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W OE: 7625 LOWEMRINESThEL T e, RS A E K I, e T R KA. FE A
NHEEAFE Fe* HIZ(0~500 umol/L)XH A Sk il e i) /E K. -4 28 MM i B R (MC-LR) S RS, [R5 80 1
SRS AR S O 7 BRI, SR R, Rk (Fe¥ <0.1 pumol/L). ik (Fe* <0.01 umol/L) A ik (Fe**>100
umol/L)IRBE R, A bR a3 SRR 2 A B B2 BN AR RIS 2 AE Fe U Ol 100 pmol/L i s,
HEZEAE Fe* W% 10 umol/L. Y384 30 pmol/(m?-s)if £ i K

FBEIA: FeIREE; LRV RS HISHMOEEE, MRS, LI

HPESZES: TQ225.18 SCERFRIRED: A

1 W=

IR S5 FR I 1 T BUK R E B IR
ACREPE FHE N, 18 R e i BB T I K SR 4R
XIS R G B AR ORI, 3 LT & AR 7K A I
ML M BE 3 R W 4% Bk 2 B (Microcystis
aeruginosa)™, ‘&4 (K15 7 3 (Microcystins, MCs)
ATCAEONE T, (IR /KR 7 WA IR 25 25 v B IR B ok,
Tyt A,

AR AR, Tl 0 300 A SR Tl e i () A=
P EAE AR R0, Lukac Z5B0F58 T Fe™, Ni%*
H CUP S O R 75 A R, 45 RR 1, Fe® i
S RGN AR PP R a. B R BT AN e P A P 3
113 5 W00 5 6 A P e R P, Gt R e At
Jetr Ve, Ame 0 3% RSV IE P TR L v
A A

s B8R ) Al B0 P 2B KA 5, 0 T S
BRI, AN 0E 15 g5 R IR —
#, W Watanbe 2PN A asm G N, S5ERn 4 1%;
Van der Westhuizen 25 H I8 G i) 2 R ISR/, B
FOGImpHIN, RS RELINERKD; Song 4R
R, RS R, A A Fe R X
P i 1 A KR AR AR S R T REAT T R R g,
R Fe® S At A K BRI 7. 5 AR
R F PRSI FUAN ], AR AR AR mT DAG) 36 5 41 i
HEAT o 2 E ML R 0 e A W I N 28 T 3E AT, e
AR K AR I (02 R0 R 2 88 5F 00 Fe o Al 41k
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2.1

It 8 g 4 &5 3k 2% 2 (Microcystis  aeruginosa)
PCC7806 A, K [ v R B S A TR Dol 22
RERIKEFE(FACHB), fR4E7E pH 7.1 1f) BG-11 K
FrKE.
2.2 F{MALE

HART7 70 W SCHR[11].
2.3 EFEMHMLIAERIT
2.3.1 FEMHFE

76 BG-11 i F Microcystis aeruginosa
PCC7806, & THi/K LGSR, WA 25°C, SGiE
oA 30 umol/(m?s), 4 RG34 130 r/min. FE40 i 2 15 £
BRI 108 mLTh I, BIRTAE  Seat s
2.3.2 JRNERIETR

JEANE NSk ST B2 N RS Wa i ta =%/ SN A AP N
BL25 L, TAEMRRL2.0 L, M A4 H a3,
AT HEAT il e e KRR AR 3508 1 D)4 vpn e AR K
DAYERFES IR L. 3 AN N A — A, CE AR A,
H 2R REARHT S 1 IR SR AL R IR, A e R )
SEATHER 6 5372 H O] (18 W, National, Jbx(), e
J& % 100 pmol/(m?s). 23 HfL4AN 0.2 um 253k g
(0 A PALL 2 7)) b i 18 Jek 15k NGE N (A

