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16h:8h WIEFR KM T , K ERLBHAE K FM AN 284, DIE T (ODgs) HIF M E KR F SR B K SR, £
BWREEEN NPHREREELIT K ERLZENERPAZ W, E—EMWEM((NO; -N]:1.6—245.1 mg/L;
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(PO} -P]1>6.9 mg/L)BF, MRS HoA: K 7= A 0446 B NP RS = FIak BE AR AR AT AT XP /K TR 2 SO B 4 11 3% 4 (Fv/
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RS B NPERET K ERLBENHEREFMAMERREESEA S, 2 ¥  TIEY® BGI H3kat
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1 #REAE

1.1 EMOSBEEF NZBEBREKERER,
FEME S EESP RmEEA%, IR AR M
BHEBLCEMN T EREXHEIERY, L BG1 ¥F
HERFMMER, TREFVYNERFG BEQS+
1)C, BB 20 pF/m’ s, 8535 3 pH 8.0,

1.2 XBWAHZX

1.2.1 KEREFEKBEDNE HEHRIOXE
AREMALTHNAEKERWEG R —ENEE
EFEMP BCL BRED ELREFRFHT,
BRESFEBAFE 3 mL, T UV3000 % 4b/0] I 45k
Y6 it (Ultrospec® 3000, Pharmacia Biotech , Biochrom

Lid. , England) b B %W 2 5 R Y 7E 665 nm KR L
B, URRRKERZENEKRD, KR
it B p= (Ap-Ap) /A R p—H A K& 5
Ay BRYE O ZANBEEE; A, — B KRYE
12 B %) B9 W% Y6 BE 5 Ac— B9 W I 52 2 (8] BY B ) 6]
P&, do

1.2.2 AENPEREMKERLBEEKWEIE
LA BG11 A iS5, % NO; -N.PO;-P ¥
. ERAEKME FE, W EAEARF NOs-N,
PO PRIWET , RLBMEKER. BILEH
B S B EAE RS £ 1)C, LA 40 pE/m’ s,
15 T LB S BT A NOy -N.PO;~-P MK

1 TRAKEFES NO; -N.PO;"-PHXE
Tab.1 Concentrations of NO; -N.PO; ™ -P used in this experiment

NO; -N (mg/L) PO; " -P (mg/L)
45 No. N-0 N-1 N-2 N-3 N-4 N-5 N-6 N-7 P-0 P-1 P-2 P-3 P-4 P-5 P-6 P-7
W B Concentration 0 6.2 12.4 24.8 61.8 123.5  247.1 494.2 0 0.14 0.27 0.54 1.35 2.7 5.4 10.8

1.2.3 NPHKERLEHFEK X (Fv/Fm)H
®M 7EVE NO; -N.PO; -P ¥k, Hoith 3% 3% & 14
FREAZHFELT, TXHHERBRE 3 nL, HEF
WA Y1 3 R 43 H7 AL (PHYTO-PAM, Walz GmbH, Ger-
many) W BB FY MM RERLBRE, FRERKE
DLfE , BT A8 B iR KB & F 7 % (Yield) RBL T B4
Mue R g (PS T ) Jefb ¥ RE B ¥, B # ) Fv/
Fm (Fv, T3 ; Fm, l K 6) 0,

1.2.4 EHEN B3 mlL A TFTHHEEKBHKAR
N.PWREEFREKERLBEIEFRY, 5.0 (4C,5000
t/min X 8min) , 3 E¥E, IIA 2 mL Fi¥ BB BR 28 vh iR
(0.2 mol/L, pH 7.8), K21 3K S8 7S U 40 BT R
B R, SR EE O (4°C,9000 r/min x
15min) , b 5 W& B 4 B ML SR B, L B T 40t K
- 20CA TR .

