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Screening and identification of an exopolysaccharide-producing
strain and the investigation of its polysaccharide
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Abstract ; Exopolysaccharide-producing bacteria were isolated from the soil according to the mucoid secretion around the colo-
ny, the yield of extracellular polysaccharide was determined by phenol-sulfuric acid method. The exopolysaccharide-producing
strain LE-3 was identified based on morphological characteristics, Biolog analysis and 16S rDNA sequence analysis. The crude
extracellular polysaccharide isolated from strain LE-3 was purified by Sevage method, dialysis and CM-Sepharose FF chroma-
tography , DEAE-Sepharose FF chromatography and Sephacryl S-2200HR chromatography. The monosaccharide composition of
the polysaccharide was analyzed by FT-IR,TLC and HPLC. Results showed that among the 26 strains isolated from soil on the
basis of the first screening standard , there were 3 strains that could produce exopolysaccharide more than 5 g/, and the ex-
opolysaccharide yield of strain LE-3 was 5.29 g/L. Strain LE-3 was identified as Bacillus amyloliquefaciens subsp. amylolig-
uefaciens based on morphological characteristics, Biolog analysis and 16S rDNA sequence analysis. A single component of ex-
opolysaccharide isolated from strain LE-3 was obtained after deproteinization, dialysis and chromatography. Finally, the poly-
saccharide was determined to be a fructan by FT-IR,TLC and HPLC analysis.
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BRI ] DI N A R SR R 26 45 A e A
W R AR I FC T AT B ( Gluconobacter
albidus) " ZEHUFETE ( Bacillus sp. ) ") A7 {8 8 G
T4 ( Brenneria sp. )" A 2 e M T L7 2 SRR
B o

1 0 TR LA 2 A Y, S T
R ZHERTERE AT Ak S0 0 BB B ik
WM AT . AR SO R S5 20 AR T, 2l OF
O AT ZHER ML, 5 T AN R R,
IZ R B 2P B A
1 #eiFrEE
1.1 4 5EH

{%#% : BIOLOG GenlIl 4} #71% ( Biolog /A H], 25
[) 5 T6 i iH20 540 AT W o6 BT (At ms B Arad
A BRTTHE B, ) 5 JS-680D 4 [ B BEK A
Bor i AL (i B RHECA R 7], ) 5 T100
PCR {¥ ( Bio-rad /A @], ZE[H ) ;5430R 155 3 18 % B 0>
HL(Eppendorf 23 w] , f8[& ) ; NICOLET 1S50 e HLi-£1.
HMETEAL (FEBR R R B A W], £ [E) s ZORBAX
Carbohydrate #i 73 M (ZHER A ], £ [H) ; YLI100
TR RBORAR A TS A (e 23 W), 3 ) 5 FD-8 S 5 A
HRTHL(SZM 23w, L [E ) ; ZWY 21128 85 i 55 77 Ik
Dt (IR AT RS A R A R ) .

1050 : SanPrep FE30 DNA i DGR & (A=
TAY TR A BRA ) 5 4 Mg A& A V(dbs
LR ERHH AR /A 1E]) ; CM-SepharoseTM Fast Flow
( GE Healthcare /7] ) ; DEAE-SepharoseTM Fast Flow
(GE Healthcare /Y 7] ) ; Sephacryl S-200HR ( Z&
SIGMA 23 7] ) ; Silica gel 60 F,q, 3 J2 J2 Hr e (1E H
Merck A ] ) 5 =@ HBE IE T BESA LRI AR
GyHTal; O EIEA,
1.2 +HRiR

SR AR R IE N G ST L A EEAERR BB A iR
B+ 10 em ZbHuTa 10 em DLF 1338 9052 H Hu i 10
em PR L8, B T IO B el [l S2 5 %, oI
BAEIRG 13
1.3 ExE
13,1 s etk £ NH 3.0 ¢ JRE H K 10.0
g AL 5.0 g HEHE 30.0 ¢ BiflE 20.0 g  HRIK 1
000 mL.pH 7.4 ~7.6,121 °C K& 20 min,
1.3.2 SRRk (R gt R R Ak )

A 1.0 g, KH,PO, 2.5 g, K,HPO,2. 5 ¢,
NaCl 1.0 g, #8530 g,MgSO, - 7H,0 0.2 ¢/L,FeSO,

