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Influence of Microcystin-LR on Cell Viability and Surface Characteristics of

Pseudomonas putida

DENG Ting-jin', YE Jin-shao', PENG Hui’* , LIU Zhi-chen', LIU Ze-hua®, YIN Hua’*, CHEN Shuo-na'

(1. Key Laboratory of Water/Soil Toxic Pollutants Control and Bioremediation of Guangdong Higher Education Institutes, School of
Environment, Jinan University, Guangzhou 510632, China; 2. Department of Chemistry, Jinan University, Guangzhou 510632,
China; 3. Key Laboratory of Pollution Control and Ecosystem Restoration in Industry Clusters, Ministry of Education, School of
Environment and Energy, South China University of Technology, Guangzhou 510006, China)

Abstract: In microcystin-LR (MC-LR ) degradation system, the change in surface characteristics and cell viability of Pseudomonas
putida was studied. The purpose of this study was to reveal the influence of MC-LR on P. putida and elucidate the toxicity of MC-LR
on microorganisms. The result demonstrated that MC-LR enhanced the cytoplasmic membrane permeability, as well as affected the ion
metabolism and protein release of P. putida. The soluble sugar and Na® , Cl~ release increased with the rising concentration of MC-LR
ranging from 0 mg-L™" to 2.0 mg-L™". Flow Cytometry Method (FCM) analysis revealed that MC-LR accelerated the death of P.
putida, and the death rate increased with the ascending concentration of MC-LR. Compared with the control, the death rate on day 5
increased by nearly 30% when 2.5 mg+L ™' MC-LR was added. Scanning electron microscopy (SEM) analysis showed that the cells
were deformed under the toxicity of MC-LR. After 5-day exposure to 2. 5 mg-L~'MC-LR, the majority of the cells were ruptured and
the intracellular materials flew out. The cellular structure was severely damaged under this condition.
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SR E A A KT MCs B i 12 0 08 A9 432
H R T AR MCs [ 7 T FORF 58, i 56 T
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1.1 SEgin S p

SCEGTE A . SR E TR RE NIRRT A 1 RO RAR
PRI ( Pseudomonas putida) , AR TRETZH ) T
R A KA N T RS U6 rh i 5 B AR AS 2], X MC-
LR A RAF I RO

MO FLBHA SR 4 3. Na,HPO, -7H,0 12.8 g,
KH,PO,3 g,NH,CI 1 g,NaCl 0.5 g, MgSO, 0.5 g,
CaCl, 0.01 g,¥L#% 5 ¢,7K 1000 mL. T 100°C T K
& 30 min J5{di .

WElR $h 28 vh W (PBS) : NaCl 8 g, KCl 0.2 g,
Na,HPO, - 12H,0 1.44 g, KH,P0,0.24 g, /K 1000
mL, P87 pH N 7. 4.

B-F-FLWE 1 W S 1 2% v . Na,HPO, - 12H,0
0.29 g,KH,PO, 0. 024 g,MgSO, -7H,0 0. 025 g, NaCl
0.8 g,KC10.02 g,B-%iE 4 EE 0. 39 mL,7K 100 mL.

BRI, FNE 3 o, EHE 10 g,NaCl 5
g, 7&K 1000 mL,pH # 7.4 ~7.6.

ToHLER FERE BE F7 3L (MSM) . K,HPO, 0.02 g,
NaH, PO, 0. 1 g, MgSO, -7H,0 0. 05 g, NH,NO, 0. 02
g, CaCl, 0.05 g,7K 1000 mL.

