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Conversion of Ginsenoside Rb; by Ginseng Soil Bacterium Cellulosimicrobium sp. Gsoil 235 According
to Various Culture Broths. Na, Ju-Ryun, Yu-Jin Kim, Se-Hwa Kim, Ho-Bin Kim, Ju-Sun Shim, Se-
Young Kim, and Deok-Chun Yang*. Korean Ginseng Center Most Valuable Products and Ginseng Genetic
Resource Bank, Kyung Hee University, Yongin 446-701, Korea — Ginseng saponins (a secondary metabolite,
termed ginsenosides) are the principal bioactive ingredients of ginseng, and modification of the sugar chains
may markedly change the its biological activity. One of soil bacteria having f-glucosidase (to transform ginse-
noside Rb,) activity was isolated from soil of a ginseng field in Daejeon. 16S rRNA gene sequence analysis
revealed that the isolate belonged to the genus Cellulosimicrobium, with highest sequence similarity (99.7%)
to Cellulosimicrobium funkei ATCC BAA-886". The strain, Gsoil 235, could transform ginsenoside Rby into
Rd, Rg; and 3 of un-known ginsenosides by the analyses of TLC, HPLC. By investigating its deglycosylation
progress, the optimal broth for A-glucosidase was nutrient broth (In 48 hours, almost ginsenoside Rb; could be
transformed into minor ginsenosides). On the contrary, the optimal broth for growth was determined as trypic
soy broth (TSB).

Key words : Panax ginseng C. A. Meyer, Cellulosimicrobium sp., conversion, ginsenoside Rby, ginsenoside

Rgs, TLC, HPLC

MoEB

a9l it (Panax ginseng C. A. Meyer)S 97} (Aralia-
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2 A}4-3} Rby, Rd, Rg;, Rhy, compound-K&= (A1) 3h=al
AazdTYelA ool AMSEl oH, Fe E AP
oA Helsle] AMEs1glE}. R2A, nutdent broth(NB), Luria-
Bertani broth(LB) ¥ tryptic soy broth(TSB)= Difco Co.
(USA)AN A F4314g 2™, TLCE Silica gel 60 Fasy plate
(Merck Co., USA)E, HPLCX Integrated NS 3000i
HPLC System(FUTECS Co. Ltd.)& o]-438}¢ 2m, HPLC
4 acetonitrile?} water® SK chemicals(Ulsan, Korea)ell 4]
%4313 ). p-nitrophenol, p-nitrophenyl-3-D-glucopyrano-
side¥ Sigma Chemical(USAIA 318}e] ARg-5}9]wt.

=3 22

AAEL S sk wAEE Al $iEke] olakt
3} Eoko 2 HE) ABE M3 ste] R2A TA A &
L3E F colonyE #3led esculin agar[20]¢]] streakingd}e]
P-Glucosidase E4E 71 475 Fejsigion, Eejd &
3= A A uoFsle] 1 mM2] ginsenoside Rby3 ¥H-&-A]A
ginsenosideZ A 4= 9l AFF Fig. 13} 7o) At

skt

Ginsenoside {8t D|4E9] RAAZA 4

|22 FARAS 437 ¢35t 16S rRNA se-
quencings A8 () 4)el] 933}y £A519] 20, NCBI
databaseZ- o]-8-3}e] BelEl #59} type strain®] FFAFE(%)
£ Flslge. F5E9 165 rRNA 97]1419S Clustal X
program[231&- ©]-8-3l] YA 3 L33 gape BioEdit
program2.Z. HA3|c}. #FE] 3L FAsh= =)
£ Kimura two-parameter model[10]& ©]-§3}41 3, MEGA

Seil from Ginseng Field

3 Program{12]¢} neighbor-joining[21]3 2.2. A 5275
A AE AAsgH

X[l mE MuRFEol AEtmM &0l

A F59) colonyZ Fted € LB AAuA|e] 24
A1z} F<F wjeksled 600 nmollA] O.D(Optical Density)%kS
25}, LB, TSB, NB 50 mLell ©] & 72} 500 uL(1%,
vivyd A& ¥ 160 rpm, 30°C incubatorell A 4, 8, 12,
16, 24, 48A 7k} Z47kel O DS SAsk] F59 AR
&g glsgit.

