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We isolated the p-glucosidase producing bacteria (BGB) in ginseng root system (rhizosphere soil, rhizoplane, inside
of root). Phylogenetic analysis of the 28 BGB based on the 16S rRNA gene sequences, BGB from rhizosphere soil
belong to genus Stenotrophomonas (3 strains), Bacillus (1 strain), and Pseudoxanthomonas (1 strain). BGB isolates
from rhizoplane were Stenotrophomonas (16 strains), Streptomyces (1 strain) and Microbacterium (1 strain). BGB
from inside of root were categorized into Stenotrophomonas (3 strains) and Lysobacter (2 strains). Especially,
Stenotrophomonas comprised the largest portion (approximately 90%) of total isolates and Stenotrophomonas was a
dominant group of the B-glucosidase producing bacteria. We selected strain 4KR4, which had high p-glucosidase
activity (108.17 unit), could transform ginsenoside Rbl into Rd, Rg3, and Rh2 ginsenosides. In determining its
relationship on the basis of 16S rRNA sequence, 4KR4 strain was most closely related to Stenotrophomonas
rhizophila e-p10T (AJ293463) (99.62%). Therefore, on the basis of these polyphasic taxonomic evidence, the
ginsenoside Rb1 converting bacteria 4KR4 was identified as Stenotrophomonas sp. 4KR4 (=KACC 17635).
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(ginsenoside)~= HY 7|5 ZHZ-L(Singh er al., 1984), ] 7]%
of thet 2-2(Saito and Nishiyama, 1988), 3}42-&(Kikuchi et
al., 1991), S5A17 Aol gt 2-8-(Benishin, 1992), 34k} &
£(Mei et al., 1994), AIDS Hfo]HA =4] oA &7} 2 Thald
589 £% &/d(Lee and Do, 2005) 59 =3 A4
& Uetfl= 2o HuEo] gtk @A), oF 5059 Q4k AR
o] oteld glom, AR AU oF 80%E AA|she
major ginsenoside?l ZIA|=A}o]| = (ginsenosides Rb1, Rb2, R,
Re 71837 Rg1)@} major ginsenoside 2] 7H-E-3|1E S8 LoiA
&= ginsenosides Rgs, Rd, Rh,, compound K 59| minor
ginsenosidesZ 2 4= UtHKim et al., 1987). A4S A
T 79, LEA} JA ALo| 28 A W F4go] vl R
7ol A Tl AH R 22 AEA A kAol =R A
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Ago] T As T2 IH A 2 d7] A2 (Han et al.,
1982; Chen et al., 1987), €& 0|83t 2|4 *]g|(Kitagawa et
al.,, 1983)F o|-&3t tFo g &4 dh= LEA ALZUS A
213} sk who] ATElolgick. st Sakd, B2 A2
o] 4% 714 Bol % Ago] Folatx] grof ekelyre] WAL
2 7o) Wi E=oh HZole nE Ea 9 a4 NS
I 22 PESE ATE 58 Abd AR AAte] gk At
7} @lkstA| o] Foj 2| 1L it

HAEY] SRl et BigEel 23E FE wlojls AR
o] MghihE 9 O A 271 ohefsitha R EHA AGAE0]
t}hoFst ginsenoside AT Y= TS THLee er al., 2002;
Chi et al., 2006). A5 Rhizopus japonicus7} A= B
-glucosidase®]| 2J3}| ginsenoside Rb;©] RAZ AT E+= ALE A
Z+O 2 Rhizopus stolonifer®} Curvularia lunata”} ginsenoside
Rbi& M7= #F2 EIHckKim and Seu, 1982;
Dong et al., 2003). 0] 20| = HFA oA 2]$t Bacillus sp.2}+
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A2 oA &2 Leuconostoc fallax LH3L 14} AR & et
A2 4 S T ERA] Qatel 17 HEshe A5 B 5
oigkth(Jang and Kim, 2010; Kim ef al., 2007). 4t ZHEFS
ZHE ginsenoside Rb;& ginsenoside RAZ A% A|Z 4= &=
1273E B B89 o m(Kim ef al., 2005), QAF @A
BE8F Microbacterium esteraromaticum GS514 (Cheng, 2008)2}
Cellulosimicrobium sp. Gsoil 235+ ginsenoside Rb;< ginsenoside
Rg; 2 Zgketctar B %M} QItk(Na er al., 2009). T3, Burkholderia
sp. JYY, Sphingopyxis witflariensis DSM 1455172} Castellaniella
caeni Ho-11" @35-2 ginsenoside Rb;< ginsenoside RAZ 43t
3} (Yeom, 2009; Kim, 2012), Xanthomonas campestris LMG
568" FZ=L ginsenoside CK, ginsenoside FeQ} 22 #Ex}2]
ginsenoside & APAIsl= A0 2 H W3} HKim, 2012).

