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EEEMER CQS5 X MC-LR HHIR R KM@ ="

RER SEME Z oG om' 2k kL E'”
(1. WM KEAE G4 TR, WM, 2131645 2. F N K7 OB RGBTl AR AR5 e, M, 213000)

T E AR A Yk B R A R 9 S 9 B 2 (microcystins, MCs ) 3X —F 58 #1) 8, DAAR IR
FEUZH AT IS T 72 = 3 S 8 R 077 1 40 T A 4 22 R ZE A AT B CQS ( Lysinibacillus boronitolerans ) N5 588X 4 WF5T
A MC-LR (R4 3 J12F 43 5K FH Logistic 21 721 Monod 2 124 R EE T #k GQS 4N AL K 3h
SRR MC-LR S 30 7244080 25 e W bk CQS 76 LA MC-LR LB AR | U 1 JoHL SR FR 3 o 1 2
K AT A Logistic A4 KARAL  Hop kA KRBT R K 0 1.306, B Rk KAEIH5R r 8 0.1685, T S
B a M 1.688;ZHARAE 6 d AT MC-LR AU 14.12 pg L' R 1.57 pg- L7, FEIASIK 88.86% , Hi—2
SR FEEEL k2 0.3698, 32 ¢, 7y 1.88 d; LT R MC-LR Wk B | TRRAN AR 58 F1 MC-LR A R
3 HMMEE X RGN E T I Monod B8 Horfi v /K R 0.342; — R Bigh JJ# R § = 20
1 Monod B A FEA S = 14.12e 7™ (N=1.08) Hy il AST4LL TR R i A2 AR MC-LR ¥R B, 3 I AE4DL &5

7 JE — B A SO A RS MR MR % MC-LR BOHLERAIHES) MC-LR i o A R i PR L e 5 %

KR MC-LR MIEEW, REffsh 12, Logistic #M | — 20 OV 2, Menod 5%

Degradation kinetics of MC-LR crude extracts by strain CQS

CHEN Zehui' GAO Zhiwei’ DONG-Xiaona' SU Peng' MAO Lingiang' ZHANG Wenyi'™
(1. School of Environmental & Safety Engineering, Changzhou University , Changzhou, 213164, China;

2. Zhenglu Industrial and Technology Environmental Protection Service Center, Tianning District, Changzhou, 213000, China)

Abstract:; Microcystin-LR” (MC=LR' ) is the most common and studied variant of microcystins
(MCs) , which have drawn increasing environmental concerns worldwide. In this study, a bacterial
strain CQ5 was investigated from the sediments sampled from Taihu Lake and the biodegradation
kinetics of MC-LR by strain CQ5 were investigated. Logistic growth model and Monod kinetics model
were used to establish the CQS5 cell growth kinetics model and MC-LR degradation kinetics model ,
respectively. The results showed that strain CQ5 was capable of utilizing MC-LR as carton and
nitrogen source for growth. The growth curve of strain CQS5 fitted with the Logistic growth model,
where K was 1.306, r was 0.1685 and the dimensionless parameter a was 1.688. The concentration
of MC-LR was reduced from 14.12 pg+L™" to 1.57 wg-L™" and the degradation rate was 88.86%
within 6 days. The degradation process agreed with the first-order reaction kinetics equation, where k
was 0.3698 and half-time ¢,,, was 1.88 d. The linkage relationship between MC-LR concentration,

cell density and MC-LR degradation rate was consistent with the Monod model at low concentration,
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where V. /K_was 0.342. The first-order reaction kinetics equation was S = e***~**** and the Monod
model equation was S = 14.12¢ *** (N=1.08). They could be employed to simulate and predict
the growth of strain CQ5 and the MC-LR concentration in degradation system. And their predicted
results were highly consistent. These results could provide theoretical reference for studying the
mechanism of MC-LR biodegradation and promoting the engineering application of bacteria which
could degrade MC-LR.

Keywords: MC-LR crude exiract, degradation kinetics, Logistic model, first-order reaction

equation, Monod model.

