5 ikE REPOATS

MR EZFEA KK PS I XA [E] 4815 59 0 2

BRH, LA TWE S, IR FoaE

(1.

, 734000; 2. ,

734000; 3. , 734000; 4. , 400715; 5.

(2]

(DIP)

[1s]

, 300457)

HE: AFBEEHNEMLT, SR T AR = 2 40(NaH,PO) A 3 F A ALEE R Z 8RB e B —4h 2k
(adenosine disodium triphosphate, ATP). B-* i B B2 — 44 (sodium B-glycerophosphate, G-P)#= D-#] %] #%-6-
#$ B (D-Glucose 6-phosphate, D-G-6-P)xt At X, 3k 3 (Dunaliella salina) % & % PSII % #9770 . 45 R &,
AR EE ATP A= NaH,PO, #9 A IRIE A Killik, R KA K& F (Une) 2 A1 4 (0.736+0.0158)/d e
(0.667+0.0553)/d; # P-H b BEER —4hAn D-H) BAE-6- BRI b T A RN BA FFEBUL, e 25 A
(0.232+0.0114)/d #2(0.3120.0077)/d. ATP F= NaH,PO, 4 A R BF, 2h 3 & K b F 45 38 2R (ETR o) A2 32 KAG,
Fa R IB(L)EF ST p-HidBhER —4hF D-F) £ 42-6-F5 82 AL 3240 (P<0.05), 71 NPQ R ZA8K. JIP-test A ik
T, FA5 R P S E A K AL (ABS/RC). =0 B 45 R F S A 3R 49 B T8 /& QA #948Z (TRy/RC)F= 3R
K HAFE R (Do) B0 18] £ 5 TR 22 (P>0.05), 12 P-H b AR = 4hF0 D-H] ) 45-6-F BR AL 7240 315 B
S AT 49 688 (DI/RC)EF3E hn (P<0.05), wo # Ppy B35 HAK(P<0.05). &8 p-H b BhER —4h A= D-F]
B AE-6-BEBRAE A BRI B B RS AR R FE M T S (RC)IHR KM, B M P a3 8 (RC/CS)) A Y,
PS 1T Akl o, F 4538 % B v, BEBHACAERIREG. 5 LT 40, A KR E A LB FA PBEE A B
AR K, 42 ATP 45 A BERARST 2 5 A8 AR BT ) HE AT S0, A 495 B IR 5 (P<0.05).

KHEIR: ALKk (Dunaliella salina); #%; »t4% & %%, PST; A%
FRE %S TS201.3 CERARINAD: A X EHES: 1000-3096(2016)10-0001-07
doi: 10.11759/hykx20151204001

[1e]

t , PS a
b b
) 290.4 pmol/L R
[31
4 s
[4] . .
) (Dunaliella salina) ,
(5]
> 2
[6-7]
b
ATP
:2015-12-04; :2016-06-02
b
(8-14] : (1009FTGGO17);
— (1604FKC090)
(Dunaliella salina) [Foundation: The ninth Batch of Science and Technology Planning Pro-

jects, No. 1009FTGGO17; Gansu Provincial Science and Technology Plan-
ning-Social Development Project, No.1604FKC090]
B- : (1988-), , , ,
, E-mail: sqyang@hxu.edu.cn;

>

. [2] > > 5 > >
, Geider , E-mail: 13993693452@163.com

Marine Sciences / Vol. 40, No. 10 /2016 1



e IRkE REPOATS

NS LN ,umaX:maX(/ula M2, U3, > HUns )
RS )
1.1 %ﬁ%ﬁ Mmax » X2 t2
(Dunaliella salina) » X1 h
1.4 Rk Stem 5L d 28 69 M Z
Dunaliella Medium , :pH 7.5, , PHYTO-PAM
o 2 .

(25+)C, 80 pmol/(m"s), 12h: (PhytoPAM Phytoplankton Analyzer, Walz
12h ) ) PS
1.2 9}:‘%%}? (ETRmax)a (lk)s

