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Study on Structural Characterization and Purification of Bioflocculant ZS-7
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Abstract; The bioflocculant ZS-7 was purified to homogeneity by ethanol precipitation, dialysis and gel permeation chromatography
(GPC). About 0.98 g of the purified bioflocculant could be recovered from 1L of fermentation broth. The purified bioflocculant was
identified as a glycoprotein consisting of polysaccharide (91.5% ) and protein (8.4% ), with an approximate molecular weight of 6. 89
x 10°. The major component of ZS-7 is an acid polysaccharide including uronic (16.4% ), pyruvic (7.1% ) and acetic acids
(0.5% ). It consists of galactose, glucose, mannose and rhamnose in a molar ratio of 142:2.2:4.5: 3. 4. X-ray photoelectron
spectroscopy ( XPS) and Fourier transform infrared (FTIR) and NMR spectrum of the bioflocculant indicate the presence of carboxyl,
hydroxyl, amide, amino, methoxyl and sulfate groups.
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A BTN A GPC (SR 38 2 47) \HPLC 4347 ,
B ML AP i 2 B, XPS(X SR e FRE ),
S50 i85 B TR 2 .GC-MS \NMR % R i
T Bacillus licheniformis X14 & R 4 B AR 5%
P EEAMAS 25T MR ARREH.

1 MHE5HZE

1.1 #H8
1.1.1 EHEHRE

M X14 ( Bacillus licheniformis) , & 3 1 % 7%
ke ARETFPRAERYRESC,FIS
CCTCC AB 208260.
1L.1.2 SAEYEERNMHE

RN R 10 ¢/L. Wik 0.51
g/L. K,HPO, 3 g/L# KH,PO, 1 g/L,115°C K& 30
min.

WHEML M pHENS.OEMERA 1%,
$5 DR %% 7 SR F 140 ~ 160 1/min [ 75 2 355 ), 37°C 3%
7% 48 h FWE LK.
1.2 Fi
1.2.1 EEEERNE &

£ ZR4-6 BUNERBE AN A91 000 mL LEAR A
990 mL 4 g/Li R L B M (=18 + A B Aiad 100
B, REHH 1 min(700 r/min) 5, LKA S
mL 10% CaCl, #1 5 mL X B ¥, 18 5 min (80
r/min) , 8 5 min J5, B 800 mL % B 4k /K B F T6
Fritt 48 4 XX 550 nm LW Dy, ic N
B.EEALZBFRRERBEBENR,D,,IEHN A.
REEEMTEARN - EBEH =[(A-B]/AX
100% .
1.2.2 ZS-7 {yaifk

(1) ZS-7 Wyt 38

¥ EZBEVTE 5000 r/min F 4C B.0 15 min £
B EERRABHTREE FKkPEN 48
hB8hER—-KEBFK, ARKR-ERHERNE
WP R E, FARERE RS ZRRK
B 15, FMA3BEBEHTKZB(4CT) 4%
HERETFI4CARPIRBETE: BIRES
BT 100 mL ZBFKP;MA 2% %KEH 10% &
CPC(EL+AKEME); RFRAF/TSCTHRYT
10 min ;5 000 r/minZS.{> 5 min, ¥ CPC LW H 4
YWULIE , I TLIESE F 2 mol/LiY NaCl &, 355
RIZREER, e, 285 CPC B L HRESR

5 CPC BB, Mo SR 7% 4k £ 08 UL 3€ ; E W ¥R L 9 NaCl
METAUEE CPC WEBBEBPMA2B/EKSL
B, ASERESE,BE 20 min, BEHER S H;
5 000 r/min®5 . Smin, ¥ 1 5 F 60% I Z. B ¥h % 3
WH W UL F R UK T 4R R B FE AR &

(2) Sephacryl S-500 & i3 i 2 #r

f#i Ff§ Bio-Rad Laboratories, Inc. # FPLC
Biological Chromatography Systems i#f 17 % Ji¥ i3 I B
.- BH& (1.6 x 100 mm), 3H ¥ & Sephacryl S-
S00, R % S mL,Hi# % 2 mL/min,5 mL/®, 45
EOM SR, =8 K B B pE iR, 280 nm 1 490 nm UV
BN MeESEREBOE . EORABRERSR
Wi BRETEEME 28T B R =% B BT
18 B4l 5 Z28-7.

(3) Z8-7 W% FB 3K

Bk &4 M IREE 25°C  {HERBER 250 V, Bk
Zh¥i N 0.025 mol/L,pH 3y 12.5 K THME, BERR 4T
BRRFHOS% (RESBOMPEBRERS, B
Az meer".
1.2.3 #ifL/589 287 BT

ZHEBRMERAERHERE "  BEHRSE
PERAEDHEER" . BN ER AR
k" NEMMZ MM E R Friedman i
1P, SR A I E R A Elson-Morgan J5 3. 56
K2 Wk A Vario EL CHN-0S R # T X 2+ 1 {X
( Elementar, Germany).
1.2.4 ZS7 WX 4 FRENE (BEREEE)

WEDHEMSTFRRE(M x10°: 5.2, 11.6,
23.8.48.6, 148,273, 410, 668, 1482) (i B IF
Yo 4 5 B Sh A AL i AR 1. O mg/mL A B W, i
H& 20 uL,id R 6% A, A Breeze GPC B {4 LItR HE
B T R E KX logM, Xk B & R
(Elution Volume) 3# 47 [B] 15 4t 3 , 18 B 4 R 8E 45 HE ith
KR EEEEHRAWSIHERHM 1.0 ~2.0 mg/mLiy
W, AR 20 pL, W E ZRER SR B R, A A
RAER 2R OR th BB 4T B
1.2.5 ZS-7T WA a0

