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= ER IR SEHP

X W BB

(FEREBREEEDHRE M 510650)

ME  LRADRERARBEGBETVEHNMAER, RA ASP2 ERB AR RE FRT
HEWEREMBASE, FETHRIENR R RENE, SREZN, LR HEREREN
BwAh, BASHRIWRKE BHER, HBEX (CAP) I _MAREE DI ER XA FRAMEMET
5t PST AL 30K (F,/ F,) Ft-& B F50% (@) B, {5 CAP 2{ DTT SM4E R 3F A i
W2 R AEBETATERE; 27 CAP + DTT HEEA FTHHMNBERRE, A%
MR BRSO T SR E 9 T8, (H AT £ IE BRKE. £ DIT.CAP + DIT 4
B BER T, AR IER KB @ M, PSIEFARMK. 1S TREBAEx ¥k
s &3 -§:0p- 28

Xia ¥ OB PSIBAREEE FELAFEFEEKXK PSHERE

FRSES Q4511

FEMEARR B AERAFRARPHREZ —, BRBSIEAMNGRE(EKE
%,1994a), M HE LHAHEE RIKH LS T RA AR ER, 5& PSI T
B, BEOGF K TR, BCBE LSRR, HY RN RBFELES MILE, LB it
Bt 3t B A AU B IR, A 5 Tk 3B 52 9 A6 48 5T BB B AR HUZE e I 1 B B A AR o
EEEEHNEH (Demmig-Adams, 1990), Eh3E R —Fh 840 M4 3E, B A 1R R 8 W £ 4 A
BERTEES., AT EEBER S EE T H S 3478 3 4 8 R (Ben-Amotz, 1973,
1975), BEXTHEBNBAERGHAFRBHZ I RHNBLS (ZKES, 1994b; Ben—
Amotz et al, 1989), A XA MM EIREMH PR LR T ME.

1 ME#IAE
1.1 XERHHE

th ¥ (Dunaliella salina 1009) B B R B35 165 Tk I %I L BF 7T B, 3557 E R ASP2 8%
TR, MW EE 4 2mol/L, £ 80—100pE/ (m’ « s) XeIR FI%5% | A, HERSENRE
# Amon(1949), &R X 9.72—10.13pg/ml, A BB O WS, TARWEE N FFHBEH
6 f&. '

1.2 XEEANIE
i 5 A 1B R A 9 E B AR W € R 4 (Hasantech, England), MIEBFAEKES

* PR EEREKESRIRGTE. B W, &, H4ETF1971418, WL, BZEREBowling Green State
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WA H 38 1998-08-20, o8 % H 3 1998-07-08
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(1994a). ¥E SOME/(m* * s) H6IR. 25C FWE. KM HEEKE R 55.3—57.3pg/ml,
FTEHIR K SORE/ (m’ » ) FTRBMBEERSHAERZ WRREZLEFEN LGB FHE.
1.3 HEEFLAHNE
1.3.1 PSH¥AL2EHE(F,/F,) FA Bk vh i ) 9% Y6 X (Pulse modulation fluorometer,
PAM, Walz Germany) JE b B AFEHERE ST, BRI (F) 2B S W EAE
R W EE [0.05pE/ (m? « ) IR T =AM, B AT (F,) MR TE F,.ZJ5 FREM K
M [4 300pE/ (m’ « s) AR MG, BRI RN (F,) = F,~ F,(Chen et al, 1993),
1.3.2  #hF A6 ETOERE K & PSILE R A W & # Schreiber % (1986) # J7¥%.
Fo/F_ — 1 RAESALFTOER KA, Kb F B AR —F & BORE T #3838
B, PSURIEREN(F-F,)/(F, — F,),F & PSIL 52 7.0 FF i B WY B /D BEG F= 8, F &
X FERPE LR KRR, B EERE RN 150uE/ (m® « 5).
14 kMBI EREEE
14.1 XMEAEELEE  HEESRIH ODOFBA; QMAREZX (CAP) (REE
. A 99umol/L); (3) A Z 878 B (DTT) (K ¥KE R 64.9umol/L); (4) A CAP + DTT
CGREFET). SHBLE 36uE/ (m’ « s) T HHR ST 30min, SRIE7E 1 890uE/ (m” « s) FALHE
60min, ML R ERAE ER (25C) T#17.
142 AMHEBBRENKELRHE HEUTIHAFRREHET, 20 WHTKE: (1)25C,
40pE/ (m® * 5); (2)25C . BBEF; (3)10°C . 40pE/(m* * s); (4) 10T, BEE,
2 H#HR
2.1 BWARSERNXMEZEAFERELIEX A LI NHH R E R
AL EIEFRIEFENHRA R 100pE/ (m’ « s), EBF AP AT AR 400pE/ (m® * s)
ED.HRRaEHZEELZHH 245—
3.0 3.89, SEMEEYMHAERB ML, BN
F,/ F,295 0.7. %7€ 2mol/L NaCl TA
2.0 W EEARBEEPEN 240 FRH, B
RN NAR TR, B F,/F WWEEL
1.0 AR BIERTIL), RULERBEI S
AT MR RTEEE, NTTRRE—
s00 EMEAREN LK E, WNERF K
ETENKHFERTAMELEE RZA,