[B-Glucosidase®#d =3

B-glucosidaseBA]-2 Peralta 52 WPH[1918 AHS3led &
Aakdet. 24 A7 B4t Gsoil 235% ¥kt LB, TSB, NB
gl S dalesld #AE AAT F ASAE 2ES
Ao Fo] fGlucosidase BAE A3 T
30°C grepFollr] 582 FA#AZIYh. S mM p-nitrophenyl-
B-D-glucopyranoside® H-3 25mM ¢14HsH5§-94 (pH
7.0) 50 uLell EA 50 uLE 713ked 30°CHA 5E7F ukE-
A7l % 100uLe] 0.5M sodium phosphate solution2.%
uh2-S Z2)A1 A H2l=E p-nitrophenol®] ¥ 405 nmol)
A FEE EAsdch. EAEA 199 (unitys WESAIZE
2o} WA= ponitrophenol 1 nmoled AAsH= E40) o

o2 Aelssict.

Ginsenoside Rb2| Fg
1 mM ginsenoside Rb;2 0.2 um membrane filter2. ©J
Hate] Wt 3 Aol AME3slgich LBAA 244]7F §<t

* Plated onto R2A agar plates at 28 °C

l * 10-1 107 serial Dilution with D W.

Single colony

l

Esculin-R2A agar plates

L

* Picked having dark zone
* purified repeatedly via transference tonew plates

Single colony having f#-glucosidase activity

L4

Screen of Bacteria

* Reacted with 1mM ginsenoside Rb, stock
* TLC assay

having ginsenoside Rb, conversion activity

Fig. 1. The processes of screening the strain Gsoil 235 having ginsenoside conversion activity.
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Strain Gsoil 235 in LB broth
l - Inject 1 %(v/v) LB into NB broth

NB broth

* Measured O.D. at 600nm
+ Reacted with ImM ginsenoside Rby stock

(1:1¢wv), 30°C, 160rpm, 8, 24, 48 hrs)

» Extracted with n-BuOH

'

n-BuOH layer

l » Vacuum evaporation

Residue

! !

TLC HPLC

}

Aqueous layer

* Dissolved in CH,OH (for HPLC grade)
* Filtered out 0. 2um membrane filter

Fig. 2. The processes for preparation of converted ginsenosides from Rb;.

et wjokst 752 oA LB, TSB, NB #1A9] 1%(vv)E
AE3LT, 24 A7} vkl T}, Ginsenoside Rb 3k wal okl
< 1112 #3818 30°C, 160 rpm®] incubatoroll A 8, 24, 48
A|ZF 53t vheAIZ o Hhgel-e 233} n-BuOHZE AtEr A
S Z23led BMslthFig. 2). TLC= CHCl:CH;0H:H0
(65:35:10, viviv, EFE9 35 S9i= AT F, 10%
H,S0& H-57311 71dsle] A |ziet. HPLC #4dlle 4
¥3} n-BuOHZ. F%3F A1E S 5353l CH;OHHPLC
4, SK 3}ghel| 23818 ¥ 0.2 um membrane filter= o}
3 A|BZ ARSsiede. A Cp(250 x 4.6 mm, ID 5 pum)
columng, £2]4- (A): Acetonitrile(CH;CN, 100%)%} (B):
Water(H;0, 100%)E8 £33le] o|JE o] TR 3.
Gradient elution ¥]$(A:B)Z 0-5, 5-25, 25-70, 70-72, 72-
82, 82-84 % 84-100 min®g w ZH7+ 15:85, 21:79, 58:42,
90:10, 90:10, 15:85 % 15:85% A3}, o] FAke] H-<4
2 1.6 mL/min®]$}2™, UV detectors ©]-£38}e] 203 nm
oA AbEE BA s
#u 9 nE
=3 22