UTAESK AR MIRERE N MCs BRI E 8 ez —Y N HZ 2R B S BE S, 51k
WFFE . 1994 4F Jones 45> 2 R MR KA KSR 4385 H— B ELAT MC-LR A i 7 0 i 2 e o
HLER ( Sphingomonas, ACM-3962) , - M2 I3 H 43 J2 1 4 W HL i i 42 5 2001 45 Park 25 KSR
KA 438t — Rk AT S AL MC-LR A1 MC-RR BT R Y2, 3 X5 AS[/] MC-LR \MC=RR #4635 (1)
BB A T ML, K IAE MC-LR \MC-RR YRl 4—18 mg - L™ ¥l [l N [ A e 4 Sk 3 5 L )¢
%2007 4545 11 111 R A Logisitic A KRR AW E M TR A MC-LR T [F4 A S5 i s 141 1)
“S”IEARAL I MC-LR A9 fip i B 50 W A K B VI G 5 2013 AR 45 43 B M — ks 2 1 2
B ( Sphingopyxis sp, SW1) , G54 MC-LR F1 MC-RR R 80 R ala BEff 3 R mirA S8 %€, $E 00 B Bk
SW1 [fi#t MC-LR & 72 7T HE 5 ACM-3962 #HfL; 2014 4F F 3 KU 15 — bk Bl o 10 o 28 /R 75 1
( Burkholderia vietnamiensis, CO9V) ,48 h [N MC-LR &% 4.97.6% , 18 13— 2% S . 81 112 )5 F2 | Logisitic
A KRR AN SEM FITR FAF & BLEE Bk CO9V 3 i 41 b e mm S 74 1 — 2 51 1 A= AL A FH 9 fide 5 A1)
MC-LR , F-HEMNZ R AR R MC-LR ARG AL IR 72 0T BB T MieA il 201 J1 220 55 9832 N A F A= %
fift MCs 13 FE Y2 B/, AN R A 9 v] RE LA AN RIS MCs AR LB 3 3 2k M R A MCs 3
HR A B [B] 1) S A O R HENN MCs A=W MRALEE, o aE & FlLE S MCs A WIRE il iR 12 25 g 1 FEA.

A FE AR AT 825 2 =35 3 IR Ve o 5 R P TRT AR CQS AR ST % 42, |7 i DA AR B i MC-
LR §8) J1 24 M | 2 S [ e MCALR RBE P& fif ol R AT PR AE Kl = Z M A X R I 4
HEM PR CQS F#f MC-LR By W] REAILIE, IS U AL MC-LR B A 1A 1 TR0 AR AL e 2%

1 #BS 77 ( Materials and methods)

1.1 B

B ORI AR CQS N AR PRABIZH M 5 AR A INHHT (2016 4F 7 H 31 H ) TR A B RAE M M G
HREBIE I H 5, 4 B Ak E T 4 C I RHAORAE. V% BRI R 1—4 mm, B FLE GBI 555705 0
PRI TR TR M8 R, R TP IR 8, 3 G s AN DN | S 0K 3 (8, ' 2 I U T R TR I S AR 35 22 IR FH
P85 5 PRA LR AIE S 16S tDNA J¥ 51 431 %5 58 45 HL |, 30 D0 HE Sk i 0 o6t 2 R 2 #6458 ( Lysinibacillus
boronitolerans) , FIFE CQS T £83% [ Z A= P (R b O (SR : CGMCC No.14051).

WA EARE S o DA i g ol WA T K S G s D8 B 2= T, T 3R IR ERE AL 400 v+ min ' AFIE 2 h Jad
60 H i, il B S i IR PR A
1.2 FZHH 5

MC-LR #rifiest ( - IEREECAE YRR IR AR ) s SN HPLC (3ol Hoar iRy oM af.