1.2 MC-LR f## W i $E IS 2lifk

HL40% WEEIM A O L W UR TR IS B Bk b
Setg 1 HE 20 min, J5 FE1 78 B 40 min FE
O R B0 5 B _EVE WO pH ol 4 B0 S BREEH

AL ARIF AT pH My 8,344 0. 45 wm SEFLIERE , Bir
TR C18 [EAHAS BU/INE SEA T HR 46, 1 32 400 e
Hezg T o W E 2525800, T - 20°C VKAR Th IR A7
M.
1.3 P. putida [R5 SN TR 20 A4 BC

FH TG B0 B8 D\ 44 85 55 F b BR L P, putida
TEFERFRE T 16 30°C | 130 remin ' FEIK TR
Ki#£36 h Ji, 76 000 rmin ™' FE.L 10 min B 5
BRI JC TR 28 0B K e % 2 ¥, B V2 B2 R 20 g+ L7
1 A BRI, T .
1.4 N[ YL vk BT 200 A o o a7 1k i A2 £k
1.4.1 B-FIWEH ISR

BUE SR8 3R 55 h 5 9% 36 h BERIN P putida T
W1 mL, T 25C . 4000 r-min """ F&.L> 5 min, TH
A FRER KRR 2 I, R E 10 mL (1) M9 FLAHA S
Bk 3T C RGBT 6 ~8 h, LG H
B-N-FUM YTl 52 107 2% i Tk, i LA 630 nm B
JERE R 0.2, .
1.4.2  GRARZ M o R 3 1 v s D

B-2F-FUME T g2 157 4 M I 1) — oK foge il
AT DAZK S S LB, A AT LUK i R A 522K B-D->F FL I i
BELF (ONPG) FH BB (L SR-RE SR . 4 20 i A
SEFTE R BEIR W B R A A AR, ONPG B4 itk A
NG bl 3 B-21 UM T Bl 2 9l RE BB 40 M 4b , A
HAE A B A K g7, A R TE 405 nm 20K
JCREE T . R, AR SE e R B-2F: FLB T g T
ONPG (1) 7K fift T2 A A 15 Y 4 %o B 1k 4 e Jo f i
BEVE ).

B 10 mL W 2% o 2 2 W RV, 20 IR
[) o 12 Wk B 1) MC-LR, B IMA 1 mL 1.0 g-L™" )
ONPG 5], F 37°CKI 5 d JaBUEE, F 405 nm
MW SECEEAE D, 53 BUN I MC-LR AT REAE 25 1 X
WO REE(E R D, 210 B J5T RS 375 1 1 el A2 T R '
JE D =D, - D, RFAE . HABLE 3 AF
ke, HAT 2 IR B L1,
1.5 MC-LR YEF N UZE DB AR & bl s v 2 1
L5 AT A

¥ P. putida FHNF) MC-LR JFEHKE 500,
0.1,0.25,0.5,0.75, 1.0, 1.5, 2.0 mg-L™"
MSM H (A 2R 5 &l 20 mL, B EY R E M 1.0
g-L™". 7E30°C | 130 r-min ' FEIRPIRZ IR S d G
B&ﬁé,$6 000 remin~" FE.C> 10 mln,mﬁ{ﬁ{ﬁm%
IO vk I B R R R P T R

JIHCS mL R T IERE T, A S mL 2% 1Y



254 2N 5%

B 36 4

EDTA {5 ,4°C FHUE 4 h, %85 712 000 remin ™' &
> 20 min, B E RO 2 B A1 RT s . B Ak AT
Ve P A ARSI (off PR I R TL |, FH A 2 b o
Mgk, DA LA AL HR R 3 A TR, AT 2 IR
S

1.6  MC-LR VEMH T 1A Y R AR 2 rh i AR 0 25
R

¥ P. putida FME] MC-LR G835 0 0
0.1,0.25,0.5,0.75, 1.0, 1.5, 2.0 mg-L™' 1y
MSM (K R el 20 mL, FIRTREHRE 1.0
g L7 AR MSM K Z4E Ry 2s (A xF IR, 76
30°C, 130 remin ' FEIRHIR G E SR 5 d JRHUEE, T
6000 remin ' FE.L> 10 min , B IEWH & F (0%
1 (1CS-900) Ml & K* . Ca’* ., Mg’*, Na* . Cl~ flI
NO; %, PHE T k. B E 3 7
TR, 64T 2 EE LK. H P BHE Tk
Dionex IonPa® AS14 (4 mm x 250 mm) , JishAH K
3.5 mmol-L~" Na,CO, F11.0 mmol-L~" NaHCO, , %
1.2 mLemin ™", #EFERF N 20 wL. PBHES 143871
1M Dionex IonPa® CS12A(4 mm x 250 mm) ,{ﬁifjj
A 1.6 mmol-L~" H,S0,,¥i# 1.0 mL-min ", #f
FERF A 20 pL.

