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Mutation breeding of bioflocculant-producing strain with high-efficiency
by ultraviolet and its application
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(1 Research Centre of Pollution Control Northwest A&F University ,Yangling s Shaanxi 712100, China;
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Abstract: [Objective] The study was done to provide reference for the application of UV induced mu-
tation technology in environmental engineering. [Method] A high efficient bioflocculant strain YB-1 has
been obtained by UV induced mutation from an inefficient strain named XI.-18. The bioflocculant element
was obtained with TLC and analyzed with IR. The sugar content and protein content were analyzed with
Phenol-sulfate quantitative analysis and Biuret law. The wastewater of water-based ink was treated by YB-
1 to investigate the effects of pH,dose and coagulantaids on flocculation. [Result] The flocculant efficiency
of YB-1 was 95%. The IR spectrum showed that flocculant YB-1 contains hydroxyl, carboxyl etc. functional
groups,total sugar content 6. 630 g/L,no proteins. The flocculant consisted of mannose and glucose, as
well as other monomers. The removal rate of COD, turbidity and chroma were 88. 25% ,94. 25% and 95. 27
respectively, when pH was 8. 0;inoculum was 60 ml/L and 0.5 mol/L CaCl, as coagulant aid. In addition,
the dynamics equation of deposition was deduced. [Conclusion) UV induced mutation can improve floccula-
tion activity significantly. It is an effective way to breed bioflocculant-producing strain with high efficiency.
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H 3 E R K Butterfield MG Pk T U8 o i & 1 22 %
T 7= A TR LA K S T BAE W 2R O R ) A Ok R TR A
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FNT R E BB R IEAT T RE I, B T E %
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K Qb B b, S AR TR A R i R
THT (9 BF 52 i Ak 1 5236 % B B
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VAR MM E R AEA % . WA E RO A
0 DA R R R o O AR T LA AT DA R T
Ff. HANAZE & F R E &R B d A BT b
FAS AR R G A ) SRR IR AT HGE . (R
PRI AR ) — P, 28 5 A8 HAG U A T B R R LR
VRS B0 50 . ARG DL AN B E i AE L Ab
PRACSL G 2 [ 47 0 1 1 22 8 Bk XIL-18, 15 3] 22 B¢
R M5 S TRAR I FH % TR R A5 1 22 98 ) A B K
P A8 PR K WF5E pH L AN & L Bh BE 4 8 B T Rk
S5 2 R AR (R 5 ) LA U SRy K R R R K Y B
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1.1 # #
L1 B o PHIRMRBR L K505 Je 45 i F 5%
Tt B AT 3 B A9 20 0 T vk XL-18,
1102 kil Bk HCH P2 5K Ml 8a k=
J 7o RIK I FEA M . pH 13~ 145 COD 7 000 ~
8 000 mg/L; A 450~500 % ;3 1 800 NTU,
1.2 BE#RKFEY

] & 1 X1L-18 A= PR K B 2 10 mL B A
TCR R FR ML B 15 52 LI & T 20 W SRAMT R 28
cm AbFRSFFL BE 5 min BURE 1 3R, T A $RPE S TELLAT
PRI T AT, FELLAT RS T 1 mL 584N AT RS 2o
) RV A AT A ) R B s B B 5 3 A4 W R B 1
BEEWORAEBUR A b AR 3 A P17, g
SN B W 0. 1 mL, G B WA R A (R A A
), F 30 CRFE;:3% 48 h,
1.3 ERTHEHHEMRES

P ICEAL TR 95 42 2 b B R R B AR R RO
FREEAE R TR Bk w3, F 30 Ck
WE,72 h J5 e 2R,

13,1 Rk AT B3R 3LAl i A 4 B 20
g, K,HPO, 5 g, KH,PO, 2 g, NaCl 0. 1 g,
(NH,),S0, 0.2 g, JRZ 0.5 g, BB 0.5 g, 7818
7K 1000 mL,pH 7.0,0.06 MPa T K& 15 min
1.3.2 Rtz =t [ 100 mL &E A 95
mL 5 g/L &4 + (0. 246 mm) & ¥F# .3 mL 0.5
mol/L CaCl, I8l 2 mL ¥ HER . A G irE 10
min, H143 66 EETHAE 550 nm b 5 WO EE L L 100
mL NI 5 WA R 0 AR VR 10 min (Y VS
A XoF B T R TR R Y 2R