Qabtzt 9 Eoko ZHE ARE AF] HWE F
Foll 107158 107 w2 FAM3sled R2A Al =
=g ¥ colonyZ F3ted #FF A E3oH(Fig. 3-a).
Ginsenoside H 3-#F5 AW3}7] $3}bed esculin agarell
streakingdled WAER= 75 A2} AEE1S).2H (Fig. 3-b),
o2 thA] 28°C, R2A TAX|A 5] & wj7pA] A
ek st 2EE F5F ol 43¢, 1 mM9 gin-

senoside Rby & ¥HEA1A ginsenosideE HFAIZ 4 3=
T52 Aded o2 A, o]F strain Gsoil 2355 #213k5itt
(Fig. 3-c). Gsoil 235759 16S rRRNA 94711 %& sequenc-
ingdt ¥, NCBI genebankell M 7} 7171 type straingr
AR sl FABA S BA8 A, Cellulosimicrobium
funkei ATCC BAA-886T(AY501364)8h 99.7% UX3he 7
< golstedok(Fig. 4). olE 3l 4t Bl Hejat #
ZF Gsoil 235 1#oFATFE, species funkei, genus
Cellulosimicrobium, family Promicromonosporaceae, phylum
Actinobacteria®)) 43F= A& & 4= ek, Cellulosimicro-
bium funkei Gsoil 2352] phylogenetic treet= Fig. 44
sa1s % ol

X0l E TFEe| WE

T4 w#)9] 4 29 colonyS sl daE LBell
24X 7} ) 9F8}ed (0.D.ggo; 1.378), LB, TSB, NB ®l =] 50
miell 1%vivyd HE3 F dA A7kt OD.sodks 34
aled ] AAEEE Flst A (Fig. 5), HAHS=E 2
E wiR| oA ek 3 SAIZHRE] dig FA7o Aese] 24
AZF Fof Hr) 241 vepisieh F3EE GF F 24
W7 ol FAS Aeke HE71E Beln, 1 o] F
= oA}t oFALS BTk TSBo|A] Gsoil 2359 A= A
Z Z gAZHEE] TR wiR|el] Bls) whEA b, 53] NB
B} o) AE AYAbe] Hold Aoz FlFA. wiek 24
A1ZF2] OD.goo Z-< LBolA 1.99, TSBol|A 246, 18]
NBol| A 1212 wjA|o] w2 F2 42 TSB>LB>NB2)
oz & Aete AL FAT F st ol9} 3] wiA|
Z5o ot QA o2 AL Al 579 WAV TRl
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Fig. 3. The agar plates for screening bacteria from ginseng soil. (a) R2A agar smeared ginseng soil sample serially diluted; (b) Trans-
ferred strain from (a) to Esculin-R2A agar to check S-glucosidase activity; (c) The purified colonies transforming ginsenoside Rb;.

UE Ao A il E Aoz Almdn.
1L brothell $3|HE F7|E4 o] °Jofd2 TSB
22.5g, LB 20 g, NB 8 g2 2 §hf-do] uje} 4529 Ao
s T Zloz AlmEth

Ginsenoside Rb2| F&t £

LBollA] &=t ujekst 72 LB, TSB, NB uix]ol| 1%(v/
vyd AEslarl, dA AJ7E wlekst ¥ ginsenoside Rb e ub
% 9 B-glucosidase®] TIE A3} o2} O.D.gook
2 TSB; 1959, LB; 1.770, NB; 1.097¢]% .2, F-glu-
cosidase®] AL LB} TSBellA 0.18, NBel| A 0.15 unit
o]¢lvH(Data not shown). Fig. 6= Z} i x]el| A 7]-% Gsoil
2359} ginsenoside Rby2} A1zbd ¥h-§-& B3 TLCE,
Rb2] £3] 2 minor ginsenoside®] A4S %3 ginseno-

