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Flocculent Genomic Clone and Flocculating Mechanism Analysis

CHANG Yu-guang, MA Fang, GUO Jing-bo, REN Nan-qi
(School of Municipal and Environmental Engineering, Harbin Institute of Technology, Harbin 150090, China)

Abstract: One strain, named as Bacillus sp. F2, of which flocculent ability can reach 84% . was separated. Flocculent genomic library was
constructed. The total genomic DNA of F2 was extracted. It was partly digested by restriction enzyme Sau3Al and then was connected with
carrier PUCI9DNA which was totally digested by restriction enzyme BamHI and further was converted to competent cells JM109. These cells
were smeared on the ampicillin substrate. After one night culture, we selected them by white-blue spot screening and constructed the flocculent
genomic library. The library included 3.5 x 10" recons and the titre was 3.5 x 10° dpfu/mL. strain of Escherichia coli. positive clone FC2,
which could express flocculent activity; was acquired after selection. Flocculent tests showed that the flocculent efficiency of FC2 was 90% »
which was slightly higher than the original flocculent bacterium F2 and greatly higher than the competent cell JM109 (6.9% ). It demonstrated
that FC2” s flocculent characteristic inherited from the original flocculent bacterium F2. By adopting the tapping mode AFM and Zeta-potential
tests the flocculent microtopography of FC2, F2 and pure kaolin suspending solution was identified. The AFM study revealed that, compared to
the kaolin suspending solution with and without F2” s fermented liquid, the kaolin suspending solution which has cloning bacterium FC2’ s
fermented liquid had larger flocculent gel and more compact spherical structure, and the surface was rough with high degree concave and
convex,> and had large specific surface area and strong adsorption ability to the suspending particles in the solution. After adding the fermented
solution of cloning bacterium FC2 into kaolin suspending solution, the amorphous and incompact flocculent particles transformed into spherical
structure which was compact and had even horizontal dimension, which indicated that the agglutinin in FC2” s fermented liquid could easily take
kaolin suspending particles as its adsorption core and adsorbed on its surface and the flocculent efficiency was about 90% , which gave further
confirmation to the great pollution removal capability of FC2” s fermented liquid. The results of Zeta-potential test illustrated that the intensity of
electrovalent bond was differents resulting in various flocculent morphology; which provided significant evidences for studying flocculent
mechanisms of biofloculant.
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I3 15 17 I R 7K Ak B R G A v (R KR,
PGV AR A58 AR R B RS2 38 ORI v 28 2R
F2, 20 B & C Bacillus sp. ) . 22580 € 45 R WoR
R T BT R, B 8490
1.1.2 SR EEMER IR AF

IBRiFRIE (R L S MRE S o HEHK 10 g
NaCl 10 g, ¥ pH {2 7.0 H T3 3= K i, 37°C,
AR TR 160 r/min. 338 15 77 36 (BF L & & A 1k
10 g, WEREE 3 g, NaCl 5 g, ¥ pH (A 7.2 FH: 9%
BUBER, 30°C, AR RE IR I 160 r/min. BB IR 5L (F
L& W %8 10 g K,HPO, 5 g» MgSO, *7H,0 0.2 g,
KH,PO, 2 g, NaCl 0.1 g, JKE 0.5 g, " EEE 0.5 g, I
pH EZR 7.2) H T2 BRI K BERE TR, 30°C, AR S
FEI 160 r/min.
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P BRI P 9 D) i BV B TR 8 CTP. T4 DNA
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& ECRF E I 1 SR AR TR A A O
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DUE IS B A7 B A F]Ds 4 H 8l Tk ) 28R K B 4
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(ZHWY-2112B, b8 45 73 #4233 A7 BR 2 7))
AL FT-IR £L40 73 066 A CAvatar 360 2, 56
Je i 123\ D5 Zeta HLALAX (ZETASIZEVNANOZ,
HE [ Ty IR ) D)y BRI H9 4 (Mastercyler gradients
TE1H eppendorf 2 7] ) i1 7 W GUBE ( Bioscope, F&
Y S BE o)) aT DG 66 FE v (PC22, gt e
RAEABR AT AR T4 (LRH-250, bifg—fE R} 2
BB A F D B0 ML CAllegra™ 64R - Centrifuge, 5
BECKMAN COULTER 722 ) s ¥ A4 J0k: v 0 #% (9703,
2 HIAC AFD.
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1.2.1 Pl 59 0 il ik 2% A