A, —A

ZEER/ Y= " 1X100% . (D
A A X IR L VE R AR A R RE S LT R

YOG EE
L4 HEMERFNHSERELEH RO HH

B 1.3 v 0 e 15 B 110 20 T 1 e v 1 TR Rk 2
TR FIED T 30 CTH3% 48 h 5, UKk BE IR
fE 4 C .15 000 X g ¥R B0 30 min, LRE K, B
WHIZE K IENT 24 h(4 O RJEIMA 2 f5 R
KOEEIRA A, v W3 A 2Ry e & A,
4 CTHEESR., B0 (15 000X g 5 min) BT
TE S FEZR IR K PR I Uk L SR 5 R L HEAT VA R T kR
P30 ZLBEFRE . 22 BE DR S A T 2R R K
TE A B 04 TG £ B AR B W, 15 000 X g R B0 30
min, EFRANEY . BINA 2 f5 R TEK OB IR A
Yoy, d e B0 (15 000 X g 5 min) 73 B PLIE , I £
DUVESEAT V8 R T8 T M 1) 22 38 00 0 i T 28 TR K
HLTE 4 CFHZEBAKSBEN 12 h RIGR R T .14
) 4l 1) A 0 B E R L Ik A K G HE AT A

FHEL AT o 7 22 88 700 1 E R 1AL, 3 2 2 4T 4
T 22 5 ) 114 2H B, 2 T - TR VA U 48 R ) 1 RO
UYL IR BRI E A R S
L5 AAEEMNMEYEEFNZRHROZME
1.5.1 pH JEF KM BEKE pH 4258 5.6,
7,8,9,10 F1 11,4 100 mL KM A 5 mL 0.5
mol/L CaCl, %W M1 5 mL 1. 4 X BEW . P+
A, ULUE 20 min J5 il _FIE W COD, R | 4 i
THE COD. muUBE B 1 L BR %
1.5.2 A ®&#&mE £ 100 mL /Kl 58 F K
A S mL 0.5 mol/L CaCl, ¥, 435I mA 1.2,
3.4,5.6,7,8,9 1 10 mL 1.4 v % B, ) = 4% fn
4y 9k 10,20, 30,40, 50,60, 70,80, 90, Fl 100
mL/L, YL 20 min 5 & F3E WA COD, M | (&
B COD R 0 B 1 S BR 36,
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1.5.3 B A HL10 5 100 mL pH 8. 0 7K 14 i 58
EIK LM A 5 mL 0.5 mol/L Na® K™ ,Mn*" |
Sn?t (Fe!' \NH*" [ Ca?" ,Cu®" . Zn*" . Mg*" 5 W AE
S WhEER, PLVE 20 min J5 W E FIH WA COD, i
JE LI COD MU 8 5 1 KB
1.5.4 Bk me T4 H1LpHS 0
KM 28 K T UCREAE L i A 50 mL 0. 5 mol/L
CaCl, WA 60 mL 1.4 R EEW L5, 8 5
min Ml 5 1 ROTE YRR, 43 B TR ) 4 FR i B 1]
AR f LA
1.6 MEmEREFE"

COD H = % I # :  oE , vh B ) WZS-185 1

TR AN E €8 B AR BEAR BRI 2 , COD MU (5,
N S N = 2 W NI O R i
2 R 545
2.1 Bk XL-18 WiFTLER

bk XL-18 (2 B 80 %) £ i) 45 44k BB ) 155
AR O e AR B 20 Bk BRI VR Y IE 28 AR B RR
(£ D4 B ik, 3048 1 BREEFRIX 95.04 /8
IERZAFEKRGEE 5 min) I N YB1, HAHE
Pk XL-18 FIIF 2845 B bk YB-1 TE A W E2 45 S n = 2
FiR .
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Table 1 Flocculanting activity of 20 positive mutation strains
_ R/ _ ES Y e ZEER )Y e BUER/ D
dibkms R ggege (BRI ggege BREE O gigge KRR
. Flocculanting o Flocculanting . Flocculanting . Flocculanting
Strain number Strain number Strain number Strain number
rate rate rate rate
I-1 84.0 1-12 81.0 -1 84.6 11-26 90.0
1-5 85.0 1-13 85.4 1I-2 86. 1 II-27 88.0
1-6 88.3 1-15 81.1 -5 85.5 -28 89.5
1-8 84. 0 1-18 85. 6 11-14 88. 2 -29 86. 0
1-9 80. 2 1-20 95.0 1I-15 86.3 Ir-40 89.8

®2 HEEHK XL- I8 MERTEK YB-1 HEEEESURER

Table 2 Result of modality observation of origination strain XI.-18 in with forward mutation strain YB-1

