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EPS producing bacteria were enumerated in ginseng root system (rhizosphere soil, rhizoplane, inside of root). EPS
producing bacterial density of rhizosphere soil, rhizoplane and inside of root were distributed 9.0x10° CFU/g,
7.0x10° CFU/g, and 1.4x10° CFU/g, respectively. Phylogenetic analysis of the 24 EPS producing isolates based on
the 16S rRNA gene sequences, EPS producing isolates from rhizosphere soil (RS) belong to genus Arthrobacter (6
strains) and Rhizobium (1 strain). EPS producing bacteria from rhizoplane (RP) were Arthrobacter (6 strains),
Rhodococcus (1 strain) and Pseudomonas (1 strain). EPS producing bacteria from inside of root (IR) were
categorized into Rhzobium (6 strains), Bacillus (1 strain), Rhodococcus (1 strain), and Pseudomonas (1 strain).
Phylogenetic analysis indicated that Arthrobacter may be a member of representative EPS producing bacteria from
ginseng rhizosphere soil and rhizoplane, and Rhizobium is typical EPS producing isolates from inside of ginseng
root. The yield of EPS was 10.0 and 4.9 g/L by Rhizobium sp. 1INP2 (KACC 17637) and Arthrobacter sp. SMP1
(KACC 17636). The purified EPS were analyzed by Bio-LC and glucose, galactose, mannose and glucosamine were
detected. The major EPS sugar of these strains was glucose (72.7-84.9%).
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polysaccharide)®} AN|EZIZRE o|F = FLZRrUIFH(structural
polysaccharide) 12|37 M| 9] thd(extracellular polysaccharide,
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Table 1. Isolation of EPS producing bacteria in a ginseng root system

Sample No. of bacteria (CFU/g-soil) No. of isolates No. of EPS producing isolates
RS 2.4x10° 26 14
RP 9.1x10° 49 25
IR 2.1x10* 53 29
128 68

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

3t & 90 mle HHFSLE @ 2&u7|(Vivra cell VCX750,
USA)E ©]-85}t4] 30 WollA] 287 A A Z|5k5it). SHAIR
A E Aot HA Fx Foo HEo] Js BEdS o2
dojdl & BIE 10 g AL 90 mle] B 4E Y 230
7](Vivra cell VCX750, USA)E o|-83}o] 30 WojlA] 287+ &
A Astath SHRE A Re FEH R 23S HAYL
WE=ZZ] 10 g2 90 ml9] Ha4of ¥ homogenizer (Nikon
Seiki Co., Japan)Z ©]-8&35}4] 15,000 rpmof|A] 587+ A 22
St BAF A 2|5 ZF A B E eXH o2 F]4sto], PDA HijA|
of HEskar 28 C oA 7L viFstar U4k A Wi EPS 4843
Ao BExgS HESIAT FaiR o] 349 Al 224
Z AA4 E22YE AT 23 ZTAEFRS) Wol 2.4x10°
CFU/g, T¥oll%= 9.1x10° CFU/g, 181 2ol 2.0x10°
CFU/g Hxstqtt. WA 28E 4R 12894379 &
2 F Yol 3t FEY 687FE EPS A FE K
S}{TH(Table 1). AP Ao A AR FHol AHYsH= B,
2719 ZH B¢ W EPS AT &S AR A5 2
H EGo2HE B #5379 56%, 26% 7t EPS AdAHL
2 AEA 24 Well EPS 44 n| & faAkdo] th Ea2s)
AL B8k QIth(Lee et al., 2010). E Ao A= QAL
H, 49, 2y E=ZHE B3 EPS A 6874F2 AxE 3¢
Az ool AT P A= Uehlhe 24358 ¥%
EPS A 4 #2525 ohFig. 1).
225 EPS RAAAF 247439 A= B7}s}17]
218l 16S rRNA -8R TG-S PCR Y130 2 S-E3k] G7]4]
< ZAsItE PCR HEE- primer= 27F (forward primer;
AGAGT TTGATCCTGGCTCAG)%} 1492R (reverse primer;
GGTTAC CTTGTTACGACTT)S AR 3191, ABI 3730XL

= el
E4=

Fig. 1. Selection of high viscosity of EPS producing bacteria on
PDA plate.