side A3 23S 3213} Az} NB>LB>TSB 22 Floidt
AL 2lsldet. A% Bglucosidase A oL A=
velded £40) SRS 54 A TAE AT A4S
£ o]43)ed &AL 3)9] 2} ginsenoside RbHe] HES- A]
o= FAZ T3 FFFA L o] §3led AeHE B
olalgirt. TAE AAZR A AAALE o]83led cell
S I3t F dofl MEA RS 0|83t f-glucosidase
5438 25 Axl MEAXEANA 0.55, AFFHNA 0.34
wnit® 2 1% ¢l2 ginsenoside Rb; 72} B8-S i3t
Az, F4 BAE SAT Ao} 2SS Frlsisich(data
not shown). ©]= A W] MEA £A)31= f-gluco-
sidase?} M| E 22 HB]|H WA ginsenoside 3ol JF-E
X oz AlEEn.

w52 AAre] 7 E3kel TSBellA9] Rby A3 1wk
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Cellulosimicrobium funkei Gsoil 233

06 | Cellulosimicrobium funkei ATCCBAA_8867 (AY3501364)

67
i
Cellulomonas cellulans DSM43879" (X79455)

Bogoriella caseolytica DSM11 294T(Y09911)

Cellulomonas variformis MX3T (AT208873)

5 _E Promicromonospora sukumoe DSM44T{ATZT024)
1061 promicromonospora citrea DSM43110% (X83808)

Oerskovia enterophila DSM 438527 (X83807)

100 L 0erskovia turbara NCIMB103877 (X79454)

Bogoriella caseolytica DSM11 2947(Y 099113

S0

Inrasporangium calvum DSM 430437(AJ566282)
Janibacter limosus DSM 111407 (Y08539)

0.02

Bacillus subtilis DSM107(AJ276351)

Fig. 4. Phylogenetic tree based on 16S rRNA gene sequence showing by the phylogenetic relationships between strain Gsoil 235 and
related genus. The neighbour-joining method was used. Bar; 0.02 substitutions per nucleotide position.
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Fig. 5. The Growth Curve of strain Gsoil 235. -¢-, LB; -H-,
TSB; -x-, NB.
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2477 | A Rd7} Az AJA == Aol nIs| NBol| A= 84
7h ghell w2 ko] Rd7F A7, 2447kl Rbjel A2} &
#H el o2 wiA 2] Aol vls| Rb; band7}b &w| A,
minor saponind] Rgz9} 5438 R 3H& 2He ARES A
A= S 4A #eld 5 Ui LBelA ARt 45 =
3t 2477t RgsE AJARSEARE NBS| 7o)l ws) =A] w1
A E3h= AL o 4 9sdeh NBoflM Rb®] A3k A
Zre] 73l wheh, RAE AA, Rd% Rgs®l Abelell sl
u]x]2] ginsenoside(R=0.36)2} Rgs(R=0.42)F, nFA| 222
compound-KE o} 2 o 2 R, 3071 zZbe A9
ginsenoside®. A3k = 714 #oldh 4= glv}. LBe|A 9] 1t
2 NBell vla] =2]A|5t RAE 71H Resd AAdSH v
3 73S Holn, TSBe|M 9] uk-&-2 Rd4t Eels|e] wjaL
3}7) o} e ®Qlv}. Ginsenoside RA= C-20 $1x]el)

aal 2t

A8M 2t

LB TEB MNB LE THE NB

LB TSE MB

Fig. 6. TLC separation of Rb; and converted ginsenosides.
Developing solvent system the lower layer of chloroform:meth-
anol:water (65:35:10).