HEEUH: BHEKARFEIESEBIE (45 : 20676139); | 5 F pSIERMAT 70 & B IIRI(973) 2 4 E B I E (45 2002CB412306)
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IR EIE). ¥ 2.5 LT N 85 (7% 2 LR
0 2GR b il K B, A HI RS, G
#4150 mL BN, FFARET IR
2.3.3 LT

(1) Fe* iR B M SLus it

H PR BR K E T 1 A Fe® ¥R Il 20 mmol/L ik %
W, SR BRERRE 1IN, INNTE R BG-11 Kr gk,
il Fe* fE 6 I N 2 TR IE 43304 0, 0.01, 0.1, 1, 10, 100
1500 umol/L, SEE4 ‘5 73 mlh 1~7, KE&H. ¥45F
FM I ERRAE 3000 r/min 5.0 5 min, WCAEEEANE,
TR BG-11 R 7R AL 2 R 224k, ¥ v iy T i 7
7E 150 mL (8K BG-11 B3t rh, e Aot v g,
FRFRAAE IS 25°C, 6 i 8 R0 A A B S AR
SE . BERAEAH RIS TRVEORE, 0 S 4 i 35 Fi 42 2% a
i, R EAE KRN e GRS E

(2) eI R S R vt

75 BG-11 H5 9756 Fe™ W% 55 LA BevHAHIA], 153
B SR R R R e R IR, KB . e
D5k BT, BEFRA MUY 25°C, A R Y SE A
SE, GR35k 15, 30, 45 A1 60 pmol/(m?s), %L
ANTR] ' FE 58 P8 0k 35 40 i P 4 2 (¥ R
2.4 EERKHENE

ARSI 721 43 6 EETHIE 750 nm IROGAE
(Agso) LARF S 8 (0 A I . 388 1 1 T oA il 2 10 1 7
s FFT LI B R R S A0 M 55 L AR R, 40 Sl s
76 750 nm NEERDERIAE, SRJETE 105°C R AT
FEE, R AT BT A O 2 R L TG R o=
0.4776A750+0.0034(J5 % R?=0.9873).
2.5 MEFERMNE

28 25 PRI 2 77 ¥ L SCHR[22].
2.6 HRAVREFNNE S ZE

ZIRSCHR[6, 12], B 0.5 g VR T-HR 4 i A
20 mL 5% ZFR¥ i, R (400 W, 3 min), 5000
r/min .0 10 min, W IR EDTRET I 15 mL
80%I1) I, HA FIRERAE 1k, &9F 2 I B
FH - 100% 1) RN ZE 187K 23 5l % SPE . [ AH A6 B (500
mg/3 mL, W [ AR R HEAT AR EE, K A5 200 B
W LA 3~5 mL/min [ RE SPE BAHREECH:, H 20%
) PP S VARG » AR T 10 mL 1009 FFIEVE . K5k
A e A e as BZE T, H 1 mL RS, fRoiT

FH e 0O 5 0 S B R AT 400, B Hypersil
BDS C18 73 #7 4 i41:(4.6 mmx250 mm, 5 pm) A 2 B 4E,
WBIAHR H 0.1% — 4 & R /K W5 305 F I 1A TR A5
(40:60, @), I K K 238 nm, #EFERE N 10 pl. #Hds

ORI RDETE, AMbRid e .
B AR NI ARAERE i oy o R 27 e K 2R AR B T BT R

AL,
3 #RE7k

3.1 FERSRE XA EREA RN P ERKF N

WLE 25°C. A/ E 0.4 Limin, {EArE BG-11 1%
FEHh(FeX Wl 12.3 pmol/L)# %< Tt 4 35,
45 F1155 pmol/(m?-s) I i f B i 26 56 SO 3 Hh i A K
AR A RAEAH F (RIS [V IOORE, 05 S 40 2 3 L 1t
Falds, 4R mE 1L Fos. HETIL, JeHEREENT
M2 e BRI 7 K AT B . 2463 35 umol/(m?P-s)
Bn#] 45 pmol/(m?*s)Ht, EANMLAIZE K%M 0.076
o/(L-d)#2 7 %) 0.135 g/(L-d), £55% 9 d Jo i s BE s hn 1
72%. ARSEETRIE N EE 55 pmol/(mP-s), HE4N LA K
TRV FE RO MR, RUTZOGHR T B i A=K
5 FI401K]. 35, 45 H1 55 pumol/(m?s) IR R A= K 1y 5
N 554 0.75, 1.29 F1 0.47 g/L. 45 R W, fEA
S AE R, 45 pmol/(m?-s) i 15 B AR G IR i
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Fig.1 Growth curves of Microcystis aeruginosa under
different light intensities in photobioreactor