T B B AR gt 7 W] EE T R U3 FTH
Strain number Form Color Transparence Luster Uplifted Border Surface
B s A& ) i 5% bjitics
XL-18 Round Micro yellow Opacification A7 Ens Low protruding Orderliness Ludricity
= Sl g N5 R
_ m !
YB1 P Round L Opal Translucent A7 Ens Doming Out of order Mucosity

&2 JLUEH. 5@k XL-18 M. B2 5
PO TR RE YB-1 T % 2% RS 8, T8 % N ) PR 136 B 1
PR YDB-1 A2 8E IS M3 R bR XL-18 A ir i ik .
2.2 B YD1 FREYERFNSHT

TERAS TR B YB-1 7 Gl A= W) 28 8 50 1 2041 3%
BRI 1 BRI L A, B E A8 R PR YB-1 il
#  TIUA: ) 2R B R A 2 e AT R IR S U A3 ) Sy
3 440. 36,2 923.56,2 845. 69,1 646. 26,1 299. 30,
1122.91 em ', b T 3 440. 36 cm ' Ab 04 Sy — 5 1%
Wl 2 ] — OH R ah 45 152 923.56 cm™ ' 4k
AN R B S C— H A 455 4R 3l 1 45 2R 5 2 845. 69
em AR Y /N WS I R — CH, — fift 45 9% 3l 19 45
1 646.26 cm ALY IE 2 T C= O i 45 9k 3)
FFEC; 1 299. 30 em ™ Ab (W% Wi & — COOH 48 8h (1)
5051 12291 cm ' Ak A W AT 0 RO B CHL AT A 0 Y
WU AR S LT A GRS S Bt AT A I G A B

R & RE REE M.,

5 OR B R 5 A v IE R AR B MR YB-1
TR 2 ) S A K OB, BB B iR 6. 630
g/ Ly BUAR WR R K ) 2 I AAAE . YB-1 (AW
LBER ZoK i R 5 B RN 5 bR v R A
b o H A R A R

ZEA LA Ay B 25 SR T L 0% A W 2R R RO DA
T 2] E R H SR O B R A R L Y R
IE 8
2.3 AREEXMEH. YB-1 ~HEWERFNER

HR M

K T A8 7K K M T AR A 7 RN L AR
A B R R R R LR BRI K . B IE 58 2 T AR
YB-1 7= A 22 8 500 FH - K 1 il 38 0 K A Ak B
PIEEHA R pH . YB-1 AR BN & | B e % &
X R EE RO 1 5 ]
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2.3.2 EAM YB1RABi&#EMmIFERARGY
v P 3 Won . AR YB-1 ARSI N 10~20
mL/L i, COD 2 [ H& T 5 5 0 ik 20 ~ 40
mL/L i}, COD L BRARMEA T W, ZJ5 248 Th i 4
B & 4 60 mL/L B, COD % B R fix &, X
91. 66 5 fH 2L BEF B A 60 mL/L. COD % B
IR, FEH DR AT R 2 PR A 2 A A W 2R B 5 A B
M 22 B4, LA AR 1 COD, 22 05 00 R I 5 22
FR L T 2k 0 AT 3 A 2 T Tk B — S R B
W (], Ak 252 0 B n L SRR AR RN, T K
YB-1 kBt 10~60 mL/L i, 7K Pk il 28

Infrared spectrum of microbial flocculants YB -1

ETRBESE. M pH 5~11,COD LERER K 75% ~
90% . Rtz pH 09Tk B K b B AN €6 5 2 R R
By el It S B8 AR AR ks B, B AE pH
R 8.0 3k B fe KAA (43 4 92.3% F1 94. 1%0) .
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JE K 0 B DS B Z A Wi S i, S B 224 60 mL/L
Ik e KAE . A 97. 820 Z I WA B B &= 10
~30 mL/L B,y B K BR RO =k
30~80 mL/L W}, it BF 2 B A6 22 48 38 i, 4 0 &=
80 mL/L i}, MU L BRR I &, BI7. 8% . ZH 2
TR, LREFIERIMELL 60 mL/L AH.
2.3.3 BmASERARN YR £ 3 KW,
Na' K" .Sn*" \NH, " .Mg*" ¥ LI BERCR s Fe'
N Zn®" B 1 0 EE RN B R BRI AE 750 LA bR
COD ZBgHFEAL; WM Mn™" [ Ca®" [.Cu’" B FIE
R € SO /€ o B 7 W R Y | R - N
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YIHE 90 Y LA b, Hirp L Cu® " A Sy B 38 751 A 387K 1 il
S5 K G S b W TR F B R R B R R IG
(COD, i Ji£ Fn 8 B (% 25 B % 4 il 4 89. 18%,
99.20% F1 99. 20%0), i Ca’" B F IR K Z

%3

(COD, Mt B Fl {6 B B/ 25 B R 4 3 o 88. 25%.,
94, 55%f1195.27%) , H & Cu’" B2k k5
Y R Ib k£ Ca™ " 1E N BhEEF] .