1.7 MC-LRAEH T P. putida 40HEIEPEDN &

B P. putida FHNF) MC-LR JFREHK 50 0,
0.5.2.5 mg-L"AY MSM (& R4 20 mL,
FAREWEN1.0 g- L™, T30°C | 130 r-min '$%
IR R GG, 00 T4 0, 1,2, 3, 4 Fil 5 d Uk
%‘[}(6 000 r-min " ,10 min) ,H&%Til‘ﬁiﬁﬁ PBS &bt
3 WJA, 1300 pL PBS HA&, INA 5 wl #fb o g
(P Y501 ,37°C R #ESLIET 15 min, H I =4 iYL
(FACSDiva, BD) il & P& /240 d i 5L T 3. B4~ Ak
P E 3 PATRE, 5T 2 IRE R L.

1.8 MC-LR/EHF P. putida ZHMIHOWIE S EE

B P. putida FHNF) MC-LR JREHK 50 0,
0.5.2.5 mg-L~"AY MSM (& R4 20 mL,
FARRRWEN1.0 g- L™, F30°C | 130 r-min "%
R RHR S, B2 d, 5 d fFES:, B0 35 LY
W, TR 2% 10 T [ %2 24 h, SRS AR 20% |
50% . 70% . 90% . 100% Z. W 7E 17 B B i 7K 15
min , K5 87K 5 A8 TR AR T 158 R 5 G T AR =¥ 30 min,
W B w53 A5 R Co, BImA T 4 h,
2RI AL R FH A4 L 58 ( PHILIPS XL-30ESEM )
WELASAE LT B R R RO &S DUE FR s
FRIEREFR 36 h AT X A,

1.9 St
S IR B4 A1) B Microsoft Excel 1 SPSS 17. 0
PTG S A A 53T

2 HR5ITR

2.1 MC-LR X T {4 4 i Jo e o o5 4 B mT s Mmoo
WAL

TR A 440 e 6L R B R L T 2 4544
2 T R A 5 40 58 R M RN I ) T RE R R Y
FERET . SRR DTS Y Mt TS Y i ek
I 6 2800 TR R R 1T, 3]k 40 B R 5 TR ARl iR L3
JEE AR X B AR 200 S5 o a5 1 = £ R

AR A B B A AR I A i — b
Yo, BA 2 v AR E L A B ORI U ) 2
AR E  IFE N LS IREE . AR
BRI F B 53 WA RE L, 0 BB AE — & I B UE 41 i
o 53 375 1 A A

AN[A] MC-LR iR EXT P putida 4 M 57138
BE K TR A B 2 R 1 Fs. Mo
AL, P, putida TEARGSIN MC-LR B9 MSM | HLRES>
WA/ B B RSP 1O F T RA B SR L
MERIE MSM P iE3E 5 d )5, KR h B R Y R IE
Z AR GH AR ZE 7 Az I 43 0 P P R 3 1 A )
WhE. SR MC-LR )75 AR R, 15 51
FELE 2 AU A A 200 o 190 308 3 1 % A A e ] 3
WEE 4300, ELAS TR ot 1 v B2 ¥ G W 0T A 1 200 i 3 535
PEAIVE IR EEASR], X5 AT V5 P 0 0 1) 52 el o A 22
S A3 R DR AT B8 2 R T G % T TR A A0 A R
WhIaVE R S B0 R SRR i o TR FR AR /N 3
TFIZGE RN A , 8 S O T A E a4 T
) A A R 19 38 0 15 e 1 B il 3E  ahe G ol
B B4, 4 MC-LR J50 5 v 22 38 K TR 4 240
o B 4 308 3 AN T A 1) B AR T A R R
BRI X N MC-LR (e a1
PR S R ML, — 5 T, ol 200 B RS L S 25 4y
BN RE & A IR | DA 5 04N A ST A3 3 1 AN I 44
K,ONPG AW itk A 40, 5 B-F L 0E 1 il 42 filk Sz
N WO EE(E T 55— T, 380 B AR 4 LA B
I AL 38 A A O 2I B At A5 4 oA KA
MC-LR fOEE 3 AR B R ANME. >4 B8 R 41 i f i
FPERE T R A W] MW B T ) A i 5T
FRETT 0 380 R A A 2 e, DT A 4 2R o 1 T 9 P
SR FIF SPSS 17. 0 Ge i34 v g 1A 43 s 1
AT B 55 TR A 4 5 P53 7 1 1) 22 AR VR AH OC
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Fig. 1 Effect of MC-LR concentration on the membrane