Pty il 25 AR 4 U0 W B EAT . IORE DNA S5 A0 4%
PRI 5 7%, Z OGR4 ]

1.2.2 BRI

SRR F2 3 H A O B R AR AR 30°C K AR, M
BURLS T N BB IR AL 2 B R IR IR 23 S pH
B 7.2, BBERAE 30°CE IR I R RA L, w5
FRHEEE TR R TH LR 240 5 DNA, R & 5
BRI IR I A IR R T e 2R
1.2.3  FERYISCPEM R g

TSR B F2 IR R 415 DNA, il 4% 772
P B SO BRAE SR 5 H BRIV A DI Sau3 AT
o B U1 R 415 DNA, ZE K14 DNA 1 Sau3AT 3
Iy U4 LLR J7VEEAT : SE EAT TSE B, B R 41
DNA 10 pg, 75 50 pL 1 0.5 pL 1) Sau3Al, 37°C 1
I, BFB 1 min B O VKRS I, 22 K357 DNA Jr
BUMAE 7.5 ~ 15 kb /oA AE 72°C /K, 10 min 11
BEL )2 P ) 8 ) Il 1) I I R A S 0 A e () 4 A1
JHIE R Sau3AL & 4RI AL 100 pg 4L
DNA ARG BEAT 0.8 % BEARRHEE I UK CHL A 2 V/iem)
SN IL5B 23 B DI R AL, 55 HE DNA Marker 7E54MT F
PI'N % 7.5~ 15 kb DNA Jr Bt fie, HR A7) & el
DNA; JFURL DNA 1% il 8% 2 FECIR 500 460 U0 B $4F , H FR
HIYEN VI BamHI1 56 2B VI 804& PUCI9DNA, X IV
EZR A SOV AR R 20 1L, BamHI 241, 10 x Buffer
2 pL, #AK PUCIODNA 5 pL, dH,0 11 pL. 85T 30°C
IR ORI S 2k [ 0. 89% 1R 3 T R
B VK CRL R 2 V/iem) A DUILEEE IR, (RIS 1)
Jv B, T B0 W 1 1l 25 B A B PR 57 A i 0 1R
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5, B R EPE DNA B B B AL d5 5 R 2R e R R 4
DNA U] B 5 204 PUCIODNA Wi U) Jv B 46 %
BN ZARTR IM109 . AR5 B2 AR T IM109 T LB K g7
e PR BRI B T, MBS IR A & VA R
£ 100 mlL ) LB [MART TR I3, AL 100 mg/ml.
MZ R R % 100 pL K% 24 mg/mLI) IPTG100 pL
S BE 20 mg/mL ) X-Gal 200 pL, il & (% PTG
X-Gals Amp PG IR 2 DNA Jv BUid A2 pUC 2
ECEH lacZ Amp HEEARD, KRG AR lacZ B
KA S, AT LRI IPTG X-Gal~ Amp VB B5 57
HE, PR R H R AA R B8 €, T {8 M B R
DRI E 40 A C 0 LA DNA i N 7 B i) 2 DR i 4
M, 15 B0 LB VR A OB T, R T B N A1
SCRES T RR B 2R AT SCPE T FE N 2T DNA P
FII € R 5 A 28 w7 58
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L R BEAS b B TR A T- 2647 10 mL LB ¥
PR FRIE R, 37°CH BB IR 48 h 5, JH 249
i 1 min, 5 i 5E, WS LUIRYOTE 17 AN K
R A BBEGUE (1) b P B AE R B A RS FR i Th 5T
RS 7, Fr R AR 8 R FF R BER R, AT W R
5
1.2.5 PFHPETORE 7%

YU 3 I ORAF (1) 5 2 TR R, 4 BH P o B - 1)
JFORL, L DNA Marker 15 0001F b = B, HE4T 35 I 4
IS FBLVK A3 AT, B B2 JBORL IR K /) ) 4 N ) 2t
FEPR R BedAT PCR RS BN
1.2.6  ZURER 205HAL

ZUFAR I AR R ] B0 R AT R AE LS grm e
T AL, SFBIRLE Y 4.5 pm) ITA21 000 mL (R 4%
M, SR JE A O B K 7K 1000 mLs 10% [ CaCl,
FE 1.0 mL A1 10 mL KB IF 53 pH 2
7.2, ZJ5 ¥ BB WA 5 P B R (LA, 18
PO 2 78R A, A 20 min J5 T K 550 nm &b
ME B LA KA B R WA X 2 1,
T WA 550 nm AL EBOCEECAD T 2R F ok
TR BRI, AW’ F = (B - A)/B x
100% .

