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Effect of Nitrogen on Growth and Photosystem ]| of Dunaliella salina
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Abstract: In order to investigate the response of growth and PS|l of Dunaliella salina to different nitrogen
sources, we performed experiments by using NaNO,, CO(NH,),, NaNO,, and NH,Cl as nitrogen
sources and -N control was set in this study. Our results showed that: (1) D. salina grew faster under CO
(NH,), with a maximum growth rate[#mﬂx, (0. 482 £ 0. 032)/d ] per day than under other nitrogen
sources. (2) Results of chlorophyll fluorescence indicated no significantly different in the initial slope of
the RLC before the onset of saturation (a), the maximum potential ETR (rETRmax), the maximum pho-
tochemistry efficiency (F,/F,), the maximum quantum yield of primary photochemistry (¢p,), quantum
yield for electron transport (¢g,) s probability(t=0) that a trapped exit on moves an electron into the elec-
tron transport chain beyond Qs (¢ ), absorption {lux per RC (ABS/RC) and trapped energy flux per RC
(t=0) (TR,/RC) among NaNQO,, CO(NH;),, and NaNO, groups (P>>0. 05), while there is significantly
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different in these parameters when compared with NH, Cl and -N controls (P<Z0. 05). (3) Compared with
the NaNQO,, NaNO;, and CO(NH,), groups. the relative variable fluorescence (V;) of D. salina increased

significantly under nitrogen free treatment (P<Z0. 05), which suggesting restriction of photosynthetic elec-

tron transport of D. salina from Q,

to Qi and accumulation of Q, .

However, we can infer destroy of

the oxygen evolving complex (OEC) of D. salina by the NH,Cl from the appearance of K phase under
NH,Cl. As a whole, these results showed that D. salina grew much faster under CO(NH,), than that un-
der NaNO; and NaNO,, whereas the growth of D. salina was inhibited significantly by nitrogen deficien-

cy. and the number of reactive centers in PS II was decreased, and the electron transport was blocked. However,
toxicity effect of NH,Cl on D. salina caused its death in a short time and the OEC of D. salina was damaged.

Key words: Dunaliella salina ; nitrogen sources; photosystem [[ ; chlorophyll fluorescence
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Table 1

Formulae and terms used in the JIP-test in the analysis of the chlorophyll fluorescence transient™'?
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The maximum quantum yield of primary photochemistry(t=0)
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Probability(t=0) that atrapped excit on moves an electron into the electron transport chain
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Quantum yield for electron transport(t=0)
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Fig. 3 The electron transport rates (ETR) for the
treatment responses of D. salina in different

nitrate substrates
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Table 2 Parameters of rapid light-responding curves of the

responses of D. salina in different nitrate substrates
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Fig. 4 Effect of different nitrate substrates on chlorophyll

fluorescence transients(OJIP)of D. salina

2.3 HRBBEFADRBEZUGETHHRER KT
h=

N TR R A B 25 T s el G o e o - i R
J6iF S5 12 2 (OJIP) By 7 Ak A% i i 18] 4 Fr 7
Horpr, b [ R 35 A9 AH X 1] A8 58 67 NaNO, \NaNO; |
CO(NH.), fERIE B 22 5 R B 2 (P>0.05); TA
Aib 3 B AE R T AR 2 3 T RT3 4 AU UR b PR
(P<C0.05) ;£ NH, Cl & mf, OJIP iy K A
HPELT LIPS k.

] IF S 76 A ) U R A 30 46 10 F L A G SR ¥ PS I
B R RO B B R B0 EL IS M E 2 8 (ABS/RC,
TR,/RC FET,/RC) Ffg & 43 FL Lt Z 50 Cpro < g FI
or) AEALIE BLUNIED 5 BT 7R . 45 SR I b G ER i
N7 3 P s T A AR O BB CABS/ RC) Fl I N 1 P
LA I & e TR R Qa M RE & (TR, /RC)
1E NaNO, .NaNO, ,CO(NH,), & J§ &b B 20 55 3 1%
T A NH,CL &b B4, J6 A& 41 3K W W3 KT
NH, Cl 4b 38 2] (P<C0. 05) s Ifif H: 52 W 37 4 HC 4 3R 1



