS &
gto] Rg3E et At R—form¥ S—forme] ¥ E7bs &Flth. webd R—form}
S—form Rg37#e] 7Fed HPLCEAS Fd33rh(Fig. 61). HPLCEAS 3o
ginsenoside Rb1& = ginsenoside Rd (MF& A7t 41.8 min) 2 20(S)—gisenoside Rg3
(W F-E A7t 49.2 min, standard S—Rg39] #HFE A|7F: 49.3 min)E 3Felo] it}
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Fig. 61. The HPLC analysis of reaction mixture of ginsenoside Rbl and culture
filtrates of strain GS514 (added elicitor).

waba  GS514 #FEE fEEd FAMEYY HIFE ¢18le]  ginsenoside Rbl
KN

20(S)-Rg3z HAZ F e A4E L= 2S¢ 5 o
. Rg3ANEL] £7

1) Ginsenoside Rb1o.2 X5 Rg3&9 A3 pathway B4

Ginsenoside Rb1 S ZXE] ginsenoside Rg32 ¢ AL ol o} 2L F 7% ARV} &

A gt} (Fig. 62).
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Fig. 62. Biotransformation pathway for production of ginsenoside Rg3 from Rbl.
Pathway (A) is that ginsenoside Rg3 was produced after forming ginsenoside Rd
and pathway (B) is that ginsenoside Rg3 produced directly.

Pathway A+ ginsenoside Rb1¢] El4& 20 x| Zexo] dE F A9 glucose=
o A terminal glucose”’} ™A 7}FE3d] o Rd7F A E T ThA] RAZHFE 20 &4
glucoseS 7FE3] 8t Rg3E A s 7 Eo]al pathway B ginsenoside Rb12] 209
e o] 7 9 glucosed sAlO ZhiE] gt Rg3E A SIS AEolth GS514:F57)
ginsenoside Rb1S 20(S)—Rg3Z HIAZA 4 J& T8HS XYz dS v TLC,
HPLC % NMR#4 S S8to] &lshgltt. Reg34A A L7 RdE Rg3® A&7 5l
Al oby™ RblE 23 Rg3= A7 &
s oFF wigFsd & 94, TS5 AX 28498 AL Mono Q columns ©]
FPLC 42 3%t} (Fig. 27} 9] fractione ginsenoside Rbl % Rd¢} 10 h ¥HEA]7]

63).
3 TLCEA S Eata Rg3AAELS B4S eleialrt.

(¢
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Fig. 63. Purification of B—glucosidase on Mono Q Column.
FPLCEA oA 2W¥ fractiono] YEFd & peak: columnel] F2HE x| Eala AH A2 5
o] L}& thilA Eo] a1 fraction 8HEF-E fraction 207X 7} E8]¥ @A fractions o] th.
u}2} A ginsenoside Rg3AAta& A &9l AL 2W 8§~20W fractiong A #ste] 3P

o,

-
~ Gy =
e - -
AES F2
» *® (= -
N 3
Rd - - -
Rb1 — .
Seseoeseovee fl " P eoeoeocecee
L o g . 1 ' ' ' . 18 g &% 51 . & 1 s 3 L
CA B A G TR FIL G IS 6T 08 1Y 3k S
Rby Lioh)" 15 ci Rbv o L SUEST A

Fig. 64. TLC ahalysis of reaction between giﬁsenoside Rbl and fraction collected

from Mono Q column.

- 139 -



p—
> . L& D
-—
Rd p—
Rb1 Rb1
RS T T S 5 0% X K6 1) ik 15 2o ¥

Rd (roh).  2:5 Rel C10p) 2:S
Fig. 65. TLC analysis of reaction between ginsenoside Rd and fraction collected

from Mono Q column.

Fig. 643} Fig. 6594 ButiAly] E27F H %] &2 29 fractionS A3k 7| €} fractionol
A 15, 16, 17HANA T B-glucosidaseZ S YEFN AT}, Ginsenoside Rb13}2] HE-g-o A =
153} 16W fractiond A &AL YeElW 1 = 159 fractionS ginsenoside Rb1E F+=
ginsenoside Rd 2 gypenoside XVIIZ HAZAZ1 A 2o ¢F7F2] ginsenside Rg3E A3}
GFom 16W fractiondl e A 7FA] AFE WY = Re3E 714 o] MAISHHTE  Ginsenoside
Rde}e] wFEo A= 16 17W fractionol 4] ginsenoside Rg3 bandZE &eldk 4 1t
1 % 16% fractionol Al 7H¢ ek Rg3AtE A S E1E 4 A} Fig. 643 Fig.
65 =3tslo] BASH 159 fractiono] = ginsenoside Rb1S Rd, Rg3, gypenoside XVII
2 AT = aart BF EA48a 1 F ginsenoside RAZ 9 A F AV} 7HF Ho] &
sk 16¥ fractionoll= 15WH ¥ wlzk7}X] 2 ginsenoside Rb1S Rd, Rg3, gypenoside
XVIIZ A7)+ 547F 25 EA8A 9 158 fractiono] B3l ginsenoside Rg3Z <] =
g 4vF v wol S48 179 fraction> Rb13e] HEg-o|A Rb19]2] band”’} L}E}L}
A % o2 Kol ginsenoside Rb1& Rd % gypenoside XVIIZS] dgai= EAs)
A FAY F3) A% EA8 1 thek ginsenoside RAE Rg3®E AFA| 7| G40 2% &
etk As & F Ak

179 fraction®] Rd¢}e] wkg-ellAl Rg3 band7} WER}a Rb1#he] Whg-o A Rg3 band7}
YEUR] Fdth= AFE S GS 514 #57F &3 ginsenoside Rg3A4k

7

2 AIAE F YAT RblE Reg3Z Hd A4 F gvts AL T3

ol

223 RdAE Rg3

™ ginsenoside

N
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Rblel A Rg3Z ¢ H3+S RAE E3F pathway 1A olgt= AL Fda = AUk

kA Q1o Al 7H @o] FEASHE protopanaxadiolAlE AFEW Rb1S Rg3Z A
718l Rg3AAbE A Bt ol g RAGAIEALE o= st AS s 4= gt
2) Ginsenoside RAAALE A 9] 4

(1) Ginsenoside RdAALE A 9] £

Zaide DEAE—cellulose DE—52 columne %3le] & 797 fractions +3 35t}

Fraction®} Rd¢}¢] w+% TLCEAZ3Z Fig. 66°] e

| -
. ..
]
2
AaT—s
Rd ——> & = -
Rbi —> L
50— 0000000000066 a - :
Rb1 &% Rd Rg3 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39
.
—>
R p——
Rd — > ==
Rb1 —> T T T T T L
&9 &8 00000000006 0
Rb1 2% Rd Rg3 41 43 45 47 49 51 53 55 57 59 61 63 65 67 69 71 73 75 771 79

Fig. 66. TLC analysis of reaction between ginsenoside Rd and fraction collected
from DEAE-cellulose DE-52 column.

Fraction®} ginsenoside Rb19] W23} fraction 35l A RdABAtE A o] 714 7
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A YEFE AL fraction 453 51 A 2kzre] A o] UEl Tl Ginsenoside RAAANE A
gxo] 714 ZFeEkAl YeRd 3589 fractionS FA O R UE A0 F fraction A THE 33WH
H-E] 379 fraction 74 Rb13} Wk Atk wk-S-A 3} Fig. 673 o] 353} 36 fraction

oA 7h g dAS Btk

Re3—> =

Rd —» .
- -

o -Boetcos

Rd Rg3 Rbi 33 34 35 36 37

Rb1

Fig. 67. TLC analysis of reaction between ginsenoside Rd and fraction from No. 33
to 37 collected from DEAE-cellulose DE-52 column.

35% fraction®} 36W fraction> SDS—PAGE°l|A frAFs A5 YEFtH(Fig. 68).
272y B2 66.2 kDad 45.0 kDarlolol % /M9l 523 bandS UEMWT welA] E o
TFoll = 359 fractionS FAFEA 1719 % sample® 319 th

7.4
662

45.0

300

20.1

14.4

1 F M

Fig. 68. 15% SDS-PAGE of fraction 35 and 36 collected from DEAE-cellulose

DE-52 column.
1, No. 36 fraction; 2, No. 35 fraction, M, protein marker (97.4 kDa, phosphorylase b; 66.2 kDa, albumin;
45 kDa, ovalbumin; 30kDa, carbonic anhydrase; 20.1 kDa, trypsin inhibitor; 14.4 kDa, (O-lactalbumin).