SRR R (MC) i8R fe g2 iR & ( L1 R R AE YR A PR 7)) 5 Multiskan M3 i R A% ( 36 5]
THERMO FISHER BHE A F]) 752N S50 C T ( HERE B R A R AR ) ;PHS-3C pH it ( |
TG E R E A PRA D).
1.3 ¥t

(1) TCHLER &MC-LR i3k

FRELK,HPO, 1.6 ¢,KH,PO, 0.4 g,MgS0O,7H,0 0.2 g,NaCl 0.5 g, CaCl, 20 mg, FeCl+6H,0 2.3 mg, i
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FEARKZE | LIS INAS RS2 B MC-LR ML AR o he &R, R pH (H = 7—7.2.

(2) BFRHEFREE

BRI IRIE BRI K A 555 Ok [ 9]

A5 AR FR LI | TR 32 B b TR 1.5% —2% BR0G , I i , KTV 215 18 1.
1.4 MC-LR A2 ECS A

AHIFFE R FH MC-LR L HR 35 8 55 Bl 5 5 3 b MC-LR 0 35 8, SR AR T4 19 % 1)) T 32 DA
R E MC-LR ML K.

K F 9 BEIGEAE M)A B 7 BT B R R (MC) BRI A2 922 15050 &0 %€ MC-LR Y% i, MC-LR
FEDBR A 0.05—0.80 g« L™, BEANAGIN A TR S B0 £ 4 R i A 13
1.5 MC-LR Ff#B CQS HIREMRSLIITF o

PRI ST 0, B AR CQS 1Y IE pH [H R 7, FEAf S0 00 OB 2 R 1o 3% 76 LIRS F T s 1k i)
CQ5 W AER 2 30 mL CHLERE &MC-LR J5 35547 140 r-min ' PR 537 | HH AR 25 1R VA7 5256 A0
AR 2 S8, AR 2 h BUREIN & B AR 40025 2, L 600 nm K N B R K G35 BE(EL OD g % ; B3 B
1 dEUEE 8000 remin™ B0 10 min, L5 4 CORAFEME MC-LR & .

20 20 90 AFARLISK , BRI IIRAE" """ 2o 0 2% 3 X A B B A | 28 L 0 R T REERN b 5 B T K
TR R, X BB KR MCs R 7E 0.13—20 pg- L YERIPY, [l % T B2 KKK IR 24078 28—35 C
LRI LK R S B0 MC-LR PIERYR BE A 14.12 pg- L7 5 3RIEBEEA 30 °C.

2 ZEHL 59598 (Results and discussion)

2.1 Kk CQ5 %F MC-LR (R s

FERIUG pH {E2R 7,MC-LR YRy 14.12 pg- LRI BG40 )5 19 CQS R L 3% 2 A
30 mL JoHLER &MC-LR 53530, 30 °C (140 r-min ' #8555 55 6 d, 115 MC-LR F&M% th 2 tn &l 1 .
BT IE L FEFFIRE 1 d IR CQS X MC-LR [RARZEME , MC-LR ¥R AR T 1.56 pg L', 44l
AEJE I T RIPR CQS Ab T 5 X b 5 3 rRAh IR S A= W A g A R ' o e R s P i b /D i A
B REE SR SRR B T A3 25 A 3 R TSR 7 SR W 0, I 2 R AR AR SERRZ5 4, FL 5 MCs 194 F
SERIFALL, TRIAR CQS FEA FH AR P A [a] Ak 03 AR [ MCs | AR IE T /R IO 1E 3 AR )80 2 KB kR QS X
MC-LR R S mle , H R 355 4.4 peg- (L-d) " BEE RS MC-LR BEFEA% B 55 B0 R
fiie IR, NS 4 RIFIR MC-LR 1R HR A Irmk 22, 2565 6 R, BEf AR R b MC-LR 11 5% B3 We &
157 pg- L7 BEMRIR 88.86% , AN JINEE 25 FIXT BRAL P MC-LR ¥R B 3EAS A A8 Ak, vl AT R CQS X
MC-LR HA7 55 iR ik 7g. ).

