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(Dunaliella salina) J& At [ & v 0 — oA B Tif 5
(1 B 40 i 4 8, BLA i 52 0. 05~5. 50 mol/L NaCl
I [] B 2 457 AH T B AR ML 9 Na ™ ¥ B 9 R 5 26
JE TR TG ER 8 Y 2 25 R T e 73 ok PN — b 32 Y
B — AR AP VA T A R AR AR AR Y DR A
TG Eh 3 Al AR S WF 5 R 3045 T 92 3 I 1 BIL A A9 P R A
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B 2.0 mol/L NaCl 4 F 35 5% & X8k K
BV, IR 6 200 r/min B0 15 min WEE BK,
BEEES 0.5.1.0,1.5,2.0,2.5.3.0.,3.5.4. 0,
4.5.5.0 mol/L NaCl /S5 A FUHT & 55 52 Wi b, S B
FE L OB T U A i TR A AR AR I 40 IR = IR
B 2 hJE RO A0 R A SR AT 0BR[] s ¢ S
5 20 L P BR A0 R A 3- TR H T N S
FEHFRIR G,
1.3 HBZEHRN

Z:7% Chen &7 1 J7 35, K 45 4% 5 19 H il %
B 13 i 1 8 O QP w1 I = o
1.4 RNA H1EE

ffi ] RNAiso Plus (TaKaRa) , #1250 {#i H i34
A T W I 48 DCHE AT A5 B AE B RNA RS2 B, fiff
JH DNase | (RNase Free) Zb B2 BUH B9 5 RNA DL
I3 E RNA g3 R 4] DNA,
1.5 IHEEFEH R PCR

ffi /] Real Time PCR #" #% {¢ ABI PRISM®
7500 Real Time PCR System(Applied Biosystems)
HEAT SCI 5 B 5 PCR ORIV . % 3-8 R H i i &
fif 5 DR 7 S ] 3 BE NaCl 30 2078 F 1Y 263k 15 o it
FrAE X E fE . i SYBR® PrimeScript® RT-PCR
Kit(Perfect Real Time, TaKaRa) & B8 3t BH 45 3t 47
g, S 5 -GCTGAGATGTGCGGTAC-
CCTGAA-3"  #l  5-CACTGAGGGGGAGAT-
GAACTTGC-3"¥" 48 3-f iz H il i &0 3 [ | B
(150 bp), i F 51 ¥ 5-ACCACACCTTCT-
TCAACGAG-3" #l 5'-GGATGGCTACATACAT-
GGCA -3"9" 1 DsActin 2= B (150 bp) fE AN
S, WG SN A 237 °C 15 min; 85 °C 5 s,
R SETE AR — 20 C R A7, R )5 k47 SE 2 &
PCR., SEH} &R PCR M 4F R :95 °C 30 5395 °C
55,60 ‘C 34 s,40 PP, A1 it 2 7 B PCR
P HG 7  RE S L OUL SR A O 5 R B 0
i £ b BL0g ) PCR RN 7= 9k e S 9 38 7= 90
16 Sito#r

PR g a5 R R 3 WER IR W P E ., ff
FHEA SPSS 13 X £ 48 #F 17 48 1+ 4 B . 76 95 0 8¢
99 %6 1 B A5 PR o .