1.2.5 HRIEEBFBRENE WMRECEE(NR)E
P A9 %2 2 B Chaman and Harrison!') 1 (1 4y A 78 4=
sz B A E AR R R R B,
1 mLASHEEBOK, A 1 mL 0.1 mol/L A KNO, &, B
B 4T F 30°C/K & AR IR 30min 5, B 1 mL [
WL IAL mLBERE (1% % F 3 mol/L I ERPRVE W) &
LSRR, 1 mL o-28f2(0.02%) , FE B # 15min
&, e B b 8 FES20 nmAl B RO
1B (ODsy) o BETEE LA B (L B 8] P9 4R 4L 38 SR A BR 0 A
AL AS ARk 9 & R 7R (ug/mg Pro/h) o

1.2.6 BEM/HBHUBEBEEOUNE Rit/HEk
BERR B8 (ACP/ALP) YEMET 2 AT AR L A BE R — 4
(p-NPP) 4 [ BE i #1123, R 4k 9% AR G 00 &8 R
0.5 mL BB , iN A 2 mL p-NPP(5 mmol/L, % F
BEBREh 2 vh ¥, pH 5.6) ,25 C4H i X B 60min, 55K
JESLEPAIA 1 mL 0.5 mol/L & NaOH % ¥ & 1k B
1R SR, 43 6 56 BE 7F U %€ S B4 7E 400 nm 4L BY
WHBEAE . BEYE M DL BN A 6] N K @ p-NPP A R
B %+ A4 H 2K B (4-Nitrophenol ) ) & K & /8 (pg/mg
Pro/h) B8 P 8% BR A 15 £ A0 I € J7 5 5 RR ML B PR B
AR, AT A R B FR o B AR L B b R SRR B R
HZ P (pH8.2) .

1.2.7 BESW AZLHEPNHERIEEM
B G 1 6 U 45 SR ¥4 R SPSS11.5 St it 43t # 4
fThESWMAR 5 B F KB (One-way
ANOVA, Tukey) o

2 &5 R

2.1 KERLEEBGII EFEFNEKER
ERERFEHT , KERLBEEKE BN 28
RER BEF 10 REAFRFANEAEKY, XY
RRKBEHABEERKM . Fg 6 REA,MHEAT
Rl B MERKEABAG RN SR (E 1),
EERKPBEREEERKERS A A REH M p =
0.042, X EAEKM n=0.123, FEaH# .. = 0.0025, F


http://www.cqvip.com

776 b S S

£ 000 http://www.cqvip.com|

% W 31 %

FERA: = —0.015(p, HAEKER),

2.0

0 5 10 15 20 25 30 35
H3RAH (d)

B 1 KERZFEE BCI FHEKMBR
Fig. 1 The growth curve of A. flos-aquae in BG11 medium

2.2 N.PREXKERLEEKHRM
NPHREREXEKTLFNERTE, ~EH
BN, REREN NP AR TFEENAK, BRELH
B S HAER=EMHIER, TREREXH, LB
EHFHKERELBEHREEN NP IREBRESH R
N:24.8—247.1 mg/L, P:0.54—10.8 mg/L(H& 2,3),

LS[ —a—N-0
—eo—N-1 hd
—a~—N-=2
12 |e-N3 /
s —e—N-4
—<4—N-5 /
0.9 —»—N-6
2
)
Q06
0.3F "
00

0 5 10 15 20 25 30
Culture time (d)

B2 A NOy -N ¥ X K E R 22 A K F
Fig.2 Effect of different NO; -N concentration on the growth
of A. flos-aquae
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Fig.3 Effect of different PO}~ -P concentration on the growth of

A. flos-aquae

2.3 FAFE N.PREXKERLR Fv/Fm B0

BAKEY N WRBER K R 2 BE X 40 K R P/
Fm AJ =4 B E B (p <0.05), N ¥k B 55 i o A]
X KERLBER Fv/Fm =4 — R MWHFER,H Y
N.P ¥R N:12.4—247.1mg/L.P:0.27—10.8mg/L
HITEE AR, R Xt KR BEE Fv/Fm 74
BEEW(E4),

—m—N]|
0.7 —e—P
— g —
0.6 __4——5——~’§5Y
0.54 / * P
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E
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O.ZJ e
0.1
0.0 - :
0 1 2 3 4 5 6 7

xR

B4 AR NPEFEXKERLE Fv/Fm I

Fig.4 Effect of different N and P concentration on PS]I efficiency in
A. flos-aquae