- 142 -



(2) RABZESE EAFSH

Fig. 689 SDS—PAGEE &3l 35% fractionlAl 7 7He] @A bandE AT
ATt F709 band ¥ ginsenoside RAAAFE A2 bandES #<13l7] 9sle] 359 fraction
o] ths] PAGEES A&t d¥-#E-& CBB (Coomassie Gel Stain Stock)@M-& &tar 7] Ef
BELS dhalE phande] Ao A gelS A2t} Slicew buffer2 wldsS %31

b1} Z42b whEA A &d& A Ask= sAlol SDS-PAGEE 383t

o
=
o

kDa

97.4

66.2
Enzyme producing Rd
45.0

30.0

2.1

144

1 2 3 M

Fig. 69. 15% SDS-PAGE of gel slice of PAGE of fraction 35 collected

from DEAE-cellulose DE-52 column.

1, Slice 1; 2, No. 35 fraction, 3, Slice 2; M, protein marker (97.4 kDa, Phosphorylase b; 66.2 kDa,
Albumin; 45 kDa, Ovalbumin; 30kDa, Carbonic anhydrase; 20.1 kDa, Trypsin inhibitor; 14.4 kDa,
O-Lactalbumin).

Rbl1de] whgo A A4S HolX &Fe slice FENY(Fig 69—19 line), DEAE—cellulose
DE—-52 columne 53l w2 35% fraction(Fig 69—2W line), A& H2I slice 5% 9 (Fig
69—3% line) @ T A marker= 2= 15% SDS—PAGEE F33}31th. Fig. 6904 HT}bA|
3] ginsenoside RdAAF &4 2 B <l 3W lineoA ©@z& s}1}9 band® YEIRCH 35
9 fraction®] T 7H¢] band % o}eiZ band¥ S 2Fele 4= UL}

5

Fig. 699 wild = 7)gd5 Ao LASS @ d markerd] Rfzk(Table 29)3} x5
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of ZAske] welA B2k curve (Fig. 70)E 2 skl

Table 29. R¢ value of protein marker in 15% SDS-PAGE

Phosphorylase Carbonic Trypsin Trypsin
Protein pb Y Albumin Ovalbumin P yp

anhydrase inhibitor inhibitor

M.W(kDa) 97.4 66.2 45.0 30.0 20.1 14.4

Rs 0.133 0.217 0.383 0.500 0.717 0.817

1

100000 4. » Molecular Weight of the enzyme producing Rd (M. W, 58.7 kDa)

500000 -

Molecular Weight (kDa)

10000

711l rrrrrrrrr~rrt0r+T1r1
01 0.2 03 04 05 086 07 08 0.9 10

Relative Mobility
Fig. 70. Molecular weight of the enzyme producing ginsenoside Rd on
SDS-polyacrylamide gel electrophoresis.

1, phosphorylase b (97.4 kDa); 2, albumin (66.2 kDa); 3, ovalbumin (45 kDa); 4, carbonic anhydrase
(30kDa); 5, trypsin inhibitor (20.1 kDa); 6, O-lactalbumin (14.4 kDa).

Ginsenoside RAAAFE A9 RANS 0.2330.2 4 Bx18 =A A3} 58.7kDacl 393 th.

PR
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3) Ginsenoside Rg3Ata 49 £

(1) Treatment$} control &AM Rg3AAEA A 89l

(7}) Treatment$} control ®¥le] o] Rg3AAEA &4 F9l

7}t treatment®} FEE2S H7FSHA] 22 control® GS514 59| LB

Hi 2] wf kel S AR dlo] celle AAS B2 ginsenoside Rb1¥} ¥Hg-A171 Ay}

o
b
i
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o
i

il

&
B -
Rd

Fot - -

Fig. 71. TLC assay of reaction between ginsenoside Rbl and culture filtrates of
strain GS514. T, treatment; C, control.

TLCEA 23} treatmentol] A& ginsenoside Rg37} WA o] =1L controloll A= 2k7He] Rd
gk Aol a1 Rg3e Aol HA| skt

(W}) Treatment$} control &AM Rg3ANEL A &9

GS 514 ¥ njeFo]e
Aeh) 30u) FFHahar
A3AH(Fig. 72).

2 AN (EAIREFESR 70% 23}, A4S AHMWCO 3000 F

on
ol
T}A] ginsnoside Rb13} WFEA|A ginsenoside Rg3YALEAEA S A
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Fig. 72. TLC assay of reaction between ginsenoside Rbl and

dialysis solution of strain GS514.
T, treatment; C, control; 1~3, volume of dialysis solution (1, 5 pl; 2, 10ul; 3, 20ul)

Treatment®} control Zt7te] 1, 2, 3& 1mM Rb15§9 100 well F494& 747} 5, 10,
20 wl(ZFzt v Fofeh o] 1.54), 3ul, 64 E F7ste] REGAIZ] Ao mA FA o8] Frte] w
2} treatment®} controldl A ginsenoside Rde] &&o]l S7HHE AdS #2T 5 Ao
U treatment®] Bl Ao Ao BT YUYW ginsenoside Rg39 bande T1, T20A+=
YERLFA] @ okal T3ol ARt ofzk yrebstth. o] A2 Re3Aatairl 9434 A=A
FAAY A4 B FAFHAAA WAdo] HAE ThsAde] AtteE AS walErh webA
70% ARy A Aol A Rg3AAtaE Ao HHoR B a4 BMARE ] ¢
ato] AR F O R 40%, 50%, 60%, 70%, 80% E3}staL 4Coll A overnight3 T €4
st IAAES 20mM pH 7.09! sodium phosphate bufferol] &8s}l Rb13}
Rg34Ata Ao &S A A8k vH(Fig. 73).
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Fig. 73. The effect of (NH4)2SO4 on precipitation of enayme producing Rg3.
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Fig. 74. The effect of NaCl on activity of enzyme producing Rg3.
A, Treatment (T1, not added NaCl; T2, added NaCl); B, Control(Cl, not added NaCl; C2,added

NaCl).

TojkA] FEEAS HIVEA] &S controld] FAAL NaCle H7eh F 7t A
zpol7F Sl Ao 2 Mol ginsenoside RAYAFEATE T4 9FEsA] e e A
i FEEAS Hriske] wde treatment®] FA1 02 NaCle] H7heh - Z7bel A

_ -K
& Rk
Ads - Ads
Rd Rd - - - - -
Rb1 - - - * w» @ w» | RbI
S 3 ra s 16 i 18 1P 20 S B rer (‘;' 76"’ 18 13 >0

A

Fig. 75. TLC analysis of reaction between ginsenosides and fraction (treatment)
collected from Mono Q column. A, Rbl as substrate ; B, Rd as substrate.
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2 Apol7k etk & NaClel A7l Rdwk gAe]
Rg37h o AR olele Audsl
ehe g walE

o~

AA T NaCle] H7blMe=

= ginsenoside Rg3AAtaArE F&5o0EA a4

rlr
o

() Reg3 AitE L £

@ Mono Q columnel] €3 Rg3 HAEA £

Aol Aa® FAAL Mono Q columne E3lo] gradient =7 (A buffer, 20mM

Tris—HCI, pH 8.0; B buffer, 20mM Tris—HCI, pH 8.0, 1M NaCl) 22 elution 3}% % 30

M9l fractiond Wil 13W fraction-¥] 20% fraction”}#] ginsenoside Rbl, Rd$} ¥HSA] A

g4 fractions ZFTH(Fig. 75, Fig. 76).

Finb Finb

& &%

Rd Rd e e e e e
Rb1 - - e e e W e =

Rb1

—Ee s & S Sfe SR 5L SN SN

S 13 ¢ IS € 1 'y ry 20

A B

Fig. 76. TLC analysis of reaction between ginsenosides and fraction (control)
collected from Mono Q column. A, Rbl as substrate; B, Rd as substrate.

25 A3 Rb13Fe] ¥F-goll A treatment(FE=E2 712l 16W fraction®e] 71 3 Rg3

AR &3S vEbllar Rdebe] REEel A= 1793 189 fractionoll A 71

44

7F3k Rg3AAk
et e control(FFEE4 F HA7P) o AE 16WH fractiono] AW Rbl13}e] wH$-
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=}
S D=t} Rbl13o] ¥kS-oll A treatment®] 16W fraction®] 17HETF B2 733+ Rg3AAF
1o

A
7] W&ol 16W fraction2 17H R} G% B RdE AAE & AdJa ubq ¢S &

< Rg3& A& 4 Aot 4T 4 9l
@ Gel chromatography ° 3 Rg3 AAit&aA ¥
Treatment(FE=3 719 &Aool 714 thekstAl el 169 fraction 2 control®]

16" fractione Centricon®® F=3 & gel chromatographyS G333t ZF 807)

fractions A TH(Fig. 77).
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Fig. 77. Purification of B—glucosidase on superdex 200.
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Fig. 79 yepict

-K — |
GBS | = &K =
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Rg3 | 533 - ,
Rd =
Rd | = - Rd | = Gyp XVII
Rbl " S e eeeee® L ~oeeesessesee
S . § B R E T 2§ S 303 » B3 N 3? ae
A, Rbl as substrate
- -
Gs| = ekl =
F2 %
Ra3| & PR i
Rd Rl ————— Rd e E s T
Rb1| ™= Rbi| =
S o 3% 35 5@ e oY B af $ s 3w oy 39w a8 A 3y e

B, Rd as substrate
Fig. 78. TLC analysis of reaction between ginsenosides and fraction (treatment)
collected from superdex 200. A, Rbl as substrate ; B, Rd as substrate.