S| 7% S5 (steaming process) 5 E4J2](heating) ] 2J5H
XA == minor ginsenoside 2 4] ginsenoside Rhy, ginsenoside Rs;,
ginsenoside Rss, ginsenoside Rsi, ginsenoside Fs, ginsenoside Rf,,
20(S)-ginsenoside-Rgs, 20(S)-ginsenoside-Rg,, 20(S)-ginsenoside-
Rh;, Notoginsenoside-Rs, ginsenoside Rhy, ginsenoside Rgs, 1
2] 11 ginsenoside Rgs ©] Z LR HA AESHH Ag A+
e LA

2 dod = A ZHES S ERH B-glucosidase 4 +F
F5 25} ginsenoside Rbi2 AE2}9] ginsenoside FE|Z
Ao FE Adstel BREHE S4.& vl di.

Mz 2
EUANZO| xiF| L g—glucosidase MM HFE Ha|

A EF L2 RE B-glucosidase A4 HF5 Adstr] 98t
o ZEE FARIG(N36°03°05° E127°32°) 9] ArfjoflA] <4t
Q] FHO ERE oF 30~50 cm A=Y Zo|= A F s}
Gt A ZANA HFHFE Al EE= polyethylene vinyl bagel ¢
o] APAZE 2RFSFIL 124]7F o] o] A I A =R
A A EEe Td, 29 222 THRE &S] A& A
2 sttt A ZTHREFAEE 10 g A=k 90 mle] E
TS Y31 22u}7](SONIC Vibra-Cell VCX750, USA)E o]
|5t 30 WollA| 287 BAMA skt ik 2 Alme 4t
BHO| B2 EGE Bo = HolWl £, 10 g¥ =3t 90 ml
9] H#45E Y1l 22u}7](SONIC Vibra-Cell VCX750)E o]-&
Sod 30 WollA] 287 B4tk 2jelgint. 2UiR Aae Fd3o=
#1] 2A& QAW YF =4 10 g& 90 ml9] BHE ¥
homogenizer (Nikon Seiki Co., Japan)E ©]-8-3}4] 15,000 rpm
oAl 587t EAR st AR 2 E ZF Alme 9 ml e
<22 02 343 F, R2A w2 of) 3353tar 28 CoflA] 7U7t vl
oFstitt. B ¥ E9UAT-S esculin agar vl X](Difco Co.,
USA)°| Z+2F AZE3}a1 esculin 7=E3l5te] vjA S SZM o
2 A7 )= A2 B-glucosidase B/ 5= TAFsHATH

i)

i)