AEBEFERE YB-1 FRENERTNEELROZM

Table 3 Effect of different coagulant aids on flocculation by YB -1bioflocculant

E£BEFE/%  Wipe ratio £BRFE/ Y%  Wipe ratio
SEET ERET
el jon . i o) ceal ion . i G
Metal io CoD Turbidity Colority Metal fo coD Turbidity Colority
Na“ - - — NH,*+ — — -
Kt — — — Ca?t 88. 25 94. 55 95. 27
Mn?* 81. 25 93. 46 95.13 Cu?t 89. 15 99. 20 99. 20
Sn?t — — — Zn%t 15. 27 88. 45 94. 76
Fe?t 20. 67 77.27 89. 88 Mg?* — — —
2.3.4 MR A 6 TAL [ KR T SRR 1 _ay, 3
BT YB-1 7 0 5 A WL B R 1 1—% t
2/ INELAE ST 7 2 /NI AE 28 M AR L 45 A UK . ’
(TR F U0, 76 FUTTE A oh, LB KR TR R M AT RS RS S8 a Fb L 4)
X s 1—=*
NGO LN TR 1K V,

4 SR, TR A B B BT[] 1 22 £k 35 25
TR 2 BB T 0T A A X8G5 A
Pt

V, ,
\70:1751 tblo
P Sk I A R K i E I ] (min) 5 Vo 940 4
BB (mL),V, HE ¢ BRI ER a0 h
P& SH
1

Mt (2) AT 2 %?%%kﬁﬂ“,%=l—zo

DG 2500 bl IR BT 28 55 LI PR BRI L & 1) 448 %68
{EL /N BORE 2R BE DT R B PR
EMCALI N &l AT IR 2= W
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Fig.1 Effect of time on deposition volume
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M5 A5, 20 (3D A B UL R Bl 1 24 A 56 &
KR H 0,984 5, K F M & R B 56 % (1 %t R
{8(0. 872 DM AZJE ¢=0. 001, BI7G 99. 9% (Al {=
J 2 U FORLA R G DR 0 s R T S .
B YB-1 7=t 4 R R B TR 3h J1 2 R

t
92.122—1.134 81)° 4

e S EEHR] (min) sV, fLV, 5350 0 # & ¢ B
]G AR M A AR AR AR AR . el 20 (4D R LR ) 4
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Fig.5 Relationship between curve 1(—1V,/V,) and 1/t
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ZhE, B E RN 6. 630 g/L RS HEI,

() W AR YDB-1 77 i A4 9 22 356 50 b #1 K Pk
HRPEK I, R K pH S 8.0, BBk 80 &y 60
mL/L, %M 0.5 mol/L CaCl, ¥ H Bl & F) . /K 2k
TSR PR COD . 3B | €8 5 1 2 B 5 43 3 vl LA ik
F88.25%,94.55%,95. 27 %,

(O R YB-1 7 G AR ¥ 22 880 19 UL [ 3h ) 2

o _ o t
FER V.=V 1.134 8 ¢

92.122— e

[ &% k]

[1] Salehizadeh H, Shojaosadati S A. Extracelllular biopolymeric
flocculants recent trends and biotechnological importance [J].
Biotechnology Advances,2001,19(5) :371-385.

(2] Hwibg, By 4K, WOEWT, 5. SRS FT I GAL ™ 28 1

H SR FEM 2 B 32 T2 LT BRBERL 22, 2006, 27 (7) : 1444-
1449,
Yang Z H,Tao R,Zeng G M. Culture medium and grading cul-
ture technics for bioflocculant production by Paennibacillus
polymyxra GA1 []J]. Environmental Science, 2006, 27 (7):
1444-1449. (in Chinese)

[3] Kumar C,Joo H S,Choi J] W,et al. Purification and character-
ization of an extra cellular polysaccharide from haloalkalophilic
Bacillus sp 1-450[J]. Enzyme and Microbial Technology.
2004,34:673-681.

[4] Ryuichiro, Kurane. Sereening for and characteristics of microbi-
al flocculants [J]. Agric Biol Chem,1986,50(9):2301-2307.

