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( ODeo +5% ), )
: ( Mg )
(o1 1.8 HGZ
, 5
1.4 H&Z :1,2,5,10,20u nol/ L Oh 2.5h
: 8 ( ,
) :0.00 mg/L ,0.002 mg/L , Handbook of phyoological methods ™!
0.02 mg/L ,0.20 my/L ,0.50 mg/L ,1.00 my/L ,2.00  (DW) Mo/ m v 2.5h
my/L ,6.95 my/L ( ) pH
8.0 V=Vm s/ (Kn+ )
1.5 [11] , S yVim ;
1.6 ! Km
(Water quality-Determination of tota phogpho-
rusAmnonium nolybdate ectrophotometric  method ) 2
B11893-8917! 2.1
1.7 (APA) Ber- .3
man' =), (-NPP) : ODeso 1 1 ,
APA 48h : 12d ,
APA ARPA ( ODex +5% )
13 oD
Tab.1 Varidion of ODegof the three grains inoculaed in phogphorusfree medium
() Time(d)
Srains
0 2 4 6 8 10 12 14
M. aeruginesa 0. 497 0.542 0. 624 0.690 0.734 0.770 0.810 0.789
A. flos-aguae 0.536 0.584 0.652 0.751 0.788 0.801 0.79 0.799
O. planctorica 0.537 0.574 0. 655 0.745 0.779 0.79% 0.788 0.820
2.2 2.5h 3 , ,
3
1 , M. aerug-
inosa A. flosaquae O. planctonica
M. aeruginosa A. flosaquae 2 A. flosaquae Kn M. aerugincsa
21.4 ,0. planctonica 9.8 Km , O. planctonica planctonica Km
3
2 3
Tab. 2 Haf-saturation congants and mexima uptake rates for phogphete of the three srains
Srans Kh Vi Vil Km
M. aerugincsa 8.260 £ 0. 682 0.298 +0. 027 0.036
A. flosaquae 2.199%0. 480 0.0130.001 0.006
O. panctonica 4.926 +0.517 0.0320.008 0.006

Note: Vi, ,maximal uptake rate [M mol P/ (mg dry weight- h) | ; K, ,half saturation congtant for phogohate uptake (4 ol P/L)
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Phosphate uptake rate

(umol P mg/DW-+h)

Phosphorus concentration (mg/L)
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Fg 1 Prophae uptake rate of the three cyanobacteria(28 )
(A) M. agruginsa; (B) A. flesaquae; (C) O. plandonica
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g 2
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Fg. 2 Vaiaion o phogphorus concentration in the cuture filtrates added with P garved cdls
(A) M. agruginesa; (B) A. flosaguae; (C) O. panctonica
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2.3 3 3 , 3 AP
2 3 ,
) , JA. flos-aquae APA
6.95 I'Tg/ L 22 M. aeruginosa
24 A. flos-aquae
, 140h 8000 + Y224 O. planctonica
] 7
M. aerugincsa 1.8 ng/L ,A.
flos-aquae 0.2mg/L; , = - =
@)
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- & % »n
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Fg 4 Rdationship between reciprocd of APA and phogphorus concentration
(A) M. agrugincsa; (B) A. flesaquee; (C) O. panctonica
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[15] '
M. aerugi-
nosa , '
[26]

[27 28]

[1] Hecky R E, Kilham P. Nutrient limitation of phytoplankton in fresh
water and marine environments: A review of recent evidence on the
dfectsdf Enrichment [J]. Limnology and Oceanography , 1988 ,33
(4, part 2) : 796 —822

[2] AHgen G Proghorus as growth-regulating factor relative to other
environmenta-factors in cultured dgee [J]. Hydrobidogia, 1988,
170: 191 —210

[ 3] Anderson G, Berggren H, Gonberg G, Gdin C. Hfects of plank-
tivorous and benthivorous fish on organisms and water chemigry in
Eutrophic Lakes [J]. Hydrobiologia, 1978, 59(1) : 9—15

