[ 18 el PR LT Il P i B IR ST R

Acta Microbiologica Sinica

JLBRRERF LN R
E -

UUFRXEREVE P 250100
IHE #HE
(PEMFRRMAHEIRR RE 13007D
thE

(HIbpESER A 430051

B OE WRPICHEENT4LE HPEHEGUHBSNME&SBTHEAILHERE
(Sporolactobacitius GC3) . FHBEB (Arthrobacter SBS), BHME R (Pseudonmonas SBS) .
SBREE (Aeromonas GC21), MHREBEERSBHHT LRIV EBWE, EREEHR
FOTREEN ' A 0.5—0.9g/L. GALEHUFFERER S, —HOBEY, HAIHES.
ARG TRYR (MW>100, NSRS . 12—30g /L B BEMLE | BT RAET
FHEAM A E RN ERER. W ANFHIREN. 2070 {57 6 Bk 00 E8H 3t
RARKLE.

@R EENUAE. WEWEER. RESHE

RN SUFRULRER . 2 Rk A 5 TR 18 R B2 SR R . U0

. BETUMER, FEANSRAZFESES. RENTSHENFR. tHERE

BEN TR IRE. HPEME>TEEN, MBRSBERTEY. BABEEFEM
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1 AR ik
1.1 EMBERER
101 BEEN. RUAMSIREFGKEESEERE.
1. 1.2 PEERESRE. (1) YA B33, BB 20g, KH,PO, 1g, MgSO0, - 7TH;O
lg, 1L, pH 5.5 & 8.0, 0.70kg/cm® KB 30 4r8h. (2) SB 35 . nJ AR 20g,
K,HPQO, 0.5g, NaNO; 1g, MgSO, - 7TH,0 0.5¢, KCl 0.5¢, )K1L. pH 5.0 & 7.5,
1. o5kg/cm® KB 30 43§, (3) GC #5353, HAGH 20z, KH,PO, 2g, K HPO, 5g,
(NH,»,S0, 0. 2g, NaCl 0. 1g, JRO.5g, #&H 0.5¢, K1L. pH 7.5—8.5, BEHEH
T KRLA 20 % %58 » 0. 56kg/cm® KB 30 404 HERMA T 1. 05kg/cm® KE 30 24,
1.1.3 N BREFEESE. TRUKRGREE, AR5 FHIOCHE
RIEFE 65 /AT, PAILIWESFFMBE AT 4g/L 60 H e L 8RBT .
MmN EERG, CEMERRBM SRS, #HTEW. MEHE: 100ml £
FFANA 0. 4g 60 BRI L, B8 80ml 4K, Sml 1%CaCl,. 2ml KR, BE. MK
18K E 100ml, pH £7.0, 5, BS54, F 751 BakEE T 550nm gh#iE b
HIME., DAMEREN AN ANR, SdmERORREREEE. ARREE

BFONEEEE. BEERA W T,
EEE O =(AXB)><100
A: X E A 550nm AL RE (R
B: B DAHE 550nm b RSGH HEAE

1. 1.4 BEhk: BRI S BE17, 18]%E.
1.2 RERLEHENE

F£ 500ml =A% 150ml 3%, 0CIEIREF . B 7 /DB —K. MERF
#HrH. BEKE (B ODgwFR) BREER,
1.3 EEMREEASCLENER

BB RN W cH, BRARELRESE (UBKERHEERER FEE.
W ERER, WEIIMAHETEERT LR,
1.4 EREIREFTESD

YT 10°C, 9000r/min B0 15—30 43r4p, B EIER. AEHZRBKESRE
BRAESEFARSERMERKT, ERNZHFN. EHHK LR R0 MR
i AR,
1.5 REFARE. s BitRME
1.5.1 RERMEE. difk: BREEEE LHEBRTICHAEHZERE, 7042
BEvEd. H2TRAESEEN (KKITHMF-3, MF-6, MF-8 f1MF-24) &,

MF-32. MF-6 #] MF-8 H Sepharose 4B B ali4k. Fzh#H% pHB. 0 ) TE 2 gk,
254nm KW, WEHBHEKEREK, ZFEH. TREAT.