2 HR545H
21 WERESTK

B 3% 1) A0 I AE NaCl o B2 BRI 2 28 5L BROE 5l

W IR BRI (B 1-A LB, C) » NaCl ¥ i 184 K it 41 Jifd 32 ¥
R S (K 1-DLELFLG) . 7E NaCl ¥ B B g i,
RIS 2 M KIE, H 4 ik 6 n — b g
ARASIHE R I (B 1-H, D, 25 R0, 78 & o
NaCl 214 T 1 0 15 77 4k 1G5 40 M 3 22 B K JF
it 240 M AR FR A /D , HOB S R 4K RAKSR e 8 4E
FERFFSER . NaCl ¥R BE 2. 0 mol/L i, K 145
I B FE ECER B AN I IR & 2 A R B (& 1-D)
M NaCl ¥ EH 2.0 mol/L # BN 0.5 mol/L
A 240 6 W 7K et 440 i A FR B S 2 ik AR K, L 20 R R
T AR Ay [ BROE 20 B 20 € W v T NaCl ik B gl 28
HAY 40 M B 5 (I 2-A) . 24 NaCl ¥ JE i 2. 0
mol/LFEE N 1.0 8 1. 5 mol/L i, £ 3 40 i 25 1k
T 0L A 17 B0 26 0L, 5 728 1k I B Bl b P NaCl
FE TR 2 s /N (K 2-B, C) . K35 NaCl iy i kb33
TR AT AN A A R A, T RE R T R B K AR
FERRIZUM KRB A0, 24 NaCl ¥ M 2. 0 mol/L
AN F] 2. 5.3, 0.3. 5 mol/L I, £h 3 20 ity 2k 7k
e 200 L L T 4 40 R AR R AR Ay (B TR A 2
TR A B 25 4 1Y) 38 43 LT A 6 B8 Y — o
(E 2-D,E.F), 4 NaCl ¥ & M 2. 0 mol/L 34 in %]
4.0~5.0 mol/L i, 40 i PH 2 7K & A= 25 4 119 [R] i 35
3 AN LA TR A AR AR R R, L 4 A0 e kR
BERESET (& 2-GL HL D U6 B i 3 W NaCl i
Xof A i AR R E AR
HE 3-A,B,C,D,E,F Al A1, NaCl i kb #2
2 WG M 2S5 7E M R B NaCl 451 K 8 9%
B4 IS (B 1-AL B, CLE,F, G) 250, 13 B b 3
0 i T BE © 2858 W AR S5 Y NaCl ik B . [\ B, &
PR A B R 25 (] 3-GL HL D 5 A Rl 9k BE NaCl
SRR R 0 40 M A (B 1-HL D 28 1L H R
280N MY 25 B B AN TR ELR A A B 238 T, AR IR
£ 8 40 i REAE 7 W B NaCl 45F FAEA7 (& 1-H. D,
FE = W NaCl Birae T 55 35 40 i T 58 75 22 58 Z 1 [A]
(>2 h) il v NaCl e B2 fy ek 48 . 4 NaCl ik B2
2.0 mol/L¥ N3] 4. 0~5. 0 mol/L I, W2 3] +h 3¢
AN % T A S o IS B/ Bk B B (R 4D, Ok E
NaCl 8 AL BE 2 h J5 BT A 04 B B/ BRI 26 1 4
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A-1:0.5,1.0,1.5,2.0,2.5,3.0,3.5,4.0,4. 5 mol/L. NaCl.

B 1

NaCl i EREHFH THEFNLRERARTE

Fig.1 Variation of cell shape of D . salina grown at different concentrations of NaCl

-

A-T:NaCl # M 2.0 mol/L 43254k} 0.5.1.0,1.5.2.0,2.5.3.0.3.5.4.0.4. 5 mol/L. Cell shape when NaCl was changed from
2.0 mol/L t0 0.5,1.0,1.5,2.0,2.5,3.0,3.5.4.0,4. 5 mol/L; ¥ 3 [} The same as Fig. 3.
B2 #REREZEHELEBEVHERES

Fig.2 The initial cell shape of D . salina after treating by osmotic shock

22 HHBEE

NaCl 6 B fe B K 09 35 3% T AL [ 5 8 20 40 i H
MR 5 NaCl #5923k B 3 IEAHC >0, P<<
0.01) , B[R 3R J5 22 43 A 45 2R W, A [l ik 2 NaCl
AT AR B S A e T R B I S R
Z5(P<T 0.05) (B 5-A), A 21 19 55 /0N (1) 41 ffd
Ha& & 13,22 + 0.30 pg(NaCl ¥k JE N 0.5
mol/ L), fie K1) A0 L H il & &4 18. 16 0. 72 pg
(NaCl &£y 5 mol/L) , & W 9] (%) % ¥k &£ NaCl