- 7H,0 0. 001 g/L, %7K 1 000 mL,pH 7.0,115
°C K& 30 min,
1.4 Rash &= £ B IFIE
1.4.1 #1/s

TERD it 5 5 0k L, LATR I J) BB ARG B 43 s ) ok
PRUESEAT I T o

FREE TAE S g A A I i B S BR A 45 mL
TR AP, $8 RARHE 15 min, i £ % 107 7
T 1% - A R, P 1 mL - S987% BE hin A\ %
A9 mL JCHUK AR N, 5 AR 107 A7 B B 14 1 4
T B, A It , JE 45 A 107 (107 (107 (10° 45K
(R T B2 1 T B VA K AN R R R 1Y) - ST M T
AR R IR I, 37 CREFE 2 K, PRBESF &40 06
PR SRR, TERI T AR b 2k R4k, 37 CHE %
24 h 13BN AiREFRY) 4 CORAFE
1.4.2 A7

WO AF B R AhTE LB RH 7% 1k, & Pk
PR AL TR 2 B A - 3% R 2 (20 mL/100 mL = £
) ,160 rpm 37 CH55E 24 h, # 10% MR T 734k
FEAF W HRUR - 15 % W42 o R T 8% 97 5 (50 mL/
250 mL =ff3#i) ,160 rpm 37 CHEK NI FE 48 h, F
WPREE 3 K. JEEr, B 10 mL & B T 10 000
rpm 4 °C &0 10 min, BCETHW, IMA 3 A5 AR R T
HICK S 4 CRpE R, B0 (4 °C 10 000 rpm,
10 min) 3% B3, DIEMA DB R IBKE G 25T
100 mL 75 5 ), 2K M- 12 v I f Ak 22 0 7 1
DLy =95.76x —0.093 4 (R> =0.999 5) Jy7 % Wi br
AR, S« o 490 nm AR SEAE, y AT
1.5 E#k LE3 BETE
1.5.1 BAFUK

FRPR LE-3 k3557, WS I5 B &, IR AT
B QY R E A L SR
1.5.2 BIOLOG 4#7

pE R LE-3 ] BIOLOG GenlIT ffL AR i 47 %5 5,
AR A IR B kAT o
1.5.3 16S tRNA A K 537 547

PR MR LE-3 SE AL, Dl H 519 (271:5'-
AGAGTTTGATC-MTGGCTCAG-3",1492r. 5'-TACCT-
TGTTACGACTT-3") #:47 PCR 4% , PCR 5 i/ {& %
%A :PCR buffer 5 pL,200 nmol /L dNTPs 1 uL, IE
MBI Y5145 2 pl, Btk 2 pL,Taqg DNA R4
fitf 1 wL,MgCl, 3 pL, #4li7K 34 ul, PCR J5 i F
.94 C AR 1 min;94 C7A54 30 5,55 “CiB k 30
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s,72 CZEAH 2 min,37 MG, PCR F=¥ik & FifF
AT AR TR B vl #4790 i , F) ] BLASTN %k
AT 5 30, S4B B R IR LY 16S rDNA
3, B MEGA 7.0 4P 3 7 7 5 % 4 #7,
Neighbor-joining J7 ¥ 44 @ & 48 & B #, Bootstrap ( 1
000 Y HE &) FATHRER
1.6 E#k LE-3 Bsh S ERIIREN

WPk LE-3 ¢ BA2 0 Z5 R 15 AL L R e 55 5% 48
h,10 000 rpm .4 CE.0> 10 min, ;L EVER, A 3 15
RIS T K S, 4 CHPEE R, B0 58 B,
DUEIA D R BK I, =R R TR R 2
i 8
1.7 LE-3 fash s rEmyaiL
1.7.1 Sevage k%9

H20.3 g LE-3 A ZWHAH A T 40 mL Z848
K4 B =G G R IE T B AR R L 40 1
Sevage W& , KL ZMHA L 5 Sevage W LAATR L Hy 2
LR G, BIZURSE 30 min, KBR/KZ 5L A
PR, EE S ., SRS TR A ORIK RN ZE K P 4%
BT (MWCO 24 8 kD)1 X ,10 000 rpm 4 CE.0» 10
min, Y ETE R, 28 - R o W | 2% £ $Br 5 1 12
HFH, Lhy=130.84x -2.661(R*=0.9956) K&
FibniE s #E , 20 « O 595 nm AbROGAE, y MR
Gk e
1.7.2 g L e M %4