permeability and soluble sugar release of P. putida

2.2 MC-LR XFRRAARSWA AT i P 2R A5

I 2 AT, B AR AR R rh el i B i i
TR RS ZERE I MC-LR W75 HIR R,
H TR BB E R B A ar QNG 30, GBS b il 2y
6 mg-g  AHALAY FTVA TR AR . AR A R Y MC-
LR AEAERT, AN O & i B i T =
# M MC-LR BTt R K E 0. 25 mg- LA, AT
PEEE A R TR et 8 3 R KAE (29 18 mg-g ' 4HJfL)
VLG Rl MC-LR BTt B A, R 28 v ml s 1k 2
IR TR, 24 MC-LR Ji &k it 1 mg L™
Bk, A AT P 2 A R LR AR T 2 LR R TR
AR, W58 KB, A B 15 Y0 ih X 2 88 , vl LU it
BRI G B R 8 25 A it 52 7 FH AR G 1 il 2R
U, BRI MC-LR AOINA , BEASE 24 2 3 B 1A
(R , IS SR LA 5 iU RE ), T SRS
PRI REER RIS Y M R VE . 124 MC-LR
o e VA R B A K T B, — T T X A AR e B
Joih R A T, AT B R At L ) A i T Bl B X
A A A o9 — 9 T, o R B 1 s e ] R 3
(DGR YEY A RCE 2R UN - A8 Ve = W ) STE R =2
A T A, B TSR R, R R R
MC-LR FJFE7E R XA 2 bl s M 3 1™ AR IR
THFEVEH A BT E AR
2.3  MC-LR X B4 1R 52

FEARE A A A A 2l AR PR R 25 2511
FHES TR S R, ARSCE0 T H MSM A1 % 280t
BLER RS, BE N B AR AL Z Rl b 35 A9 BH . BH B, 4
WERRRIEF At sh. 3 h&FIBH . PHE P
BIhdnkr MSM 15 S5 S 56, v LA 1, P.

18 - %
15

9

ol
]
JLLL

L 1
0 010 025 050 0.75 1.00
MC-LR/mg-L™!

A ik/mg g !

0.

1.0 2.00

E2 AEREXRE MC-LR MEESWATAEEBHZMN
Fig. 2 Effect of MC-LR concentration on the

protein release by P. putida

putida FERARCHRIRR PR | FH 2 1R S O
FAHAR LK, Na® | Ca®* | Mg®* S 40 MBSl )
WEH T TEARTSIN MC-LR % MSM | T {4 B B 4%
WS TEETFHREREZES, b K| Ca* |
Mg®" | NO; Bk ARANMLIR I, Fe B0 R B M8 5 [ Rs B4R
AN M Na ™ | Cl™ B 7, R I IE(AE.

WK 3 Fron, B MC-LR 3 0 48 K,
Na* Fll Cl~ IR SE 28 /N A8 K, T Mg HiT NO;
DRI S8 KR B s/ s K AT Ca®* 1728 4k
5 0B A A 2%, 2448 K MC-LR () 5T s MR I
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