Jip 30 AT DL R e A B N R AR R L AN R
JE NaCl P60 40 35T Fh 35 B0 40 i H v & it Ay %5
25 (P <0, 05), [F) B 540 H b & 5 AL 2
NaCl ¥ B 8 % 1IE A% (>0, P< 0. 01) (K 5-B).,
8 NaCl Jipie Ab B A, 54 ffH 2 o R L A5
Fde/NH I & B 10, 08 £0. 45 pg(NaCl ¥ N
0.5 mol/L) . H it & &t LeJpha Ak BT RS 42. 20 %5
2 NaCl 36 b S, 50 240 fH- b 2 5 7, el
P K H &N 32,760, 65 pg(NaCl #e



80 e rhofe ol R iR

%32 %

B3 #MRKEFSEMELE 2 NFHEBES

Fig.3 The cell shape of D. salina after 2 h treating by osmotic shock

3

P bR s 1) S 4 A R B /N R B9 4 The cells with lipid glob-

ules were labeled by circles.
B 4 NaCl M 2.0 mol/L #fm 2l
4.5 mol/L BY R R EEMMB M EML
Fig.4 Cell shape of D. salina when NaCl was
increased from 2.0 mol/L to 4.5 mol/L immediately
5 mol/L) . LEHA AL BT 4 &5 87. 84040, 45IRKW,
ek T 3 988 T e 81 T P O ) R R A DA 4
T B 5 R 3 I PR T NaCl ik B2 1) PR 22 1k
PRI, T il AT R 7R AL TG R 9 19 32 3 I 1 b ke AR
FH g [ ER BT DAAE 20 NaCl Ve B2 451 T A 77
23 SEHiBHBRESBERNHENREE
XF NaCl A B ¥ B2 1< 01 315 7 1) A I 26 35 40 g vh

SRR il I Sl i DR ) S 3k R AT A L 4 R R B
NaCl ¥ 0.5 mol/L B, 3-B R H- il It &0t 3% A
A KI5 NaCl #E N 5 mol/L B, A& 2] £ /)
Fik AR E HARRRIBEN 1/7(8 6-A),
MRS M 25 B, NaCl B i v K 85 35 T AL IR
ERUEAN AL N 3R R T AR R Y i R AR S
B F19 NaCl e B2t 3% A0 6 (<0, P<C0. 05), 3~

TR T I oty O Sl 5 DR 1) 3R 3K 7K O Bl NaCl i B2 11 7
o T AV DU 0 05 Wk . NaCL Bl 38 25 0 34 £ [
Bz 3R H M B AU (ECL. 1. 1. 8) R B I%
PE . XHIEE R B NaCl rad b # R - EC £ 35 40 i h
3T TR H T Ot U I ik DR Y 2 35 1 1O R AT R N
FHOCHE BT 45 R W] K2 L8 NaCl B b #2 h
Jei A AR 35 200 B PN 3l TR H vl R Ll 3 PR Y 3Rk
K5 NaCl b v 6 8 25 ¥ 6 & (P=>0. 05) (&
6-B) . 5% Wk B NaCl Jihia T £ 3 40 e 548
PR BUARIZEALL k3 40 A P 3-8 H a0 il 25 A
) 2 35 T RE th 7% 22 0 Z i) ) (2 h) ik B R 2 K
SR N R TR ER R

XF PCR JG B4 3G 77 Wy 647 945 figk i 22 43, T 4
Wi PCR =¥ & —, i PCR 7= 11 fif th 2k
Sr AT B, WAE S R AR R Y AL
(] 7-A) 4 K Z 8 PCR 7= 1) f 15 fik 1th 28 43 A Ay 2
W, PALIHGIA R PCR 4738 77 00 1) 8 S M R 4 5 R 110
(K 7-B),