B 0.5% 3,5- "R ILPRE R T 20% H,S0,
R S0 500, R B IR U S L AR TR E A
(TLC) # b, 5555 i 455,120 “CHLKE 30 s HEEE A 2
PEBA
1.7.3  AHEN A S 3
1.7.3.1 CM-Sepharose FF 14 Z#t

FRULO.5 g LE-3 HLZME, 5 T 10 mL ZE1#K
H B K HIE RO & HZR IRl 2 SR
FHH) CM-Sepharose FF £ (1.6 x17 cm) , FiZ&18 K
VM2 2 A HARR, iR 0. 6 mL/min, ARy L 5
ar iR A 3 mlL, S 25 050 A I 224, PR
PR-IR VL IBE (LA OD o 3R ) , 7% Ty i VA I 2
FI (LA ODsos 7R ) o WO 22 W UG 1) 2 28958 70 O Mk 4
F 2520 mL,
1.7.3.2 DEAE-Sepharose FF 1+ /27

¥4 CM-Sepharose FF 1 22 87 15 21| 1) 22 W v W 5
mL LA B Fi 5 28 1K -7 2 S FEAARFR Y DEAE-
Sepharose FF #1:(1.6 x16 cm) , ZEMH /KB 2 2 1~

FEARER, N 0.6 mL/min, FRAOTICEE A IS5 , 48
3 mL, 555 W% I €0 50 2 A 0 22 4Rk , P A 1 i
W, 2% D se W A . WO 2RI Y 2Ry
ki 225 10 mL,

1.7.3.3 Sephacryl S-2200HR #:/Z#7

s DEAE-Sepharose FF 1 )2 #7115 2] 1) ¥k 45 & B
W5 mL JIATSER 0.1 mol/L NaCl -y 2 M4 44
A9 Sephacryl S-2200HR #: (1.6 x 18 em), FH 0.1
mol/L NaCl #47¥E M, W3 & 0. 6 mL/min, #4731
ednilctl B4 1.5 mL, e8I (R VA A 22
FRORIR R Bk e, 25 S s vk, e
BRI 32 B8R 77, 28 /K & B (MWCO 2 8 kD)2
KR THRIGH] LE-3 254l
1.8 {HEMIIIKIEDH

PRI VR T LE-3 Z248405 10 mg, iIn AT
FR 1 KBr 83K 100 mg, 185 J5 WFE 22 52 A0 1Y)
FiACIR, A, 78 NICOLET 1850 FT-IR 214N iGiE X
EF 4 000 ~400 em™ P KGR P EA T
1.9 LE-3 RS BRI BIEEM ST
1.9.1 3% 2B ot

FREVAEALIY LE-3 fabh 2205 fa 4 h R 25 40
mg, & T 20 mL g BIEE H, A T mol/L BB R
% 8 ml.,100 °C /KA 2 h, KW TP A CaCO,
MEAE M,

K 2% B R SANE (20 W R L H B ABE
BrURLACTRE e FLBE BRZERE) T 24k ) LE-3 g ob
M TR 1) 208 RS SRE IR 5 A i e T
TLC A2, SR )5 8 T2 (IR T i OB 258K = 5
2302, V/V) R, 27 h JR IR 25 A 50 S T
120 CHEFEHHE S min ESES D A 5 #4174
SR
1.9.2  Zatgtn &g o

Behil 1 mg/mL (R BRI BRBH A MR K ik i) LE-
3 ZHERW, 22 0. 22 wm B A% RIS HEAT R 80 AH
R, SRS O 20 wl, 3 3 W, Hth iR s Al
78% W) LM , Wi A 1. 0 mL/min, W35t 5 IR 22 2 30
C, rhUEE IR 60 °CHIR AR 25 °C
2 HRESW
2.1 MSNSHEFEERTFIZ

NS Y 26 BRAT 5 W 0T bR Y R AR, 2O
1333 bR EAE S ¢/L DL L, Hirp LE3 =&/l
5.29 /L.
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Fig. 1
A LB A EAY LE3;B. H22 [ (h; C. ZEFI44 {5, Note: A. Colony morphology of strain LE-3 on LB plate; B. Gram staining of strain LE-3;
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Colony morphology and bacterial staining of strain LE-3