Fig. 78+ NaClZ #7184 &3 2% Rbl, Rde} w2171 & TLC® &43 Aot}
Fraction 23WH5-E] 30¥7}A] ginsenoside Rd band, 30HY-E 35WH7}%] gypenoside XVII
band, 31HYE 38WH7}A 2F7te] F29] bandE #&ES 4= Yo} superdex 20002 Eg
at7] A o] 7 ekl HSIE Rg3 bande FQIE A %9kth superdex 200 A
9] 7)o we} BEstE gel chromatography®A4] 93 28 AEa EA=2L 27)9 U
i e Eo] 559EA Rg3AtEARS G4 dFE FATAL AR o] NaCls 7t
ato] ThA] WA ZTH(Fig. 79).
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B, Rd as substrate

Fig. 79. TLC analysis of reaction between ginsenosides, sodium chloride and
fraction (treatment) collected from superdex 200. A, Rbl as substrate ; B, Rd as
substrate.

NaClg #H7bet $ 7b7he] fraction® Rbl, Rd WHEZA &= NaCle H7bshr] At 2 3t
ol YEFth NaCl d7} Aol Rd9 band7} YEREA T Rg39l band7}F WERFA 253k
il NaCl®7F Fol= Rg3¢ band7} WERSAIRE Rde] band7} WeERHA] @Skt wheba
ginsonoside Rg3AAF 4= F&o]& BEAA(cofactor) S TLE 3= §45UL A3
e 4 AL Rd band7} WERA % 12 ginsenoside RAdAAFE Aol o) A=
Rd”} ginsenoside Rg344t @Aol 93] thr] AFE Rg3z ATFHJGY= AL Ha=
Rg3A4AF 845 YeEMA fraction ¥ control®] fraction2 10% PAGEE 335} th(Fig.
77).
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M 24 3 27 322930 3 83 % M 223 7 33 3 3 B33

Fig. 80. 10% PAGE of fraction collected from superdex 200.

A, treatment; B, control. M, protein marker (272 kDa, urease trimer; 132kDa, albumin dimer,
66.0 kDa, albumin; 45 kDa, ovalbumin.

Treatment®} controlo]l A @A band®] patterne "% F-AFSHAl el on f-ost
Sk band ZFo|7F YERLFA] @Skt Rg3AAta A E4do] 299K E 329 fractionol Al 713
daAl HEb Ae Agheb Rg3AAt AT A marker 1329F 45AFo]o] EA Rt

(e]
& o & ek

ol
-

e
%2,

®. A719Fl % Re3WT 549 £

Aegt Rg3AAta LS AAE Fotslr] f8te] Rg3Atas &Aool 71 AetA dE
W 179 fractiono] &) 10% PAGE(16X18 cm)E 433}al separating gel2 o} = &
Aol gl BE 2 cm® S Al9star 0.5 cmiF4 o2 gelS AHE 3 buffer® F&3}9] Rbl

2 Rde} WA HH(Fig. 81).
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Fig. 81. TLC analysis of reaction between ginsenosides, sodium chloride and
slices of 10% PAGE of

™

Rb1& A& A 7]A] ZepAAT 109 gel

slice(Fig. 82)% RdollA] Rg3= HFA7]&= AL A& = Y3t 5 Rg3itasE= Rd

Rg3Z ASAZ = = THo| AT Rb1S Rg3Z AFAA = glvpes AL Tl
10% PAGE geloll A ®x}&F oF 57~58 kDaoll ¢]x|8tth= AS Fad 4= vk

TLCEA A} gel sliced] buffer FENE
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M 13 14 15 16 17 18 19 20
Fig. 82. 10% PAGE of fraction collected from Mono Q column.

13~20, fraction number of treatment; M, protein marker (272 kDa, urease trimer; 132kDa, albumin
dimer, 66.0 kDa, albumin; 45 kDa, ovalbumin.)

Mono Q column®l] 9] 3} ion exchange chromatography 2

2 superdex 20009
el chromatographyE AX|WA o] g]X o] Hr} gel Slice #H3& &3t Rg344t
a2 U= IAE st & Re3AAaL 25 FHEY] 9189 Mono Q column
53] 33 treatment$} control®] 179 fractionS &

S 2H 2-DUPG strip, 18 cm, PI
3—11NL) #A719% 3} ch(Fig. 83).
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Fig. 83. 2-Dimensional gel electrophoresis of No. 17 fraction collected from

Mono Q column. A, treatment; B, control.

Protein marker: 200kDa, Albumin trimer; 97.4 kDa, Phosphorylase b; 66.7 kDa, Albumin; 45 kDa,
Ovalbumin; 30kDa, Carbonic anhydrase; 20.1 kDa, Trypsin inhibitor; 14.4 kDa, OO-Lactalbumin
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4) Ginsenoside Rg3 A& A4 9% ginsenoside Rb19) Rg3z29 AHIE =H

Ginsenoside Rg344t & AN ginsenoside Rb19 HEEAMEo] it TLCEA Ay
Fig. 840l Ye}iTE

i

ok

R -
Fol|
___é_‘_____.___

Fig. 84. TLC analysis of reaction between ginsenosides and crude enzyme
producing ginsenoside Rg3.

TLCHEA S F3l Rg3AA 2@ao] 9ste] tF-#2] ginsenoside Rb1¢] Rg3=

Hal AFFRko] Rh2 2 aglyconel® FAY = EH=E AES 34 T 5 Aok

2l

ot

rE
olo

AR RELFEZHEL FEF X silica gel 60 column (@ 4.5X22 cm)ol

CHCl3/MeOH/H,0 (65:35:10, v/v, 3F5) &3-8vl2 20 ml¥ elutiondte] Z}7te]

ol

2
ot

ol
o
)

k=
L 273 A3}, ginsenoside Rg3E 48.3 mg (85.24%), Rh2¥ 3.32 mg (7.38%) o] AAH
o] =& Rg3AAF G35 Ve o] AL GV AW (12.8%, Anufriev et al., 1997)o|L}
Abxgloll o] 8k Rg3 AAH(42.4%, Bae et al., 2002)Ht} A #& F&5 ey
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A5 A GS 514 FF 25X
do] Ast L x¥Ed AsATo dar] 4

1. A € 4y
7l A&

oMo A AlFEHE AFS, dAFEUI BIAIE IS F3 FusongAhe

. 9y
1) f71-&e] 23 Ginsenoside Rg3AAF Z& A ZFA|

1L LB brothu} Al O.Deoogko] 10] A wjs GS 514 #FuidFed S 10 ml 4 F3he
25 C, 160 rpmollA] vjk3ich o wiFelo] 0.Dgpe 0.5~0.8°] 2 w FrEd2 Axzd
S LBHlA| 9] 1.2%5 H7bste] 22 A shE et wikah 75 w2 10000
gollA AR cells W AF NS W2 F 499 acetones EFdt] TS

AZAZITE A G S 20 mM sodium phosphate buffer (pH 7.0)¢] €33t =&

SabsEd, dAxd BEALEYS ZFH2E 30 brix, 30 mg/ml, 30 mg/mle] FEE THE
S

514 #5F ZF AN w2 A7) TLCY HPLCHEAM S =35}
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3) 20L Z&7] ¢4

20L fermentere] 10L LB brothE ¥ il AutoclaveE ©]&3te] 121TC &%o|A 30 min
A 5 0.Dsodkol 10 HA whks GS5147F M FAS 1%(100 ml) HE3ste] 25 Col
A wjeFEATh gAY 0.Degodko] 0.5~0.8Y o FEEEE <Al JAFEY stock(10
mg/mD)< 300 ml FH7Fste] 22 A SFE et vidstth. o WS dAlE e
E E3l cellE AASL A=HE Rbl1}

1 2
W Al Rblol thgk Rg3= o] H&&ds Slski.