3 it &

ANV BE NaCl K 5 557 5 FE G 3R 3 35 68 4E A7
A K NaCl ok B 45 i 4l i K 2 2 41K
4.0~5.0 mol/L NaCl 24 T £ W K5 77 i} £h 3 41l i
AW e /N TR MR E NaCl 55 3% i 1) 6 56 40 Jif 4= 49
LU R R B NaCl 2% R 5t $h e 2 KA A2
Wi, Ak E i A 35 425 ) IO 95 B A 235 4 N AR 1 1 AR
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H ?Hﬂ/gﬁ/pg
Glycerol content

Hil&E &/pg
Glycerol content

0.
- B - = = 5. =
000051 01.52.02.53.03.54.04.55.0 0.00 051.0 1. 520253 035 404550
NaCl# E/(mol/L) NaClifk &/ (mol/L)
Concentration of NaCl Concentration of NaCl

A NaCl B JE W JE KW 3: D. salina grown at different concentrations of NaCl; B: 5 . &35 Wi 48 38 ; 5045 0 3 W & B {50 19 F 1
L s M D 22 Ce-test, P<T 0. 01) 5 fff JHI80 DRI 3R 28 49 A7 X HEURE (2. 0 mol/ L) 5 HC A 22 ) 19 22 57 | k5« , P<<0. 05, D. salina
cultured in 2. 0 mol/L NaCl was treated by hyperosmotic or hypoosmotic shock. Columns represent the means of three replicated stud-
ies,with the SD of the means (z-test, P<C0. 01). The significance of the differences between the 2. 0 mol/L and other test values were
tested by using one-way ANOVA. * , P<C0. 05.

B5 AFERENaCIEGTHRERAABREHSENTK

Fig.5 Single cell glycerol content of D. salina under different salinities

A B
6.0 2.4r1
= Il
£ 50 S 2.0}
o 2 i @
:& g 4.0 = Gi 1.6}
®E 3.0 ®Eo1.2f
=L 50 =
2% % % %
Z 10 Z 04p
0.0 0.0
051.01.52.02.53.03.54.04.55.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0
Na CI#¢ Ji£/(mol/L) NaCl¥# J/(mol/L)
Concentration of NaCl Concentration of NaCl

A NaCl B B v B 1355 37 . 5t 0 3 Wk 5 &2 3008 A9 3 Y9 0 + B8 Ul 22 (£-test. P <C0. 01) Treated under different concentrations of
NaCl. All data are the means of values obtained from three parallel experiments £ SD (z-test, P<C0. 01); B K& | =98 i 40 B, % i
A4 W ARG 1) - 24 {8 = R E IR 22 (-test, P<C0. 05) Treated by hyperosmotic and hypoosmotic shocks. All data are the means of
values obtained from four parallel experiments & SD (¢-test, P<<0.05).

B6 HEKBEMAMA S-BMBEHMESBEERNENRZEE
Fig.6 Expression of G3pdh in D. salina grown at concentrations of NaCI(A)

and cultured in 2.0 mol/L NaCl treated by hyperosmotic or hypoosmotic shock(B)

0.1001 0.1001
0.080F 0.080}
o o
z 2
2 0.060f £ 0.060f
Z z
A & 0.040F 5 0.040F B
A a
# o0.020} £ 0020
i Wﬁmu_/ o - _
0.000 F 0.000
70.200 L 1 1 1 1 1 1 70 200 L L 1 1 1 1 1
60 65 70 75 80 85 90 95 60 65 70 75 80 85 90 95
RBIE/C Temperature IR E/C Temperature

A:NaCl %8B ik BE KWK 3% Treated under different concentrations of NaCl; B: k#5558 AL M Treated by hyperosmotic and hy-

poosmotic shocks.
7 3-BEERH MBS EEFN DsActin B E PCR ¥ 18 7= 4 AU 5 7 mh &
Fig.7 The dissociation curve of PCR amplification of G3pdh and DsActin

