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1.2 s

PR T €2 B ih R 3R R IR T
K18 £1) T %54 30 wmol/ (m? -+ s) , G HE &
1200 12D, Jil A g s ARG R B AR B KO
AT LA TS5,
1.3 FARHETHEFSEKBLENE

B A T8 50 0 1 S 20 e T f
PN [ A6 5k 2 ) 55 R, R B2 43 0k 32 (B
SRIGZKER ) 40 45 .50 .55 .60 .70 555,

TE3E I3 3 F v A R S I B — 5 R M B 5 95
VR, FH 3R BON A G R BT, R
IUFE 3 I B, AR K BORIE DL R IR A
A

ttiﬁiﬁ%(#) = (Lan - LnXl)/(tz - tl)

Kb, X, oy R L, X, 6 IR 4
1.4 FRERETESEERNE

SR 56 R 240 o P, 3 00 S A ik I T Il
PEN . BARD RN R B L L 4 000 x g B
10 min J5 AR SEANA, FH 2 L 22 22 vhitk (pHL 8. 3,
20 mmol/L) PEi%&—IK, &0 J5 P B b0 2 5% v il
BT IR TR AR 8 mL, 7E4 TRl
HINA 5 mL 0 C CO MK, I pH 3 Wil 52 i
A% pH 284k, 10 5% pH M 8.3 [ % 7. 3 Jirs i i)
() , Bk PR e it 15 1 (U) A3 A0 : EU =10 x
(ty/t=1), o 1, Sy S AR 2R F A 0 88 40 i B
pH R T BB R] 2 2 BN AR R rh i 8 240 i Bsf
pH T R I 75 (%) B[R] i R I 95 A B A2 (DA
Chl. a it) y EU/mg,
1.5 MEZEENE

BRODOGRBE AN, A 90% N, 7 4 CF
1 12 h, 5350 F 630 nm F1 664 nm Kb H Y25
FEfE(OD fH) it L AR AR & i (mg/
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Chl.a =11.47 xOD,,, —0.40 x OD,

Chl. ¢ =24.36 xOD,,, —3.73 xOD,,
1.6 MREE aRASHMNE

FE 4 A ) i 2 3R 26 AL (PAM - 2100,
Walz) 474 Z a OGS EMMNE . T JikE
TR S 35 N 10 min, JEREZEE F, 5500 &
JE[0.01 pmol/ (m?* - s) TN, Fe K9 F,, FMY
Fkh[4 000 wmol/ (m® « s) , FRFLERT[E] 4 0. 8 s ]
PR o ik BIFRE 2SI FT AR Rk o, 525 X
TGS LR T R KIOER) F,
HEIEAT TR LT G 90 T B O 63E RS TT 7Y
BAERD Fl o BARMSE a S HEHU T A
i - R
PSSO LRERS k3% F,/F, =(F, -F,)/F,
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A AR FE qP =(F, —F,)/(F, ~-F,)
M FEK R gN=(F, ~F,)/(F,~F),)
1.7 XEERSNR fhLk (P-1 phsk) NE

B ARG SR AT A T A K
PR, R TR £/2 BigR e HUS mL g
WA SN A I i, PR K I Al 4
HIELEEAE (20 £1) C 8% pd 84T 5 S WAl 2 (7]
HYBE B 3K 15 A A O B e B2, P A A (YT
5300A , USA) il 5 AN ] 5 T e 41 i S A il Sk
BT IATNE P-T iR AT AR el a1

P =P, xtanh(a x1I/P,) + R,
Hodr 1 R CHRBR L PR G AR BE T BT X0 g (1401
B P, o EIOGE HR, RIDGATDG A 3%
o S GEVEITECRR GRS R0 46 38, AT LSRR
AR R ISR SEAMER 1. = =R,/ s
1.8 St&VERXT LR HY I BZ jh 2% ( P-C B 2k)
M E

FHERER (11.9 mol/L) JH75 /K pH /NF 4.0,
AR 30 min BKEHEK H Y CO, UK, 15331 Tohk
7K, G TC Rk i /K i & pH. 8. 2 /1 25 mmol/L
Tris 2% 0PI -

