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Growth Inhibition Effect of Immobilized Pectinase on Microcystis aeruginosa
SHEN Qing-ging' , PENG Qian”, LAI Yong-hong”,JI Kai-yan®, HAN Xiu-lin®

(1. Department of Biology and Chemistry, Wenshan University , Wenshan Yunnan 663000, China; 2. Yunnan Institute of Microbiology,
Yunnan University , Kunming 650091 , China)

Abstract: To confirm the growth inhibition effect of immobilized pectinase on algae, co-cultivation method was used to investigate the
effect of immobilized pectinase on the growth of Microcystis aeruginosa. After co-cultivation, the damage status of the algae was
observed through electron microscope, and the effect of immobilized pectase on the physiological and biochemical characteristics of the
algae was also measured. The results showed that the algae and immobilized pectase co-cultivated solution etiolated distinctly on the
third day and there was a significantly positive correlation between the extent of etiolation and the dosage as well as the treating time of
the immobilized pectinase. Under electron microscope, plasmolysis was found in the slightly damaged cells, and the cell surface of
these cells was rough, uneven and irregular; the severely damaged cells were collapsed or disintegrated completely. The algal yield and
the chlorophyll a content decreased significantly with the increase of the treating time. The measurement of the malondiadehyde ( MDA)
value showed that the antioxidation system of the treated algal cells was destroyed, and their membrane lipid was severely peroxidated.
The study indicated that the immobilized pectinase could efficiently inhibit the growth of M. aeruginosa, and the inhibitory rate reached
up to 96% .
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1.1 SEEeHP R

Hi SR BE 3 ( Microcystis aeruginosa ) : Wi FH W
PRz B DUK AR A 5E BT R - 521 sigma 2
FAE TS A 400 ~800 U-g ™.

1.2 LRIk
1.2.1  sgisde e ny s o

K BG-11 B35 K 20 mL Ab T %54k K31
BRI HE A 150 mL 8535 3E (pH 7. 1) #2255
5 REFRIRE R (25 = 1) °C , G IEER 293 000 1x, &
TR AL T 8 h, ATHREE6 ~9 K-d™", ¥k
RS d TR, —UIHEY S mEE A K
A, S0 BRR IO R A
1.2.2 [ AR B 04 ) 25 Fin A

[P 2 TS T ) 1 5 o 4% W PETR AN 5 4% W
JBE44 100 mL F 80°C /K TR G %, 291 h J5HHR
BRI 50°C 2547, A 2% F B 100 mL 64
2 ~3 min, fFEFRRTREEINA 5% 5% 15 mL Hiif
B5] AR FRR AR S0°C /K H il B/ NER. e 2
h JETA 0. 05% 13 v ] 3 2k 1 (4°C kA iR
M) . JEH/INERIE LAZR IR K PRI BOR , JE LRI T, 4C
TRAER .

TCH A TR K AR 3R 15 d (R4 SR T 28 e
RG34 250 mL (YHEIE U, B 3% 150 mL
(45 Vi PR (WD LR I A0 M MR Bl 28 x 10°
AemL ™ SRR ERE 4 mg-L7"). HIRIRERS

FEBIIMA 15, 20, 25 ¢ 14 [ fL SR T, AR 2% 3
AAT, BB B — X BR R A R HE R IR
(25 £1)°C , EHEHRBE L3 000 1x , % G HR IS [E] A
T8 h, NTIRHE6 ~9 W -d™". AMAREEMFIK
fiti >4 H 46, B 48 h HU— 7 it 300 22 4% A DU
FEh5.
1.2.3 HAHHBEGEME

B—FRE®E®KT 1.5 mL &.0 % F1, 5000
remin "' B0 15 min, 3 B, IMAEBRER K A
B, 70 I A 3% I RS TR A2, B 4°C VKA
SUR LA = VNS o) G = 0 0 NI FN o 1 Sl e |
T et T DA IR TR A L 2 A IS i R T
B BVRA W S B AR B BB A b B 37 C B4
HRE A R ER RS IWER | . g mie T
YEF = g R B ATl o 58 1l F 4 45 X
2 I TAE T R B 7 B 5 il
1.2.4 WETE