3.2 BREMAGMEREL RN EPEKZIG
WL 25°C . JEIRIRIE 45 pmol/(m?-s) 5 T, £
FrvfE BG11 B3k rh(Fe* ik B 2 12.3 pmol/L) % %A i)
WA SR A K e, AL 2. sl
N, HIEAEM 0.4 Limin B4 0142 0.5 L/min B, 540
A KR M 0.107 g/(L-d)FE =3 0.171 g/(L-d), #5372 9d
Jo AN S N T 55.8%. {HARLII E A A 0.6
L/min J&, #4008 5iE2tt 0.5 Limin B PT R FZ.
BREFREEHE, £F 0.4, 0.5 F1 0.6 L/min il & FAEKW
] e ol A ) A0 P 3 S 4y 3l g 1.04, 1.62 Fl 1.23 /L. &
RN, EARLISAMT, WAER 0.5 L/min U4 H.



1194 U = I

CRES

16+~ .
Air flow rate (L/min)
14+ —a—04
- r —e—05
3 12r —A—06
£ 10+
2 L
q;’ 0.8 B
g 061
> L
(a] 04 L
0.2 +
00 L | | | |
2 4 6 8 10
Time (d)

Kl 2 SRR AN R S R A K 2
Fig.2 Growth curves of Microcystis aeruginosa under
different air flow rates in photobioreactor

3.3 Fe"iREFMIAFMEBEREN R PEKIFIG
FETCRR ARG FR A A8 I3 = (R R R ke, A Fe™

TER N2 R EAN], KB JaHehh. 8R4 iR

25°C. Jt5% 45 umol/(m?-s), i< & 0.5 L/min. & KAE

1.75
(@)
150+
— L Fe™ conc. (umol/L)
S 125 =0
d | —e—0.01
£ 100 ——o1
D L 1
2 o751 —¢ 10
= —<—100
; 0.50 L —»— 500
e
0.25 -
0.00
0 2 4 6 8 10
Time (d)

ARTRIE RV EBORE 05 S 40 B 8 B F 4 3% a & i, 45
R 3. Bl FeS USRI, FEANMA A KRB
Wik, Z Fe* WJE 100 umol/L I, E 40 [ A 4 B AN
Mog R a Mo sk B ME, 208 1.60 g/L F111.77
ng/mL. 4 Fe* ¥k i 4k 48 i 45 500 pmol/L B, #E41 i
AN Sk E a WL SR RA, 23514 0.52 g/L FH 1.21
pg/mL, AT Fe I 4 (R A-4E % a 431
47 0.46 g/L 1 1.19 ug/mL). & UIE B Fed ul LIEED
PEB A, R Fe™ vk 5 X P v 1 A KA T
IOE{KHN

Fe® X438 a R A= K A R m AR ), (e
LR BN Fe¥ U3 (1748 Ak B UK. Fe® ik I AN 10 pmol/L 1%
JnE] 100 umol/L, A4 M 1.43 g/L 340 1.60 g/L,
WKT 11.9%; M4EE a M EM 6.19 pg/mL 38K 2
11.77 pg/mL, KT 90.1%. J K28k S 7 REm Lt 5 m
I 2 22 IR R 11 - il A B 4% ) 8- B8 2k & 1R TR B2 1) - ok
AT 2 A T,
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Fig.3 Growth curves and chlorophyll a concentration of Microcystis aeruginosa under different Fe**concentrations in photobioreactor