WORAN RIS F32 451 Ak T % 850 A 3 1 e
B0 )5, A Tris ZZ o PER BRI A, F20 C
400 pmol/(m* - s) St & 4 F, H A& ik
(YSI5300A , USA) Il A5 iR A . > I
HE R G B R EIR A 0 B (TCHLRR M ) L1
A A e FE 19 NaHCO, 75 ¥ 75 21 )2 W AR & H i)
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Fig.1 Effect of different salinity on the growth

curves of N. closterium f. minutissima
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Fig.5 Effects of different salinity on the Chl. a fluorescence parameters of N. closterium f. minutissima
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(P <0.05), e KOEAHR(P,) MR
Thi i REAR, 8 70 B5 3R P, Lo IE H K 85
FRI AR 40. 6% o £hBE 50 F1 70 B FREHAY o Lb
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Fig.6 P-I curves in N. closterium

f. minutissima grown in different salinity
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Tab.1 Parameters of photosynthetic-light responses( P-I) curves in

N. closterium f. minutissima cultured under different salinity

T, ANBT H 22 W KOt & AR (V,,,, ) BT

0-‘5/

B salinity RIOLAHER P, BEE « I I % R, JeAMERL T,
32 709.2 £12.0 6.4+0.3 -88.8+0.8 13.9+1.2
50 689.9 £9.7 3.8+£0.1" -77.9+2.5" 20.4+1.1
70 421.1 £6.5" 2.8+0.1" -68.9+0" 25.0+3.1"
2.5 #EEXINGT A ETE P-C tL AR T .
AR HE B F T /197 F ST 0 A S | s . .
R T L 5 4 57 36 3R 11 7 1% 2 . Com| /-/
BN ) ST RO A R (V) I Sl . R
FURKOL A R B LB (K, ) 590 e /A/:/; v
USRI (P <0.05) . B HEFE 0 b B 10 25 S ’/v s
&
B2

K&, R BE N 50 A1 70 B 43 5 BE OE R WK FEAR T
A1.4% F149. 2% . EhFE 70 B F ) K, 5 (CO,)
RIEF MK 1. 59 4%, RIZE S8R 0 T, /N
HZE st B 1E X CO,MEM BB /N FIEH
KGR A 4RI

0 05 10 15 20 25 3.0
NaHCO;#< ¥ /(mmol/L)
NaHCO; concentration
7 ARHBET/MIAZEREN P-C i
Fig.7 P-C curves in N. closterium

f. minutissima grown in different salinity

R2 FAEAREBERFTMIAEMENRAXGRERMEBRANGEERE L RETNBRE

Tab.2 The maximum photosynthetic rate(V

max

) and the concentration of inorganic carbon (K, ;)

supporting half of V___ in N. closterium f. minutissima under different salinity

V

max

K. 5 (pmol/L)

LR salinity

[ wmol 0,/(10"cell - h) ] o, HCO;
32 193.3 6.3 503.9 £8.9 3.62£0.1 456.1 +8.1
50 113.3 +5.7° 356.7 +11.7 2.34£0.1 316.1 £10.4
70 98.2+0.6" 829.0 £94 * 5.76£0.7" 734.3 +83.8"
3 Wk M ) B B A7 AE 25 5o A PO AR W TE 3 i 2R i
e

3.1 EHEMNFASEREEKNEMN

WA ZETL M —Fh T SRk B R 2, b e
18 ~61.5 Z I REA KT, FRATT Y SEBG 25 SR A
HESE T 7R3 E s T il — i B9 /N H 25T i
A0 R BE P BR T 5Z B 7, 76 £ 3 1 15 60 ~ 70
B A AR K ORI TR (iR e dr— e R B
FOLE K o 7R ERRE B SR I0 , AE K8 A [
R B S T S0, BV AT — s OO LIS, T L
7 , 38 7 PR AL L 115 ALYABYEV 452047 %
ERBERTTE A4S AR R TR A K2 I e
BRI e B RS BRI A L AR,
AR R B T A K B PR EEAS [A] , o kB X H