161 7100
=4 —47%
= r 7180
22r 70 £
s T “a MC-LR 3k Ji E
.% 10 MC-LR concentration 60 Z
£ 4L —— MC-LR Wfi 150 -‘E
§ MC-LR degradition 140 %ﬁ
S 6} —o— R4ZH Uninoculated | 20 o
%y g
) 120 =
= 5L 110

oL ] 1 ] 1 1 1] 0

0 I 1 I 2 3 4 ‘ 5 ‘ 6
t/d

Bl 1 Kk CQS Y MC-LR [k

Fig.1 MC-LR biodegradation curve by strain CQ5

2.2 Logistic 158 S —2 [ Wi 8l J1 2% 53 At
kR CQ5 M4 28 B H X MC-LR RYFEf@Hh 2R an i 2 fiw , Bl B 3R al i i, {5 32 3k v MC-LR
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PR Ffe 5 TR AR A K [R5 04T s B MC-LR W B 13 BRI, TR AR 1 S B BUE K SRR E AR e th
o e PR VR 2 85 BE R B 1.344. 1 TR F MC-LR AR M 15 JCHLER G FR 36 1 MC-LR W FETE ST
VE R P 75 SRR, TR AR X T X PR 2 11 110 9 B 25 AR A S 0 P ol W A B, AT 5 b IZEIHE
20 2% R A v A B AR CQS T 2685 R IR v A K AT HLRE RS A A% i MC-LR, X A B SR K fR
MC-LR B —E SE M A.

Logistic 5 B FHAERA G BRI T A AR SR K XHF s A RS sh AL A 2
SCARSCH R CQS TETLHLER &MC-LR 53R b A K ik RURA PR, RIR FH Logistic BRI A B
Fi CQ5 BYA K2 Logistic TFEUNZL (1) Pk,

N, =

K
1+e”™ (D
Horp Nk o B2 BRI B, (0D ) 52 MBI (h) 5 K A BRARAE KRBT R 3 &, (0D ) 57 N E
BRARFEBHEF (L) sa 25 KA N AR —AS50 .

FET R CQ5 HIPILG A ML BE Ny R 0.069 , 5 KA L %5 BE Ny (¢ =58 h) Ky 1.344, 38 135 Origin 8.5.1
YRR CQS Y40 %% 1 55 55 37 B 8] 19 O R AT Logistic HREMMZEINE , il 3 Prow , 3R e pg =
M 3 AT EERE CQS MR RAF AT i (2) R, o K 24 1.306, 7 7 0.16855a 74 1.688 , H1E R4
R*7} 0.982.

N 1.306 )
T 1+ -688-0.1685¢ ( )
16 116 t/h
0 24 48 73 96 120 144 16
~ 14 —o—14 g 30 T T T T T ™ 1.
[ [}
& 12 . 129 25 e ) 4
< —a— [ th 2% Degradation curve S Nzl_306(“81_6887(11(,83:) Iy
2 10 —eo— K4 Growth curve 1.0 L:’ 20 F ; R*=0.982
g —0— R3%H Uninoculated & l ’ 10 &
58 08 £ 25l 4 InS=2.648-03689: ] o, S
g 6k o6 B - -" InS R=0.994 S
~ z o IS RAER AL 06
= 4tk d04 2 Lo 4 Fittin curve of InS and ¢
2 b ! o ki 0.4
= 5L d02 = os |k ? Cell densny of Strain CQ5
<3 | % --- Logisitic AW AERKBR A% 102
ol v v ool . Fitting curve of Logisitic growth
1 1 1 1 1 1 1 0
0 ! 2 A 4 3 6 O T2 s 4 s 6
1/d
2 Bk CQ5 A MC-LRAGAR h 28 f2 A= 1 th 26 B3 Ftk CQS KEfi MC-LR sh 1224k
Fig.2 MC-I'R biodegradation.and growth 5 Logistic KA <k
curve of strain GQS5 Fig.3 The kinetics curve of MC-LR degradation and

Logistic growth fitting curve of strain CQ5

i 2 AT Bl 5 SR 3L B MC-LR Wk BE ARG, TRIRR CQS X MC-LR A9 R fiff B R 78 2 R IR
PR SR H— S s 7 R A3 B IR PR CQS A MC-LR B2 Iy H R fifk T3 55 IV B2 19 O R | IF W 50 0% % i
i FEH MC-LR R BERER ()AL i 8 iR R, — S i 7 B =X (3) .