20, C-3 YAl 1712 glucose® 7FA L 9127, ginseno-
side Rg3: C-20 $1%)ol] 2719 glucosed 7HAI3L et o
8t A3 ALEI-S ginsenoside Rbjoll A@= ] e C-3
Ax9] p-1.6 A C-20 1X19] 1,2 Aol TelA|wA
A== ginsenoside® v|AE©] 7HXIL 9l f-glucosidase
ol o3t Ago|e} & 4 glo}

g AAE AL 2o AslkslA| #helslr] $13ked HPLCE
#A315ich. LB, TSB, NB % 7P ukg-o] H ol NBellA
7] F5Z Rb & 48417 HhSAIZ] &, A3 AbEdS 4
23} n-BuOHZ %3} 5535w} Ahe=2 HPLCE:
CH;OH 200 pLef] 352l % 0.2 um membrane filter? o7
sled HPLCH Al&2 AMsiglem, ¥4 Adbs a3t 2
oh(Fig. 7). 39.533 min2] Rby(peak 1)°] Gsoil 23591 ]3|
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#4316

2

Fig, 7. HPLC chromatograms of Rb; and converted ginsenos-
ides. 1, Rby; 2, Rd; 3, un-known; 4, un-known; 5; Rgs; 6, un-
known.

Rd(peak 2; 44.3 min), Rgs(peak 5; 56.1 min)S ﬁi}é‘}fﬁ
u] %)) ALZ (peak 3; 46.6 min, peak 4; 533 min 2 peak
6; 69.7 min)54] minor ginsenoside®. AJH = #& 3ol
sleict, $19] Fak= TLCS} BIS3H ginsenoside Rbyo] #
o] Hai=al, B o] Rd¢}t Rgylt A== AL e
4 olet. =3t Reol 0.368) wlA]9] ginsenosidet peak 3 E
£ 42 AAEE v, 25 A7F B3 BR] AREde
g g 72 FAL "e2 g vz FfHel A& gin-
senoside Rb;®} TLC ¥ HPLC ¥4& A3 Fig. 83
zc}, o] 2 E3) F5e] B} ginsenoside Rbr& 31 EHA}7)
4 o] AR o, usAzke] TS
minor saponin®] *§Ade] F7}8h, 538) ohE wjx)o) vl
T AL T A2 22 B NB: 4847F ¥ Rbyol

A2l Ba)=le] Cellulosimicrobium sp. Gsoil 235%] 73t &
4 L A1 5 glglen iAkEd Rbrg RéE 71A
Rg: 2 W3] AS Fd& ﬁl‘ﬁ‘:} =3} ginsenoside
Rgse= Foll o) Aagko® qhEolxle Z4F 5-f¢ vizF A}
FUoz 3LEI6, 7, 16, 24], 4T SHGA[15], AA
EA A9 T SElEFe] A, ol F |48 gin-
senoside Rgs2] AT 4 ol& 7pA7} & ALE 4=,

2 o

oAk ol EAEl= Bk v)ESF esculin agari-g ©]
23}y f-glucosidaseZ A= 55 £33, B4
ginsenoside Rby& AHA 22 33k FF Gsoil 2355
At 2 2Asledt. 16S RNA 971-<9S sequencing &
% genebankell A 71 7478 type straing 2 sl F<d
FAS 243 A3} Cellulosimicrobium £2) funkei ATCC
BAA-886T(AY501364)2k 99.7% AA|5l= TFUE &ls}
olt}. TSB, LB, NB 5 3 $-72] wixlelr] 7] 442 A
Z F 1224 A7kelA 714 A AlebH, TSB>LB>NBS &
o= A A= AL o 4 9lglc). ginsenoside RbyT 8,
24, 48417k F<t ¥HEAIR F TLCE $43 23} NB>
LB>TSB <22 Rb; ¥3 Ado| Foiul wix9] A2}
HxH AHE Aict dhA|zte) FUVEE RAE £
&g} minor ginsenoside®] AAdo] 715192, 53] &
wfRlel) wls) FF LTI A A2 Bt NBE 484

7t ¥ RboyE A9 E3ste] BT B HE HAT +
A=t

’k
ﬁ OH ]
— ;

B-Ri2

Fig. 8. The Conversion Pathway of ginsenoside Rb; by strain Gsoil 235 incubated in various culture media (LB, TSB and NB).
Gsoil 235 incubated in LB and NB could convert Rb; to Rd, Rgs and other minor ginsenosides. But in TSB, Rd is only one product con-

verted from Rb;. It couldn't converted Rb; to GypXVIL
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