capillary DNA sequencerE ©]83}¢] sequencing £33} th
(Saitou and Nei, 1987). ZH(RS) .2 HE| Ea|E EPS FAA|
& Arthrobacter & 6743, 2181l Rhizobium & 14-F2 e}
ook ZHRP) 2 RE E2|H EPS MAAANH-ES Arthrobacter
2 65+ Rhodococcus &5 145, Pseudomonas & 1452 e}
ok ZYEAR) oA EE)=E EPS A $4HFE= Rhizobium
& 69F, Bacillus & 153 1811 Rhodococcus & 1d4-F2 1}
eyt 2@a ZHoA Bal= EPS Al & Arthrobacter <
o &3l d5e 7P EAA AlFe R yEpen, &
oA E&FH 71 EA Al EPS AlH-E Rhizobium &2 2 Vel
JtH(Table 2).
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A= =439tk Rhizobium &0l &3h= EPS AT F
Rhizobium sp. INP23} PNP8 3+ 712} 7,393 mpa.s2} 8,906
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Fig. 2. Comparison of relative viscosity in Rhizobium sp. and Arthrobacter
sp. EPS producing isolates.
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Table 2. Phylogenetic analysis of EPS producing bacteria based on 16S rRNA gene sequence by BLAST search

Strain Best match Base pair (bp) Similarity (%)

Rhizosphere soil 1KP2 Arthrobacter defluvii 4Cl-a" (AM409361) 619 99.8
(RS) 1KP7 Arthrobacter sulfonivomnsALLT (AF235091) 691 99.7
2KP2 Arthrobacter sulfonivaransALLT (AF235091) 701 99.7

2KP3 Arthrobacter equi IMMIB L-1606" (FN673551) 701 98.1

3KP3 Arthrobacter pascens DSM 205457 (X80740) 641 99.2
SKP2 Arthrobacter defluvii 4Cl-a" (AM409361) 685 100.0
4KP5 Rhizobium lusitanum P1-7" (AY738130) 707 100.0

Rhizoplane IMPS8 Arthrobacter globiformis DSM 201247 (M23411) 652 99.8
(RP) 2MP1 Arthrobacter niigatensis Lc4’ (AB248526) 780 100.0
3MP1 Arthrobacter defluvii 4Cl-a" (AM409361) 690 99.3
4MP11 Arthrobacter defluvii 4C1 -a' (AM409361) 723 100.0

SMP1 Arthrobacter oryzae KV-65 1" (AB279889) 771 99.5
SMP2 Arthrobacter defluvii 4Cl-a" (AM409361) 638 100.0
4MP1 Rhizobium lusitanum P1-7" (AY738130) 730 100.0

PMP6 Rhodococcusgloberulus DSM 49547 (X80619) 590 99.8
SMP11 Pseudomonas koreensis Ps 9-14" (AF468452) 649 100.0

. INP2 Rhizobium mesosinicum CCBAU 25010" (DQ100063) 710 99.6
I“SIdeHgf root NP1 Rhizobium alamii GBVO16" (AM931436) 670 100.0
(aR) 2NP3 Rhizobium lusitanum P1-7" (AY738130) 731 100.0
3NPI Rhizobium lusitanum P1-7" (AY738130) 744 100.0
4NP2 Rhizobium alamii GBV016" (AM931436) 751 100.0

PNP8 Rhizobium mesosinicum CCBAU 25010" (DQ100063) 746 99.6
PNP5 Bacillus aryabhattai BSW22" (EF114313) 686 100.0
PNP6 Rhodococcus globerulus DSM 49547 (X80619) 663 100.0

4 CollA 5AIZE Bt FAHAZ F, 3,560xgol A 3027 A&
Zjoto] ThlA-E A ASkaL 2ulFe] 99% EtOHE 7Fste] 4T
oA e WHAR. BelE ORRE ZRe B0l =
Aak(viskase dialysis membrane)2 o]-835}] B4 A5 H 52
A8 BAS 243 tH(Scott and Glick, 1960). Rhizobium
sp. INP27} PNP8 2L ufjokoy 1 Lg} 7+ 10 g 123 3 g9]
EPSE RS oW, Arthrobacter sp. 3MP13} SMP1-2 ufjoF
of | L 212} 1.4 g 18] 7 4.8 g©] EPSE AAVSHS Rhizobium
p. INP2 @5 T A4l 50] 71 $at 252 2elelglct
(Table 3). HAIE EPSY] 74T BAL 0= 7] 281 2T
doll oot thaat Zo] Bttt S A7AZ2H EPS 5 &
I ghzo] FRATE Sk Sl ERTER deud
(glycoprotein)< 2 M trifluoroacetic acid®} 6 N HCl-& Z+ZF A
7FHTL 100C o4 4417 St AL elstol SAPT ofulego

2 7]eRs) 471 F S AAE 0] 2540l G544 A Goubet
et al., 2002). 7I5E3E A]J&& Bio-LC DX-600 (Dionex,
USA)E 0]83}9] CarboPac PAl (4.5x250 mm, Dionex),
CarboPac PA1 cartridge (4.5%x50 mm) AT} amperometry=
ARE3kd 1.0 ml/min 16 mM NaOH2] A4 BEA5+4ch
Rhizobium sp. INP2, PNP8%} Arthrobacter sp. 3MP1, SMP17}
RAFEE EPS 2 & oA o] $eR 30% 3.34%, 78.2%, 12
1357%% SRS} o] FEHA L AT JES Felgt
A}, B E #3571 AYARSE EPS+= galactose, glucose2} mannose
g 2EHoz 7483 Yson], & T Bl F 72-97%7}
glucose 2 -9 FAEHR10] FAFIITE. Eah o] 5 F7} Ak
3t F2 ol glucosamine©| 2™ Rhizobium sp.
INP2 #5+= 0.7% 9] glucosamine S AJAJ gt WA, Arthrobacter
sp. SMP1 #5+= 5.1%9] galactosamine2 AJAsh= EAS Y

Table 3. Efficiency and Monosaccharide analysis of representative EPS producing isolates from ginseng root system

Rhizobium sp.