* min~!)

0.0

O, B &/ (pmol * mgChl™*

0 200 400
HTFEREE/(WEm2es1)

. Bl 25T MR 6 R R 2% 1—3mol/L NaCl AL FELFE. i
Fg.1 T.'he light. response curve of #lE, thEHEFBHEAMALHKE &
Dunaliella salina 1009 at 25C EE, ﬂiiﬁﬁ 2mol/L NaCl ﬂgi};ﬁ%ﬁ)ﬁﬁ

B, BB 2 TR, E&IEKE (4mol/L NaCl) THEBENAKE HEEHEEE, K
th¥k E (0.5mol /L NaCl) FRELBNMKEF 1L, XUHAEREBBEETHARZHGENREE
HERBEETK.
2.2 CAP.DITESEREMN%E

CAP B MR EHmBHE L HE MR (Okada er al, 1991), DIT & 5 H @ X BEHF
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AKX M R B AE B 3 B, B TR LASr A4 ) D& B ) R ER R R AR (Greer er
al,1991). CAPHERKE FTHEEEMBDEEER, BT HEEHEREY CAPEERN T
—F& 5| CAPWEX B A1E M F/F B m BT\ RFIL)., SEREHN, Y CAPHIK
BEB T 124pmol /LA, 3 FRHISIRANE T M6 E1E B R HER W, FHILRATEHE CAP Mk
B 99umol/L. DTT XA B FHER WALEHEE, F/FRBTHERME. R 1 BERM
F. l CAP. DTT # CAP + DTT B4 i #L 3K 6 R 5 30min 5 0 € HOb & B F8RM
PSII YeAh 223 3, H R R AP B E R,
%1 MAGRRIERMHLEAFLR 30min WENHFX KA BFHE (D)
Sk EME(F,/F,) ¥R

Tab.1 The effect of inhibitors on quantum efficiency (&) of photosynthetic oxygen evdluﬁon and photochemical

efficiency (F,/F,) of four group Dunaliella salina before photoinhibition treatment

3 @,(mol O:/E m’gchl) FulFa
pogiicEicl 0.120+0.050 0.705+0.037
CAP 0.100+0.028 0.698+0.037
DIT 0.108+0.015 0.728+0.024
CAP+DTT 0.109:+0.021 0.730+0.029

. R PRI B3R M M LR, h P HEAREE

0.6 |
X 0.4 |
~
o
< o] \/’\’\‘
0.0 I ! : ] 0 \ ! i )
0 50 100 150 200 Q 50 100 150 200
+/min t/min
B2 AREERWREN F,/F,ERE W B3 R 2 i ) b R AR
Fig.2 The effect of different NaCl concentration F/ Fmﬁ%%"ﬁl
on F,/F, Fig.3 The effect of inhibitors on F,/F, during the
NaCl ¥ E 4 5% . —@— 0.5mol/L, —l— 1.0mol/L, phase of photoinhibition treatment and recovery
—A— 2.0mol/L,~—x— 3.0mol/L, —+— 4.0mol/L. —@— M, —B— CAP,—aA— DIT,— x—
B, 60min Z BT R HILLHE, 2 5 RKE, CAP + DIT: ¥ R RB T R AT EIEBLE N 100%
B3 EsHE ’