7 4] W R 45 R AL ER R A I B & R 4 T RS

C3-N

EENH,CI

BRI S CIEl
The value of specific
activity parameters
O = N W AR LN ® O O

5 AN [m] G854 BRI

Effect on JIP test parameters of D. salina in different nitrate substrates

Fig. 5
JEREH T H TR & (ET,/RC) 78 NH,Cl 41
o AR T A 4 AR (P<T0.05), H A, HE K
£ I I KO 30R (ope ) v t=0 BT 3K 19 3% 7
L1 380 3 AR B Pl I Qa Al A2 1A
MIAEZR (o) Il t=0 B} H F 715 38 19 it 7 7= 4
(i) 1E NaNO; \NaNO, ,CO(NH, ), 4b B 2 i 25 5
ARE BB EES T IOAM NH,CL &2 1 T8
AN BFEET NH,Cl A B4 (P<<0.05), L) b4
FEA A T NaNO, \NaNO, ,CO(NH,), 43,
JC A8 A NH, CL A 35 PE 45 AL [ 3 PST L+
1% 33 32 BN AW L AT B 2 R 905 T 8 gy 2
2k S J1P-test Sk B 1k .

3w

FAR FLR IR R 2 F o AR LA A R £h L
TSR B VR A HL AR AN R 3R R T L &
SRR AR AT R B R RR I S R
(O IR LUk i R A L DR 2R A R R . T
vash WF9% & I V328 Pseudonitzschia delicatis-
sima \ Thalassisira weiss flogii # Tetraselmis viri-
dis 6 PR R A AR AE S ME— 2 BE 48 R 4 3 7
R T Lk P AR AT HILRUIRAEE A5 DL 1 3 it v 2R Y
A AR5 L die KOG A% 338 A ARG AR AT RSB N
S ISR B R

AW T &5 A B A R B A NaNO, \NaNO, |
COCNH,), 73544 Sy o — IR mF 2 ol R4 ARG, B
TEPRZAEE AT T m i A K300, 482 d7H)
T4 i %85 3 (5. 63 X 10° cells/mL) ., Mccarthy %& ¥
TR AR W e NHL-N 7 256 9% B8 IR A9 BE L D
NH, -N 1Bk Z00R & — Fh 28 U 1 50 4 g0, AR
BRSO T 2 W 2 B A D o 2R AR K il — U
BfLBEE NH, g o i 3 80% 57 W pH T R

NaNO,

1401
ESNaNO,  mmCO(NH,),
1.0
08}
27 b a : ab_, a
83 = -
kil - BN =
‘K\\ S g N = %E aaa
g = %= %= =
w2 =04t B S 'E BE =
TEE éz Zz ég
Hed = = B
= 3 %E = =
ETo2t PUE il = =
= "
il = = =

ll, 0 (P EO
1 2% PS 1l parameters

6
o =
>3

PO

Eh#E JIP-test Z U R

TR A R SR VE A S R AN N NH, T YR
F1R) 184 o002 X 95 200 M 7 A — s A RS AT 99 o
WRMAK TR WA, Y NH, Cl ¥ & h
4.0 mmol/L B}, NH, ™ X £ 8 40 g i 4= & 4y 4 2
AIHIVER . AT AT A ) A 45 R B At
BRI R BE R 5 mmol /L B, A FCER BEAE B SR8 3
RAEFFGEAE T P X AL R ER B M & B3 A
BAE R HAERK TR