Dunaliella Medium ( 0.1 mmol/L), (aP) (NPQ)
NaH,PO, ATP - 20 min, 1 32 64 128 192 320
D- -6- 448 576 960 1472 1856 umol/(m2~s)
’ (18],
s 3d s ’
300 mL Dunaliclla , I'ETR=ETRmaX (1 _ efaPAR/ETRmax )e—ﬂPAR/ETR max
1.4x10° /mL, 48 h , 0 B
3 , ( ). ETR PS
3 , PAR
13 ~tEE a4 FAARE RN L5 JIP-test Soficed 2
5mL , 7000 t/min, (Handy PEA,
10 min, R 90% Hansatech), ,
4°C 24 h 2.3 mL, 30 min
10 mL, ( , UV-2550 ) 3000pumol/(m*s),
) 663 nm 645 nm (7] 650 nm RC/Csy, Do,
a (mg/L)=(8.0246¢3120.21A4¢45) wo, Pro, ABS/RC, DIy/RC, TR(/RC, ET¢/RC
: 109
F1 JIPNERAMMERR LD HESH
Tab.1 Formulae and terms used in the JIP test in the analysis of transient chlorophyll fluorescence
Dpo=1-Fo/Fiy, (=0 )
wo=1-V; Qa =0 )
Pro=(1-Fo/ Fn)wo (=0 )
RC/CS():@po( VJ/M())(ABS/CS())
ABS/RC=M(1/V7)-(1/®py)
DIy/RC=(ABS/RC) —(TR(/RC) =0 )
TRo/RC=M,(1/¥;) Qa (=0 )
ET()/RC:M()(I/VJ)I//O (Z:O )
1.6 #EHT
f 2 4R
SPSS 13.0
(One Way ANOVA),  LSD 2.1 ARBREAMTHENAE KN
Origin 8.5 4 , a
2 /2016 /40 / 10



e IRkE REPOATS

(P<0.05, 1) >
(NaH,PO,) (ATP) ,
1~3 » Mmax (0.667+0.055)/d
(0.736+0.015)/ d 12 ,
a 591 mg/L  6.69 mg/L
B- D- -6-
5 3N4 » Mmax
C  —m—NaH,PO, —A— B- BN
R 8FA _@ ATP  —w— D-Hii%jli-6-Ri
S 7F
& S|
Di:j af
¥ of
= 1 B
0 1 L 1 1 Il ]
0 2 4 6 8 10 12 14 16 18 20
10 - st i) /d
| B
0.8 - a a
-
, 06F \ \
0.4+ b
F b
02|
00 LN N N

ATP B-HIHBERREN D-HiZht-6-1m
IR

NaH,PO,

Effects of different phosphorus substrates on growth
and the maximum specific growth rate of Dunaliella
salina

Fig. 1

x2 TREBEFHETHEREREEHESKE

(0.232+0.011)/d ~ (0.31+0.007)/d, 16
, a 5.90 mg/L
4.85 mg/L
2.2 bk AR w4
4
( 2, 1.4 ETRmax Ik
(P<0.05), . ATP>NaH,PO,>
B- >D- -6-  ;D- -6-
p- (NPQ)
0.209+0.012, 0.187+0.014, ATP(0.169+
0.026)  NaH,P0,(0.165+0.028) (P<0.05);
qP p-
(0.6370.009), 3 (P<0.05);
Fv/Fm (P>0.05)
S0- maTP
® NaH,PO,

A B-H I EEER — 0
0w DA E-6-TRR

o 30F
—
=
20 F
10 |-
0 1 1 1 1 1 1 1 1 1 ]
0 200 400 600 800 1000 1200 1400 1600 1800 2000
PAP/(umol/(m*s))
2

Fig. 2 The electron transport rates (ETR) for the treatment
responses of Dunaliella salina in different phos-
phorus substrates

Tab.2 Parameters of rapid light-responding curves of the responses of Dunaliella salina in different phosphorus substrates
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Fig. 3 JIP test parameters of Dunaliella salina in different

phosphorus substrates
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sources, including NaH,PO, ATP, sodium B-glycerophosphate (G-P), and D-Glucose 6-phosphate (D-G-6-P), were
investigated. The results showed that D. salina could grow rapidly under ATP and NaH,POy; the maximum growth
rate (Umax) Was 0.736£0.0158 and 0.667+0.0553 per day, respectively. However, a hysteresis phenomenon was dis-
covered under G-P and D-G-6-P, and the u,., were 0.232+0.0114 and 0.31+£0.0077 per day respectively, which was
markedly lower than in the ATP and NaH,PO, controls (P<0.05). The value of ETR,,,x and /i under ATP and
NaH,PO, were significantly higher than those in the G-P and D-G-6-P controls (P<0.05), while the value of NPQ
was the reverse. JIP test parameters showed that ABS/RC, TR(/RC, and ®p, did not differ significantly among
groups (P>0.05); however, DIy/RC was increased, whereas y, and &g, were decreased significantly under G-P and
D-G-6-P conditions (P<0.05). These results demonstrated that RC could close partially, RC/Cso decreased, electron
transport on the acceptor side of photosystem was blocked, and the efficiency of dissipation of energy increased
when the phosphorus sources were G-P and D-G-6-P. In conclusion, D. salina could utilize both dissolved inorganic
phosphate (DIP) and dissolved organic phosphorus (DOP), and ATP had a greater effect on growth than other or-
ganic phosphorus sources, which was reflected in the growth in the logarithmic phase at the shortest time and the

significant increase in biomass in the presence of ATP (P<0.05).
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