2.3 CAP.DIT & CAP + DIT 3t F,/F, R E&ERI¥ I

VBB T 1 890mol/LEIE T 60min, F,/ F, i BB B FEMK (20%—25%) , {H#E B
GRS E *, F,/F JLF 2 L&A E FF, 120min &G #2EMHRTHKTE (B 3). ERMmME
i CAP B DIT HIALER EE 3, F/ F M T REEIN T 145 (4920 40%) . B4R, CAP B DTT i
BT st s ime. R CAPH DTTAHAMEA, NX kB SEmAE, F/F,T
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R W] 35 45%.
FEYE I HI S B 120min {5 Y6 YK K 30 14, B0l
f# /i DTT X CAP 3 A BH IE Yo fb 2 3 S a4 7] 3
K. B 30min KA RREM (55 1 40), RFLA
55 3of BRAR ST RO K L 3 R ] ) Sk AL B AT Y K &4
90% KK (55 2 #). #RTW,7E CAP+ DTT4A
AP, B 1 HEE 2 MWK ERHTRE.
NEE B 24 CAP.DIT & CAP+ DTT X RS RFH
s® CAP  DTT cap+DTT X ()R IE
M4 mammermEesnngemon  WRRETS EAMRSRMET, £ R
Fig4 The effect of inhibitors on @ during the T OGE B FRARZHN I 40% & 1 i, B8 )5 7E 1K
phase of photoinhibition treatment and recovery St T &L BEPRE BIALHEH 80% HIKF. CAP =R
B R R T ROL AT M MR BE N 100% DITHEMERFRATME o MMHREE, A
HAMBBE/E KK . [HE CAP + DTT A& 4B NI (kT /5 o8 E (B 4),
2.5 ARERE KX F,/F,BRER% W
BB S, KRS RERAERE F/FMREER, B BREMEERRIEE

il s
& %X

90 _

D
[=]

WEW O HELR/ Y%
g

100 1 a 100 -
b
90 00 |
80 |- 80 |
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s Fm/%
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<

100 [ 80

70 |
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50 ‘ L 50 : :
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t/min t/min

B s SLMBMERE, ARI&KMT 24h WK F,/F MKEHR
Fig.5 The effect of different conditions in 24 hours on the recovery of F,/F, after photoinhibition treatment
a. %H#,b. CAP,c. DTT,d. CAP+ DTT;
—@— 40uE/(m’ * 5), 25C; —W— B, 25C; —&— 40uE/(m’+s), 10C; —x — HBEE, 10T
FFE AR 2H LR IKE, TEEET 40mol /LKA TR &=L M El. LMl
G EHE, RESRBAIER F/FHKEEBENHERE, BARET LM LK
2, BRIERBEAMEENHTHREER. EEEENRE, £33 AME R MLAEN RS, 5
MERKERBREXHAETZ—, 8B F/FAR-ENREBH, XEEH T RA,



134 B W% BREMFRLWH 43

HENEEfFH—EBIR.
2.6 EBWIERLFFIATERE PSIIERBRILN

FEFAL ¥ TR K (NPQ) Al F,/F,, — 1 375 (Schreiber et al,1986). 1% 2 A, 4
HALFE (BFERA) W EL 10min FLAEE, NPQ R EEE N (A 0.0 R EE 0.5 &
). DITH CAP + DTT H B AHIEEFHRAERETH NPQ MR E. 60min J5, ¥
ZHF1 CAP 4AH NPQ B L7 (4120 10" HL B ) 4 £5), T DTT 441 CAP + DTT A NPQ
{20 10' HL BB 2 /%, 7E 1207 LL 94K & #A18, NPQ ¥ T B, H CAP HII MR IE &