MF-24 Fj Sephadex G-200 E-alifk,. ZEfi % 0- 02mol/L & pH 7. 2 9 PBS 2B M.
280nm W, B ERTRIIERIM . ZEN. THREAN.
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1.5.2 EEABREME: EFTH-MERIR. « ZHIB. BMRMLE. FOEF
A7 ﬁﬂﬁ&&%ﬁfESﬁﬁﬁﬁﬁ&ﬁ%&%*ﬁ 5 P A
FEATENE.
1.8 HEN

SR cw[19—21], m%ﬁﬁ&am
1.7 EEgEHNE

PSS, MAIMERE. MAMBME. BEE. BAK. RESK DE. mk. #
TEASEMBEE BB, BE. BB HURAR, MASEXEARE R, A
BT R BB X R (R A ) S E 1
1.8 HYRAEENLR

SRR A B BN S A, MR 20+ 2g, hIRDUEI R BF A R . MEMESE
BN (G420 B, FERRR T X . LIWE g 623 -839mg /L v A N R, B
WM E 0.5ml, 24 /NE MR 4 %, WXL 2ml, BEWE T K. WEET AR EA
%, PETIREEN A ARET TAESEY.

2 FRAfw
21 AWMMRERERE

LA R R S TS I T AARE R T A 0 BB R VR BRI 1 - TR ERAR 8
W R NE. SEENE, BERREOXNIU LHE 27 b REERSN. BT
MAREAME. MHPEERE 0V EHMNKE (85 GC3. SB6. SBE. GC24) j#
7% 5, 3% | Bergey’s Manual of Systematic Bacteriology /& . GC3 BHERMAFTERE
(Sporolactobacitius sp. ), SB6 BT 4 H /B (Arthrobacter sp. ), SB8 & ! ML i Jd
(Pseudomonas sp. ), GC24 BBERER (Aeromonas sp. ).
2.2 FRENAME

MBkEE R pH Tihi. A KM, EBPHR (D, FA%A SHKFAZL.

RS, BRApH AR TR, #HT 21 ARELEHERE, ZEEEAR
TS, HARERSNMEELBOMMRAEAR, Ll KREHREAR
RIESREE. REEHSEEREREEMCH. “fiﬁfﬁ#&‘]‘f%ﬁiﬁqﬁlﬁﬂﬁm
YRR A A R, ﬁ'ﬁflli%ﬁﬂﬂﬂﬁﬁxﬁﬁ% Kurane®™! | Nakamural'f} Takagi*! %
& AR BEER R T R8RS
2.3 RMEREFFENER
231 BEERS BRAERAMEEEENARAEN. EXRERERETNER
EHHMFTEERK L. W SB MY 60 SB6. SB8 BiHkA GC &, R
EEEAGE TR 15% £ TABRIEEN YA Bk, HEERN>2R
. B R R (2 e I E A SORIRED ),
2.3.2 EHEWEoH: EHETE pH SHERSERYANT RESNE £ DHRE>R
BRI E IR pH 33 7. 5—8. 5. 3% pH %t SBé @ik RERIMEHMIE 1. ¥l pH
AHE=HE S RENNERTAUNER.
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Fig. 1 Time course of flocculants production by GC3 SB6 SB8 GC24 in GC medium
(A) GC3: (B) SB6; (C) SB8; (D) GC24.
1. #4KEfE Growth curve;
CERTEHEEE  Corve of flocculating activity;
3. pH F{tghedk Curve of pH.

353

F1 EFREYE pH X SBe PR FNELM
Table 1 Effect of initial pH on flocculant production by SB6

pH
Eﬁ 6.0 6.5 7.0 7.5 8.0 8.5 8.0 9.5
Initial pH
b *
R 65. 7 74. 9 88.9 98.3 100 97.0 89.9 77.6

Relative rate of flocculation

* DAY pHS. O B S R R Y 100,

The rate of flocculation of cultuze broth with initial pH 8. 0 was taken as 100,
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233 BRBE. FEFEERENREHHFREN0C, B 23 XA ARBRERHE.
BCRFE, 5 RABXPESEESHE. 5CEE, HLKke, HRRESFENY
WCHFME 70% cH. ol REFAHEFRBEAH TERRESEN.

234 ESE ESENIUKENA M. SRS REEE R 200-250r/min, —
FEAHE I EEERRBERNEEE: B—0W, KESEAATHSREEN. Bk
4% B %l AT B 2R R [, SB6. SB8 A 150r/min Yy, GC24 A 80—100r/min.
BT RYM GC3 RN ERAK.