b BB S P I R 3 BB, BT AN PN I R ke S A AL R 3 AN N A1 B I R
B B A 5k NF o 17 0,465 4 LR/ IR SR R B AR XS R AR B B W S 2~3 h o8 B IR R A
WEFIWRENZA EEZBENBE LA 2 IR MR, 55 3 BBy R e, 222
5 minA W2 58 . 5 2 BB B L R R R AR B E A S AR BRI MR A R E A
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MRS W BOE W EB &M A 12~24 h 5
WhkAES BRI kB AL SR SR 52 3~5 5 R 1R
WL B = B BB R a LR N BB AT 2 A5 Y
AMAARFR AR AR AR BEGE b, 2 NaCl ok B R 3 el
AR AL [CER S A0 I S AR 2 A A, 5
ok TG 988 19 W 1sF e 7 B B, — 3. 58 KB D. terti-
olecta T Z AR BB B MWAE 2~4 min P GH
TRk A% A B ER B A 5T R, BR e kA Ak 2R
Hb AL AEARE s A b B 2 h 5B A A
PRI, 55 A CQER W 0% % 10 ol 107 B Bt — B, A WSR3
WY, A TG 3 58 R A% 3 Ao o PR B B e H I 5 o of i X
B B Eh a0 i 85 R 5 e AE B 5T 5
AL, 3 WAL [ ER 8 40 B PN ol % i 5 R 1R R B 1Y
NaCl ¥ B & % VIAH O .

TEH I A R a8 A2 R 3-8 H 9 A A AL
W AR — 3 L TN T A= 13- R H b, 7E 3-8 R T i
T2 il AL T e &G BUH T . RV B NaCl 44
I 5 5 IR G 3 8 40 g b — b 3l R T b i A
il Py 25 D] 32 38 A AR AN T H il B G B SR T
WP NaCl K0 38 58 98 £ o SR 20 i H b i B &
BN H I B NaCl e B /36 mng 7 & . oF
522, Dunaliella parva 4N H il /K SEFE NaCl
AR BE R 3R 3 B KAA . 20 8 mol/L Bk i it 5T
55 %6 Ik, B 3-B R H v B S A, HE I A
[CER 3 b AT BB 30 A7 AF HoAt 1 APl 2 Fh 3-8l H il Bt
ST [ T it B OC B 1 A 45 H AR . Forster
TR L AR B B AT B Ashbya gos-
sypii A0 3-Ml R T Il B S S 1 LU AE B AR
T, GASHE ST 3l R T I M e Y 2 R R A
IKF-Ffi# NaCl i B 0y 8 mm By 45 R 2681, He
LBIST Dunaliella viridis 16/ [5] 4¢ BE NaCl & #
B % o w2 A rf — R Y 3-8 R H v G e 1A
DvGPDH1 £k /KF Bk 58 £ W . DoGPDH1 ik
IKF-AE NaCl ¥ BE 9 0. 5~2. 0 mol/L i Z #F 7H %
FFAE 2.0 mol/L i 3k 2] fie KAH L 124 NaCl # B h
3.0~5.0 mol/L B £ [ 3K 7K F- 4132 W [ ik . A
T KB = B W AL B2 hE R E SR 8 40 i
3-W TR I Bl Sl 5L A i 2R 3R UK 5 NaCl vk B ik
A EVECR LAY 2 35 W] B 77 B A i (] (> 2
h) IR EEEE , LAGE N 28 T ) NaCl #k B, 52 A
[F B J&,.2. 0 mol/L NaCl BB 4&MH1ES 2 h 5 1E
i 35 B &} Pichia forinosa kA% 5o H 4 & 0
3R H b B0 AWl 3 P R Ak KO R R R
W, 3l 1R ity I 50 il PR 76 A [] 9 B NaCl 261

