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(121°C, 20min), (f/2-Si-P); ,
(4258 Acro50 , PALL, ) , 20°C
, pH 2500g 15min( Allegra
8.0—8.2 X-15R, Beckman Coulter, ),
1.2 (f/2-Si)
1 , 9 , (f/2-Si-N) (f/2-Si-P)
s ( D, ,
(f72-Si) (f/2-Si-N) 0
*1 TREHRE
Tab.l Experimental Conditions
°O)
CON( ) /2-Si 20 10:14
CON-N( ) f/2-Si-N 20 10:14
CON-P( ) £/2-Si-P 20 10:14
CL( ) f/2-Si 10 10:14
CL-N( ) £/2-Si-N 10 10:14
CL-P( ) £/2-Si-P 10 10:14
CD( ) /2-Si 10 0:24
CD-N( ) f/2-Si-N 10 0:24
CD-P( ) f/2-Si-P 10 0:24
1.3 )
1.3.1 , (Jauzein et
( , al, 2013; Jiang et al, 2014)
2001) , , SYTOX Green ( 5510 mol/L),
(UV-1780, Shimadzu, ) 96 , 10min
750 (OD75), , 480nm( SpectraMax
13x, Molecular Devices, )
u=(InX,~InX,)/(t—t,) 1.3.5 GF/F
i , X, t ( 550°C 12h) , —20°C
OD7so, Xp 0 60°C (Vario MACRO cube,
OD750(Sriharan et al, 1990) Elementar, ) , (C/N
1.3.2 a )
(GF/F,Whatman, ) , —20°C 1.4
a (chl @) 90% 4°C 16h SPSS 21.0 )
(UV-1780, Shimadzu, ) 2-way ANOVA Analysis(P<0.05)
(Maxwell, 1984) )
1.3.3 )
15min, PHYTO-PAM(Walz, )
11 (F/F,), 2
1.3.4 SYTOX Green SYTOX Green
(SYTOX® Green Nucleic Acid StainS7020, Thermo 2.1

Fisher, ) )

OD750 >
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5 ., (CL) (CL-N) s
(CL-P) (0.17+0.03) (0.17+0.01) R (0.01+£0.02) (0.02+0.02)/ ,
(0.21+0.02), (CON-N CL CL-N CL-P CD
OD50 1.4—3 CD-N CD-P)
1.4—1.8 (CON-N) (—0.06+0.01);
Two-way ANOVA ( 2 ), (—0.19+0.06)/
OD750 (CL) (-0.17£0.02)/ (CL-N) (-0.12+0.02)/
(P=0.316), ( )(P<0.05) (CL-P);
(P<0.001) (—0.07£0.00)/ (CD) (—0.08+0.01)/ (CD-N)
(P<0.01) OD3sg (—0.05+£0.00)/ (CD-P)( 3)
0.6 ra A CON 06 p A CON-N 06 c CON-P
o CL CLN - Acr
+ ocb 0 CD-N 8 8|I5IP=‘
0.5Ff 4 4 05} 05F
A
2 04Ff 4t [
5 o 0.4 $ % 04 § +
03f ¢m0D L [§e o i
i % 03f 1 z R . g g 03 7 ]
02} i got b o 0.2} % L4 b o2} 14 =
¢ @ ° @
O b g L e T R e T
0 2 4 6 8 10 12 0 2 6 8 10 12 0 2 4 6 8 10 12
INENEN] BiE (X) iNEINEN]
1 (CON) (CL) (CD) OD7sg
Fig.1 The effect of normal condition (CON), low temperature (CL) and cold dark environment (CD) on the OD7sy of Amphidinium
carterae
s a. ;b ;C.
F#2 EF. RENMEBREKHWELISTRERKMERSE %3 EIR(CON). {KiR(CL)FKIEBRE(CD)FZH T8l

LMW E Two-way ANOVA 7317
Tab. 2 Two-way ANOVA analysis on the effect of nutrients,
low temperature and darkness on the growth and physiological
and biochemical changes of Amphidinium carterae

FIRARER:Dfe R St
Tab. 3 Growth Rate of Amphidinium carterae in normal
condition (CON), low temperature (CL) and cold dark
environment (CD)

OD;5y chla  FJF, SYTOX C/N )