2. 43 2 3&

7}, Rg3RAAZE AL FYL

GS 514 @57} re=d FH7lstellA o WA Rble Rd= ASAE = = aLE
Aikste AL ol FIsGith o] AFolA o vl iR FoR s

oAl FA S S
F71 flste] f718m WS A=k 4CT2 Wahd o wikolddl 24z f7]8vl
o &3 acetone(—20C)& 1:49] H[ &R 4] F 4T A 303t WX gtrh. &4 A4+

phosphate bufferel] &3llste] Zaifoz T}

Fig. 852 & A9 7 Rbl, Rd9] WHg-ZA o]},
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Rbi Rd Rg3 C-K Rh2 1 2

Fig. 85. TLC analysis of reaction between ginsenosides and crude enzyme.
1, precipitated by ethanol; 2, precipitated by acetone.

AAA T, e A= Fghe] RAAYAE &7 YER L Reg344H &4

o
=
A9k acetoneH A A= ginsenoside Rg3AAF A4S g2 A8t AL #F

[ P 47

AATE Acetone HAY S Ak AWl vl Agte] Wol w@=d Wnk of
7 O & acetoned 3|Fsle] ¥HE Algo] JhEste ©@tE wE
ol webA acetone Al ok 2EAC] LS APA SR Thssithal AR E T

facs

. GS 514 ¥F a2 N ¢ FHEFHY, 2AEJY HE
1) FA4s599 g

Aol Adeta e FabsHae o S5 xR 9 tdFERES A3
ANAAF O ZA oln] B Fo diolAAE ] Fal¥e] Rg37F A H AT (Fig. 84). 30
Brix 4Fs% N 50 WS 217} acetone W AWM o8 2Ag 2 E AN (500 %) 10(fig. 86—1
™), 25(fig. 86—2W), 50(fig. 86—3%), 75(fig. 86—4%), 100(fig. 86—5%), 125 pl(fig. 86—6%)
¥} WEEAIZL A2E Fig. 869 YERATH
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Fig. 86. TLC analysis of reaction between red ginseng extract and crude
enzyme. S, standard; cont., control.

= b
9= bandE, 53] Rbl, Rd, Rb2, Rew®] ol @Wol fasts AS ¥ &+ 33 Re3
2 compound K $Z&] $1X]3 v]X 2] AxX US| o] AAHE AS #ZS 4= I}

Fig. 87% 45599 control®t aaebe] HH&AHE 9] HPLCEA] ZAifolt), vEgAtE
S Controlol H]3l triolAAFET Sl Re, Rgle t} E3i7} Har diolAl AFEW <l Rbl, Rb2,
Re, Rdeol @ol #aH= 549 ginsenoside Rg3 peak?t A A S7te= AS 42
& g AAgH
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Fig. 87. HPLC analysis of reaction mixture of red ginseng extract and crude

enzyme.
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S ZE AN (508 =) 10(Fig. 88—1), 25(Fig. 88—2), 50(Fig. 88—3), 75(Fig. 88—4),
100(Fig. 88—5) wE Z3tsto] w3271 A3}E Fig. 889 YEFWTE

C-K
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Rh2 : : ? = 2=
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SRR I 11Y) l
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Aot see
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S Cont. 1 2 3 4 5

Fig. 88. TLC analysis of reaction between root crude saponins and crude
enzyme. S, standard; Cont., control.
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Fig. 89. HPLC analysis of reaction mixture of root saponins and crude enzyme.

Fig. 89 9 AollA HTiAly] AL e ojn] 71dA74E AX FE7] dA4 e
9] Rg37} 5ol 9= Aeoltt A9t BY BluoA trioldl AFEY Rgl % Re: thH-
FaH A3 diolAAEY Rb1¥ RdE @A a5 FA0 Rg37F @A 7}
ok Y ALE U o] ShFrEo] e AFEYS 100%% B RblE 61.8%, RdE 100% A

B B35 3 Rg3E Y9 4.2m 2 Z7H8Fl o)

Fig. 90 HEjAb2 o] vk vh-g-59] HluliA] 1ef X 2 A Rg3¢t Rhl9]e] 7]E}
peak® S7F7F HolAl &t weEbA triolAl AFEWS] ginsenoside Re, Rgle i3 ¥ o]
Rh1o & A8l diolAl AFEQ Rbl, RAGS WalEo] tif-it A2 ALY Rg3z A
FEAE S 4 5 Ak
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Fig. 90. Comparison of root saponin with the root saponin converted by enzyme.
Blue colour, root saponin; Red colour, root saponin converted by enzyme

3) YAIEY S A

30 mg/ml FEE Z=FFo f3MAIZ YAFEY 50 uloll ZFZF acetoneH MM o7 XA 3

ZE@AN(508] =) 10(Fig. 91-1), 25(Fig. 91-2), 50(Fig. 91—-3), 75(Fig. 91—4), 100(Fig.
91-5) uWE &&3ste] wkgAIZ1 A3E Fig. 919 LeERACE

oK | "---’“

Rh2 .
... -

F2
Rg3
Rd
Rb1

S Cont. 1 2 3 4 5

Fig. 91. TLC analysis of reaction between leaf crude saponins and crude
enzyme. S, standard; Cont., control.
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Fig. 92. HPLC analysis of reaction mixture of leaf saponins and crude enzyme.
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Fig. 92 o] AdlA RUA|F] Aol &= BE|atrde] Hlg] thgke] Rd, Rgle] {4
o] 9ltk. A9} B Hlaol A triolZl AFEY Retr EF HajHo] Rgloz A3 diol
Al AFEY Rb1¥ Rd, 53]+ Rd7F A5 &3¥ &2l Rg37F tF S7takdlvh. dAbEd
o frEo] gl AFEWS 100%% BW Rb1S 40.0%, Rd 100%, Re 100%, Rgl< 19.6%
B E9al Re3e QY 7482 F7lsinh

Fig. 938 At Wk 3 whg-50] HlwEA 224 diolAl AFEd Rb1, Rd
o] wafE o] A AbEY Re3® HEFHATHE S & F AUtk
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Fig. 93. Comparison of leaf saponins with the leaf saponins converted by
enzyme.
Blue colour, leaf saponins; Red colour, leaf saponins converted by enzyme.

Ir

91l HPLCEA1S Fskol GS 514 5ol ofsf Aty = ais QibeFd, Beitxd
gL oelabE ke whgoll A diolAl AFEY F Rbl, Rd W o}y Rb2, Re7HA = RF 5
o]# o2 Rg3=wk M 7|= ok F2 Rg3A a3E vekilth

Ginsenoside Rg34At& A+ acetoneF AHoZ HAA Hxo] & Eak ol a4dAy
adz FAAPORA AL Ab]iste] golettt. B3R 7FAo t

ot} mAFS Y5 = acetoneIHAHOE AT Rg3WA EAE ©]
o AabAlEe] AR 2 Ed 20(S)-Re3A4ke] Abgl st 2 A4 maaE vEkd Zle
2 AR E
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1}, 20L—fermenterE ©] &% @&7] 24

20L—fermenter= 3ol 3715

¥ 4 gl WIE A|AHOZ LAY X% membrane filterE A}-&-3}

of Fo ¥s AAT F de vwe P9 FHE vsolxd war)oln
20L—fermenterE AFEstA dlqfEe o5 Wl 2 a4LAP4S
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Fig. 94. Mass culture of strain GS514 by 20L fermenter.

GS514 5+ 20L fermenteroll Al vl F Al AHzhEetaol e A7 vl vl o+ A
AELE7 A "ol Fag S AFY uF o ® Qlste] aerationdFEE =
ol dlo=Z Al Hth 20L fermenterol Al "aEAZ] o vIF NS FAEE kAl v Fo] A
S Rb1¥} ¥HEA17 A5 Fig. 959 vepslt
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Fig. 95. TLC analysis of reaction between ginsenoside Rbl with crude enzyme
producing mass culture.

Fermentero] 419 che e 239kt s27hA 2 94 Rb1& Rd, Rg329] 834
2 nejFglon #F APEEY Az Aste] ABBHol 2ol sl A oz
"o AoE etk webd e Y A acrationEHEE Eo] EF) YL

£ S7MA7171 $18te] antifoamer A2l (40 ppm)e] H7b Stell A thuids Al &=sk3A

Table 302 GS5147FE 100 mle} 10 L LBHIA| oA 16 h vi¥ 2 HFE=E4 214k oA}
S 1.2% H7bske] 15 h ¥l £ SA4 S 0.Deoodt *l o]t

Hil

Table 30. O.Dgoo detection of 0.1L and 10 L culture.

Culture for 15 h after
Culture volume Culture for 16 h L
adding inducer
100 ml 1.069 1.718
10 L 0.999 1.752
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Fig. 96. Mass culture of 33 strain by 20L fermenter.
A: 0.1L culture; B: 10L culture

Antifoamer?] #H7}e & GS5147F2] 10 L o3} 0.1L A% 0.Depdts =
ek A, FEE4d H7Pd - Fo] di S A YT fARgE 7o) AEEE UER
t}.