p—Glucosidase ‘Y&T3(BGB)2| AIS5HA
I ZAEE, 29, THHERE 23 BGB A4 45

o) AFSA 91X S BeI57] YA 168 RNA 87} HHHL
PCR ®F-g-0 2 FZslo] Q7|4 F-& 24 Frh 16S rRNA 4
Z9] PCR ZZ-2 9|3} universal primer?] 27F (5-AGAGTTT
GATCMTGGCTCAG-3")9} 1492R (5-ATTACCGCGGCTGC
TGG-3)& °]-&3F%th PCR W82 1x EF-Taq buffer (Solgent,
Korea), 2.5 unit®] EF-Taq polymerase (Solgent), 0.2 mM
dNTP mix, 0.1 pM2] primer, 100 ng®] template DNAES A&
3tk 95 C oA 587t vk-2-3t t}-S 94C o]| 4] denaturation 40
%, 55Coj|A] annealing 40%, 72°C o||A] extention 132 303
vrE & 72C o] A final extention 7872 2 PCR (GeneAMPR
PCR System 9700, Applied Biosystems) WF-8-2 AA|5}$ .
PCR FEZAFE2 0.8% 2] agarose gel, 0.5x TAE buffer (0.045
M Tris-borate, 0.001 M EDTA)%A] 100 V, 25 mA = 3057+
H719% 3 & ethidium bromide (EtBr)o 1587 FX5}e]
UV (Mupid-21, Gel documentation system, Bio-Rad)3}ol|A] &
Z o]BE 31915}l PCR purification kit (Qiagen Inc.)& ©]-&
sto] AR AA|E PCR AHE2 ABI 3730XL capillary
DNA sequencerZ ©]-835}0] G7] 482 £415}4 tH(Saitou and
Nei, 1987). 2% 165 rRNA %7142 2] homology= NCB/RDP
GenBank database 2] BLAST program-& ©]-&-3}¢] w| w3} th

p—Glucosidase &d &3

B35 B-glucosidase YA FF= NB ulj o] Z35}3 28C
of| A 347t uiRt $ 15,000 rpmof A 1087 A= ste] B
-glucosidase 2] 42 SAITE 7122 sodium acetate/acetic
acid 20(50 mM, PH5)9| p-nitrophenyl-B-p-glucocyranoside
(Sigma Chemical, USA)9] =7} 5mMo| H =& &3] A1 &
70 plo] 2FE AN 714N 30 ul Hrlste] 37C oA 102
o Hk2-81 ) 100 pl 0.5 M NA,CO:E FYske] w2 £4
A7l &, 450 nmollA| SFE=E 5751e] p-nitrophenol F=E &
Atk a4 A (unit)2 182 52U 1 pmole?] p-nitrophenol
2 ABAS= a0 oFo 2 AE3SIETH(Na ef al., 2009 ; Jang
and Kim, 2010).

Ginsenoside Rb12| X&ks

H2] 5 B-glucosidase WA #52] ginsenoside Rb12] A3Hs
= gRlst7] Yot ZF FFE NB HjA| o] A 3U7E vzt =, uf
FHN-S ginsenoside Rb; 1 mM1} 1:12 E3H5111 30 Cof| A 124]
Zh, 244178, 48417t B WFS AR HSONS S Z8 nBuOH
2 ALY HES 223be] Bastadrt. TLC (60 F254 Silica
gel, Merck)= A8 7442 1 ecm2 FA31aL, 27| gule
BuOH : Ethyl acetate : water (5:5:3,v/v/v, £3-819] 3}5)2
Abgste] 35t AT TLCE 5% 3HAHEHol| x5k
105C dry oven®llA] 1087 FHAA FTh Mgk Abzd o] A4 4
AREAS HPLC £44% o]-§-3to] =ast¢iet. 272 Ci5 (250
x 4.6 mm, ID 5 um)-& ©]-8-5}31 ull+= (A) acetonitrile (CH;CN)
€} (B): water (Hz0, 100%)5 E§5to] & o542 3ttt
o] ZALe] 842 1.6 ml/min©] .S, UV detectorS o]-&35}¢]
203 nmoj| A AFEU-S BA35}% tH(Shibata et al., 1966).
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Table 1. Phylogenetic analysis of B-glucosidase producing bacteria based on 16S rRNA gene sequence