IS [A] 1 2 38 7K SF- L AT RE 2 7E AN [ ¥ BE NaCl
ORI AE B 40 B R LR 3-8 R H 3 A S Y [R) T
fit A7 AN [ 7 G 3%

3-BE TR H I B A L 0 3R Gk AR AN ) kR
NaCl K 9935 7 F 0 100 30 b 33 26 9 o B R |y 22
Sk, KRB FR BT AW B NaCl 21 T 3 B 3 ik
A5 5 10 1 W NaCl 230 1 56 R B 2255, % 40
e BE NaCl Wit i ol DA s 3 R ) Rk . A
WFFErh , NaCl ¥ B K 2. 0 mol/L I 5 A (1 ik 7K F
A, T At e B e 40 0 38 S R B R IR KRR £
A A [ B B 2 75 NaCl e JiE AR /I8 s 366 TR £ 6
IRIKOF$ R /N NaCl e B sl A8 3 KRR ) 2 4. 5
5.0 mol/L NaCl ifrif i 35 P 8 28 38 K S s &
Ui B NaCl i B i P it 28 £k X JE PR 19 3¢ 35 I 1R
FH AW 5 P 3B W2 T vl M S 16 7T BB 7E A TG 3 B4
LT 52 % 300 60 Jlp 300 AR ) 2 v PRIk 3 B %) b T ek
PR, (A B, MR AN 6] ik B2 NaCl K 55 77
T T 0 38 T R DR 2R GR Y 22 S ML HE T NaCl X ix
ol 31l TR T Vil 05t 2 il 5 PRI ) 3 38 TR AR A 4 ol /R
Bl NaCl #e B2 3 I3 i VE FH A A W 48 5ig . HL 40 61 4
JH A 55 B [R]RH DG , i B[] 728 < 4000 1] A o A 7 34 58
Zoat — BB R i () (9 35 N 5, 5 DN 3R A 38 B AR e O
LS KB IR TR B RIA T —2,

FEFAT 08 RT3 A5 b, A T T R Uk R A
D) 5 Fh 3-Wh R H v M 0Bl [7] T, o G3pdh-2
HFAET 1.5~4.0 mol/L NaCl &4, H 4 JLFIH]
T.Ef (G3pdh-1, G3pdh-3, G3pdh-4 # G3pdh-5) F
BAEARRE NaCl £ FREAEHY . A5, 52
Al g it PCR &5 W R #E [CERde b 1 A 3-8 R T
it Sl 35 DR 7 IR Tk BE NaCl £ 1 F ik K F A
XJ 85 v I BE NaCl v B 3 fin iy B A% PR ok 32 5k PR mp
AE 2 B £ J2& 4 B [F] T8 (G3pdh-1,G3pdh-3.G3pdh-
4 F1 G3pdh-5) 19 1 B, I AR Mk B NaCl &4
B FEAE 2T 2 AR R AR R T 7 AR S 2L
o rh ik — 2P % 5%,

2 % x #
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Effects of salinities on gene expression of a (NAD" )-dependent
glycerol-3-phosphate dehydrogenase in Dunaliella salina
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Abstract Effects of salinity changes on variation of cell shape and single cell glycerol content of
Dunaliella salina were investigated and effects of salinity changes on the gene expressions of a
(NAD™ )-dependent G3pdh (ECI1. 1. 1. 8) among G3pdh isozymes in D. salina were detected by real-time
quantitative PCR. Results showed that the changes of shape and volume of D. salina cell cultured chroni-
cally at various salinities were minor. When the salinity changed rapidly,the variations of cell shape and
cell volume of D. salina were significant, which were recovered basically after 2 h except treated by high
salinity. It was found that some lipid globules in the surface of D. salina cells when the salinity increased
from 2.0 to 4. 0-5. 0 mol/L NaCl rapidly. When D. salina was cultured chronically at various salinities,
the accumulation of single cell glycerol increased with increased salinity, and D. salina also could rapidly
decrease or increase single cell glycerol contents to adapt to hypoosmotic or hyperosmotic shock. The ex-
pression level of G3pdh in D. salina grown at various salinities was significantly inversely correlated
with the salinity. There was no significant correlation between the expression level of G3pdh and salinity
after two hours of treatment by hyperosmotic or hypoosmotic shock.

Key words Dunaliella salina; concentrations of NaCl; cell shape; glycerol content; glycerol-3-
phosphate dehydrogenase; real-time quantitative PCR
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