] gt 0 A i 200 B R A A R R A L R
FHS AR T BRI 2 i A

AR IHPR A,

N -N 100%
n = N X 4

0

A, FAERKIEIE, N, MR, N
SR R

B 2 Tl A B T 2 2R N A ¢ S R R L AR L)
SR L (L) ™ BUS mL WEIRE L, 5 LN
JE A VKFER VR 12 h LLE B JE TR H] 909% #1 2,
i (80°C) T 80 CHUKIAALHL 2 min, FFH 4R 10
min, TG EHEAEHL 24 h J5, 8.0 30 min 15 FIHK
ER,90% ZEEASES AR AR T K 665
nm F1 750 nm 2L SCAE , SR )5 A =/ 1 mol - L~
WAk, T K 665 nm 1750 nm &b F G .

P (MDA) & i I - 2 IR I L2
2:(TBA) ' HU5 mL ¥ TE 4°C 10000 r+min ™'
REREL 7 min, 77 FIE, A 1 mL A9 BEERZZ vh i
(PBS pH 7. 0) A JERPIHES , FHH PBS B2 ,4°C
L, FEWREDNCA SR, B 1.5 mL B TR 4, i
A 2.5 mL 0.5% TBA 7K 20 min. RHIJFE L,
WERAY I E 532,600, 450 nm ARSI OGIE.
1.2.5 SCEEUEAL B

K H SPSS 16. 0 FAFALF1 Microsoft Excel 2003
HEAT ANOVA Giits3#r, LL P <0.05 Jy i & 22 5.

2 HREH
2.1 [T PR B S 5 o e i A K R T



4318 ®oom B ¥ 3%
FREELERIN P 1 PR SRR 3 d X IRAL KX IR AN 3 S S U A B AN BEAT T L B AN
TR AR TR ek 0, 5 EUE AR IR IR 1 B IRT 3 PR al b1 B0 S o 2 i A IR

MR AR, SRR L B, B AL
W02 3 SRRSO, LR 6 d(K2)E
2 3 SERHCEIEA, SEREIL A A
Bk — ZH R A I o B A A L 2 I I 2
YUMIFRAE 7, 2D 53 VA 24 1) T 20 L AR T A e
A PRFRR E SR/ B AR IR L AR A, A
BEAELEER | R ARG BE I G, 3 I A 1 SR e T o 4
S U R I LR B AR A5, A £ i E Ak SR
2 TR A, RN, & i 5 R e, L 77 A ()
P AR A B 2. B X AR S v S 0 BT B R B
28 x 10° > -mL ™ AYEENL, 3 415 B SEER 245 T H
J 2 [ 7 A SR I TS N R Ak 15 ¢ B E AR A E
B SN EEARON (R S A TS R A R iR AT
DAE ). B X BEZH 55 50 56 21 38 V01 A ) 45 1 T s
2AHJE, L, 2, 3 SR E G AT R S
W], 2R WA 2 G 38 BB A A0 T, [0 Fb SR M AR
FHRCREEA | FE.

A 125 g)

2(20g) S 3(15¢)
1 MABEXRKESE3IdXEB1.235
FAEMEENEKER

Fig. 1  Growth of the control, No.1, No.2 and No.3 on the third

day after addition of immobilized pectinase into the algal cultures
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Fig. 2 Growth of the control, No.1, No.2 and No.3 on the sixth