E=—kS (3)

w5 (3) BB

InS = —kt+InS, (4)

Horpy S S Refge 2 ¢ I 220 SN AR R T MC-LR HOVREE (g L) 5o BRI IE] (d) 5 S — 202 07 o 30 6 4
(pgs (L-d)™") 5S4 MC-LR MFIERHEE (pug-L7).

HET MC-LR AURIIRIRIEN 1412 pge L7 X InS 15 ¢ M ARAEATARAER S S RANTE 3 DO, 2 b
CQS Wt MC-LR 19— WEEh 412 T i 2(5) J2.(6) Fors , Hrh— S Jy 2% FUNLE 53 40 &y 0.3698,
M 1,0 1.88 d, P AL R*H 0.994 MR (6) HE— A4 S5 MC-LR Y B 5 e AN ] ) X ZR 3
K= (6) .



86 57N 5% 1k 2 37 %

ds
4= 0-36985 (5)
InS =2.648-0.3698¢ (6)
5:624648—0.36981 (7>
FRAE A 2 e MC-LR Bt — G N 8l 124 A A5 SR T, Logistic S-TRUSERARAY T 45 47 M 348 B
Bk CQS A KB, FTLAE Y Bk CQS A K M e i S, AR DRtk AT EUE K, 1 d J5 Rk AR K
IR AR EW] 4 d 5 R R /NE B TR, 255 2 FTLUE H, MC-LR B R A 32 B 7 B
PRAE A RS 1 S T s A JE ML 3R &MC-LR B5 32 FE i #% CQS X MC-LR 1B F# AT & —F N 8l
207 HRRE R 5 MC-LR AV B A HHOCHE 275k B MC-LR Wk EE ARG, TRIbR CQS5 YR
KAG4 Logistic £ #AFRY | 1 [ Mt H TR RRFE AR MC-LR 3 F FHHAE ik R IRHERE A 528 KIS A,
2.3 BBk CQ5 B Monod Zh /)25 U 4
ARSCLAAS AN MC-LR LB A A R0 A JCHLER 55 35 3L AT R A 52 06, MC-LR MG 2 T ik CQS A=
K —migs il K 2 HAEE K CQS5 B MC-LR [ 3h F12# 58 Hh & B MC-LR ¥R FEIR & MC-LR i
RGN K2, 0] IEN MC-LR W BBk CQS A Al MC-LR B R = 2 AR A C &
H1_E AN, B AR CQS FAf MC-LR 19 222 [ BeAb T Bk A 4 i Re e R T30 B LR I W ke B
[ Monod ( BLi#5) J7 R 20 B FRHET T 704 , #REH R AR CQS A MC-LR I FI FH AR i | IR LA it
H B ERKNHEXR.
TEARJE WM 25, Monod J5 2200 F FR

ma

14
v=-2S=KS (8)

Horp K WA (pg- L7, (BFR CQS LI AR R = %,Mm B MC-LR F9¥REE) ;v - MC-LR HF#f#
AR (pge (Led) ™) sv,,, 0 MC-LR SR A E# A (ug- (L-d) ") ;8 8 MC-LR MR (pg L") ; K, =
ey e R UM B ST % (9) e Jp RSN X

L) % YT bl b B,

ds
vE- N T K,S (9)
Hrf N AR CQ5 AR K I LU B OD g 327K,

BT RS g BT =0 (9) AT G LA AN & 4 Fs. al FNdeE 25 R R 0.974, HI K,
4 0.342 K Ky AR(9) Fefb nT 15 2] MC-LR ¥R | B #K CQS 4l ife %5 B2 Al MC-LR B fiff il % — 3% 2 [6] 1)
a XA, m=L10) s

—3—?:0.342% (10)

X (10) B BV B AR 2 B Bk CQS FEF MC-LR 1 F) FH HAE ok SR LU E 3 5 A4 K 5 —Fp
G RA, N (11) Fiw .