LAY Z AN R B AR I 2O A 450 5 T g
(AR 4k 5 DA K ' 22 B0 %0 o 58 A WO L A% 36 L FE IR 43
B 55 2407 38 o 0 g F 2O E T sl J AR AT R
e Hod L/, R R AR AR Y A2 RN Y
SR T BB R A Y 32 B i &
PR, AR SR A5 R E L Y NaNO, . NaNO; , CO
(NH.), fERWERS . #H[KEh @ F./F, YWEF&STX
HUF NH, Cl b B4 (P<<0. 05) , -7 CO(NH,), 41
o F/Fo 8 e . B0 5 g & 3, CO
(NH, ), PR35 {45 5 A 8 78 28 K 0 i 10 4K 45 38 & 1Y)
F./F., ff . W78 Tk FCEh 3 T 58 & 47 bR 2 i 1M fig
K A PR TR . 2 A B AR L A E 5 R
FICERBE F/F, KiE TR 245 5 Young 55 JF
R EI I LAY AT 5 A S i 2R
H rETR o 2 n e K PS T W HL 15 3 3 5 o 36
71N 5 40 M B R R R0 o (L A 48 D T U S ke g
Al ol £ 2 W Y O B A 3 U, fR O R A  HOR A
BUAB et R A ARG U &L NPQ & 45 PS
[T R4 0 2 W I i Y BE S BB Ttk e A& 3 1
U35 — i UAA I B 2B B0 02 328 A BB AL
PR — AR B LY . AR B9 & B, #E NaNO, |
NaNO; .CO(NH,), RIEAEE P, # [CER ¥ rETR,,.
Mo W3S TIOA M NH, CL A4, ifif NPQ I 5
PUAH B RRAE . 3680 JC &A1 NH, CL &b 2 4l 45 £F [T



1402 odt O % il 37 &

b PSS N o i JF B0 B2 B AR, S 80 7 i
PSTI i S A6 1 PSTT K2R Hons 19 4% 338 32 B, #1FE
O A8 i R AR AR

Pt R RVOFE R &L a s O..1.P
A RN AT AR DR (V) 1 A8 b 2 L 1 B2 A i 4
I PSITN; L B i G ik #2 . PSTT
OZICERME Qu R JE R Q- T Qu A g
K Qu~ #Z i TR e A Q- R
EONm B ] AR BB AR R R, L
RGP AL IR BB 0 VL B L Q™
B Qu ML Z M, F3 Qv KREM R, 5OLE T
[ A T S N e I I = ) 3 1= P ]
NaNO, \NaNO, ,CO(NH,), fE& F I V, {525 A
B SO A FC AR 35 AR AR 4 R FH X 3 Al U T
ANZH RS, AU RN G Y PSR4
Z B3 F Ry K SR R G M, R E A
(OEC) Z 4t » I 7E A 4 FEOG IS K 2 300 s B H 31
FRAEAT A4 (OJIP 2k J o5 Z A1) » BB 2 R 9l =
ol BT K L 2P0 O 248 O-K-
JE L AREFSE L 2 NH, CL A & IR . OJTP il 2k 11
K A, i8] NH, Cl ffi 15 41 K £h 3 PS I itE R
HROEC) ZHi .

JIP-test ZEU A0S B M KL PSTT B 7 A0 B

B2k

[1] B P, ohamt, Z0B MYAREFRNAEMERETR
[J]. AR, 1998,17(2) . 37-42.

ZHAO P, SUN G C, PENG S L. Ecophysiological research
on nitrogen nutrition of Plant[J]. Ecological Science, 1998,
17(2) . 37-42.

[2] HERZIG, R & FALKOWSKI. P G. Nitrogen limitation in
Isochrysis galbana (Haptophyceae). 1. Photosynthetic energy
conversion and growth efficiencies[ ] |. Journal of Phycology .
1989, 25. 462-71.

[3] GEIDER R J, LAROCHE J. GREENE R M, et al. Response
of the photosynthetic apparatus of Phaeodactylum tricornutum
(Bacillariophyceae) to nitrate, phosphate, or iron starvation
[1]. Jowrnal of Phycology, 1993, 29: 755-66.

[4] X006, &ARMD, Ph 2. 2. ORTR Z0UR A <07 206 iR K B
KK m)]. BWEER#, 2006,27(1):101-104.

LIU C G, JIN X C, SUN L, etal. Effects of nitrogen source
and aeration mode on algae growth in freshwater[ J 1. Environ-
mental Science, 2006,27(1):101-104.