day after addition of immobilized pectinase into the algal cultures
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R RO R TG HE | B BB A5 S8, A
i85 0 T P9 220 5 35 WA, A 958 0 R v T LA ek Y
R 1] U N SR ) D T LI N S =P
o 2 P SRR I IR LR A R TR T
TEACRIB ARG IR 5 b1 B 40 A i 8 73 4 M 5
TR | ™ AN T ARAS RN A7 ) 200 6 26 1T A A=
TRIE AR | SRR 8 A I e b DR A U N BE RS 32
20 = ] 2 AN SV TR, A TR
A M\ a3 A R B O ) AR B AL B —
JEIE BT | TS b3 358 40 D A A DA 2 L 5, 4
JEBERAR , 401, 4
= 3

al a2 a3 X BEZH AN b1 b2 b3 Ay [ 22 Ak SR
SEYRA AN al 1 b1 BORAEECH 4 000 x ,a2 1 b2 K
15400 4 500 x a3 F1 b3 JKRAFEECH 10 000 x
B3 BEEkREENASMERABEHNEN

Fig. 3 Effect of immobilized pectinase on the

structure of M. aeruginosa

B 2R IR A R — P LA M AR T W R R
ek, A AR SOBRL 15 ] M TRt i
BEAE T A MR A AR A B RS R R AT BE
SATRORIE S 70 IO R AR [ 47 388 S 98 70 el T AR
FEARA A RO e 473 5, DR Ik 5 [ 5 A 2R e
X A K 8 A Bt R R FEBON, AR 3 v a2 A
b2 IR W oA RORAS B 4R M A T T 44 P



12 1] DRI A5 181 PSR T 00 1) o ol e g AR A5 4319

I ZERE b2 5 bl BB ZER b2 5REL,
KRS T BN Z 3 00— 2 1B [ 1b SR e il
X TR A RN 3 U E ROTRAS T B4 A Sl 0 v 240 i 3
FEAE S8 B 500
2.3 [ Al SR TR o fal 0 P A B A K ) R

FH L 4 TTHT ) B e A B AE S50 )5 18R 3 d
AREECA R, U8 S T s A it A 1 A BT Bl
HSE A B AR I K T AR T B S50 56 30 d 48
JH 9 B 35 43. 375 x 10° 4~ -mL ™" S2EGAH RT3 d [fE
b 5 e il X 8 AN R 52 AN B3 (P> 0,05,
ANOVA) , 3 ] B 2 4 25 fl 2 3 388 3] 396 15 Jolp 30 ) )5
BN 2L F 3R AE 2 HLRE DA T R IR B ) £ K
A, DRIV 56T e SR 5 T X ] e 20 3 10 410 ) 4
I —E WS 000 5 o5 AN i 3 A 2 e i L
AHAHAYURY LRSS IR A K g sE 1) It
Sy HT i e A K 2 T3 st AT i EL A R [ e A SR
2 i e R T /0 B AT B B A T AL RE SR R AR K g
F1 AR BLRE S 655, AN 2 DA G H5 5 20 M A+ A A
K. FICEER 3 d S b e, A%k AR $ A K
V18 i) 53 A 3 35N P 2 i1 2 T SR e il Py P 49V
FEEPE , I R T F FRAB S M AR R A 4
WL AFET B, 50 R FU SR 4 d B e AL SR
il -ty dd 2 00 ) 9 A0 L A P A A 3G (P < 0. 05,
ANOVA) , A5 7 d FFIAHE 40 M R B 22020 4
BERIFEA 1.296 x 10° 4~ -mL " B4, 55 30 d Y
FEANMBCR T TR 1.599 x 10° 4> -mL ™", IS [
FE AL A I T F % A BE E Y AR K IR Rk
96.312%.

