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Abstract: The increase in the input of nutrients, mainly nitrogen ( N) and phosphorus ( P), to marine water-with
eutrophication as consequence-is a worldwide phenomenon. The supply of these nutrients would usually result in the
occurrence of the red tide. Nitzschia closterium f. minutissima, a red tide alga, is distributed in coastal marine water in
China. In this paper, impacts of different nitrogen and phosphorus concentrations on inorganic carbon utilization and
carbonic anhydrase activity in N. closterium f. minutissima were investigated. The results showed that the algal growth was
significantly stimulated by high levels of nitrogen and phosphorus. The specific growth rate was increased by 60% and
128% in the highest nitrogen (880pmol - ™' ) and phosphorus ( 18. 4pmol - L. ™" ) concentrations, respectively, compared
with the ambient level in natural seawater. Extracellular carbonic anhydrase activity in N. closterium f. minutissima was not
detected potentiometrically, but intracellular carbonic anhydrase activity still existed under lower nitrogen conditions (2 —
14 w mol-L™"). Both extracellular and intracellular carbonic anhydrase activity were evidently increased by the elevation of
nitrogen levels (220 —880 pmol-L™"). The activity of intracellular carbonic anhydrase was significantly enhanced under
high phosphorus concentrations (9.2 — 18. 4 pmol + L™'), but the extracellular carbonic anhydrase activity was

insignificantly affected by phosphorus enrichment. The values of maximal photosynthetic rate (V.

max

) and CO, concentration
supporting half of V, _ (K,, CO,) appeared to be higher values when the algae were grown under high nitrogen and
phosphorus concentrations. The relationship between photosynthetic O, evolution rate and dissolved inorganic carbon ( DIC)
concentrations showed that the photosynthesis was fully saturated in the ambient DIC levels in natural seawater, regardless of

nitrogen and phosphorus concentrations. The maximal photochemical efficiency (F,/F,) was also markedly increased with
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nitrogen and phosphorus enrichment, and was higher by 36.8% and 19.4% in the highest nitrogen (880 pmol+L™") and
phosphorus (18.4 pmol-L™") concentration than the ambient level in natural seawater. The above results suggested that
the alga could adapt to the different nitrogen and phosphorus circumstances through the change of intracellular and

extracellular carbonic anhydrase activity to regulate inorganic carbon utilization.
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DA AR RR R L1, 5- B RRAX AR FFAE BB ) T RERIBRAR H ' -ATP B AZEIHE-1,5- 8RR R {L S ( Rubisco)
TEPERFEAR , S i 0 TR, AT PRI AR K1 P B R IR R B & S8R
BRUMES ., FEEEFRMCMEX (W EFAR, FH XA THIREXE) , Bk ETHIA(N) i P) &
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A VR BRI B PR 8L , BROTRR BRI BELE 7R W B0 & B Ak PE A
1 #R5HEE
1.1 SExbie

S BT AR AN /NG A Z2 T3, ( Nitzschia closterium f. minutissima) W H 5 BB B G R T o
1.2 s 5E K& NE
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(1) BWRBEERI L, FERAREGEKPINARR N ISR FTE £2 B3R o, ARG A NaNo,, ‘&
WeERRRE ([N-NO; 1) 20 93 & M 2pmol - L™ ( KSR #E/K) 14 pmol - L™ |55 pmol + L™ 110 wmol - L™" 220
pmol-L~" 440 pmol-L~" 880 pmol-L ™" Bk BERFFAZE (N £/2 BRI P BHEIE ) ;

(2) BEWRBEERI LT, FERR G K P INARR P LISMY BT /2 8558 E BT, B RR R vk BEAR B2 ([ P-
POZ_ DR ERO.1 ;Lm01°L_1(3E,§2§?§7J() 0.8 ;.Lmol-L_1 \2.3 pmol ‘L' 4.6 pmol ‘L7'9.2 pmol L7,
18.4 wmol -L ™", IR BERFFARAE (O £/2 BEFW P RIKE) o

g R, H65R 100 pmol -m s AR HR, R BESE I E 20°C  FEIE IR IE A P IR . R B IR
— B Y BERE TR, FVSORL BETH RSO 4B H o /BT H Z8TE B AR KRR DU R AR

uw= (X -InX)/(T,-T,)