Arthrobacter sp.

Sugar

INP2 PNP8 3MPI SMPI
Dry weight (g/L) 10.0 3.0 1.4 4.9
Glycoprotein (g/100g) 30.0 33 78.2 35.7
Efficiency of glycoprotein (g/L) 3.0 0.1 1.1 1.7
Amino sugar galactosamine - 0.01 (0.3%) - -
glucosamine 0.2 (0.67%) 0.1 (2.1%) 2.0 (2.56%) 1.8 (5.04%)
Neutral sugars galactose 7.5 (25%) 0.2 (5.99%) - 2.8 (7.84%)
glucose 21.8 (72.67%) 3.0 (89.82%) 76.0 (97.19%) 30.3 (84.87%)
mannose 0.5 (1.67%) 0.06 (1.8%) 0.2(0.26%) 0.8 (2.24%)
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el ItH(Table 3).

A1 590l ZHAo] AASH= thd(exopolysaccharide; EPS)
2 AEAAEA AR E ZHg-sta WA/ Alatoll et A/
FYETY B A g2 dFAE0] kR AEY 2ES
de g2 EPS Aol tiE A5 A 3 strh(Park,
2000; Kacia et al., 2005; Whang et al., 2007, Park et al., 2008;
Santaella et al., 2008). AF7W A2, sjutet7], Algp, G 1
O3 A% 5 Ol A2 2Eo 2y elE EPS A4 ERS
Sinorhizobium®?} Rhizobium3} Z+-2 a-Proteobacteria Al Sw0]
3l 2550 SYHolsIth Av19] FFEo| Atehe o
2 glucose, galactose, mannose®} 22 ST T} v|gFe] ofu]i
o 2 LAl o] 9Jgith(Kacia et al., 2005; Lee et al., 2010). &
Aol A Q1AF ZYFol| A Ba2]= EPS Ald-2 Rhizobium 5202
Yehgon, 2381 ZHolA E2]E EPS AAAT-E Arthrobacter
Z&of| &3 J57F EAF o) o|F Arthrobacteria 4:2] EPS
A A2 glucose, galactose, mannoseﬁl- e A g E
o] galactosamine2 A= A2 EALS YEY Tt o4,
oA Y =HE Bad E}ﬁ'/\“/};‘ Q4= Rhizobium sp.
INP2 (KACC 17637)2} Z2H o 2 X B2 % Arthrobacter sp.
5MP1 (KACC 17636)9] tf=F A4ks 93t wiFHS 531

AGEEE A7 7H AT E AR =N 5, Al F, shet
= theksh Ak o] A2 g8 E Ao 2 st}
He

QAEAEE, &9, SWHE) W EPS XY HEE &
A% Az, ZAEY ol 2.4x10° CFU/g, Z@ellE 9.1x10°
CFU/g, 7|2 Rz 2.010° CFU/g R E1Ejo] th49]
EPS Al Al o] BEB1T g o] SRIFIIT. Sl A2
EPS A4 94 35 2455 £4Ee5n Ags 542 %
o1t 23}, ZHURS) o 2 RE Ba|F EPS AWAM|TF-S Arthrobacter
£ 67-3, 18|11 Rhizobium & 19532 UEhgth ZHRP)L2
-‘%Ei Ba)E EPS AAAIEE Arthrobacter & 61435, Rhodococcus

& 143, Pseudomonas & 1452 et ZUHEAR)A]
V_—E]% EPS A Al F< Rhizobium & 615, Bacillus & 145
1831 Rhodococcus 45 1455, Pseudomonas & 14F2 VEF
Wk

ST} ZHA E2]E EPS Al 5 Arthrobacter 0] 43}
= #F= 7P EXAA Ao & g F.oH, Rhizobium 42
TRl EeE 7P EA AR EPS BN L2 YEIT
EPS AX 4o Rhizobium sp. INP2 (KACC 17637)+= 10
g/L 8|31 Arthrobacter sp. SMP1 (KACC 17636)+= 4.9 g/L 2]
che Avgslon, GRhdel T ARS IR 2,
galactose, glucose, mannose& A3kl 31912 ™, glucosamine
9] otu]i=Fo] el £3], glucose=72.7-84.9% 2 8
Aol ERI=| et
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