Fig. 962 GS514% % 0.1L LBul A€} 10 L LBulA|e| A =84 H7} F 15 h vt
AbRlo® XA H7FA(Fig. 96) BTk Wol o] & s 3 @z & 5 At
0.1L A=t 1 L o= viFe] Re3Aqk &4 vlastr] flato] cells A7 5 72
o] FrfUdNS acetone A3e] &9 20 mM sodium phosphate buffer, pH 7.0 &3l

11 1 mM ginsenoside Rbl1& M3} 30 CollA 12 h YA # ). Fig. 979} Fig 982 vt
HAEAE] gk TLC 31 HPLC #4143} o]t}
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—r’
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Fig. 97. TLC analysis of reaction between ginsenoside Rb1l with crude enzyme.
A: 0.1L culture; B: 10L culture
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Fig. 98. HPLC analysis of reaction mixture of ginsenoside Rbl and crude

enzyme. A: 0.1L culture; B: 10L culture

TLCS HPLCEA Ol A AsFu (0. 10) o]y di=fulF(10L) o] tlF39] Rblo] Rg3= %
#uo] B 5E Re3AA 24& YERlRITE o] A2 Reg3Akr T GS514% ol ol

Fsshv] st bR B8 Re3Re ABTHS el A% 4 & 9

N

B BAE 337 A35sS E5te] <aEd EYORHE S-glucosidase HH| 1] A3

&S 7587l screeningdt il oA [B—glucosidase ¥H] THES A AAsH HF:Ho
AAE 1115) 2 dr et om B—glucosidasedd] Ay ES

F% 9 16S rDNA %7149 ®4& %38t GeneBankol
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database®} AlTTA HAAE gt A 8/l F83 AT Proteobacteria
—subdivision (28%<F), proteobacteria B—subdivision (10¥<F), proteobacteria v
—subdivision (241F5*), Actinobacteria (884), Firmicutes (28v=), Bacteroidetes (21t
F)} Deinococcus—Thermus (1495) 5 A3 3L, AF Sphingopyrix granuli (13
F)E BT FANA & 29700 #FE AT 18270 #5592 165 rDNA 9714
2o AETH fAE & g A, 5270 # 57k vlo|EHHlo] 28t E FEdFeF 90~97%

B—glucosidase FH|EA S Hol= 12770
o] straing ZrolWATh AAZFH FElE fAT 127709 16S rDNA 97144 4%
&3t GeneBankell Q1= database®t A2 AAAE &1s AH, Lactobacillus <ol %
st w50 M 2o (56%), 1L Y22 Leuconostoc (25%), Weissella (10%),
Pediococcus (4%), Bacillus (4%), Arthrobacter (1%) 2.2 +3x 50 &S & 5 AU
t}.
g H 21170 B—glucosidase FH| P]AEL AE majorAt3EY ginsenoside Rb13} ¥k-&-
A7) & TLCE #2413 Z3} ginsenoside Rb1e& Z+7Z Rd, Rg3, F2, Rh2, compound K,

2o Folsld . HPLCEA 3}

olr

gypenoside XVII % WX Al¥xdo=r A3 4 Q&
"H-NMR, "C-NMREAS £3}9] ginsenoside Rd, 20(S)—Rg3, F2, compound K %
gypenoside XVII¢] 72& 5433t
Ginsenoside Rg3+ %% EAozr wu|otol Abxgo] 298] major AFEYI(Rb1, Rb2,
Re, Rd)o] fA 7hE8) Ho] Aol HA aaxzlo] osirs 200 wao] Aol
7} AA @xe] FHto] olfYAE delow dste] A F7hA Reg3MAIE A Helo] #F
A7 HaEo] A S (AAA 5, 1998). & AFHLE HJAE Fdsh= FAAA vF
o] i test® Fote] Rg3AWANEAAE WHI= #FE oM aatd HHxHd ¢
gastlon fao w&oEA 548 Wt oy A S S5
2 Rb1S A4 Rg3xE HEA|7|= Aol ofgt Rble] WA tf&
I tA] Rg3AA a4 98] Rg3Z AEFHE =5 Rbl—Rd—Rg3

:o:L/\ z7A

=

o

ginsenoside Rg34t&

aao] os RdAZ %3

i?L
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o] A4 =ZE 933 ion exchange chromatography, gel chromatographys HHd& o]&
ate] RAAAE &4E RElslgl e PAGE, SDS-PAGE, 2-D% W& ©]83le] Rg3AAt
84072 QAEE spotE A 72X LA T2 9 F 8t amino acid sequencingS 3FA
=3

GS 514 5+ 2L, 5L, 20LEfg7]IE ol&ste] o Al &7 gy} vp7A= o A
Z} ginsenoside Rg3A4F Aol 5 U539 th.  Ginsenoside Rg3AAFE A += acetone
AHgo=z fdA Hdel & % ofvegt a4 E IUE FAAHOZA ALY
At stol]l §-o]3lH acetone FHAHOE x YALE T B

R

QALE O] W-g-o A diolAl AFEY 5 Rbl, RA¥RF ofY 2} Rb2, ReZHA = 5ol 4

AlgE Rg3AAt B QAbsE,

-

O 2 Rg3&EW AHAZAT|E ofF £& Rg3AAEYNE vebith whalA ginsenoside Rg3AY
g a7 71A0] AHEA GA Aake] ®Hokd 20(S)—Rg3 L Sk AbA|E o] Aake] T}

5% ol g ow 7ol AYstn Razt Bol FHHel 9
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Appendix 1

Table 31. Amino acid sequencing analysis of the enzyme

SpotNo.  Mré&pl Identified proteins gi. no of related protein de novo Sequence analysis
(Accession No.)
SP1  28.02,7.02 hemolysin 2142521830 & KTEGCLLS
Bdellovibrio bacteriovorus HD100
SP2  96.4&5.87 phosphorylase gi:33862157 SSKNEPFNLR
Prochlorococcus marinus subsp.
pastoris str. CCMP1986
81.2&5.60 cyanophycin synthetase gi:71908877
Dechloromonas aromatica RCB
120.2&4.86 carbamoyl-phosphate gi:85373966
synthase large subunit Erythrobacter litoralis HTCC2594
34.6&5.84 NTP-binding protein gi:85374998& Erythrobacter litoralis HTCC2594
120.2&4.98 similar to ASPIC gi:32475808& Rhodopirellula baltica SH 1
86.6&4.73 hybrid sensory histidine 2i:84701751& Parvularcula bermudensis HTCC2503
Kinase
48.4&5.26 hypothetical protein £i:84494485 & Janibacter sp. HTCC2649
JNB_06804
88.9&5.22 PAS gi:77683561 & Alkaliphilus metalliredigenes QYMF
SP3  60.1&5.45 protein kinase gi: 113942216 ELTNYRLE
Herpetosiphor aurantiacus ATCC 23779
90.5&6.07 CRISPR-associated helicase gi:77686296
Cas3, core Alkaliphilus metalliredigenes QYMF
84.4&5.79 aldehyde oxidase and xanthine gi: 110598935 & Geobacter sp. FRC-32
dehydrogenase, a/lb hammerhead:
aldehyde oxidase and xanthine
dehydrogenase, molybdopterin binding
84.7&5.77 aldehyde oxidase and xanthine gi:78223343 & Geobacter metallireducens GS-15
dehydrogenase, molybdopterin binding
67.0&5.10 histidine kinase gi:109645667 FGEFYF
Desulfitobacterium hafniense DCB-2
SP4  63.5&5.05 response regulator receiver  gi:78485383 & DVFLSSV
domain protein (CheY-like) Thiomicrospira crunogena XCL-2
62.5&4.74 putative orphan protein 2i:88795022 &
Alteromonas macleodii 'Deep ecotype'
63.5&5.96 N-utilization substance gi:71894695 &
protein A Mycoplasma synoviae 53
112.9&5.39 efflux transporter, 2i: 108761223 & SSEDQP
HAEI family, Myxococcus xanthus DK 1622
inner membrane component
112.7&6.65 hypothetical protein 2i: 104773395 &
Ldb0196 Lactobacillus delbrueckii subsp.
bulgaricus ATCC 11842
67.7&721 ABC efflux transporter, £i: 104780980 & Pseudomonas entomophila L48
permease/ATP-binding protein
92.9&5.56 DNA gyrase, subunit A 2i:92088880 & Lactobacillus reuteri 100-23
51.2&5.26 Aldehyde dehydrogenase gi:91770439 & Psychrobacter sp. PRwf-1
189.0&5.91 1,4-beta-glucanase ¢i:2437819& Anaerocellum thermophilum
SP5  79.0&6.52 peptidase S9, gi:113947368 SFLYPG

prolyl oligopeptidase
active site region

Shewanella baltica OS195
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SP7  59.9&4.37 hypothetical protein £1:84386810 LSLTVTLLDL