3.4 Fe"IREMAFHMEZAMANSTESENEMN

LEXTH A K AR AR AN ) Fe® i i v 2B K i e
BEANML, ARIBUN S BT R 3 (MC-LR). (B B S [
RGN AEAN ] Fe IR NI, SRS R
WP 4 fios. 24 Fe* WM 0,0.01 A1 0.1 umol/L i, 41
WPy 5 F A T4l T B4 Bk 1.91, 3.08 FH
5.43 nglg. #ANM P RS RA RTINS 10
umol/L INGAFI: K, A 56.95 pglg. 4k n Fe k)i,
T 75 25 5 BE) L R I, 24 Fe® Wk ol 500 pmol/L IF, #
Z o EU 3.64 pglg. Utkilen 250500, MC 4> T-RESS
Ak Fe* SRR A I Fe®, (EAIILN Fe” Kk E
THEL, 454 T Fe 1) MC 231 S REAH 22 Ik & i 1k
WG, (et MC & B, R, SN Fe* vk
EERIRRTE 2 % (MY
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Fig.4 Microcystin-LR concentrations of Microcystis aeruginosa
under different Fe**concentrations in photobioreactor
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3.5 ABMIAFNERMAEANZTESENZMN

A5 LR SR B R B R SR A (R R IR Fe¥ ik
¥ 10 umol/L, ¥5Z#¥LE 25°C, @& 0.5 L/min) F,
SN G D B AN B B 2 s, 25 LW 5 R,
MEIRTLLE R, Ao e i vi 1A WA 5. Y
JEIEEEE N 15 pmol/(m*-s)3E N % 30 umol/(m?s)i, &
FM TN TERSEM 49.28 ng/g Hn%E 66.55
uglg. JGORARLENG I, RERWRALEE N, Mt
F) 60 umol/(m*s)i, 3 ZEIKIE N 32.69 pg/g.

IR SIS 45 AR B, i 2R A e A R P i ) B
FAFANIR], P28 ) B IE e AR B IR AR T AE KT
MR IG A, R DA o] R B TR o R 2k B 1k
T, EAMA A O A T SR, AT RZ MR
Y, A P R 1 LA ARG R, B 4 i T
IR BE A I Utkilen 208100 205 T ARG SR
BERE R AR, KI5 T 40 umol/(mP-s) R,
CLR VAN BTN R e S 8Ll [ (BN R v S e e S TRy
EHYERFAL,
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Fig.5 Microcystin-LR concentrations of Microcystis aeruginosa
under different light intensities in photobioreactor

4 %

FENA YR NS, TS 55 T ORI Fe® ik Bt
SRS AR KRN R 28 G U S . 45 R, AN
Fe® e B T S A S P R i AR R (W T BN 3, [ Bk
PERER A B W, ARIIEMT, ML
B K IBOE L 45 umol/(m?s), B0 B (Il AR
T2 0.5 L/min. 7E Fe* WK EE(% T 100 pmol/L 4511 F,
211 i 1) A= N gt 2R SR Fe I R it 1K

Fe* ¥R MK T 0.1 wmol/L k=5 T+ 100 umol/L i, 4t
T KR 4 2 (0 A 38 2 B . s A
Fe®* IR FE X 18 25 4 B 5% B AR AR D o B, S
BOGEBAG. % & = 0A B K E I e 5 A 30
umol/(m?s), Fe** /&% 4 10 umol/L.

S K-

[1] %0, MBS ESUIR M) dbRt: %L, 1998. 2-3.

[2] AZRIE, oo, KEEHERERVITIME []. 2RISR, 2004,
23(3): 21-24.

[3] Lukac M, Aegerter R. Influence of Trace Metals on Growth and Toxin
Production of Microcystis aeruginosa [J]. Toxicon, 1993, 31:
293-305.