3 ) A D TR R 5 T IR HH K ) v R TR R R I B
Tt A — BT I F 2R B 0 2R ok 1T K 1
TR ZREE AR E , AT IE 2R B
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TELUEEAI Al L, 5 20 min J5 B R 2LEE
JREAA, BEAT DL RS U AE ZetaC &) WAL LA A ] J5t

T 1 BB BEOE ST RAL

(DZBLTE ZetaC ML R iy e Bt
E 3P QN S NN LWV 7 ] g o 5 9 Y D
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ZUREF T 28 1o VR VR AL B v e v VR R S 2R A
AT & AT I E AR Smoluchowski 2 2 HL YK 5 &
LS AL Ce A A W R K R € = dnqu/DE x
3007, X, & S B AL (mV), g D UM RG B
(Pa*s), u A FRUKH BE Cum/s), D AR A L
e E O B AL B CHLBR A i A 2 B G,
V/em) .

62 W R RBE AR H 2R
WG T B R b RRRE S TS A6 BB R
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(3)J5 ¥ g S Tl Bt R AE 2R T 2 R R 8 2 11
AFM) BB AFM SR R T ) B
(NanoScopeTM, Veeco Metrology Group, USA) )% i
RECHEATAE it TR . 5 A A B AR R SO L
PSR S AR AR, I B AT B KT 1)
GPHER (L ~ 5 nm), BT R T B TESP
TREFCEFRIT 2420 5 ~ 10 nm) . BGSFl d F5
[RIENS A Fl P 4% 0 g 52 ATASE A%, 31 4430 B £ 0 ~ 90
pm ), AR AN 2 Hy, LW E ) 250
s AER R 2 Ti) 2 TR, DA O T 20 T i e 8
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2 IO TE S
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2.1 SCPEI R RN A v I (1) i ik
LR B JE R 41 DNA & Sau3AL 38 r Big 1, 9]
W 7.5~15 kb ZA 471 DNA v B, iE#: 84 BamHI
SEABEDI O e B Ak pUC19 b, KA T IRL FP, B
kL FP A K Z S MM E . coil IM109, LA Amp'-
IPTG/ X-Gal LB VA0 i , 1) 3 KT 40 SC g A% 10°
10° 10 o6 JS 47 B i 4~ B0 o2 ik 5, 9 - 4 82
3.5 % 10 pfu/mL, AL THH LN 3.5 % 10°.
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A R BRI, B IR IR TS B 1 ANPHPE R, dr 44
H FC2, T i kL fir 44 A FP.

Bl 1Ca) A va FE B FC2 7= AR I 2B A, BT 1(h)
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ZUBERRIE , [ 2 B, R4 A7 ) A SRR SR AT
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Fig.1 Comparison of flocculent properties

2.2 PFMEwRER

USR] DNA & Sau3AI HEV) )G, 4 0.8 % B
JIEHE 5 e H vk, &5 R L B 2Ca) . AT 2Ca) BT B
DNA J B BEJO I 322278 7.5 ~ 15 kb, £ & 5250 2L
3K . PUCI9 & BamHI B V) 5 , 40 H0 1 16 1R 19 25 ok 4
R Bt 5 - R R 55, B 1k 26k DNA 1 & 31 4k,
280.8% FE N SEI ALK, 25 R L E2(b), 752 686 bp
WA B — 4%, 5 PUCIO KJEARTTF &

3 FC2 IR DNA, SR H 38 FH 51905 3 N (1)
BURE R BEAT PCR A I S B, A B 56 v H 4 |
7/ ¥ BcaBEST RV-M:
GAGCGGATAACAATTTCACACAGG; BcaBEST Primers
M13-47: CGCCAGGGTTTTCCCAGTCACGAC, Hi L2k
W URR A A A R BRI 1) 45 SR 3R 1, 3 4 TR [
K/NK 5 kb ity BARTHEAN T 49 10 kb 24 141
U5 DNA Fr B, 5 UH O /MHRFL B 2Ce) 2D ], B 2
H4E T DL15000 ¥ DNA Marker. F % R 75 %
WRIGFHE, AESZA N EFHERN LB PR ALK, &