V12B01_19291 Vibrio splendidus 12B01

37.9&4.31 di-haem cytochrome ¢ 2i:71281825
peroxidase Colwellia psychrerythraea 34H

63.2&4.82 sensor histidine kinase ChvG gi: 114767167 LLQQVD

Roseovarius sp. HTCC2601

45.2&4.98 hypothetical protein 2i:71906624
Daro_0985 Dechloromonas aromatica RCB

59.184.46 Endonuclease I 2i:88861432

Pseudoalteromonas tunicata D2
SP8  60.9&4.77 conserved hypothetical gi:68546927 LLSGWQATK

protein Shewanella amazonensis SB2B

45.2&4.07 putative sugar ABC 2i:88854862
transporter solute-binding  marine actinobacterium PHSC20C1
protein

SP9  28.4&4.94 histidinol-phosphate gi:73541458 LGVLDQPR

phosphatase, putative, Ralstonia eutropha JMP134
inositol monophosphatase

64.4&4.70 malto-oligosyltrehalose gi:83814076 LLRLDATHK
trehalohydrolase Salinibacter ruber DSM 13855

41.3&4.89 acyl-CoA dehydrogenase  gi:69297920 & Sificibacter sp. TM1040

50.2&4.79 trigger factor

£i:91977365 & Rhodopseudomonas palustris BisB5
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Appendix 2. Am

BioLynx - Peptide Sequencing Report
PepSeq file: C:¥ieejeonghwawSupport_dataw2006W0609W0913w0913_KHUniv_sp1_956.psq
Printed: Thu Sep 14 11:25:58 2006

Page 2

Observed MW: 1810.6971
M/z tolerance: 0.30

Precursor ion charge ‘state: 2
Intensity threshold: 0 (0.200%)

a 362,32 49042 591.47 72050 E,Wm 880.54 0¢3.62 1106.71 1183.74 1885.70
0.01 - — = 0.2 —= — -£0.30 -— =)
b 300,32 518.41 619.46 748,50 805.52 908.53 1021.62 1134.70 1221.73 1893.69
-0.02 -0.04 -0.08 -0.11 - o -0.17  — e —
389.31 Lys Thr Glu Gly Cys Leu Leu Ser 671.53
y 1911.70 1522.40 1394.30 1292.25 1184.21 1107.19 1004.18 B91.10 778.01 690.98
— .10 -0.07 0.05  0.09 0.8 015 023 02  0.29
z 1894.67 %a.s 1377.27 1276.22 1147.18 1080.16 967.15 874.06 760.98 673.95
— 2 o A Jry —— Jretics; o Pt — pry ey
20
0913_Kkhuniv_sp_01 AccMass 130 (Cen.4, 80.00, Ht,5000.6.0.00,1.00) 2: TOF MSMS 956.36ES+
(389.31) { K E f GCL T LS(671.53) 1 bMax
(671.53) T L——L —C—+G+—E—F—T—+ K— (389.31) | yMax
. 319.26 | Lo : ! 4 : \
100 | i ' ! : ; : : !
- m : M oh |
Loms i ;
I . ad i 4 |
208.21 iy : : :
, 390.34 [ : i :
| b i | : :
L ”, i | .
, 248.19 I m
7 i ! ; ;
1164.12 i
%
|
11165.71
129423 i :mm.ksamm 51
1293.20_} Jmmm.m@w ﬁ.ign : 1664.74
L ,_,,<m|“\_.;:,m L (IR N M/z
1100 1200 1300 1400 {500 1600 1700 1800 1800

- 189 -



lysis(sp 2)

id sequencing ana

1no aci

Appendix 2. Am

BioLynx - Peptide Sequencing Report Page 2
PepSeq file: C:WleejeonghwaWSupport_data#2006W0609W0913W0913_KHUniv_sp2_703.psq
Printed: Thu Sep 14 11:35:48 2006

Observed MW: 1405.2793  Precursor ion charge state: 2
M/z tolerance: 0.30  Intensity threshold: 1 (0.200%)

a 187.23 274,26 361.29 489.38 603.43 732.47 829.52 976.59 1090.63 1203.72 1350.82

-0.01 -0.04 -0.11 o

b 215.22 302.25 389.28 517.38 631.42 760.46 857.52 1004.58 1118.63 1231.71 1387.81
-0.02 0.6 — . -0.11 — — - — — - —
214.21 Ser Ser Lys Asn Glu Pro Phe Asn Leu Arg

< Kcm.mm:mm.ou:cm.oa_o,"m,o_mmo.wmﬁw.mwmg.mmEm.wmgm.ﬁmmm.mw_wm.mm
e 0.00 0.04 0.06 0.08 0.12 0.18 0.22 0.28 o ==
z 1389.26 1175.04 1088.01 1000.98 872.89 758.84 629.80 532.75 385.68 271.64 158.55

-0.01 0.07  0.08 0.8 0.24 0.29
20
0913_khuniv_sp_02 AccMass 109 (Cen,4, 80.00, Ht,5000.0,0.00,1.00) 2: TOF MSMS 703.65ES+
— (214.21) s sK , —— NEPFNLR | bMax
{ F P E N } K f—§ —F+—s—1 (214.21) { yMax
100 i | Coo : w
, “ i e m, i
% : W _ ;
215.24 ., i | : ; i
1 b ; ” 646.65 : : : i
: i v5 : ] ;
: w 647.66 1 :
, w , m i 1182.07
268.33 302,30 402.43 i 775.75 ,
e et . 62062 648,66 v 101795 150t v10
; 0 P TP R -1 R R O 72565 | i P b 1307.211327 86:1388,15
i i T = i i T o
300 400 500 600 700 800 1000 1100 . 1200 1300 1400
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BioLynx - Peptide Sequencing Report

PepSeq file: C:WleejeonghwaWSupport_dataW2006¥0609#0913W0913_KHUniv_sp3_616.psq

Printed: Thu Sep 14 14:10:08 2006

Page 2

Observed MW: 1230.1422
M/z tolerance: 0.30

a 120.08 177.10 306.15 453.21

-0.06 -0.08 — -
b 148.08 205,10 334,14 48121
== -0.10 -0.14 -—

Phe Gly Glu Phe
y 1231.15 1084.08 1027.06 898.02

0.05 0.15
z 121412 1067.05 1010.03 m@ooo

20

616.28

644.
Ty
750,

0.13
Nmm

27

r
95
92

Precursor ion charge state: 2
Intensity threshold: 0 (0.200%)

763.35 1185.14
791.34  1213.14

Phe  421.37
587.89  440.82

0.28

0913_khuniv_sp_03 AccMass 176 (Cen,4. 80.00, Ht,5000.0,0.00,1.00)

§70.86  423.70

2: TOF MSMS 616.08E8+

FG E { = FYF(421.37) { bMax
(421.37)F 1S 17 % Y t F { GF yMax

100~ 12014 i ‘ i i i
| al H ' I i '
F : ! | i i
i i | ; i i
| ' [ H H H
, m | W w W

! ; ! ! i i i

| _ m | W m m w

| : : ! , i : i

! 24428 i m :

i m ' ,, i i

i i i i :

20324 | . :

m,a 37 [ ; i ; i

587.61 ‘ i :

i _ 4038 yl  616.11(M+2H) 2+ : ]

V 441.38 i i o087
3 36 517.58 750.82 1027.01
E 45| 451.41528.42 % ) 823.75 %] - 8 V6 1085.08 — 1219.90
_ jIat _. h_ :___ ? ! wmil i :__;L.__r:— L _.~_ AT :__:_: 1 “__.T 1 __\ . i i i M/z
woo 500 600 700 800 900 1000 . 1100 1200
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BioLynx - Peptide Sequencing Report Page 2
PepSeq file: C:WleejeonghwaWSupport_dataW2006W06090913wW0913_KHUniv_sp3_830.psq
Printed: Thu Sep 14 14:01:22 2006

Observed MW: 1657.5758  Precursor ion charge state: 2
M/z tolerance: 0.30  Intensity threshold: 0 (0.200%)

a 306.52 435.56 548.65 649.69 763.74 926,80 1082.90 1195.89 1325.03 1456.07 1612.17
X -— — 005 -0.15 0.2 -0.22 -0.28 —

b 334,51 463.56 576.64 677.69 791,73 954,80 1110.90 1223.98 1353.02 1484.06 1640.16
o.m_ o;m c._m o.om |,- = = - - - -

333.51 Glu Leu Thr Asn Tyr Arg Leu - Glu Met Arg
y 1658.58 1325.08 1186.03 1082.95 wfoo 867.86 704.80 548.70 435.61 306.57 175.58

-0.17  -0.18  -0.10 ; : "
z 1641.55 1308.05 1170.00 1065.92 964.87 850.83 6B7.77 531.66 418.58 289.54  158.50

-0.20 — -0.10  -0.056  -0.07 0.21 0.28 =
20
0913_khuniv_sp_03 AccMass 160 (Cen,4, 80.00, Ht,5000.0.0.00,1.00) 2: TOF MSMS 829.80ES+
Awﬂw‘m: T \m«/ - - z z*rm_.mZm c (5350 _Uzw;x
N 1 .51 1 yMax
it 306.30_ | R ; ;
i a ' 4

| y2

.