K, X0 T AR B, X8 T i R B
1.3 P-C fhZiise

AR X B A, B 17 T pHS. 2 f) 25mmol - L™ Tris % #f ¥, B 4mL & 17 B VBOIN A R A%, 76 1 B
20C , )58y 400pumol -m ~* s T ST, FIWRAHE HARL ( Chlorolab3, Hansatech, UK) JIEXCEHE R, MR
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NS P EEREOLE R 0 B (THUBRAME R , TEARRIHR B NaHCO, 7545 3| 2 MR & o 1) DIC ¥k B
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SR 3R IR B K 38— I Xof o ) TR MR B
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Fig. 1 Growth curve in Niftzschia closterium f. minutissima Fig. 2 Growth curve in Nitzschia closterium f. minutissima
grown in different N concentrations grown in different P concentrations
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B TCHLRIR BE (K, 5) ¥R B B2 (P <0.05) o BRI THLAMK BB, /NBT A 2T B O G 3%
(Vo) B, 880 1 110pmol - L™ 853521 Y V., Hb 2 wmol - L™ 43 B3R 5 97. 9% F1 66.3% , 2pmol - L™ E YK
B3R R Ko 5(CO,) 257 882 umol - L' B 1) 50% , ENFEARAVR BEAR 14T , /N A 38T BB A VE FARE CO, B 36 AN
TR TR AWRBERE R T WA ARSI EX /N A ZE RN RO E R (V,,) M K s HH I BE
Wi (P <0.05) oV, 1 K, BEEBKET R MA R BEUEE 0. Lumol - LBV, Al K, 5 (CO,) 5351 7 (88.7
+9.2) wmolO,mg ' chla+h ' F1(0.06 £0.01) wmol - L', Bk BF 2. 3 F01 18. 4pmol - L' BF i V.. 20 B HL AR Bk
BE (0. 1pmol - L") B 3542 15 80. 6% 1 99. 2% , E vk B (18. 4pumol - L") 5/ T Y K, 5 ( CO, ) BARBEUK B
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Fig. 6 P-C curve in Nitzschia closterium f. minutissima grown Fig. 7 P-C curve in Niftzschia closterium f. minutissima grown
under different N concentrations under different P concentrations

*1 AENREEFTMNIAERENRAASERMEBRARSEE—FHOLTHNBRE
Table 1 The maximal photosynthetic rate (V,,. ) and the concentration of inorganic carbon ( K, s) supporting half of V., in Nitzschia

closterium f. minutissima under different concentrations of nitrogen

N ¥ N concentration BRGEEEV KRR T2 TTHURUE K, 5/ ( lhmOI‘L-l )
/(pmol-L~1) /( pmol0, +mg~"h~') DIC Co, HCO;
2 105.6 + 9.3a 19.24 + 8.9a 0.1 = 0.02a 17.0 + S5.4a
110 175.6 + 8.7b 47.36 + 6.7b 0.2 = 0.01b 41.8 = 9.2b
880 209.0 + 2.4¢ 43.42 + 4.3b 0.2 = 0.05b 38.4 + 7.6b

A B (B A B 8 22 53 (P <0..05)

x2 FEPREZEFTNNIAZEHBEHNRAXSEEMIBRAXEERE—F B TNBRE
Table 2 The maximal photosynthetic rate (V. ) and the concentration of inorganic carbon (K, ;) supporting half of V,_, in Nitzschia

closterium f. minutissima under different concentrations of phosphorus

P ¥ J¥ P concentration BRIGEEFE V0 B R IEA B — 2L AR E Ky 5/ (pmol -L71)
/(umol-L71) /(umolO, +mg~+h~1) DIC Co, HCO;
0.1 88.7 +9.2a 12.0 £1.1a 0.06 +0.0la 10.6 + 0.8a
2.3 160.2 + 9.8b 16.0 +0.9b 0.08 +0.01b 14.1 £ 1.2b
18.4 176.7 + 10.2b 25.5 +1.3c 0.13 +0.02c 22.5 £ 1.7¢

WA FRERA B B 225 (P <0.05)

2.4 AR BEXS /INET A 22 T8 Bl BRI B 1R A2 i
A FRITCHLRA BEXS /N A 2T BERIM P Sh CA EPERZ I ANIET 8 Bz, R BEXS I A Ah CA TE TR 1
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T RN (P >0.05) ; fg N CA WG PETEMRBRE BEXE 37 T AR FF A BB, TER BV BE T BT 5, W VR 2
(18.4 pmol - L™") BEFE F M CA FEHERMRBEIREE (0.1 wmol -L™") 9 3.9 5,
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Fig. 8 Effects of N concentration on CA activity in Nitzschia Fig. 9 Effects of P concentration on CA activity in Nitzschia
closterium f. minutissima closterium f. minutissima