2.4 N.PX/KERLZE NREFHHRIE
KERZE NREESEFBRPHRERNK
EHAREAMMERXR. BIREMRMEN (6.2 my
L,NRERALERNEE(BEH TIEX Bl
K3 ,p <0.05); FE/5 NR & ¥ W A BF &K, B 7
[NO; -N] =12.4—61.8 mg/L BN ESBEREFZ W+
WREERENABMER I H; ¥[NO; -N] =
123.1/ mg/L B, NR & #Ei5 B — g ([NO; -N] =
123.1 mg/L, NR activity = 0.4314 pg/mg Pro/h) )5
WIREE BB AR E R LM HMEK(E S,
B RSO XK R 22 % NR IS B B B E
HER,
2.5 N.PXK#%EFRLBRE ACP/ALP FHEH K I
BAEBFRNRETHEES KERLEN
ACPEM =AW, ERBRZHELT, KERLE
Mipy ACP 35 PEFH 7, T ALP & M &) & 8 B 25 4k (&
6)o BEEERIRAEMNKERZERAN ALP EHX
B — B BB o 350 TR R R 0K A B R B 34 T R K 4
WL HE AP B EMBIIER. HEFB B
TERHZ e, ACP EWHN BEHE, M [PO;-PIA
0.14—10.8 mg/L L B, ACP IEHE T 8 & 4
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(p <0.05,®7) 3 1

051 KERLBARER RETEREROAK, R
04l L LR 9 7K 4 R 42 K 4F B 7E 6 O
- 0T ph T 2 3R B B U B 26 0 S K A
g BN PEEFRYAEARERES, SBORL B AL
2., S, I E MR AT IS 4 SR T R AR
g oo FERATH T AR & B, 0 960 7K 0 o 2
501 L T 5 9 A 0 T 5 0 9K A0 95 R 44
oo, KA S A o A% S A O U 43 7R ) i —
_ K 4 3 2 BEAE TR (R SR B UG B 1 3 00 ORI B

NR.ACP.ALP il Fv/Fm RITH 3, W B R T RL %
B — b A T A (L AR AE

B5 R NPV A LB NR I AL W R EIRI AT KERLFE RBER,

Fig.5 Response of NR activity in A. flos-aquae to different N and BEEN T ZHRBRENE, 7B FHAX AR 5t

P concentration ZE AT —E R E, &5 EFREAMAAE

XML ERAENAREBENEE, BEZFHRASE.

0151 — PP O CETE P O S8

0'12_' I ALP A, FEARHN, SFBEPREFRCEHRZ, G

= BB SR ERVLH , B R A S F R &R

%m% FHEH A SHBERYR; B BA N,

E BERIERBERA AT B SNEZE N, BFRBHIFE
g 0.06- ERikE,

g 45 BRI TE Y 25 B9 o B B VA 21

Z 0.03- o B R R 3 B F X A 88 0 B A i AR 0

000l THERE o T T H ST (Fv) 5 B KT (Fm) B9

N-I N2 N3 N4 N-S N6 N7 FEFERERZE D (PSI)EHEH KN FEXE

B 6 NO; -N¥WRBIX K4 RLT| ACP/ALP KR 1H B MR SR IE AR, (27T 7T R0 PS 1T BB 9

Fig.6 Response of ACP and ALP activities in A. flos-aquae to different FEME &M Fv/Fo BERE. FLBRERE

concentrations of NO;™ -N B NPURERAERMKEAZTLEHZEFATEEMN

KRR ZBEE Fv/Fm, T NP W E 557 12.4—

0.12r T 247.1 mg/L 1 0.27—10.8 mg/L BI7E Bl 9 3 L BT,

. ALP) AEXf/KERZEN Fv/Fm FH B ER W, XF

o
=
vl
T

ENBREERFTLFU NP ERTR, HIKELE

—EENNEL, ABREERZBENLSERR

R MAHENRETE SR EMGEJLERM K

#2004 ER ISP R, X—KETLESEERNL

M EARKES N PIRETLEHAFH, ALBP,

AT LRZRNKERM(INO, -N] =08 6.2 mg/

PO P-1 P2 P-3 P-4 P-5 P-6 P-7 LB, AT X K S iR 22 3 PS 1T & 7™ A B3 & 1 i 1
B 7 POl b kXK 3 ACP/ALP B A Xl FTREREKRERKPNEIRER

Fig.7 Response of ACP and ALP activities in 4. flos-aquae to different RS, SRR BB, BARED TR,
concentrations of PO}~ -P MR (NR) REYERBP—TEER
EYBAREE EET-—MHERED,. ERE