829.78(M+2H) 2+ :

821.27
N
755.79 830.68 ,

7 gp4.92 |-983.09 s 1325.25

83184 ™ |-983.95 |1085.02 m_ 98.18 a8
© ges.a | -985.06 weseiio. 0
LI [ 1088.08 10} 138183141013

Il __.,_- It | i TN LL ‘r [ ] ¥ & _> L L g\N

900 1000 1100 1200 1300 1400 1500 1600
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Biolynx - Peptide Sequencing Report
PepSeq file: C:WiesjeonghwaWSupport_dataw2006W0609W0913W0913_KHUniv_sp4_685.psa
Printed: Thu Sep 14 14:32:45 2006

Page 2

Observed MW: 1368.3444

M/z tolerance: 0.30

Precursor ion charge state: 2
Intensity threshold: 0 (0.200%)

a  201.30 216.33 415.30 562,46 67555 762.58 84961 048.68 1323.35
0.08 —  -0.02 -0.08 -—  —  -— 08 -—
b 29.20 34432 443.39 590.46 703.54 790.57 B77.61 O75.67 1351.34
0.07 0.2 0.8 -0.07 - @ - — — -
228.29 Asp Val Phe Leu Ser Ser Val 374.22
Y 1360.35 1141.07 1026.04 926.97 779.90 666,82 579.7¢ 492.75 393.69
— 7 g0 007 009 016 02 025 029 —
2 1%2.32 1124.04 1009.01 909.94 762.87 B649.79 562.76 475.72  376.66
ik R A 1T N
0
0913_Khuniv_sp_04 AccMass 164 (Cen,4, 80.00, H1,5000.0,0.00,1.00) 3: TOF MSMS 685.18ES+
(228.29) D v—t - 185V(374.22) | bMax
(374.22V L+ s—t—s5—t L vt i 1 yax
. 201.22_ i H : H | ' :
1007 (I i P i m i W
i 344.30 P i i
, b1 P : i | i i
| 22922 P w i i i
] b P i W m
% ; : i , i M
; 187.20 278.28 : ; i W
] 345.30 : : W
120.14 g8.38043.42. i o0 , | ; M
N LA | i Voo - o571 e 22088 :
. { 1 | i : L9 | ¥, ; ;
mm._.ﬁ: il o b %" % 86176371 2072 s0eg _m\mm E m 1247.13 1308.32
i _ . . | 549,61 61763, : : v , .13 1309,
0 _ﬁ.; HiAn _____ . —_.. r [kl B i .__» bl _f aal : N W N i 114203 421574 / W
100 200 300 400 500 600 700 800 1000 1300
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Appendix 2. Amino acid sequencing analysis(sp 4)

BioLynx - Peptide Sequencing Report

PepSeq file: C:WleejeonghwaWSupport_dataw2006W0609W0913%0913_KHUniv_sp4_697.psq

Printed: Thu Sep 14 14:42:34 2006

Page 2

Observed MW: 1392.2649  Precursor ion charge state: 2 °
M/z tolerance: 0.30  Intensity threshold: 0 (0.200%)

a u%..u,m.o 260.23  347.26 &ﬁwo 501.33 719.39 B816.44  1347.27
b 201,19 288,22 75.25 504,30 619,32 747.38 B844.43 1375.26
0.3 -0.09 — -0.144 -0.19 — -— —
200.18 Ser Ser Glu Asp Gin Pre 530.39
y 1393.27 1193.08 1106.06 1019.03 889.98 774.96 646.90 549.85
- 0.0 0.08 012 0.14 0.9 0724  0.27
2 1376.24 1i78.08 1089.03 1002.00 872.95 757.93 629.87 532.82
— — — — 0.07 0.19  0.24 —
2D
0913_khuniv_sp_04 AccMass 141 (Cen,4, 80.00, Ht,5000.0,0.00,1.00) 2: TOF MSMS 697.14ES+
(200.18) s } SE o) QP(530.39) —  bMax
(530.39) —p Q i D } E —s—+ (200.18) | yMax
100+ 173.21_ i : ; ; ; :
_ 2 : . : : : i
M o i " W : |
| | : i $ : i
1 P i i i
| |
|
| m
" 201.22
] i 646.66 i i : ;
i W s m m . N
i i : :
, m ; £47-86 774.76 : ; : ;
' 288.32 H y2 H : £ H
. 157.14 ol ; 889.85 i :
N 270.27 i 781.74 l775.78 3 : i i
Lo R RJ 95734 Sm“.a 419.33 | 54957 648.65 J ﬁmmo @ o8 : 118405 -
ol _:.__.t bl Ll ol ee PET I iGN e WAL GBI 211 A LRV At
100 200 300 400 500 700 800 900 1000 1100 . 1200 1300 1400
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BioLynx - Peptide Sequencing Report

PepSeq file: C:WleejeonghwaWSupport_data2006W0609#%0913W0913_KHUniv_sp5_611.psq
Printed: Thu Sep 14 14:51:54 2006

Page 2

Observed MW: 1221.0604
M/z tolerance: 0.30

Intensity threshold: 0 (0.200%)

Precursor ion charge state: 2

a 82.03 Mmon_a 316.13 420.22 502.28 689.33 746.35  1176.08
b 110.03 197,08 34413 457.21 62027 717.33 774.35 1204.06
109.02 Ser Phe Leu Tyr Pro Gly 429.41
y 1222.07 1113.05 1026.02 878.95 765.87 602.80 505.75 448.73
— 0.00 0.04 011 013 021 025  0.30
z 1205.04 1096.02 1008.99 861.92 748.84 585.77 488.72 431.70
1
2D
0913_khuniv_sp_05 AccMass 8 (Cen,4. 80.00, Ht,5000.0,0.00,1.00) 4: TOF MSMS 611.5465+
SFLYPG(429.41) { bMax
(429.41) G— P } Y } (i F t +— (109.02) —  yMax
i i 602.60_; H : ;
100-: m v2 { : :
120.14 m
£ i
*.
330.33
| ; :
~ 348.35 ., m M
7 : :
86.14 i 765.73 :
L “ va .
136.14  233.27 _ 603.60 ‘
Y 235.22 : :
20122 | | 603.64 m :
173.21 pe01ze _ i : 766.74
i | ﬁ _ 4935 43347 5050 876.84 i
~_ I 2442 s »w 535,55 604.58 74772 |766.81 v4 6781 1025.98
_ l k _ A2~ ; _ , 70362 N 860.84 ; ¥
0 i hbu IR A RN KRR AN T; CbYddi o, b f 60888 N _/ . 931.83-947.74 | it
100 200 300 400 500 600 700 800 900 1000 1200
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Appendix 2. Amino acid sequencing analysis(sp 7)

BioLynx — Peptide Sequencing Report

PepSeq file: C:WleejeonghwaSupport_dataW2006¥#0609%0913W0913_KHUniv_sp7_609.psq

Printed: Thu Sep 14 15:34:24 2006

Page 2

Obsetved MW: 1215.1995 'Precursor ion charge state: 2

M/z tolerance: 0.30  Intensity threshold: 0 (0.200%)

a 86.10  173.13 286.21 387.26 486.33 587.38 700.46 B13.54 828.57 1041.66 1170.20
b 114.09 201,12 31421 41526 514.32 61537 728.46 B41.54 956.57 1069.65 1198.20

= 00 o 07—

Leu Ser Leu Thr Val Thr Leu Leu Asp Leu 128.16
y  1216.21 1103.12 1016.09 903.01 801.96 702.89 601.84 488.76 375.68 260.65 147.56
— 0.05 010 016 019 023 026 - 028 -— —
z  1199.18 1086.00 999.06 885.98 784.93 685.85 584.81 471.73 wmm%u 243.62  130.53
2D
0913_khuniv_sp_07 AccMass 145 (Cen,4, 80.00, Ht,5000.0,0.00.1.00) 2: TOF MSMS 608.61ES+
Ls - L T , VTLLDL(128.16) | bMax
= (128.16)LD } . LL t t v } T L t S i L 1 yMax
1007 at ; ; i . i w W
“ L i m | i m
| H : i ; !
M w w W
| : i ! ; i
| | M m _ ;
! | m { i w
201,22 ” i
*1 b2 ; i i |
173.21 | ,
i 82 342.28 w ; :
i i 601.58 : ;
v | |
! 260.31 _ w m i
. 702,67 i i
: 602.58 i '
, 455.41 <_m 801.77 802,85 . .
| 585,55 703.68  ¥6 Y : i
‘ | | 47345 J 684.66 Wowa 1-803.88 1015.99 1103.07
0 bt Lo _.._L. b R -5 I.C; dadd sl sl /» | [ A d . ks 20508 w.m 4117«.0 . - _Mw,o.“sa\u
700 800 900 1000 1100 1200