3 itig
3.1 N.P¥REELRT /T H 2298 B A K ADG & 1R R

NP @t TS B R R RSB I A KN EEEFRYR . S Rn 2R NPT %
B ) SR K S BN S FR b MR R B AR M B AR A R S A B R . B AR
FEARAIE T , W] DA D M4 R 16 B REAIRXT G BB A i, B 1k 3ok B oG BEX O & WA BN , T 447
HOGE WM EH1B4T, RINZEAR AR5, W40 MK N Rubisco & BUIB /D, S B4 T 19 52 PR o't & [ ik BE ) K
7 o 2 B AT ARSI b, BN A A B K o SR IR R SO0 40 B R S R B S P e (D 1, 1 3a) , R
TALEIK BT = R/ A 22T B Ay 3 . ARIAVRE TOLR S T SO EBEM V,, 2Rl
EHA KA FRE — B, Ul B AU BE 1S 0 mT RESE T i 40 M P B B BRI SR A R, IR DB RS T
BAOCSFRER(F,/F,) AOGE R RHEBERNAEK . #2590 A BRI s %5 B e, H i
Wb, TR ATE A2 ™ . BIsTR M, e BB RR B, F,/F,, HAERDEA R R 8 B
TR SABIA LB F,/F, A —3 ., ABFS S5 R SR BRI, N A ST SR H AR K
HARBRAR , 33 2 R o Bl SR RO A 1R o 9 R R SCIB 3R A ATP (94 B, AT S M 40 i i 4 34 .
WA/ A TR EA KRN 5 R AOEE HEAERSE U IO RN E LG bR —2m,
XR BB L B & R F B R A A B/ N A 22T B A K .
3.2 N.P¥REEASLRS/NET H 2278 BETCHLAR A P R BRI B T35 1 10 32 )

/NET A ST SR PR 7 = R B E T A CA kg k iR HCO, #5462k CO,,J5# @3 B ¥ #k
FEAERE P, [ 40t BE B Wk ik R 9 HCO, ), ELAg COM AL 1 85 40 MR 5 7T A3 ok i P L 4
CA MVERITRAT M CO,YREEZRAL, 4EF7 ML CO, HIBLNL . Beardall SFABFST & B N PR B/ NBREE L A
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BUIK CO,FM s RIS 5 Y BE I AR A CO, M, A A4 2k 2 B CO, [ B , [R] A i N 7E Rubisco £
R BHEA T o BRSO BTSRRI AR T 3 R A BEREAT CA E I BREAR ™ A TR /g H 35
TR 5 2 AR, FUE B AT BB ZE AR A BN CA 194 BUE W/ T (3 il I MR A . Majeau FI Coleman
ESE T Rubisco fl CA FE[H FIKAELE—E I RIVE , 7506 & B B3 #2 0 Rubisco 1 CA 43— 1 LB R AEH
FE, TR Z I BE ] MG Rubisco -4 B, BRI R T 435 E % BOLS1E A RSB CA & ED
ATRE T M. 7EMREURIE T, ToMash CA G, T A E T BIBEA CA G MR VR B T3 T FH s (18 8) , %9
FHLR RIS CA FEHERIESE T . FEMRAIE /NG A ST NS CA IE R G A% T R CA WG LR
TE7E , 32 FA7E AR B PR o B i R R 33 Jr R Mash HCO, #5128 HE A 20 P , T3 5 Y CA 1
F#EAL N CO, , AR M A —E VR BEIX) CO, Mo /NBRIE ( Chloroella emersonii) TEXCFITHUBRILFIHIBA T,
BRI BB A R T R CCM BB BB MHI 2 o MR HCO, E3hiEd B F g ATP /E 6k
BB ATP & B F 2 50R BB S AT RESS I HCO, 533, ABFFTEE R BoR , /NG A 2590 M7 B m vk I
(9.1—18.4pmol - L") T HIMIASH CA 35 R B IH 5 , & W m B ve B Tl 3 MU 41 CA 16 R HCO, #E4biR
Jy CO MR B R oL & BRI E . KRR BRI T, e AR FIX THLBR 3 S A0 I3 K T 5
WRHET ,3x 3 BAEMRAL B BE /N H 25T 35 40 0 T B LA SR 1) COL M A, 53X SR 8L B YR BE R /N3 A
EHW LA TN (HCO, 1 CO,) FIFJ7 A% A 5, /INGT A 2570 38 i 42 20 B A0 M X Toh Lk i 36 0 ok
RIAR A B HIERE o

UEHFHFRAGE K 1 PO -P, NO; -N S5 37 hvk BERWTR B , B vk B TOHLAL(N) AR (P) £E AR R B & AR
FEFREZ—. FWESINN, BKEEFRLKEMAEN DIN KF 21. 43umol - L', DIP X F 0. 65
pmol - L™ FEABFFLHTEFAM N, P YR AR BIER NP WE B E W BATEE R, L6k
PO -P 1 NO; -N B B4R &I, BB /NG A 35T K B ST 51 R AR AR R RN SRS, S
gk pH BB TR, WK CO, YR BEK I B A , L A [ B3 7T BB 3 BA B AR CA IO AE , TR NP i
FAEAFIT CAVEYEIIFE, 7T 0 B AT L RIEESE T /N H 250 BRI CA FE7E BN,
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