[5] XU N, ZHANG X, XIAO F, etal. Effects of nitrogen source
and concentration on growth rate and fatty acid composition of

Ellipsoidion sp. (Eustigmatophyta)[J]. Journal of Applied

T R RN A7 M A A BOR R, 5 NaNo,
NaNO,.CO (NH,), % 3 F & W A t, J& 4 f
NH, Cl &b 2 ffi 15 41 [C £k % ABS/RC F1 TR, /RC &
FEHIN(P<C0. 05) , R IC A FI NH, Cl 4b #1535
A3 B N T 2 i B R AR T BOR A B A TE PR
QA RPN (ED) IR K 1PN DR S A DS AL RO
Y= NI TR IR SO o O S il v o sl
F L opo MG E B R PS T fe KO AL 28 850%
FAE PSR A O A A M0 1) L 7 £ 33 M RED L g
H1 gpo B PSTT 32 R Qa Qi F1 PQ JE 19 25 6 4
e, ARSI gk L B, A LK (N-) i NH, CL 4k 2
AR T A G AR B 1Y gro « o AT g fH » 2 B LB
o G 6 3 H A% 38 % B B (0 1L s A2 L PSTT 32 44
o, A% 8 52 B 6, Qa AZ B L FRYRE T NI A
T 1 R HR s Y T R BE T B

2% Tk . NaNO, \NaNO, ,CO(NH,), & ¥
A A TR o R A 2R L T R U A R e A
K Z 5 MG, PS T 36 M Ao i % BRI,
PSTT Q. %) PQ J&E B HL T 1% 3% 32 B, F 17 5 3
OJIP b J mimy & Thim . 24 NH, ClLAE e —
RIS, AL G ER 3 PSR 2 A 1K (OEC) &Z 4, 3
AR AE W Y U G5 58T

Phycology » 2001.13(6) ; 463-469.

[6] OREN A. A hundred years of Dunaliella research; 1905-2005
[J]. Saline Systems, 2005, 04 1-14.

[7] URIARTEI. FARIAS A. HAWKINS A J S. etal. Cell char-
acteristics and biochemical composition of Dunaliella pri-

molecta Butcher conditioned at different concentrations of dis-
solved nitrogen[J]. Journal of Applied Phycology. 1993,5
(4); 447-453.

[8] SOSIK H M &. MITHELL B. Effects of temperature on growth,
light absorption, and quantum yield in Dunaliella tertiolecta (Chlo-
rophyceae) [ J]. Journal of Phycology, 2010,30(5); 833-840.

[9] FEH:&. HAEMKETRIM] 3. &R ARG MR, 2013,
70-82.

[10] PLATT T. GALLEGOS C L, HARRISON W G. Photoinhibi-
tion of photosynthesis in natural assemblages of marine phyto-
plankton[ J . Journal Marine Research , 1980, 38: 687-701.

[11] STRASSER B J, STRASSER R J. Measuring fast fluores-
cence transients to address environmental questions: The JIP
test{ M]// In: Mathis P ed. Photosynthesis: from light to bi-
osphere. Dordrecht: KAP Press, 1995. 977-980.

[12] STRASSER R J, TSIMILL, MICHAEL M, et al. Analysis
of the Chlorophyll a Fluorescence Transient[ M]. Nether-



73 B AP, A5 AR AL AR A K RO A R G 1 I m 1403
lands: KAP Press. 2004 1-47. [227 PARKHILL J, MAILLET G, CULLEN J J. Fluorescence-

[13] BERMAN T. Dissolved organic nitrogen utilization by an based maximal quantum yield for psii as a diagnostic of nutri-
Apha-nizomenon bloom in Lake Kinneret[ J]. Journal of ent stress [ J]. Journal of Phycology, 2001, 37 (4):
Plankton Research, 1997,19(5) :577-586. 517-529.

[14] CHRISTINA W C, PEDRO A C. Factors in fluenceing the [23] 3 dx, PNEARE, HfEim, . GBI & A s ek ROk
development of Cylindrospermosis racibor skii and Microcys- B A KA T]. KPmRA, 2014, 5. 269-276.
tis aeruginosa in the Para2 noa Reserv oir, Brasilia, Brazil LIANG Y, SUNM Y, TIAN C H, etal. Effects of nitrogen
[J]. Algological Studies/Archiv fur hydrobiologie, 1994, and phosphorus sources on chlorophyll fluorescence charac-
75:85- 96. teristics and growth of green alga Cylindrotheca sp. [ ]].