Primers

EMARAHTR, B BATRUE 0 SR BERr 1

(a) DNA FD) I35 () PUCLO MED) i85
Co) FERTORL IS . (4D PCR 93 H ML A Bt
2 RIKEE
Fig.2  Electrophoresis image

2.3 ZUBELIRI R B K AR S b

o B DAL 1) P 900 fH R B R A 2 WD K
JP45 A BLAST ) GENE BANK HEAT )7 51 Hext, 5
(il Pseudomonas  aeruginosa  AH EL 17 A 4
35.8% , JR R PR F2 2 AT 141 & C Bacillus sp.) 5
BT [ 05 P ARAE, AF ] B L4 T 2 1A (1) 2 1)
BE, BT LA e AR v REJE T 1 AR BRI, B e
LBIE R R HBE R, R A
2.4 FC2 RIK A BBy o3 b

R SCHRE 18 Jrh 42 He , ZLBEA I A1 3%k o 2
BESE )5t . Bl 3 A Bk S B B FC2 2k R oy R 1
ZEAMCRE R 0, HLRAE I 5 T 0f B 1 12
5y — 30 FELLAM G RIE2 926 om ™ A AT AL H
LT VAR, AR A C—H AN RR M 45 41 3l (1 5 8L, ot
DX S5k P R VAT U e B S (VR AIE U 1 647 em ™' R T2
PEH IR £ 2 5 (—NHCOCH, D I ¢=0 B i1 4
BIE I . 1385 em™! A AT Ab H UG AR, ot Ak Ay R R
—CO0™ "I C=0 XFMLE s, MRS, (A
WAER T &A1z sr AEE 3 I 1 AR
)b AL, HEU O] B2 SRURE o NSRS i 5 &2 11
EAS R LB RS (0 43 AT T BA, BT DU S B R FC2
RS AR T, 1 B R 2 P A
IR EEFE ], Ll—C0o0™ TE A7 A0 AR 48 5 7 1 2 ik
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Fig.3 Infrared spectra of FC2
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Vo va B R FC2 78 JC Uk B R ) IR 8 IR k0 8 4
F2 5 G BER 16 h, V5 HAT W) B 2B 5, R W] OkE
FP 76 20 i b LA A 19 . BT DA, A2 Bk 50 50
JLBR LB 2 CanE 4,1 %58 IM109; 2
SH FC2,3 54 F2. BB R MR BEE N
84% , FC2 IMIZEE N 90% . 45 R AR WY, o I 11 11) 48
B R W) R T IR B 12, (HZ2 AR 1E IM109 ) 2
BERALN 6.9%, NIX— i Eaf LLIEW] Fe2 HA 1)
SURRRTEA 2ok B T 2K 6 IM109, 17 A2 K Y5 T~ 28
HEPE F2.H T FC2 LU ZURER F2 B SRR A, 1l
Ty BER BT oK A T F2 IR R A B 52 2
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Fig.4  Comparison of flocculation rate
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Tl ) 2R B 1 52 3] 22 i DR 3R AR i, G v
N 20 A AE R M, ZRERE D I RIA WL 2%, th
2o e DR ) 2R e e [T 1) R T g . 22 i A8 i i [A]
AIVRE 1 35 DA 25 3 7 6 DR 1 P 2 )i » 3R DX g vl
AR IE HHBURER SRR P L R RER R

BB AL 29 FOBURL TR AH RGBS I B A0 IR pA JBE AR, T 1k
ZUATUTE I A SN PR 22 Hp 3 8 2 L TR, B 0T ik
BUBEIR A 11 Ak ol 8 11 P AR S A 5 P A R R T 5 1)
—ANF R AT, AR SR i R R
TSI AR IS , ZEW T IR e RS, H Zeta
CEFNT R RAL .