T, a8 % (Anabaena doliolum) (20 ~200 mmol/
L NaCl) it 3k 2% 3 ( Nannochloris ) [ 3h B 5 14
S, AR R T R AR
H—8, MER & AR ThE R R, vl g
AR R ) B R K B e g S R % N |8 AL AT
A RZ IS R T R ARG
[ri] i) NaCl B {2 i -4 22 S VRIS o, fli 43R
iy A
3.2 HENNMTAZEREXGERNEM
M2 R a 9O6ROGA M I R A58 AR AR
B, 8 X SO E i, v LA R SCOGREF
M@rErfE e, F/F, Ra PSR KOG #RL
eI 38 85 TP O A AR TS R —
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MW EENSHECY . AROPLs R, B
BRSPS L ) i RO A2 3 S BROG RE A 3R
ORI A B R, X 5 R % %" | EL-SHEEKH
41202 ALLAKHVERDIEV 2520 (1) iff 5% 45 58 &
— 31, X AT RE 5 Eh e PS 1 Sy Aot 32 4,
AR B IR ) 5O, BHASOE G H 1% i i
AR, ARIBIER MR MR, SEET
Q. RN, o TAEBER T . qP Ftik
VR T PS TR R R 1ok
2= AL R 8, 7E— B R e 7 PS I
SN W HF R BE o gP B8R, 3R PS 1T A
AL I PER R P o A SR 30 XU T A
25 ( Ulva lactuca) " a5 R A BT R
e g1 PS IR N O, Q. B Qi
TAEIBZM A Q) UMM R, X5 Yield (1)
TREFN gN EFHEVI A gN BIEESRfE 2R K,
S PS I I it G REAS e I O & i 1%
346 117 AR TR U RE IR A DG RE AR 43, XPOE & AL
B AR E R . SR R /N A 25
) gN 32 B3N, & B AR 2R SCAE BA 1 3 42 52 41
il A 8 44 R, PS T ) 8 e SRE HICRE 7 3 o, Xof
PEARAS B TR — R R E . B E1ERD G
2R 2 B0 7 B A A B B T B AR
AR EE /N H 22 s s SO E R (P,)
FOEARCR (o) B TR, X 5 R RIS
925 Ak J:— 5k ) . BLUMWALD 2510 (i fiff 55 3%
Wibes7SUS TR i nag (RIS Il S
FUTEREAR O] = Eh AR . (HUR b B T e
L e R A 52 1) 3 LB, Na ™ F0 C1™ 7R 20 Ml oK 1=
TR AN 2 e 70 44t it B 22 S0 R 45 F4 R D) e L 1T HL
S S HOEA AR e B A £ TS P AR
ErER W AT R EOLAVE M PS I 454 s
RARIE F By B L BRI TN
B A 22T BEWE R A R, B e/, T RE S TE
R BE T 5 I 1) 3 7 P 4 K, Na ™ K #F A48 i iy
SEL LA B T2 B R TR
3.3 HEXM/MFAERBELHHKRIA AN CAE
j3:0bA1|

e iR FE RN [A) i L b CA T 52 M £ 778 B
2R EEREF (500 mmol/L NaCl) X = ff #8545

3 ( Phaeodactylum tricornutum) | £k 3 ( Dunaliella

salina 1 Dunaliella parva) ifi5h CA 3% 1EE A W
SR HRIAVE R, WX Pleurochrysis carterae i 4

CA AR, X SARA R CL (RE 1 17 15 22
SR R N AR CLT R BB T, CA T 1
5% I H], NaCl X CA % P4 1 5% 32 ZL R
7E CL™ i A& Na ™ CL™ 2 B i I At 1) FEL 1k
GBS W = A < A 1 R
LINDSKOG"™" iA g B 5 7%t CA i ¥ 5% i 2 4k
TEAHERY, B R BURIE M 0 S B A A
RN L N H SR TR i 7 X 2
Wit Esh CA fifk HCO, #:4k>h CO,, 5% A
PGB I T A, RN A A2 7E HCO, B
M DRI MR R T R £ 35 4 AR A B
A TR R . ADFFE R, 16 32 ~ 45 $hF
BT, /NETH 252 BRI Ah CA ISP W i
AR TAE R T 45 G I 8 R &, ol /g A
ZIL s C1- R R — g Wk A X CA
A A o O Y , 5 040 B X TE WLAKR 4 % 1
W W, SR BREE T MUk CA IR PERR W]
WILMIAh CA fiEfk HCO, #:4k >l CO, I fiE 1 %
%, T HCO, B4 M Wi — > 7 B2 g 1 i 72,
AR BN ML TR R PRI, B ATP 19 &
WA SR D , PR v B B BR45E H TE AL Ak B 4L el
WA Fr AR, (40 A T LA 1 rubisco 7E 2 [ #% A1
SRR AP T 0 (o A L 2 BB A —
FG A R ) o AT B /N H 25 9E B RE
TE R PREE N i — e AR A K