C. Spore staining of strain LE-3.

BIOLOG 13 A= ¥ % %€ 2 5o % W Bk LE-3 A% 5E
25 B4 Bacillus amyloliquefaciens subsp. amyloliquefa-
ciens ,SIM & 4 0. 660, 1% BIOLOG {2l #y % 58 if
24 h B EAE SR SIM Al =0. 5 2 0] LI4EZ bR
W BRI SR A AT B A U A L U, LE-3
SEPRLL A BN 23 Kb L% I 4L R, SR
Z07A 16S vDNA @ ] 519 9E4T PCR 973, 4R 754
NS 1.5 Kb 5 PCR 7730 770 FF , JEH 0 12

9
100

78

100 [LE-3

Bacillus amyloliquefaciens subsp. amyloliquefaciens (KF689544.1)
29 Bacillus pumilus (JX120613.1)

F 75138 8 BLASTN R {4 iE 47 LU X, 45 R 7R T bk
LE-3 ZZFfIFFTE ( Bacillus sp. ) , TEHEALH -5 AHAL
FER 99% W e # ZEAOAT R A KF689544. 1 R AE
— (K 2), W, 454 BIOLOG il 16S rRNA 4%
T W28 1 7 TR AR LE-3 J& — BR A% 38 B 2E JRAT 1 I
Flt, R LE-3 CARTE T R 48 T A 0 o i O
> (GDMCC) , £ &y GDMCC No. 60884,

Bacillus megaterium (MF620065.1)
Bacillus aryabhattai (KU161279.1)
Bacillus megaterium (KU647238.1)

Bacillus oceanisediminis (CP015506.1)
100|_{ Bacillus oceanisediminis (KT216617.1)
77 ' Bacillus firmus (KF228909.1)

100" Bacillus aerius (KY818962.1)

Bacillus thuringiensis (JN999850.1)

0.005

L{ Bacillus cereus (KJ534420.1)
73" Bacillus cereus (JX293338.1)

2 ET N EMEMEK LE3 RELER
Fig. 2 Phylogenetic tree based on NJ method based on strain LE-3

2.3 LE3 fashSHERI 4L
2.3.1 Sevage k&% 9

FH Sevage LB H G , A HLE FE 55 AR AL BEAE
it (O] ) AH L, 2208 5 728 A e/ IMBLER 1 o1 75 52 )
R, KA EE A 0. 807 + 0. 032 mg/
mL, Kb ¥R S5 7 0. 108 = 0. 168 mg/mL, i # 2% 7 I 2%
(FE3) s RALBRAY Z 85 R 6. 397 + 0. 428mg/mL, 4b
RIS 6.164 + 0.248 mg/mL, 2% R 15 2 (K]
3).

2.3.2 CM-Sepharose FF 4 E#7

LE-3 Jifi #h Z B 7 2 Sevage kIR E M BT
J& , IEE T CM-Sepharose FI A, el , i 2 24 I A4
HBA OD oo Fl ODsos o TEFHZEMBKVEBARBIAY 1 ~
13 4 B> W, RIS ANl E HL AT 1Y
ZhE, SO REAT(E4) .,
2.3.3 DEAE-Sepharose FF 42 & #7

W sk (el CM-Sepharose FF AL JZ M3 2] A9 24
g, Nt T DEAE-Sepharose FF A, Bt Mt , Il %E 45 1
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AT TIRUA OD oo F1 ODsys o 7 1 AR IR /K BEIAS 21 )
6 ~ 14 & B — D2 HEE, RUNIZZ 2 A 0l
7 i 2208, B TS AR (K 5) .
2.3.4 Sephacryl S200HR #% & #7

Wk (45 DEAE-Sepharose FF FEZAT45 3

AALFE Untreated W 4L F1 5 Treated

7F a
I a
6t I
3
WS
=l
£
Ss3|
]
4T 2 |
1_ a
b
0 1.4

|| Protein % H# Polysaccharide

3 LE-3 tHZ#E Sevage ERBEAHNT
Fig. 3 Analysis of crude polysaccharide
LE-3 after deproteinization by Sevage
T AR T IR, ZRARE BRBE(P<0.05),
Note ; Compared with control (untreated) ,* no significant difference
b significant difference (P <0.05).
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Fig. 4 CM-Sepharose FF column
chromatography of polysaccharide LE-3
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Fig. 5 DEAE-Sepharose FF column
chromatography of polysaccharide LE-3
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Fig. 6  Sephacryl S-2200HR column
chromatography of polysaccharide LE-3
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3 447.05 em™ AbAYIR UG & B O-H 45 iR 3 5 2
(4, T 2 939.29 em™ b C-H B Wi | i 2 22 4
FOREHE IR IS 06 . 1 636. 19 em™ Kb 2 45 & 7K B IR Wi
I ,927.73 em™ Ab i I MR I 3 B 12 22 W 45 A R IR B
IEZZGRPER WIS 3N