* NS NS NS * CON 0—I11 0.01£0.02

NS NS Hkx Hokk NS CON-N 0—11 —-0.06+0.01

Hxk ok Hkk Hxk NS CON-P 0—11 0.02+0.00

X ** NS NS NS ** CL 0—5 -0.19+0.06

X NS NS NS NS NS CL-N 0—S5 —-0.17+0.02

‘NS cF <005 P<0.01; CL-P 0—5 ~0.120.02

P 0.001 CD 0—I11 -0.07+0.00
CD-N 0—I11 —-0.08+0.01

2.2 CD-P 0—11 —0.05+0.00

chl a chla 10pg/L ( 2
, 11 s Two-way ANOVA ( 2), chl a
chl a (109.0325.43)ug/L(CD) (155.97% (P<0.001), ,
8.43)ug/L(CD-N) (213.90=%18.09)ug/L(CD-P)
chl a s chla (P >0.05)
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Fig.2 The effect of normal condition (CON), low temperature (CL) and cold dark environment (CD) on the Chla of Amphidinium
carterae
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Fig.3 The effect of normal condition (CON), low temperature (CL) and cold dark environment (CD) on the F\/F,, of Amphidinium
carterae
s a. ;b ;C.
(CON)F\/F,, ; ;
R 3 (0.53+0.02) SYTOX Green
(CON-N) (P<0.001, 2)
(CON-P) F,/F, R 2.4
FV/FWI 2
(particulate
FJF, Two-way ANOVA ( 2), organic carbon, POC) (particulate organic
F/F, nitrogen, PON) ,
(P<0.001), F,/F, , POC R
(P >0.05) POC
2.3 SYTOX Green PON C/N ,
) C/N
SYTOX Green , C/N

SYTOX Green (P<0.05)( 2)
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Fig.4 The effect of normal condition (CON), low temperature (CL) and cold dark environment (CD) on the SYTOX Green staining

(logarithmic value) of Amphidinium carterae

a. ; b. ;C.
140 - a ng)N 140 - b SSBI\I\IJ-N 140 c SSEEP
ocb - -
120b 4 120k OCD-N 120f OCD-P
= 100t 100 f 100 | 4 4
j=)]
£ 4
S 8o} s A, 4 4 8o ; ? J-0) " 4
o
c R, A 4 Pasat 2 4 ¥ g, @
60} 60 60 [ [
FY ) ¢ % m? ]
2y @ m @m B
40} D m T m  4f Q m 40 e =
20l . . . . . » 20 Lo . . . . . , 200 . . . : , ;
0 2 4 6 8 10 12 0 2 4 6 8 10 12 0 2 4 6 8 10 12
518 (R) iNEINEN) mE (X)
5 (CON) (CL) (CD) POC
Fig.5 The effect of normal condition (CON), low temperature (CL) and cold dark environment (CD) on POC of Amphidinium carterae
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Fig.7 The effect of normal condition (CON), low temperature (CL) and cold dark environment (CD) on C/N of Amphidinium cartera
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THE GROWTH AND PHYSIOLOGICAL CHANGES OF AMPHIDINIUM
CARTERAE HULBERT UNDER ENVIRONMENTAL STRESSES

ZHANG Zhen-Ni"?, JIANG Yue-Lu"“? LIMan-Lu"? WEI Peng-Ji"?

(1. Division of Ocean Science and Technology, Graduate School at Shenzhen, Tsinghua University, Shenzhen 518055, China;
2. School of Environment, Tsinghua University, Beijing 100084, China)

Abstract Environmental stresses can cause the recession or death of phytoplankton in the natural aquatic environment.
Though single environment stress is well documented, the coupled impacts of two or more environmental stresses on the
growth and physiological changes of microalgae and the mechanisms still need further study. This study examined ODjsy,
chl a, F\/F, and C/N of Amphidinium carterae Hulbert under nine different environments (normal, cold and cold dark
physical conditions, combined with full-nutrient, N-deprived or P-deprived medium) to test the growth, physiological and
biochemical changes of algae cells. The study shows that as the single adverse condition, coldness and darkness have more
significant effects on the growth, death and physiological changes of 4. cartere than N-deprived of P-deprived conditions.
But when nutrients deprivation and coldness occur together, it will significantly affect the growth and cellular composition
of A. carterae (P<0.01). Besides, the coupling of coldness and darkness stresses happening together may even alleviate the
cell death progress in adverse environment with low SYTOX Green dyeing results, stable chl a concentration and slightly
growing F/F,.

Key words Amphidinium carterae; cold environment; dark environment; N-deprived medium; P-deprived
medium; multiple environmental stresses
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