S £4 371

Strain B-Glucosidase activity . . . Base pair Homology
Source No. (unit) Closest microorganisms (Accession no.) (bp) (%)
RS 4KR4 108.17 Stenotrophomonas rhizophila e-plOT (AJ29346) 736 99.36
. tenotrophomonas rhizophila e- .
RS 4KR10 52.21 N ph hizophila e-pl10" (AJ29346) 628 99.41
RS 4KR11 36.35 Stenotrophomonas rhizophila e-plOT (AJ29346) 527 99.24
RS PKRS5 49.04 Pseudoxanthomonas yeongjuensis GR12-17 (DQ438977) 617 99.02
RS 5KR3 5.19 Bacillus aryabhattai Bsw22" (JX009142) 779 99.87
. tenotrophomonas rhizophila e-
RP 3MR8 9.81 N ph hizophila e-pl10" (AJ29346) 565 99
RP 3MR13 64.9 Stenotrophomonas rhizophila e-plOT (AJ29346) 692 99.11
. tenotrophomonas rhizophila e- .
RP 3MR16 69.52 N ph hizophila e-p10" (AJ29346) 687 98.87
RP 4MR1 27.4 Stenotrophomonas rhizophila e-plOT (AJ29346) 636 99.37
. tenotrophomonas rhizophila e- .
RP 4MR6 34.9 N ph hizophila e-p10" (AJ29346) 667 99.85
RP SMR3 12.12 Stenotrophomonas rhizophila e-plOT (AJ29346) 668 99.1
. tenotrophomonas rhizophila e- .
RP SMRS 69.23 N ph hizophila e-p10" (AJ29346) 769 99.35
RP SMR7 4.04 Stenotrophomonas rhizophila e-plOT (AJ29346) 736 99.32
. tenotrophomonas rhizophila e- .
RP SMR9 23.37 N ph hizophila e-pl10" (AJ29346) 736 99.32
RP SMR13 86.83 Stenotrophomonas rhizophila e-plOT (AJ29346) 784 99.36
RP SMR15 131.25 Stenotrophomonas rhizophila e-p10" (AJ29346 648 99.32
P P p
RP SMR17 15.58 Stenotrophomonas rhizophila e-plOT (AJ29346) 667 99.25
RP 5SMR19 87.12 Stenotrophomonas rhizophila e-p10" (AJ29346 599 99
P P p
RP SMR24 124.33 Stenotrophomonas rhizophila e-plOT (AJ29346) 666 99.24
RP SMR25 17.02 Stenotrophomonas rhizophila e-p10" (AJ29346 610 99.18
P P p
RP PMR6 15.29 Stenotrophomonas rhizophila e-plOT (AJ29346) 634 99.52
RP IMRS 3.52 Streptomyces psammoticus NBRC 139717 (AY999862) 744 98.8
RP 4MR7 7.39 Microbacterium maritypicum DSM 125 12" (AJ853910) 784 99.74
IR INR1 119.71 Stenotrophomonas rhizophila e-p10" (AJ29346 626 99.52
P P p
IR INRIS 31.15 Stenotrophomonas rhizophila e-plOT (AJ29346) 519 100
IR 4NR6 3.17 Stenotrophomonas rhizophila e-plOT (AJ29346) 734 98.36
IR INR3 7.56 Lysobacter capsici YC 51947 (EF488749) 681 100
IR SNR11 7.79 Lysobacter capsici YC5194 (EF488749) 647 100

RS, rhizosphere soil; RP, rhizoplane; IR, inside of root.

Ginsenoside Rh2 TgMle| 2FsIH E4 XA}

22 o5 R2A #iXoA] 397 afjekst & FekdnA
(Nikon Eclipse 80i)< ©]-8-5t M| ZF o} 25702 TE3HTH
(Bernardet et al., 2002). AJ2|s}& 9 A5tz EX ZALE ¢4
catalase EAJ-L 3% o] IALSI4=40 2]5) bubble Y GHE 3
Q15 11, oxidase A2 1% 9] tetramethyl p-phenylenediamine
of o5t Mzt WshE ERletgitt. & 0|85, At BT =
A= API 20NE, API 50 CHB Kit (bioMérieux, France) & ©]-&
stgom, ARk API ZYMS o]&3tgich A A4
d 4L $ste] TSAuiR| o FAE HE3kaL 28 CoflA] 347
Hj et = ti=719] FAE St att. B4=gt oA 9F 50 mg
(wet weight)& teflon-lined screw cap tube (13x100 mm,
pyrex)©] =71 3, Ikemoto & Miyagawa 2] BHo]] ]3] oA |
HEARS methyl ester3} A|#A =23} ch A% methyl ester?)
F A o]l+= Microbial Identification System (MIDI; Microbial 1D,
Inc., USA)S o|&3ste] EA5t¢ithHadden and Black, 1986;
Lee and Hwang, 2002).