60

-0 XfIfidh

20 4 mpRREkRa

Saf
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X 301
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Fig. 4 Effect of immobilized pectinase on the growth of M. aeruginosa

2.4 [EEAIR BRI SR T B 2 R 2 TR
Al

WE s s, SRR R4 R a W 7 d N
M 4.008 mg-L~" FTFZE 7.886 mg-L~", ELEEE 30
d ik 17.763 mg-L~", F B HI gl i Ak KN 0 R
g, [ A R PG T S 6 2 11 5 A L 2 R a VR

MNES 2 d A i 3 T R, 3% B AR I T i
S0 ) 3 4 A R B G in (P < 0. 05, ANOVA ),
YERSE 3 d Hrb&t 2 a {HoM 3. 050 mg-L~", NI
HAXT REZH 1Y) 42.054% , 3155 7 d M4 EK a (HFE R
0.093 mg-L~" (XA RIS BRALIA 1. 179% . L5k
7230 d, SEEG L4 23 a (B0 0. BEHH [ e fh R
JIC T SIE 6 2H 1 B 2 A 2 2K OBk 58 R, X —
8 S g 0 R AR T T D R 2. 1 T R Y S G AR
gh L3 RO R B A AL, BN AR R a Y
JEFREA , B e AR, SN ASET .

18 | —e— R4
16 b — A R A S AL

+ ' ot

114 17 30

13 5 1 9

HEFRnd )/d
Es5 BEEXRKENAFMEZHERE a SEMNFE
Fig. 5 Effect of immobilized pectinase on the chlorophyll-a

content of M. aeruginosa
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225 NIE 4 ATHISESRHT 7 d A K RS
FETRILASEAG i K 5 T RISCHRHT 7 d 40
M2k a AR B EIN TR (P <0.05,
ANOVA) , 2S5 B SR — 50 4 38 200 AT i 4 &5
AR T2 I 0 35 A0 B, (EBT A B 0 i O
FHA GRS % a e
2.5 [ AR Bl X A SR G E B MDA 5 1 152 )

M6 7] F AR RS R A 5 d 1
MDA {E# 5 1 d T T 43.208% | 1fif X} i 41 MDA
B DL K 38 2y, 2% I [ 1 8 e il EL AT 412 S
i A AR, T S AT R A K MDA AR
5 d iR, [ A SR I S 50 20 MDA (EFF 4R T R, 2
PEIEE 30 d I HAR 555 1 d MHEL R T 48.240% .
FEH] MDA (0 R B AR 4 S 30T 30 40 .45 g 52
P A, 20 A A AR AR T SR A AT T
YA fF AR, MDA SR TR, 255 7 d IR TFXTIE, i
HH UL A I 2 KRR T, e R v 4 i 2
MR a N, LUK BE R TSR 2 A 1
BLANE [ AHAF B A AR A .



B 33 %

1k —o— il
—+— [ 52 A SR Rl ) e 4

- 10
£ s ﬂ )|
E i . .
::EL 6 | Jf'/ 1 I
= 41

2 -

0

1 3 5 7 30

Hegemdiid

6 EEWRKEXFRKRIERE MDA S EHFIY
Fig. 6 Effect of immobilized pectinase on the MDA

content of M. aeruginosa
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F AN USRI A B ACHE 1 SRR
X b A L 2t RS ) SR AR A T L B 1 T
A BRI RIRBE B R aX — Bt B2
L, BN N B 2 T kR B A R B o S B
P PR 28 T e 52 10 40 i A T R 2R B R A0 2R
] EAZ 400 ) 2R A AR A T T b R A
A RSB TR 7 i 2 2R R, B nT LA it
B TH A A 75 300 W SR T v il o, 2R i
JRURSiE O 22 R~ FUMRE IR , 22 1P 7 A > LW TR 7R
L% SIS 0 A e R ST RIN S LN OB &) )
N2 U DU, SR A S RE RS VA 5 2 ol 8
290 IO R v 8 2RI TR o £ LR SR, DR 23
20 AR AT 4 T D DR T AR A M B 52 A LA
JIE 25 R ) RE TG vk Ak S i A T T T4 ) 7%
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WL R AR YR TG, AR G B SR
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filile LB AL AL ERE, T X 2 556G 1 A
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e RN AE T 2 AR R A B
LR BB AR AL S 4R o SR R
ARG, A B 4521 2.1 5 UL [ 2 10 2R Ji W5 A
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