[4] Shinder D W. Whole'lake eutrophication experimentswith phogpho-
rus,nitrogen and carbon [J]. International Assodation o Theoretical
and Applied Limndogy , 1975, 19: 3221 —3231

[5] Shinder DW. Bwlutiond phogphoruslimtationinlakes [J]. Sd-
ence, 1977, 195: 260 —262

[6] LiuYD,Fan X,Hu Z Y. Ressarchd Phyoology in China [M]. Si-
ence Press. 2001 [ , ,

. 2001]

[7] Wetzd R G. Limmology : lake and river ecosysems [M]. Acaderic

press. 2001

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Rose C, AXler R P. Usesd dkdine phophatase activity in eva uating
phytoplankton community phosphorus deficiency [J]. Hydrobidogia,
1997, 361: 145 —156
Janson M, Olson H, Petterson K. Phogphatase: orign, character-
igics and function in lakes [J]. Hydrobidogia, 1988, 170: 157 —
175
OH SJ, Yaramoto T, Kataoka Y, e al. Utilization of di solved or-
ganic phophorus by the two toxic dindflagellates, Alexandrium
tamarense and Gymnodinium catenatum (Dinophycese) [J]. Fishr
eries Science, 2002, 68: 416 —424
Arron D 1. Qopper ermzymes in idlaed chlioroplags: polypheroloxi-
dase in Beta vulgaris [J]. Pant physidogy, 1949, 24: 15
Sae Environmental Protection Adminigration of China. Quiide of
andyd's methodsfor water and wastewater [M]. (3edition.) . Bei-
jing: Publishing House of Ervironmental Science. 2002, 246 [
4
. 2002, 246]
Berman T. Alkdine phogphatase and phogphorus availahility in Lake
Kinneret [J]. Limndogy and Oceanography. , 1970, 15: 663 —674
Srokin C. Dry weight , packed cdll volume and optica densty [A].
In: Qein J (Eds.) , Handbook of phyoologica methods, culture
methods and gronth measurements [ C] . London: Cambridge Univer-
sty Press. 1973, 327
Go XQ, RenJ C, Zong Z X, Ca X M. Sudeson the nutrient en-
ergeticsof  Microcystis agruginosa [J] . Acta Sdentiarum Naturalium
Universitatis Pekinensis, 1994, 30(40) : 461 —469 [ ,
( ) , 1994, 30(40) : 461 —469]
Zlou PJ, Shen H, LinJ, & a. Kindic gudieson the dfectsdf or-
ganphoghorus pedicides on the growth of  Microcystis aerugincsa and
wptake of the phogphorusforms [J]. Bulletin & Environmental Conr
tamination and Toxicolog. , 2004, 72: 791 —797
Perry M J. Proghate utilization by an oceanic digtom in phogphorus:
limited chenogat culture and in the oligotrophic waters of the centra
North Pecific [J]. Limndogy and Oceanography , 1976, 21: 88 —
107
Qitle CA , Harrioon PJ. Ammonium and phophete uptake kinetics
o szefractioned plankton from an oligotrophic freswater lake [J].
Journal d Plankton Research, 1988, 10: 133 —149
Zhang C, ZouJ Z. Nutrient uptake kinetics and growth under nutrient
limitation of pseudonitzschia [J]. Oceandogia e Limndogia Sinica ,
1997, 28(6) : 599 —603 [ ,
, 1997, 28

(6) : 599 —603]
Perry M J. Progphate uptake by phytoplankton in the Centra North
Pecific Ocean [J]. Desprsea Research, 1981, 28(A) : 39—49
Jiao N Z. Marine microplankton nitrogen uptake kinetics with gecia
reference to dzefractionation [J]. Oceandogia e Limnoogia Sini-
ca, 1995, 26(2) : 191 —198 [

. , 1995, 26(2) : 191 —198]
Kromkanp J, Koropka A, Mur L R. Proghorus uptake and photo-
gynthes's by phogphate-limited culture of Microcystis aeruginosa [J].