A 2@
p—Glucosidase W&FF(BGB)2| 2|2} AISEHH &Y

W TARFORRY 6137, TUORRE T5EF, 19
I ZWRZERY 7195, £ 207458 «ET5tgnt. 284
w55 esculin agar HjX| o] vljFsto] S 0 2 WA= o
FE B-glucosidase YA 3(BGB; B-glucosidase producing
bacteria) 2 BA511L, A ] 27]7} A& 5-7.5 cmQl 28FFS
B-glucosidase 244 T2 Aot ol 2ARE Heju
BGBY] A58 EA4& HES] #1510 168 IRNA 47t H71A]
o S|4 Ax}, ZHRS) 2R E EE|E BGBE Stenotrophomonas
2(34F), Pseudoxanthomonas (1 ©3), Bacillus (1 43
ol ZHRP)ZHE E2]E BGBx Stenotrophomonas <
(1693, Streptomyces (1 +3), Microbacterium £(1 #5)
o7 ZIEgeH, JUWRIR)EHEH EIE BGB:=
Stenotrophomonas 4343, Lysobacter 42 #-5)2 el
o o)4te] A2 HE 4 ZAZEE 2" BGBHF9 &
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Table 2. Conversion of ginsenoside Rb1 by Stenotrophomonas sp.

Strain Rbl Rd Rg3 Rh2
INR1 + + - -
SMRI15 + + - -
SMR24 + + - -
4KR4 + + + -

90% 7} Stenotrophomonas A'Zw-0 &3h= EA-& YERY T
A}712] BGB 28439 tjale] B-glucosidase AT HJ
wslc TEorEE BIY Stenotrophomonas sp. 4KR4
(108.17 unit), 2O 2 X BE|F Stenotrophomonas sp. SMR15
(131.25 unit), Stenotrophomonas sp. SMR24 (124.33 unit) 18|31
U B A B Stenotrophomonas sp. INR1 (119.71 unit)
57} 100 unit 0]/4F9] 22 E-E Yeblch AF71A] 4k &
dEFo 2 HE EaH BGB #F=2 Cellulosimicrobium funkei
GS2359} Microbacterium esteraromaticum GS5140] z}Z} 0.55
unit}0.09 unit2] B-glucosidase T4 TS YeEPicty B g
v} Qlth(Cheng, 2008; Na et al., 2009). BFH, Stenotrophomonas
ATl £35H= BGBof| T3t B ufl$- u]F3te] B @tof
A B-glucosidase &Ao] 733t Stenotrophomonas 4 42 £
2]=BGB T x| & 997t gl AL & wE ok

Ginsenoside Rb12| H&ks
A719] G4 Ao =4 B7HE INRI, 4KR4, SMR15 18]

Rg3

Re

Rd 9
- e e

Rc

Rbl P )

S B R

-

»
E

m G.&

STD Rbl A B C D

Fig. 1. Profile of converted ginsenoside Rbl by Stenotrophomonas
sp. 4KR4. A, TLC analysis of time-course transformation. STD,
standard; A, B, 12 h transformation; C, D, 24 h transformation; E,
F, 48 h transformation.

3 SMR244+F0f tis}o] ginsenoside Rb; 9] AEs2 TLC ¥
W oz Aestach AJ¥ #3= 2INR1, SMR15 181 5SMR24
5= 48A)7F & ginsenoside Rb;& ginsenoside RAZ ZZHA|
o, AKR4F+ ginsenoside Rd9} ginsenoside Rg; = A&t
3}o] INR1, SMR15, SMR24+-0] H|3] & 22 ginsenoside
B2 AEA] 7] minor ginsenoside A Al o2 12} Ak
] Ith(Table 2 and Fig. 1).