ERmEER L RENTREN, 5 SESEET, WG eH B 7.5—8.5 HGC
BRI, 30CHKEFARBE AN EREEN. Kurane {HM R, erythropolis® =t
WEEAEB AT FA LR MRy EER, ZEERRRS O REEN
%2.5—5.6 (1/0Dss0) » A 4 BREEERBEMERH T, REFHEHR 79 (1/0Dsw0» R
F R. erythropolisPEF =B 8837,

24 BERRRFBESIH XKD

»

R EREBRRBPRESEN

Table 2 The distribution of the flocculation activity

[ 3 HMMEEHE* Relative rate of flocculation
Strain LB EER Cell free cultrue broth SMMBM  Cell suspension
GC3 99. 1 0. 18 -
SB6 98. 8 1. 95
5B8 97.6 0
GC24 100 , ]
*EMEREOREEN 100,

The rate of flocculation of culture broth was taken as 100.

ABHTMHUEL, NEKENEEESTEXREZRER LHERD, HEELTE
BT,

25 KEANRN. it RERMNZE

¥ 2 fEEZ B I v b, GC3. SB6. SBS R PAAARBEAY
R T R . GC24 WITE AR A R ITTE » LI A Rt . — B IS T R PR B 0. 5—
0.9g (F 3.

LS ERME ST AN % Ak, MF-3, MF-6 #1 MF-8 j Sepharose 4B £, F
254nm F; MF-24 i1 Sephadex G-200 &, F 280nm 8., ¥ZEMBESG 50—80 8T
Bk, He 8 ARRHAE M, EEEEEN, R e iR BREE 8w
WEBISYE, LU BRSO EYE. HIL S . ETE TR, e
P& R AR 25 . -
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Table 3 Yield of flocculants produced by the {our strains

[ N REN R’ /LD

Strains Flocculant Yield of flocculant
GC3 MF-3 0.5—0.7
SH6 MF-6 0.55—0. 75
SB8 MF-8 0. 6-—0.9
GC24 MF-24 0. 6—0. 85

Xt & EER L FHRBAITRE. SOERBH ST, 200-800nm FE K, MF-3. MF-
6. MF-8 R7E 260nm ZE AT B AR, BoREBEARS . MF-24 PR HM. HIEE
B bk S RAIEL T3X -4 MBI = RP BB DB R T B AT ADNA i
4+ T8 (48.5kb). FiDNase. RNase %2 ik, #— S WE=EH A FRUBERY
DNA.SDS- RSB ERGEARNAEFAPEHAS TR E MBS TS FE
B 10" A b, o MR, ERRLN SR MF-24 hEEBREE. BREETRESE
Ry FRIELIC L.

EKELHRRY, MF-3, MF-6 I MF-8 3B EA. MF-24 38EH, ¥AHTFRE
KA.
2.6 FHE#HR

I WA, . ARESESHTERRMUBE, MAGHEN. HENTN
PR B PRS2 b R PR Y
2.7 RGO ME

VO Fh S8 A MY IR R 3 BT BHA M R A BB . PR, RN, DAKER.
HEW. BARERERFS. FED, BEH. 12—15me/L KEERE 4 b Aol
Ry - BB T 0% 20 mg/L pyHE. 30 28RN EE (EEL-D.

BRI B (R EBAK) . B (SRR WERTNEERE. B -
2 7 30mg/L 8 MF-6 X 250mg /1 Je¥k. 1M BREBKEE PEREEEE.

R B ET £ R A B+ SR R ESURHE, AT A R
- RAER. EMKT -3 % 30mg/L RENN 250me/L HER 5G S0 EENE RS, I
MF-6 fl MF-24 #E %R 27, MF-3 #isre,

HAh, BHMEYERERRE A VRN E LK MR E S5 a8 R,
2.8 AR

H2— 70 THARENEERNEEET, WELX, X5, XURHAENN
BRI 32 BT 62- 3mg/kg. WA MEA MR E BRI L SRS,
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Table 4 Microbiol floceulant’s safty to mice

331 & R MR HEK HER
Flocculant Concentration Observation Lethal number Tolerance
{mg/L> {d) (mg/kg)
MF-3 623 7 0 62.3
MF-6 674 7 o 67. 4
MF-8 839 7 0 83. 9
MF-24 741 7 0 74.1
3 E#

FTHEY. AREENOMENFHES, EERFRSATEZ. CPUKRERD
EEARYE. WkERN, EEEEANEREATERAR. FRERERER. B
EEMTEFATAEEMN ERES. ARNME LS FRERGHESHERBAERX
¥, HERELBERSHHAREREDN RUETERAPHREYREEHEER
0, TIEE g e, REHALEH SR REN D, ZHIBEER, —MK
BEL. SFRIBAT 10 HAEYEST. BFSERNERTTEBERE. XERRE
B4t BREDE oH. BWRARE. BEXBSAFEEEW. APRRERNREFER T
AP TAEER M. FXEEHFEENEE, LRESRESH, P RERS
R ORISR