B, EERRE XN A S5 MO A LR RN 5
Wi 22757 TR , AR AT TR SE 45 SR FT LA e, w5 4k
FERT LU A O A AR S E AR AR a ve
TS RRAR A0 G BV DG RE W s AR 20,
US4/ AR TR T 6674 5% 42 LA e 2 TE AL ) R 2
N TEHURR B R 2, T RZ IR A1 R, § 5%
AR Z BT

S 30K
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Response of carbonic anhydrase activity and photosynthesis to
high salinity stress in Nitzschia closterium f. minutissima

YU Jin-lan'*, XIA Jian-rong'**, ZOU Yong-dong’
(1. Guangzhou Key Laboratory for Functional Study on Plant Stress-Resistant Genes ,
Guangzhou University , Guangzhou 510006, China ;
2. School of Environmental Science and Engineering , Guangzhou University , Guangzhou 510006, China ;
3. College of Life Science ,Shenzhen University ,Shenzhen 518060, China)

Abstract ; Salinity is an important ecological factor in the algal growth. Water loss would lead to the increase
of salinity in mass culture of fish food diatom, which could affect the algal photosynthesis and inorganic
carbon utilization. In this paper,impacts of salinity on the growth,carbonic anhydrase activity , photosynthesis
(P-I curve) and chlorophyll a fluorescence parameters in Nitzschia closterium f. minutissima were
investigated to explore the photosynthetic mechanism of the diatom under the high salinity. The results
showed that the specific growth rate when Nitzschia closterium f. minutissima was grown in high salinity
(70)was decreased by 59.2% compared with the normal seawater, but it can maintain the growth to a
certain degree in salinity up to 60 — 70, which suggested that Nitzschia closterium f. minutissima had a
stronger tolerance to high salinity. The extracellular carbonic anhydrase activity which was measured by an
electrometric method was reduced by 66. 3% , and Chl. a and Chl. ¢ contents which was determined
spectrophotometrically were also decreased by 50. 0% and 45. 7% in high salinity (70 ). The extracellular
CA activity was inhibited in high salinity environment which showed that capacity of HCO, catalyzed by
extracellular CA into CO, declined,and high salinity stress can damage the Chl. a/b light harvesting complex
(LHCI ) and reaction-center complex and affect pigment synthesis. The chlorophyll a fluorescence
parameters were measured by saturation pulse,and the maximal efficiency of PSII photochemistry ( F,/F,,) ,
actual photochemical efficiency of PS Il ( Yield) , photochemical quenching co-efficient ( gP ) decreased,
whereas non-photochemical quenching co-efficient ( gN ) increased when the algae were grown in high
salinity. These results showed that the high salinity stress would damage the PS Il reaction center, inhibit
primary reaction of photosynthesis as well as the process of photosynthetic electron transport. The
photosynthetic rate in the varied light intensity and inorganic carbon concentration was determined with a

Clark-type oxygen electrode , and maximal photosynthetic rate ( P, ) , photosynthetic efficiency () and the

affinity for inorganic carbon( K, ; ) obtained by non-linear fitting from P-I and P-C curves also declined in
high salinity. All the above results suggested that the growth and photosynthesis in Nitzschia closterium f.
minutissima could be partially inhibited by higher salinity, but it also could adapt to high salinity stress
through adjusting the activity of extracellular carbonic anhydrase, the affinity for inorganic carbon and
photosystem [l energy flow and energy utilization efficiency.

Key words: Nitzschia closterium f. minutissima; salinity; carbonic anhydrase activity; Chl. a
fluorescence parameters
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