A aKRAFE) AT AU 4 0 3 BAS 95
o gl BE A|= ginsenoside Rbl-& £33t n-BuOHZ
2233 HPLCZ A% A4 243 23}, Rb& Rd (26.02
mg/kg), Rgs (9.28 mg/kg) 121 Rh;, (5.44 mg/kg)Z ATE &=
Ao 2 AEEhFig. 2). A7|YTLCHEH LR FRI=R] ¢
Q%! minor ginsenoside Rhy7} AEE At ojAke] A= HE
4KRATFE= w9k 48X]7F Z o], ginsenoside Rbi= Rd, Rg: &
A Rhy2] minor ginsenoside 2 Z3A]7]= A2 FF &9l
= 3ict

Ginsenoside Rh2 T2t #F 4KRAZFC| 2/ Y
Ginsenoside Rb12 ginsenoside Rh22 Z35}= 4KR4 5
9] 16S rRNA {37 H7]44(1,412 bp)S AA 3t NCBY/
RDP/ GenBank 2] database 2} A54] B| st 2 Gr7|A gL
CLUSTAL W algorithmE ©]-83}¢] alignments}x 22 A3
ol &A%t MEGA4.0 program ©|-§-3to] Al g5 2Hdet 23}
Stenotrophomonas 42| Stenotrophomonas rhizophila e—plOT
(AJ293463), Stenotrophomonas panacihumi MKO6T(GQ856217),
Stenotrophomonas maltophilia ATCC 136377 (AB008509),
Stenotrophomonas pavanii ICB 89" (F1748683)%} Stenotrophomonas
chelatiphaga LPM-5"(EU573216) 353} 97.81-99.65% 2] A

159.36

)

55.00 60.00 65.00 70.00

Fig. 2. HPLC profile of ginsenoside Rb1 converted by strain 4KR4.
Suspension culture of the strain 4KR4 in LB broth was mixed with
1 mM ginsenoside Rbl and then incubated for 48 h, extracted by
n-BuOH, evaporated vacuo and analyzed by HPLC after dissolved
in MeOH. 1, ginsenoside Rbl; 2, ginsenoside Rd; 3, ginsenoside
Rg3; 4, ginsenoside Rh2.
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=48 Yehfgltt. E3|, Stenotrophomonas rhizophila e-p10”
(AJ293463)2}99.65% 2] T2 A 54S LeER i chFig. 3).
Stenotrophomonas 49) &3t= 459 #A| AHAEE BX]
3 AMHARS BEes S-S UeITh 15 o] glrh(Wolfe
et al., 2002). &2 o5+ 4KR4 9] FAAY4HS BAS A1},
Q AHFAEO 2 anteiso Ciso (18.16%), iso C 150 (15.66%) 18] 1L
iso Ci10 (10.42%)S E§s1E 21, Cyyyiso, Ciapiso, Cia iso,
Cis.0 anteiso, Cis.iso, Cis.is0 F, Cigoiso L8] 3L Ci7,is02] TF
oFet A g A} oy 30H, Chy iso 30H, Cisp iso 30H
Z 3t ThFet hydroxy 7| S Z33IT). Bel#F 4KR4=
AEQ) Stenotrophomonas rhizophila e-p10'S} SAFSE FA|
|54 E49& Het $lth(Table 3).
£2] &5 4KR4E R2A v ROl A 3Lz st &= 224 &
HE ¥R A9, =3 A4y 22UE A%, AlZE 1 um
ol A9 " BYgE UE, HEHeE #EEC
Catalase €/4-2 ¥ YEFA L, oxidase B4 4 wb
9 o L}ER}QIth. API 20NE, S0CHB kit (bioMérieux) 2 AMg-a}
o] ot 0] 858 Z AR A3}, 4KR4HF= esculin, ferric citrate,
D-maltose, D-glucose, urea, D-mannose, N-acetyl-glucoamine
£ o] 835t= Ao Z RIFIth ESL, esterase lipase, lipase, B
-glucosidase (esculin hydrolysis) 4& A= o2 39l
T JcH(Table 3). bioMérieux (http://industry.biomerieux-usa.com/
industry/ watertesting/api/api-web.htm, USA) S|A} S-5|o]z]of| A
Al-&35H= Apiweb (https://apiweb.biomerieux.com)o]] 2]A5}o] £
A5t Axl, Stenotrophomonas 49| &31= 43S 94.3%-
98.8% %] A54& Ut £ AtollA £2]E ginsenoside
HEAE 4KR4 ) A )x)9h BB 57, 2] A
Rz, A - ASiEHE B8 =g A, Stenomrophomonas