[15] ILYASH L V, BELECICH T A, Ulanova A Y, etal. Fluo- Fisheries Science , 2014, 5. 269-276.
rescence parameters of marine plankton algae at the assimila- [24] FAN C, GLIBERT P M, BURKHOLDER J A M. Charac-
tion of organic nitrogen[J]. Moscow University Biological terization of the affinity for nitrogen, uptake kinetics, and
Sciences Bulletin, 2007,62(3) . 111-116. environmental relationships for prorocentrum minimum, in

[16] MCCARTHY JJ, WYNNE D, BERMAN T. The Uptake of natural blooms and laboratory cultures[J]. Harmful Algae,
Dissolved Nitrogenous Nutrients by Lake Kinneret (Israel) 2003,2(4): 283-299.

Microplankton[ J]. Limnology & Oceanography, 1982, 27 [25] YOUNG E B, BEARDALL J. Photosynthetic function in
(4) :673-680. Dunaliella tertiolecta , (chlorophyta) during a nitrogen star-

[17] L 7R, k2, FEIELL, 4%, AR N/P X AR A U ek i vation and recovery cycle[J]. Journal of Phycology. 2003,
B A L SRR B i FBR W R AL i sZ m [T W TERESE . 2000, 39(5), 897-905.

24(7): 46-51. [26] FHRF. HIFREBMBIXT 6 BBt s R IO ER [ D],
WEI D, ZHANG X C, SUI Z H, et al. Effect of nitrongen WA TS h E R 2% . 2006.

and N/P ration on cell growth, total lipid content and fatty [27] BEJCER, FEizsk. & M. BREUES FEXT/NEREEK 7 & B e 4
acid composition of Nannochloropsisoculata[J]. Marine Sci- RIS R ], PR E . 2012.32(3) ¢ 491-497.
ence, 2000,24(7) . 46-51. CHEN Y Y, TANG Y L, CHEN M. Effects of nitrogen-lim-

[18] skiEH, T, R, 4. K6 885 8 529 06 ited culture on water content and chorophyll fluorescence pa-
JNE T LR 3 (Alexandrium minutum) 2 K5 2 77 A 1 5% rameters in Chlorella sorokinianal]]. Acta Botanica Boreal-
we LI, M 5 WIVE . 2005,36(5) : 465- 474. Occidentalia Sinica, 2012,32(3) ; 491-497.

ZHANG Q C, YU R C, ZHOU M ], et al. Effect of differ- [28] LUKAC M, AEGERTER R. Influence of trace metals on
ent phosphorus substrates on growth and toxin generation of growth and toxin production of Microcystis aeruginosa [ ]].
Alexandrium minutum[]]. Oceanologia et Limnologia Sini- Toxicon, 1993, 31: 293-305.

ca, 2005,36(5): 465-474. [29] ZEMR, Wi, STRASSER J. R4 R %05 S 3

[19] B K, FAIL, 48508, . s ROk v O Sf & R & NG i 0], MRS 5 FEY

ML BRI, AR A2 dR, 2001,21(10) : 1 634-1 641. 22, 2005,31(6) : 559-566.
YAN T, ZHOU M ], ZOU J Z, etal. Preliminary studies on LIP M, GAO HY, STRASSER J. Application of the chlo-
red tide formation mechanism in Hong Kong and Pearl River rophyll fluorescence induction dynamics in photosynthesis
Estuary[J]. Acta Ecological Sinca, 2001,21(10): 1 634~ study[J]. Journal o f Plant Physiology and Molecular Biol-
1641. igy, 2005,31(6): 559-566.

[20] STRASSER R J, SRICASTACA A, GOVINDJEE. Polypha- [30] BUENO B, FILLAT M F, STRASSER R J, et al. Effect of
sic chlorophyll alpha {luorescence transient in plants and cya- lindance on the photosynthetic apparatus of the cyanobacteri-
nobacterial J]. Photochemistry and Photobiology, 1995, 61; um Anabaena: fluorescence induction studies and immunolo-
32-42. calization of ferredoxin NADP " reductase[]J]. Environmental

[21] Z W, . GhedR. oo IO B8R Kow o e Science Pollution Research , 2004, 11. 98-106.

[JJ. VLA 24R . 2006,26(10) : 2 186-2 196.
LI X, FENG W, ZENG X C. Advances in chlorophyll fluo-
rescence analysis and its uses[J]. Acta Botanica Boreal-Occi-

dentalia Sinica, 2006,26(10): 2 186-2 196.

(Jn# . T E)