[4] Artin J H, Coale K H, Johnson K S. Testing the Iron Hypothesis in
Ecosystems of the Equatorial Pacific Ocean [J]. Nature, 1994,
371(64): 123-129.

[5] Martin J H. Iron Deficiency Limits Phytoplankton Growth in Antarctic
Waters [J]. Global Biogeochem. Cycles, 1990, 4(1): 5-12.

[6] Ame M V, Daniel A W. Effects of Ammonium and Temperature on
Microcystin  Content by a Natural Concentrated Microcystis
aeruginosa Population [J]. Water, Air, and Soil Pollution, 2005, 168:
235-248.

[7] R, XUE, foie. &, B B, BRI A K R
M5 3], FEERERAAR, 2001, 20(4): 166-170.

[8] Watanabe M F, Qishi S. Effects of Environmental Factors on Toxicity
of Cyanobacterium Microcystis aeruginosa under Culture Conditions
[J]. Appl. Environ. Microbiol., 1985, 49: 1342-1344.

[9] Van der Westhuizen A J, Eloff J N. Effect of Temperature and Light on
the Toxicity and Growth of the Blue-green Alga Microcystis
aeruginosa (UV-600) [J]. Planta, 1985, 163: 55-59.

[10] Song L R, Sano T, Li R H, et al. Microcystin Production of
Microcystis  viridis  (Cyanobacteria) under Different Culture
Conditions [J]. Phycological Research, 1998, 46(Suppl.): 19-23.

[11] BFM, TKH, HEHiE, 45 Fe’SMMatHIE s KA A 1EH
HIsEmT [J]. dbatfb L2440, 2008, 33(1): 27-30.

[12] SR4ER, HFRE, T, S RA/KHEE B s £ 03
AT [J]. HBEy5 951536, 2003, 25(5): 265-267.

[13] ZEARfl, M, BRHHES, 45 BRRE s I oR Ml 5 2 g i AR Ak
AR [3]. MAER#H, 2003, 14(7): 1185-1187.

[14] Utkilen H, Gjolme N. Ilron-stimulated Toxin Production in
Microcystis aeruginosa [J]. Appl. Environ. Microbiol., 1995, 61(2):
797-800.

[15] Borowitzka M A, Borowitzka L J. Micro-algal Biotechnology [M].
New York: Cambridge University Press, 1988. 13-15.

[16] Utkilen H, Gjolme N. Toxin Production by Microcystis aeruinosa as
a Function of Light in Continuous Cultures and Its Ecological
Significance [J]. Appl. Environ. Microbiol., 1992, 58: 1321-1325.



1196 U = I EONE

Effects of Light Intensity and Fe** Concentration on Microcystis aeruginosa Growth and
Microcystin Production in a Photobioreactor

ZHANG Yi-feng?, KANG Rui-juan’, CONG Wei', MA Run-yu?

(1. State Key Lab. Biochem. Eng., Institute of Process Engineering, Chinese Academy of Sciences, Beijing 100080, China;
2. College of Life Science and Technology, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: The optimal conditions of microcystis aeruginosa cultured in a photobioreactor were established. The effects of light intensity
and Fe** concentration on Microcystis aeruginosa growth and microcystin production in the photobioreactor were studied. The Fe®*
concentration in the culture medium changed between 0~500 pumol/L. The results showed that the cells growth and microcystin-LR
production were both affected by changing Fe** concentration and light intensity. Biomass and chlorophyll were limited when Fe**
concentration was below 0.1 pmol/L and reached the maximum when Fe** concentration was 100 pmol/L. Then they both dropped down
when Fe®*" concentration was further increased. The maximum production of microcystin-LR was obtained at 10 pmol/L Fe®*
concentration. The effect of light intensity on microcystin-LR production was also studied under the optimal Fe** concentration. The
results showed that the optimal light intensity for microcystin-LR production was 30 pmol/(m?s).

Key words: Fe** concentration; photobioreactor; Microcystis aeruginosa; microcystin-LR; light intensity