AR B R N 0. 5—0. 9g/L, XTEK LIEEEN 79 (1/0Ds0)» HRT
Kurane $RiB#5 R. erythropolis. ETREME, #EHR, 1230 mg/L BEER 1 /)
B A X BT SR RS S AT M R R . BRI, 20— 70 T8 IR 1 3R Bk
AMEHET AR, BRSRYEY 62 3mg/ke, BARTHAEWEERMEN—LEH
NERNERBTRELE. 8L, BoKA~I% ) K AR,

Bhh, EEAKMEEE, HHMARSARBRESHEREN=EN, THRESKER
ARTR T F . ) Y R AR I A 0 S B R 7 A AL TR A IR A TS KT TR 4L 8 B a5
MR (e ag SBe. SBS Hibk) MBS BN A. AT MEERS I
SR ER EI DR, KR, IRRTHEALEI KT AN,

£ F X W
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STUDIES ON BIOFLOCCULANT-PRODUCING
MICROORGANISMS

Wang Zhen
(Department of Microbiology, Shandong University, Jinan 250011)
Wang Kongxing Xie Yumin
(Wuhan Institute of Virology, Wuchang 430071}
Yao Yinli-
(Hubei Traditional Chinese Medicine College, Wuchang 430061

Abstract The 83 strains of microorganisms including molds, bacteria, yeast and
actinomycetes , which were isolated from scil and active sludge were found to produce the
substances which can flocculate kaolin clay. Among them, four strains with high
flocculating activity- was identified as Sporolactobacillus sp. (GC3), Arthrobacter sp.
(SB6) , Pseudomonas sp. {(SB8), Aeromonas sp. (GC24). Growth study in shaking flasks
was conducted for obtaining high floeculant production. The highest level of flocculating

substance accumulation (0. 5—0. 9g/L) were attained after 65h cultivation at 30°C with
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initial medium pH 7. 5—8. 5 and proper aeration. These bioflocculants were purified by
ethanol precipitation, gel chromatography and dialysis. The isolated polymers possessed
chemical characteristics of nucleoprotein (MF-3, MF-6, MF-8) and polyglucoprotein
(MF-24). Their molecular weights were larger than 10° dalton and they have widely
flocculating activity against both organic and inorganic materials. It was detected by
experiments that neither of the four strains has plasmids. The pathogenicity of their cells
and toxicity of the bioflocculants had also been studied.

Key words Flocculant-producing microorganisms, Microbial flocculants, Flocculating

activity

BRRiREA
Explanation of plate

1. MF-6 X8 IE%E. BWEM: oo ZRMA: b 3HE4.

2. MF-6 3R BE. S6/ER.: a. HEENHE G 8 (250 mg/L CK); ap. F#E 5G 8 +MF-6
(30 mg/L); b1, HiEfd GX & (250 mg/L CK); by, HE L GX #+MF-6 (30 mg/L); ¢ &
B KNG 2 (250 mg/L CK); co. 3EHERH KNG 2 +MF-6 (30 mg/L); d;. BERK (1%
CK); d,. BEEBAK+MF-6 {30 mg/L).

3. MFRAEMRER M RELRRLE. a. HIERN 5G 8 (250 mg/L CK); b, Hy+MF-3 (30 mg/
L): c. B +MF-6 (30 mg/L); d. Yefi+MF-8 (30 mg/L); e. Ri+MF-24 (30 mg/L).

1. Flocculation of orange juice with MF-6: a. Experiment group; b. Control group.

2. Flocculaxing and removing of colored material with MF-6: &,. Direct dye 5G green (250 mg/L CK);
az. Direct dye 5G green+MF-6 (30 mg/L); by. Direct dye GX yellow (250 mg/L CK); by. Direct
dye GX yellow +MF-6 (30 mg/L); ¢|. Active dye KNG blue (250 mg/L. CK); ca2. Active dye KNG
blue+MF-6 (30 mg/L); d;. Ink (1% CK); d;. Ink+MF-6 (30 mg/L.).

3. Flocculation of dye ligue with four microbial flocculants: a. Direct dye 5G green (250 mg/L CK); b.
Dye solution+MF-3 (30 mg/L); ¢. Dye solution+MF-6 (30 mg/L); d. Dye solution+MF-8 (30
mg/L); e. Dye solution+MF-24 (30 mg/L).
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