[e2

rl

N

&) &34 Stenotrophomonas rhizophila?t = FATWAES
Z= Aol 1=tk A ¥R E-23Y RDP (RDP
Release 11, Update 1, October 2013)9|| Stenotrophomonas
rhizophila2 £8] H11¥ F3= 58FF2 4|, 44}, EOtE,
FFAY 5 OFE AEY 24, o, 27125 E EHEHAT 28
FZ= Stenotrophomonas rhizophila e-pl0"2] 7<% ginsenoside
Agksol diste] BaH vh gick &2 Aol A it ZHEFS R
HE| Stenotrophomonas sp. 4KR4 T-F2] £ ginsenoside
A v Y= T GEAH 2 297t Sl AL R wry
At

IEA} ginsenoside7} HAYES] FRl wet thekstA Ak
Ho}al RO EHA] ginsenoside ¥ 7522 thekd FEof Tt
A7 A= o] itk Qi THEGA E2J3t ginsenoside
Ag Hd5of T3 A RS ZAVSE A3, Cellulosimicrobium
sp. Gsoil 23545+ ginsenoside Rbi= Rc, Rg; 2.2 Z35hH
(Na et al., 2009), Leifsonia sp. GAL454-5+= ginsenoside Rb, &
Re, Rd, Re, 1831 Rg; 2.2 A35}31(Choi, 2010), Ramlibacter
ginsenosidimutans BXN5-27"%= ginsenoside Rb;& Rc, RAZ
Z35lH o ™(Wang er al.,, 2012), Burkholderia sp. IYY @3,
Spnigopyxis witflariensis DSM 145517} Castellaniella caeni
Ho-11'#F 5& Rb& RdZ AHEcha Rugh vh 9ok
(Yeom, 2009; Kim, 2012). & AFofA] 4t ZHEF O ZHE
Ba|g Stenotrophomonas rhizophila 4KR4+= ginsenoside Rgs
9} ginsenoside Rh, 2 ATk 73 lglem, ik 2 EF
oA &3t ginsenoside W¥ w5 Hrk © A2 A9
ginsenoside2 Hgel= AL RISt ol EAsh=
ginsenoside 3 ginsenoside Rgz 4 S A &M (Lee et
al., 1997), A7 4 A (Kim et al., 1998), T3-ZH2(Kim

80 Pseudomonas hibiscicola ATCC 19867T(ABOZ1405)
99 Pseudomonas geniculata ATCC 19374T(ABOZ1 404)

78

77

78 F Stenotrophomonas maltophilia ATCC 13637T(A8008509)
67 Stenotrophomonas pavanii ICB 89T(FJ748683)
Stenotrophomonas chelatiphaga LPM-5T(EU5732 16)
Strain 4KR4 (AB896705)

I 6 Stenotrophomonas rhizophila e-p1 OT(AJ293463)
Stenotrophomonas panacihumi MKOGT(GQ85621 7)
Stenotrophomonas ginsengisoli DCY01T(DQ1 09037)
L Stenotrophomonas acidaminiphila AMX1 9T(AF273080)
69 — Stenotrophomonas humi R-32729T(AM403587)

67

3 Stenotrophomonas terrae R—32768T(AM403589)
Stenotrophomonas nitritireducens L2T(AJ01 2229)
Thermomonas brevis LMG 21 746T(AJ51 9989)

Fig. 3. Phylogenetic relationships of strain 4KR4 and genera Stenotrophomonas based on similarities of 16S rRNA. The phylogenetic tree was
constructed using the neighbor-joining method. Bootstrap values are shown at nodes. Scale bar, 1 nucleotide substitutions in 500 bases.
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Table 3. Cellular fatty acid profiles of strain 4KR4 and related Stenotrophomonas species
Strain: 1, 4KR4; 2, S. rhizophila e—plOT, data from Wolf et al. (2002), Yi et al. (2010); 3, S. panacihumi MKO6T, data from Yi et al. (2010); 4, S.
maltophilia DSM 50170", data from Finkmann et al. (2000), Wolf et al. (2002). -, negative.