1 2 3 4 5 6

2.5 LE-3 ZHEHBAMEAM S
2.5.1 F§BEEAH

Wk 8 fro, LE-3 Mush 2o h Ao A R
EFUBE AR BT RLAE R H SRR, S R, (E
JET A A BEA A RERE , b T i — 2 LRI

8 9 10 11

B8 LE3 SHEASWEERERIH
Fig. 8 TLC analysis of polysaccharide LE-3
W1 BN 2. 23008 3. LE-3 20 4. fRJe LE-3 2055, AN 6. 0% ;7. MR )5 B 400 ;8. M5 M ;9. H #0510, ABE; 11. BFTRi{f1hE,
Note ;1. Rhamnose ;2. Galactose ;3. Polysaccharide LE-3 ;4. Polysaccharide LE-3 desposing by Hcl;5. Glucose ;6. Frucose ;7. Glucose desposing by

Hel ;8. Frucose desposing by Hel ;9. Mannose ;10. Xylose; 11. Arabinose.

2.5.2 FHEorAE#ES

WAL BT LA Y« SOME 2 Jo AW | 2 W RN R
J& A HPLC £ 88 B [a) 300 o 15.7 15,7 21.3
F121.3 min, iR )5 228 5 2B 0t E] 2 16. 13 min, %
PR BRI 1] 5 SRR, W] LE-3 TRBRMAN 208 &
oW A A, BN LE-3 ik A 24 R R R
B
3 tig

TREIRME AL 5 450 26 R M (inulin) F1 levan S
WE R BME 8 B-(2, 1) RME B L,
FHORIE TR 5 levan M 73 7 b & A K& B-
(2,6) RbEH B 45 Je /b it B-(2,1) RMHH ) 3¢
B, FEORIE T EMA Y. SR REAA
GaE R AP N MR A
BERAC S RN DRE T Bt , B AE L TR ot AR
KSR TR e MR Y
levan S Bl EL AT B0 M58 L HOME SR A L B
g7 R s AT B L BRI A AT LA
Hz levan S BEME ) 40 Hb K ZF 0 KT 5§ ( B. lichenifor-
mis ) fg BB 53 BRE & ( Leuconostoc  mesente-
roides ) "™ FIEIEE B /N AT 1 ( Brachybacterium para-

conglomeratum ) ' 4

AR 38 5 ) 07 R 2 A 9 e s 1B 45 21— Ak
A Z 4 = 5. 29 ¢/L Y LE-3 Tk, 24 1B
&S BIOLOG 734 1 16S tDNA 7347, T ik LE-
3 Wi X% N B. amyloliquefaciens subsp. amyloliquefa-
ciens . fFVE M ZF fLAF AP LE-3 /Y Jf Sh 2 8 2
Sevage B 45 H . CM-Sepharose FF ., DEAE-Sepharose
FF F1 Sephacryl S-200HR #¥ )22 #fr i {b 15 2| — Fh =
W, 28 B 2T 4GS TLC L HPLC 434, 8 1%
W — R, BT, R WA B. amyloliquefa-
ciens subsp. amyloliquefaciens 7= 5B AT o

I TR) T ke T A 7 SR BROB 1 7 AN (), 24 TR
WeBETE 60 ~250 g/L I, levan SF MY 7 1t — M 7E
15 ~50 g/LERMN . YRR g 100 g/L B,
Rl 5 /N FE TR 1Y levan SRR BE ™ 52U R 2. 13 ~
2.63 g/L, YRR YNy 500 g/ T ), 32 18 Pk 1)
levan SLEM ™ H AT DL ik 45. 23 o/LY RS
T TERS ZEAUAT AP LE-3 (1) levan ML K= {0 H
5.29 o/L, BB EARAR, v] GBS B BRAS [R] | R
JERBARFNH B A I S A AN TR O, 4 B 35 5 Rk
5 T B T SR OB 7 AR 218 36/ L L[]
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