SXof fr e 1 JER VR A A W B R B LR S 1
W+ WHEAT Zeta (&) AL T, S5 WK 1. )
ZetaC &) AL RTII 5E ] 1, i 0 - 0k 5 2 ) 2L 51
FE 7K IS AR, DRI AP AR R R i FL T 0, Il
T B U IR () VR K 50 IR 2E ) 2057 5 v 0 5
Rz I iR ). — e AL N T 14
mV LR & A AR & R AR Rk 1 PR,
R U A AU ) RS AR AR s A PR R (1 ki
O T 23R B2 R FC2 11 & AV AR L v 0 1Bkt
8T 23.9 mV H131.5 mV, B8 E—Fhifese 1k
TR BB F2 S5 0 0 A B f A A
~13.3 mVP), BN BRG] FC2 JE 1w 04 R sk
HAL A - 9.57 mV, FHEE 5o, 24 WUk 2 T H A [
R FEAFR P, M0 URE () 5% S Ao o 1 B 30— o 1341
R WORLR AR PRI . A b, fE 2Bk R, > 2Lk
FIGr 1 0T LARNZ A i 0 - kL 25 45, A 800k 771 26 i
(1) H A7 BARG, 7= A Wl 2 SR DT I IR % . Fl b v] i, i
(O ZLEEBUR BT W D& b T AR k&, BRI T B
BB, I FLP A 1 B R A AR S i
FURLA RSB BT LA, SUE FC2 HL B 12 SR
FaoE , AL B AR UTUE, IRk, A3 1Y 2t e
BT 2UEER) F2, B FC2 I ZREESE R R IARE ) ot

#1 CBF.BLERREREREI S LIERE Zeta £ BAT
Table 1 Zeta-potential of CBF and kaolin suspending solution and

kaolin suspending solution after flocculation

ERTEA Zeta/mV
iei U L BV -49.6
AP R F2 -25.7
EEM B FC2 -18.1
FEINZURER) 2 J5 10 e 0 LB R -13.3
PINZEER FC2 J5 A b B -9.57

2.7 FC2 ZEEASE M RAL
2.7.1 FC2 ZREARMRINHOMIE A

Bl 5 B 7~ 2R AR I R 00 B = 4R A I R
AR ZEAROK, SRR I RO, n R 2 S
HERR A0 R T R b 2y W R 20 2 B S R
RS SRR AR T AN R T 2R R, A
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AR B S B e 2 JORE &5 5 A B0 2 S5 R
DA S5 RN E I SE T e BE R FC2 2R IA H
ATAR SR (IR B 0 AR KR B R 5% Wiy 28 it 2% g
(R AL TR B AR B0, R W 10 22 W 25 o
AR BATERANE S I = TACE W), Ca* X
YIRS e BE A1 Y, 30 Hy T R I v 2 R 1 R
HAEE RS 5 ca’ AR, TR AR R Ak ] 5
e (R B, SO 31 2R B Rk DR 08 1A AR D I 1) 7K Y- 5%
Wi, 0 G TR FC2 HATAR = IR 2t L DA, i 1) /K
PR ORE S A IR T S

B 5 FC2 ZEFEREHMRES

Fig.5 Surface microtopography of FC2’s flocculating constituent

2.7.2 FC2 5l 2R E % A

Jii5 07 8 kA8 B R Catomic force microscopes
AFMD FH B, A AATTAN AL B 0 00 00 24 355 v JRE )
TR T 45 e MO T 300 [ I e 0% M0 45 0 il 2E
A WRBET S AH RS RZ AR S8 A 3L Ji 55 AR 22 3 R o ) o0
TESRAR AT ARHIE SR Y 5 =1 T ) Rk
PR, X T BE T FC2 R I 2R BT 25 B L T 351
BEAT T, 30— B WE ST T A B R 2R R,
TROU IR BT 33 5 A A

FE 28 L [ K AR BEE S TR, TRARZK R 8 5 A4 R
Bl BRI BRI A X BRI BRI B S 5622 W], 7K o () i A
RIURLAT 45 25 R AN R R TR S RN S J5E, iy HLH S i
HLA 23 AT AN 815 3K SO Rp AU 350 2 56 Wi 3] 58 A4 R0RE
(R 2R IR 1, AT 43 ZURERL B S8 I A2 2% 0 17 56 n
WA 1 e bt P 5 3 S G R, 1 6 Sos TR T
HAZR B G, b B 6Ch) T 7s A g 8 kL . 55
e sV URE A HEC20 A1 i~ 9 JEDIR 20 5 4 A
7], ZRIEAR FC2 W PR iy 0 = 4 3 B 20 A1 L K P R
KT 33320 B o - R 4 LI 6C o) IX T T FC2
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