4-Nitrophenol(ug/mgPro/h)
o o
2 %

0.00
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RYFHEIE, WA AEFFERRENEZES
Mg, HEHEREER MR EHBRENIES R
FEEER, BXHHRP W ZHEEE MR,
KEMHFRRA, WA NRESESHEA IR
AT EWRE S BAMHX . Dortch FEFAE %
3 ( Skeletonema costatum ) &R, FE/N R BRI FER
MR EFERE, A& R R
TE A BB EBREAKFETIHERBERK NR &
WU, ASrie st BEY], KERLE NR KI5 R
ARENEGEALS- K-SR EEad E
BREARKET . KERLZENEALREHEIEHE,
XATRERHANBEHARANBERATENIE T RS
EHNSE, SN SRLENB R TREE X
. AANERRAGT, KERLETESEHA
S EAVLE R ITRM R A AR ERERAOAR
B, FERSANERAE—FHELERHTEH KNS
B HEERARPERENES NREREEES
wE, ALBRERORVE—SWELEN, K
R4 B NR 5 MR R P NO; -N ¥R B3 i 4%
BREHA S EYNEFRTH NEEST 123.5
mg/L{IE# BG11 R EHR N EREM— )8 ,NR iE
HRAEAS, FHATHRES, XRALTEH A
VR B I AN BB B K A R 22 B BT TR ORI AR, BT R LA
K=EMHBIEM.
BMESKXEVERKREFTLFHERTE,
WEELENBEERER Y BR, EMTLE
BRAGT MASHEXNBREIERKEREZ
w®OREENMANE EEV A, P AKRE.
RHEMBEL, B BB (ALP) R4 Y% B
FIRA £ 37 £ B H kP, ALP BB S8R,
REZINHERTFREW, BREERE(ACP) £
— K& JB K% 5, BB 4 1k B BR R BRI M K B T
HEREVHBRR, AESHOMAE X, &
KERKP, ERBRP NEKEHTLKERZ
BN ACP IR ALP BB . N =, ACP
EHE G ZEWH R RFRE, X RIER
REMFTKERLFENHOTRAMAHGE g
h o T B Tk A RO U X R 22 BRI ALP
BE HS5 NRWZBEEMEY, ERBEEE N
BEABRPHEENA R AIPHESRZH A, X
WF S5 ALP BYEYIERHERAE X, YRR ER
M —EBE G, ALP EHMABERA S, & & &
TR X5HFEHNERREFT BB ERERE
MERAR —BH, IEHBERERANAAN TER

A, B H AR K A — R BRI A o
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EFFECTS OF NITRATE AND PHOSPHORUS ON GROWTH AND PHYSIOLOGICAL
CHARACTERISTICS OF APHANIZOMENON FLOS-AQUAE FROM DIANCHI

LIU Yong-Mei'?, LIU Yong-Ding', LI Dun-Hai'and SHEN Yin-Wu'
(1. State Key Laboratory of Freshwater Ecology and Biotechnology , Institute of Hydrobiology , Chinese Academy of Sciences, Wuhan 430072;
2. College of pharmacy Wuhan University , Wuhan  430072)

Abstract: Aphanizomenon flos-aquae ( A. flos-aquae) isolated from eutrophic Lake Dianchi was cultured in BG11 medium, and
it was maintained at (25 + 1) °C (with an illumination of 20 «E/m’+s, under a light/dark cycle of 16:8) . The growth cycle of

A. flos-aquae was approximately 28d and the growth curve was fit well with the typical “S” model. Concentrations of NO; -N

and PO}~ -P may affect the growth of A. flos-aquae with better growth under higher concentration of N and P, but excessive N

and P may restrain the growth of A. flos-aquae . Fv/Fm of A. flos-aquae can only affected by the absence or unusually low con-

tents of N and P. Nitrate reductase, acid phosphatase under low concentrations of N and P were significantly higher than that of

the control (cultured in BG11 medium, p < 0.05) . Activities of nitrate reductase and acid/alkaline phosphatase were not linear

with the changes of N and P concentration. These results indicated that A. flos-aquae could adapt to variant circumstances with

different nutritional levels due to their physiological and biochemical strategies.

Key words: Cyanobacterica bloom; A. flos-aquae; Nitrate; Phosphorus; Nitrate reductase; Acid/Alkaline phosphatase; Pho-

tosynthetic efficiency
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