Fatty acids 1 2 3 4
Saturated
Cioo 2.2 - 1.6 -
Ciio 0.06 - 4.5 -
Ciao 1.91 2.4 33 -
Ciso 4.06 4.6 6.1 6.5
Ci7o 0.06 1.2 - -
Unsaturated
Cie1 @9c 2.37 - 22 3.7
Ci7.11s0 ©9¢ 0.1 7.8 8.6 4.5
Branched chain
Ciio iso 10.42 10.6 - 34
Cizyo iSO 0.35 1.8 - -
Ciay 180 1.47 35 - 4.5
Ciiy0 anteiso 1.05 - - -
Cis:,0 anteiso 18.16 3.8 12.6 7
Cisy is0 15.66 30.9 41.1 36.7
Cisiso F 2.33 8.8 - 7.3
Cieo 150 1.36 3.6 - 3.6
Ci70 is0 1.08 2.6 - 3.1
Hydroxy
Ci30 20H 3.1 - - _
Cii:0 30H 0.28 1.6 - -
Ci20 30H 43 - 1.9 3
Cii iso 30H 5.75 1.2 33 1.7
Ci2 is0 30H 1.25 - _ _
Ciz01so 30H 4.52 2.6 43 35
Ci70cyclo 0.88 1 - -
Summed feature
1; Cis.1 iso H/ Ci30 30H 0.88 0.6 - 44
3; Cie1 07c/ C16:1 wbc 8.21 - - -
7; Cigq 07c / @9t/ w12t - 2.6 - 22
9; Cy7.1 is0 w9¢ 4.17 - - -

et al., 2003), FF5 AIKKim et al., 2004) 52| 22| a50] g
& Fom, T4 HE 5L ginsenoside Rhy= 3Fo1A| 9] 3}of
4 Zo) o QPAIES] SEH AT AL SRS hret 3
da3E 71A 2 Qltk(Kikuchi er al., 1991; Lee et al., 1996;
Park et al., 1997).

A7 o] ©J3) vl AYEIE ginsenoside Re; o ginsencside
Rh, & AE8N= Stenotrophomonas sp. 4KR4 (KACC 17635) o
F5 0] 83t ginsenoside Rgz 2} ginsenoside Rh, 2] AAlo] o]
7274 v 2 AL 2 7€t
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Table 4. Some characteristics of strain 4KR4 and realated Stenotrophomonas species.

Strain: 1, 4KR4; 2, S. rhizophila e—plOT, data from Wolf et al. (2002), Yi et al. (2010); 3, S. panacihumi MK06T, data from Yi et al. (2010); 4, S.
maltophilia DSM 50170", data from Finkmann et al. (2000), Wolf et al. (2002).

All strains characterized in this study are positive for catalase, alkaline phosphatase, trypsin, acid phosphatase and glucose fermentation. All are
negative for a-glucosidase, a-mannosidase, a-fucosidase, indole production, assimilation of caprate, adipate, phenyl acetate, glycerol,
2-ketogluconate and potassium 5-ketogluconate. +, positive; -, negative; nd, not determined.

Characteristic 1 2 3 4
Motility - - - +
Colony color yellow yellow plate yellow plate yellow
Oxidase activity - - + -

Fermentation test (SOCHB)

Esculin citrate - nd
D-Maltose - nd

Assimilation test (20NE)

D-Glucose (fermentation) + - -

Urea - - +
Esculin ferric citrate/hydrolysis + - nd
4-NitrophenylB-D-galactopyranoside 4 ) ) _

(B-galactosidase)

D-Glucose + + + -

D-Maltose + - - +

Enzyme activities
Esterase Lipase + - +
Lipase - - -
B-Glucosidase (esculin hydrolysis) + + - +

Wik & AtollA 22 d ginsenoside A EHA|t 4KR4 w52
A Xt 2E8FE B4, A AR, A - gt
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