[5] Suh H H,Kwon G S,Lee C H,et al. Characterization of bio-
flocculant produced by Bacilus sp. Dp-152 [J]. Journal of Fer-
mentation and Bioengineering,1997,84(2):108-112.

[6] Toloi H. Flocculation properties of poly (gamma glutamic acid)
produced by Bacillus [J]. Journal of Fermentation and Bioen-
gineering,1996,82(1) :84-87.

[7] 2ok, 2= gty AT mg BL. R B 7 S0 20 A 1 58
B[] Ak T2 4%, 20043 R . 119-121.
Li Y F,LiJ Z,Ren N Q. Selection of high efficiency hydrogen-

H75 738 1 2 R 7 R

producing strains of anaerobes by ultra-violet radiation []].
Journal of Chemical Industry and Engineering, 2004 (Suppl) :
119-121. (in Chinese)

[8] Bk bk, 820 5. SAMBL W bR ZBRIK L
g8 [J]. %R ,2003,24(6) :553-555.
Chen L,Huang S Y. Experimental study on UV-induced muta-

FRWCT Cu® " i S 55

tion for removeal of Cu*" from waste electrolyte [ J]. Foundry
Technology,2003,24(6) :553-555. (in Chinese)

[9] whsvse.x) St Wbk, OB R T m A EH M AY [T
R 58K ,2004,27(1) :82-84.
Shen Q Y,Liu L,Shen L B. Breed of phenol-degrading micro-

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

organism with Uviolized induced mutation [J]. Environmental
Science and Technology,2004,27(1) :82-84. (in Chinese)
FAEK TS SR 0 B L A BB A T Y R e R A 2R
s R AT [T ], Pa A A pRAHE R 2% A R B i,
2003,31(2):99-104.

Wang Z L,Feng G Y, Yue X Q,et al. Screening of flocculant-
producing microorganisms and studying on the effective fac-
tors [J]. Journal of Northwest A&.F University: Natural Sci-
ence Edition,2003,31(2) :99-104. (in Chinese)

i Ak SR BOB L L W 2 MR BRI, Sl 4k T A WO
[J]. ffh B2 ,2007,28(5) . 125-127.

Zhang J,Gao Y X, Wu G P,Study on technology of extracting
and purifying Artemisia sphaerocephala krasch polysaccha-
rides [ J]. Food Science,2007,28(5) :125-127. (in Chinese)

& AR ATERE R B, B KRR 2K R I e Ty 2
[J]. £ #h B2 ,2005,26(7) :169-171.

Lu W,Ren G P,Song J M. Determination of content of pep-
tides in protein hydrolysates [J]. Food Science,2005,26(7) :
169-171. (in Chinese)

F F BT O ER . AKRBE K W I 43 A7 75 i (M. 4 . b s
Hh PRI RL A AL, 2002,

Main Office National Environmental Protection. Water and
exhausted water monitoring analysis method [ M]. 4th Edi-
tion. Beijing: China Environmental Science Press, 2002. (in
Chinese)

JARCAEPUE S (M. P82 SR 4 R
Zhou L. Organic chemistry experimentation [ M]. Xian; World
Books Publish Corp,2007. (in Chinese)

FroA RHPE T M 8RR J-25 R ORORE B K AR 2R B
FMEaWETE (1], SBE k% .2008.22(6) . 582-587.

Yin H,Yu L. P,Peng H. Study on flocculant produced Azoto-

7] ,2007.

bacter ]J-25 by using glutamic acid wastewater [ ] ]. Environ-
mental Chemistry,2003,22(6) :582-587. (in Chinese)

FE i BEA-60 fUE M 2R BER SR BERCR S oY [T, &
SIHBETREA R, 2004, 4(5) :84-86.

Kang R. Analysis of flocculation effect of bioflocculant BFA-
60 [J]. Journal of Safety and Environment,2004,4(5) ; 84-86.
(in Chinese)

TRAER AR B, BNV B A BRI R R L e A
BERI B 1 2T [T, BRBE TR 2412, 2007, 1(1) . 74-77.
Zhang Z Q,Lin B,Xia S Q. Construction of multiple microor-
ganisms and flocculating kinetics of microbial flocculants pro-
duced by them[]]. Journal of Environmental Engineering,
2007,1(1):74-77. (in Chinese)

M Ae, e, STt 58 AL 2 [ML b 50 A

Coll ikt 2004.

Zheng S H,Jiang F H. Experimental design and data process-
ing [ M. Beijing: China Building Materials Industry Press,
2004. (in Chinese)