400

500 600
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Appendix 2. Amino acid sequencing analysis(sp 7)

BiolLynx - Peptide Sequencing Report Page 2
PepSeq file: C:WleejeonghwaWSupport_dataw2006W0609W0913W0913_KHUniv_sp7_767.psq
Printed: Thu Sep 14 15:39:21 2006

Observed MW: 1531.4445  Precursor ion charge state: 2
M/z tolerance: 0.30  Intensity threshold: 0 (0.200%)

a 288.42 401,51 514.59 642,65 770.71 869.78 984.80  1486.45

0.7 0.07  — -— — — -
b 364 485 525 670.65 796.70 897.77 1012.80 1514.44

315.41 Leu Leu Gin Gin val Asp 501,35

y 1532.45 1217.04 1103.98 990.87 862.81 734.76 635.68 520.66
== 0.00 -0.08  -0.10  0.03 0.07 0.08 0.15
n G_m.am_moo‘od_emm.wmo.\u.go&‘umv_w.qumammmom.mm

-0.06 -0.02 0.1
20
0913_Khuniv_sp_07 AccMass 165 (Cen,4, 80.00, Ht,5000.0,0.00,1.00) 2: TOF MSMS 766.73ES+
(315.41) } L LQQVD(501.35) {  bMax
(501.35) : D v—i Q : Q i L ; L ¢ (315.41) { yMax
' ¥ 316.26_ { H 3 i : !
100+ b i ! ; H :
#
” ; i W M m
| |
i : : i
i 159.17 425.40 W i : : m H.
. bl i | 734.69 ! ;
i 520.51 W 0 ; m
% 8 | %91.9
3)7.2 430.41 N a . -92 :ow 04
192.11 356.33| 478.46 |521.51 ) Y :
; | 602.62638.54  {735.70 1105.07 1219.11 1437.90
I | A 4 1051.98 | 1329.4+1346.28
0rdd L i b L gy N TH (T (TR B o I i ot SN
100 200 300 400 800 700 800 900 1000 1100 1200 1200 1400 1500
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Appendix 2. Amino acid sequencing analysis(sp 8)

BioLynx — Peptide Sequencing Report Page 2
PepSeq file: C:WleejeonghwaWSupport_data#2006W0609W0913#0913_KHUniv_sp8_638.psq
Printed: Thu Sep 14 15:52:28 2006

Observed MW: 1273.6985  Precursor ion charge state: 2
M/z tolerance: 0.30  Intensity threshold: 0 (0.750%)

a 243.00 356.00 470.07 557.10 614.12 800.20 928.26 999.30 1100.35 1228.70

b 271.90 384.98 498.07 585.10 642,12 B28.20 956.26 1027.29 1128.34 1256.70

270.89 Leu Leu Ser Gly Trp Gin Ala Thr Lys

y 1274.71 1003.82 ©90.73 777.65 690.62 633.59 447.52 319.46 24B.42 147.37
— 0.00 -0.18 -0.06 -0.02 -0.01 0.07 5 5 4
z 1257.68 986.79 873.70 760.62 673.58 616.56 430.49 302.43 231.39 130.34

o = 0.20
20
0913_khuniv_sp_08 AccMass 19 (Cen,4, 80.00, H1,5000.0,0.00,1.00) 3: TOF MSMS 637.86ES+
LLSGWQATK { bMax
— Kk — T — A—t Q w ——G—+—s5—1 L : L (270.89) —" yMax
100+ _86.14 : ; : : ! T
| Lo i : i i
| ; i i i ‘
1 ‘ w : ; i I
i i : o)
i : . ‘ ‘ ]
! i i i : -
| ! ! i ]
m ; _ : i !
| |
§ : i H H 777.70
_ { i { ‘ i 7
. w | 69063
447.44 : y6 i
v _ i m
147.11. 22819 _ 7 778.71 m
yi 248,18 31525 | i _ i
159.17 | i Y 3 ;
i ; y 63360 | 75068 | 81765
i _ g wm_
rF 7T 1022.93 Momio_
0 b1l | ) I 1 i f . —__\__ TR Mz
100 200 300 400 500 600 700 800 900 1000 1100 1200
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Appendix 2. Am

BioLynx - Peptide Sequencing Report
PepSeq file: C:WleejeonghwatSupport_dataW2006W0609#0913wW0913_KHUniv_sp9_506.psq

Page 2

Printed: Thu Sep 14 16:15:47 2006
Observed MW: 1010.0055  Precursor ion charge state: 2 ' '
M/z tolerance: 0.30  Intensity threshold: 0 (0.200%)
a  86.16 199.24 ©256.26 355.33 468.41 583.44 711.50 808.55 964.65
0.02 0.2 — -0.09 — — — — -—
b 114.15 227.24 284,26 383.33 496.41 611.44 739.49 836.55 992.65
— -0.03 -0.06 -0.05 -— — -— — —
113.14 Leu Gly Val Leu Asp Gin Pro Arg
y 1011.01 897.87 784.79 727.76 628.70 515.61 400,58 272,58 175.47
— 0.00 0.03 0.7 00 015 019 024 028
P 003.98 880.84 767.76 710.73 611.67 498.58 383.55 255.50 158.44
— — 0.01 — — 0.14 0.8 0.24 —
2D
0913_khuniv_sp_09 AccMass 105 (Cen4, 80.00, Ht,5000.0.0.00.1.00) 2: TOF MSMS 506.01ES+
(113.14)L G v - LDQPR | bMax
R } Q — D t L t v +—G — L (118.14) ——  yMax
LT B w : m '
! L | W m ; m | L
400.40
3 i ‘ i i
199.27 : : ! : i :
! al i : H : H !
i b |eerombr] | 31280 401.40 _ i 784.75
: 129.16 17519 . v 383.37; , : i y7 ;
vl | 4 | b3, 515.46 ,, ; 576 i
_h i 5 5 | la02.39 v4 mmmmﬂ 727.69 . p—_— mﬂ%w
i fi 355.42;a3 | , y - :
o d L b dd b _, pssgzes) |77 sy | siear enr s, | go2.62 Y6 786.76 % P soran we
TR N [ o Yrml Py e et Edesraas) T R B
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Appendix 2. Am

BioLynx — Peptide Sequencing Report
PepSeq file: C:WleejeonghwaWSupport_data#2006W0609W0913W0913_KHUniv_sp9_534.psq

Printed: Thu Sep 14 16:20:57 2006

Page 2

Observed MW: '1066.0715

M/z tolerance: 0.30

2
b

2D

€6.10 199,18 355.28 468.37 583.39 654.43 755.48 892.54 1020.63
-0.04 -0.08 -0.13 -— — — -— —- -
114.09 227.18 383.28 496.35 611.33 682.43 783.47 920.53 1048.63
— -0.10 —- — - 0.14  -0.29 —- -—
Leu Leu Arg Leu Asp Ala The His Lys
1066.64 953.55 B840.47 684.37 57128 456.26 385.22 284.17 147.11
-— —- -— -0.30 024 020 -0.17 -0.14 -0.08
1049.61 936.52 823.44 667.34 554.25 439.23 368.19 267.14 130.08
- - ©.3 -0.27 -0.23 0.2 -0.17 — ==
0913_khuniv_sp_09 AccMass 85 (Cen,4, 80.00, Ht,5000.0,0.00,1.00)
RLDA T 1 —
H T ; b) RALL
i : 199.27 i :
] P ; :
m i : ;
| i i j
! m i 456.46 :
i m i va :
_ M w w
| : "
i :
m 284.32 i ;
! i 227.27 y2 : : ;
” m b? ! m m
457.46
i 571.53 o
¥ 684.67 i 081
; “w:.a_
. 458.46 mmA.&/w. 685.65 wmm" 76 {
i i 085,74 el t.841.88 953.91

bdoadog bty RN Sabe o S 2580.84 56.99  1041.16

50 450 00 = 550 600 650 700 750 800 850 900 950 1000 1050

100

Precursor ion charge state: 2
Intensity threshold: 0 (0.200%)

2: TOF MSMS 534.04ES+

yMax
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