HERBEPES mg, MA 2 mol/LEj TFA 1 mL
AR, HE K 6 h. BUE M A B BE 50°C W K BE
. BREEREN TFA, BT, 0 ANBES mg, sk 2
mL Z5f. BRI R (00 R 20 R 3L B H
B AERNESE S mg, K 2 mL B&. HOB
RiFES B2 mA NaBH, % 25 mg ZH KM 2
h, IR AL RZBRTPNZERESE™ 4, P
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B % 31 %

BMSOCHERAERETHRZT,1I00CHB TR IS
min, G B M BHF ZHBE ,MA 1 mL ZKE 1
mL t0E, FHHFFEH,100C KB 1 h, EREEL
GC. 1R 4% I i 60 t W& B[] X i R 4 AT 8, B
BEFELERTENRERBTABERLY
.
1.2.6 ZS-7 LS

Fl EQUINOX 55 41 4} %3 4% , KBr FE i i3t 77
A EF WHORER) SN EARESEE
EAMELBERTIRE™.
1.2.7 2S-7 e FREI ST

F ESCALab250 B X 8348 )6 #%{X (XPS) it 47
BB 43 17, 3 % B i B R XPSPeakd. 1 3k 4 i 17
SR,
1.2.8 7S-7 #9'H-NMR #1"°C-NMR J& i 4 b7

4357 BT FA B9 4L 88 4 2 Bruker A R &R C,
"HYY B 8 i 18 #5 3k A9 AVANCEA400M 8 S 4K 48 57 #
{837 2 e g R L B BN W B B N 70°C L B
7% D,0, LA DMSO-d, X W45, B & #¢ & B Ky 2tk

5 10 mg.

2 ZER5iH

2.1 AEYWREN ZS-7 KLk

B 19 ZS-7 BT 8T 38 12 A7 B B B e bk 2%,
MPATRIREENSANEQR, SEEREHER, R
HMAEYREN ZST P ERMEBEOQRTERES
R BREkLRSR(EH2 vE—KAGHK)
M HPLC 4047 [ B 3(a) HE B X 8R40 4 ) itk —
W T ZS-7 WS Br bk, di4b )5 & 287 AR ER
REEEN.
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M1 ZS-7 A Sephacryl S-500 B #7 B i 32 R fa it B
Fig.1 Gel permeation chromatogram of ZS-7
with Sephacryl S-500

(@) 47.5ug (b) 28.6 g

M2 ZS7 MR T MMk ER

Fig.2 Results of cellulose acetate film electrophoresis of ZS-7

2.2 #ifk ZS-7 W ER DT

MAYERERN 2ST 1=K (22 LR B A
H)HWERERAN1.26 LEABW, SETRX
4H0.98 /LREEV, HEB SR INE 1 PR,

21 ZSTHERSH/%
Table 1 Composition analylsis of ZS-7/%

H @ FEOR NEM AER M JES
@/ 9.5 84 164 7.1 0.5 3.2

HRI1IAFEOXRENZS-T T EHEH
MEAFRAR  HEES5HR 91.5% #8.4% , LM
BEAXEEN IS THEIENBTRER. #—4
WA RAZSTI P I A REZIRCERER
(16.4% ) WM (7.1% ) 1 Z B (0.5% ). [/
IS THREE 2% HWERE. T E I BR 287
FCHONRMSFHAEEESBAHN32.1%
6.2% .55.1% . 5.3% #M 1.3%.

2.3 #4781 WA FERMNE

RAGER G EX AL MBER 287 #1T
X4 FRE AW E. BI5 R Pharmacia #j 3 ¥
Dextran RFUFENIRAE S, B 3 BB IEREH R
BRR(Y,) M log M, £HIBtRHEMLR , HRE X R
KW log M, = 61.5 -10.1V +0.607V* - 0.0125V*,
R* =0.999 324. £ & ZS-7 (Y43 B ik [@] % 24. 05 min,
BARERBRERAREHZPIRE 257 HEY
ATFHEBABYH>TEESH N 6.8 x 10° fn
5.70x10*. 2B HBEAE(M /M) R1.21,%&
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Fig.3 Gel permeation chromatogram of ZS-7 for M, measurement and calibration curve of pullulan standards
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Fig.4 GC profiles of standard harid
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Fig.5 Infrared spectrum of purified ZS-7
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X H&tH FaEiE o,

LBAREAE(E6(a)] BRTHEET 2187
REH3FHEETR(C.NMO).C 1s FEEM
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Fig.6 XPS spectrum of ZS-7

2.7 'H-NMR #1”C-NMR ¥ 447
f'H-NMR( 7) {3 E ST UE s, StiR 15 S
FEAEMEMB(3.7~4.2) x10°°, FTEALifk fo

EORSPRERNERIEN o BIEHFRS. 12

x 107 kb o-2 L 5H ol ool % 2K A0 358 2K R T 9 4 AE
. M5, K ML A0 H BRZE 4.70 x10°°,
HC-NMR( & 8) o] LIF  , M ERIRF 1Y
FEEPFE(RRT7~78.8) x10° . BEMBEALEN
BETHESHIMAE 12.4 x10 *f154.6 x107°.99.9
x 10 ~°4b S oo-2 00 v U5 7% K 0 950 6 B3 110 A 1T 0.
{2 B 4E (175.6 ~ 176.8) x 107 1 (178.7 ~
182.1) x 10 RN B EMREPBRETFE S H
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