5 : 699

British Phycdogical Journal , 1989, 24: 347 —355 Ecdogy , 1999, 241: 14
[23] Go G, Go X Y,QnBQ,JiJ. Boeimenta sudy on the FO} — [26] Naewgko C, Murphy T P. Hfectsdf tenperature, and availahility of
Pthresold of the dkdine phophatase activity in Taihu Lake [J]. nitrogen and phogphorus on the abundance of Anabaena and Micro-
Journal d Lake Sdences, 2000, 12(4) : 353 —358 [ , cystis inLake Biwa, Jgpan: an experimenta goproach [J]. Limndo-
) . gy, 2001, 2: 4548
, 2000, 12(4) : 353 —358] [27] Dong Y X. Research on blue dgee plankton bloom in Erhai Lake
[24] Herndndez |, FernandezJ A , Nidll F X. Irfluence of phogphorus gar [3]. Yunnan Emvironmental Sdience, 1999, 18(4) : 28—31 [
tuson the ssasond variaion of akaline phogphatase activity in Por- . . , 1999, 18(4) : 28—31]
phyra umibilicalis (L.) Kitzing [J]. Journal o Experimental Marine [28] Tan X P, Min H. Andydsd eoo-ervironmenta problems and control
Bidogy and Ecoog, 1993, 173: 181 —198 oountermeasure in Qiandeo Lake [J]. Emironmental Pdlution &
[25] Herndndez |, Chrigmas M , Whitton B A. Tedting the dlometric scal- Contrd . , 2004, 6(3) : 200 —203 [
ing o dkaine phophatase activity to suface/ volume ratio in benthic . ,2004 , 6(3) : 200 —
marine mecrophytes [J] . Journal o Experimental Marine Bioogy and 203]

COMPARATIVE STUDIES ON PHYSIOLOGICAL RESPONSES AT PHOSPHORUS STRESS
OF THREE WATERBL OOM-FORMING CYANOBACTERIA

TAN Xiang'? , SHEN Hong' # and SONGLi- Rong
(1. State Key Laboratory d Freshwater Ecdogy and Biotechndogy , Irgtitute d Hydrobioogy , the Chinese Academy d Sdences, Wuhan  430072;
2. Gaduate Schod d the Chinese Academy d Sdences, Beijing 100049)

Abdract : In this paper, the phydologca responses of the three waterbloomforming cyanobacteria ( Microcystis aerugi nosa
FACHB469 , Anabaena flos-aquae FACHB245 and Osdillatoria planctonica FACHB708) a phosphorus limitation in sationary
cultures were gudied. The phogphorus uptake rate i s hyperbolic correlated to the extracellular nutrient concentration as described
by the Michadis Menten equation. Ky for prophorusof M. aerugincsa, A. flosaquae and O. planctonica was 8. 260 , 2. 199
and 4. 926 , reypectively , which indi cated thet the tolerant ahility to the phogphorus sresswas in the decreasngorder of A. flos
aquae, O. planktonica and M. aerugincsa in the phogphorus deficient condition. The capacity to |uxurioudy uptake phogpho-
rusof M. aeruginosawas higher than that of O. planctonica and A. flos-aquae. This result was cond gent with the phogphorus
uptake ki netics experiments of the three cyarobacteria. Alkdine phophatase acitivity (APA) of cyanobacteriawere inversdy cor-
related with externa phogphorus concentration. The APA was obvioudy prorroted under phogphorus deficiency gress. The capac-
ity of excreting AP in the three cyanobacteria was sgnificantly different under the same phosphorus limited conditions (A. flos
aquae > O. planctonica > M. aerugincsa) . Extracelluar APA o A. flos-aguae was 10 and 5 times higher than that of M.
aeruginosa and O. planctonica, reectively , when they were cultured in phogphorus deficient condition.

The gudies corrpared phogphorus uptake ki netics and capacity of excreting AP in the three cyarnobacteria , which would help
to understand the population successon of cyarnobacteria in the environmentd waterbodies.

Key wor ds: Waterbloomrforming cyanobacteria; Phogphoruslimited dress; Gowth; Phogphorus uptake ; Alkdine phogphatase