S = 14.12¢ 703N (11)

25 AR Monod BB HL AR CQS FAfif: MC-LR [ Sz 0 i A, B At A b MC-LR [ figf R
55 IR AR A 25 B ) LA RS T MC-LR 4 8 52 T Ak 40 0 3 T8 R 548 fige FsF 1) F80 52 i R O 7
Pk CQ5 FEf# MC-LR FITE R A B A KAFAE—Fh s 874, an=C(11) s,

1960—1970 A, Lawrence 1iESZ Monod J5 23X 58 423 FH 15 7K A= 9 b R 45038, JHE v i P 15 Ve v ik
FLAR A R IR B2 B R AR 0 AR 3l A o B 4 S, S LA B pk CQS R B i —
FIN A AT H RS Y MC-LR 43 R VR i R AR 28 B B A1 A AAR M 3R i B33 o 1) 20
S R0 I J2 B — [ W R RIEE SRR (HEE T35 MR X MC-LR (A i 12 S0 43 FHL , A3 o it — 28 X e
il = AT 3B
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LY
—— Monod BERILMA & .
351 Fitting curve of Mono‘d

3.0
251
201 .
1.51
1.0F
0.5F

401

v=0.3425
R*=0.97

v/(ng-L71-d™h)

Sh(ug-L™")

B4 v 5 SKRME

Fig.4 The relation between v and S

1A TR bk CQS WA MC-LR 19— 8 J1 2 Jr B2k S £ 20 9% 1 Monod
BUB B S = 14120703 (N=1.08) Fu, FTILIK 2 AMBUR 000 45 SR e B2 ABURI] e A A
KR H7 0.19% ) , AT B AL T bk CQS /B K K HME A & b 9 MC-LRETE .

R 2 FREIAYH AL

Table 1 Comparison of the prediction of two models

N — 2] W Bl Sy AR Monod #5 71
Mi';zl}jﬂfsﬁ First-order reaction kinetics model Monod model 2 AR |
\ - - EERi ‘ EERN AR 2
B MCLR measwred BRI P B 2 e o
Time/d concentration Measured LS Meastred IZS > > @
. Relative error . Relative error between two
(parallel test) concentration/ . concentration/ . lels/9
/(e L) 4 with measured 4 with measured models/ %
He (pg-L™) value/% (ngel™) value/ %
0 14.120 14.120 — 14.120 — —
1 12.563 9.759 -22.32 9.759 -22.32 0
2 8.183 6.742 -17.61 6.745 -17.57 0.04
3 4.4384 4.658 3.88 4.662 3.98 0.09
4 2.917 3.218 10.31 3.222 10.46 0.12
5 2.140 2.223 3.91 2.227 4.09 0.18
6 1.573 1.536 -2.37 1.539 -2.15 0.19

H:NHU1.08,n=6,P>0.05. Note: N takes 1.08, n = 6, P>0.05

3 78 ( Conclusion)

(1) 54046 pHAE R 7, 35w &N 3%}, Lysinibacillus boronitolerans CQS5 7E LA MC-LR HLEE I Mk
TR TCHLES 5 37 He p B2 22 L Logistic 9“S” EAEK,6 d ATl MC-LR ¥ EEM 14.12 pg- L' RIKE
1.57 pg- L FEff%35 88.86% , HoFEff it FEAT & — G i 8l 124 5 B2, B g % 5 MC-LR YR HoAy
FHOGHE | RN SR 4Kk 2k 0.3698.

(2) BEfRAR R R MC-LR ¥RJE | FRE CQS 4% A MC-LR A % =34 Z M A L RFF A K
WEE T Monod FE7  MC-LR [ fiff 3 5615 Ve B R D MR 200 i 2% 8 — 38 10 ELA AH DG 1k, P MC-LR VR BBl B
TR £ B 25 B RIRAE id Bsf 1) 17 224K | TR CQS WAEARE MC-LR FITE bR 13 B A= 2 355 M) A4 30 25 T A i 0 7 ke
CQ5 FEff MC-LR 32238 i — R IVAE AN FH AR T Y MC-LR SRV Rt RIE AL A Sk
K, 5 DL AN R T 5 1) 200 2 I 2 1 R o R SR A .
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