F2 HCII TR Bt 8 5T A2 b RS R RAPSILE R A L

Tab.2 The variation of non—photochemical fluorescence quenching and PSII reducing state during the

phase of photoinhibition and recovery

#Ha FulFo —1 PSIE B
10’ HL 60" HL 120/ LL 10’ HL 60" HL
pugicl 0.55 2.15 0.44 0.56 0.54
CAP 0.48 2.02 0.59 0.58 0.55
DIT 0.55 1.27 0.23 0.67 0.60
CAP+DTT 0.62 1.33 0.58 0.71 0.60

. MANEESRET1 890uE/ (m® » s)10min(10’ HL). 60min(60’ HL) R ZEBE /G AMEIE[40pE/ (m » 5)]
120min (120" LL) A#7HRE

/N, 7E 10min 3856 T, X A M CAP-AEMHBRNERSE R XA BIIEEEE 50% £4h
MAEL, R, Z2DITH CAP+ DITAHAHRKNE RSP NSBFEBHEERES AN
70%) ; SR T, B £2 60min SR YEALE S, XFEEEH B T FE.
3 e 5%ie

B SCR &S R AT, ST b, LA 88 L& B F 18, PSIT B RS
SIHBEWH. SHEHFSHMRRE R, CAP. DTT & W T AnE e &l A i s MR 5
WA IR, {ER M A CAP B DTT H R AE T 2B 1L 33 5 )t 60min & H LA FEH
B EGBRTFUENAMBRESTHRE (B 3, B 4). HBEN, ARENEEGHEF, AR
£ 3t CAP-B 2 5 DTT-HUR A i3 B2 B0 i /5 #8 A BB RE 1L 2 SRR R 3t ik B B | B o6 AL 3
FRA (E 3). XFIAR UL L B P A R R Y AR B B A 5 CAP-3, DTT-8UR I E 2,
R B LSS LI B A W AR AR AR 7E 5 CAP-BX DTT-ABUB I 1E 12 B3 CAP + DITA G &%
EBIE F/FBKE, XIEAEARREREMER G EREERMAEHIERL
EHEBRRAN. WD EANRERKSETREAELRE, EXARNERX 5EO KA
B4 B (Demmig—Adams et al, 1993). Demmig-Adams%§ (1993) 8 T 7 HE h A K
A, LR MBI EPNEE L SRSEYRESIAEMEMUK. Hitk, B
HEHRBAELRERMAEETI. AR, REARTAERK 20 FHEICLE, E/RAS
EUUMEEY e B AmE, BVEARARANERERERNSSERMEEYN
BRIPHLEI R R, AN AEREEEENFRAMHOHBETFEESH.

2 CAP + DTT Fi4b B BB R T 1890uE/ (m » s)3RIETF 60min J5 , AL FER RN
PRE+ 4218, % 120min BREKE BB Z R BN CAP + DTT IEM i 9K FRE
B FEAR R &4 T xt BB R A K F . SR UG, B R SR R e AR —E A, R E
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AEEA W T, AL S CAP+ DTTHSH ARETLME F,/F KA, XL
TEEL B FELEST CAP + DTT 8RB AT CAP + DIT AR NS, XFEREE
HR¥EPHFELES ™5 DIT-H CAP BB T XM HEHEBLABM LN TR, XMERRE
AN Fo/F, — 1 A PSR FASH B (R 2) B, HBERBETHAN X 10min A,
LM H R LI & AL B FETOR RN G MEA RN KT, BhTFEE
53R T 6 R KA X KK BRI R DTT M #l, B ik 60’ HL 8f DTT 4. DTT +
CAPARM F,/F,, — 1 MIEEE /D, ZESRMEI LB GRS, R T CAP = DIT BiAbH ity £ 3
BT & B R A R K S BT SR B L BT R 4 — & AR S AL S REBLBE 1 4h, CAP +
DIT{IRAMUKFH F,/F, — 1 {H. BT CAP#MH THRARBESNS R, £/,
WEH F_ANREESE. FAEE, £ DTT. CAP + DIT A B £ 3 vh, W8y FRHIE T
5HERBHIAXMEREFER. £ 10 HL T IREZABHERS. RiNE 60’ HL iR
MR T, XML CAP, DTT # CAP + DTT AL BA A M F,/F_, - 1 A LA
10min 1 60min 3E 4L Z HH —EREH X, HHR KT HBELE: () EZ MBI R
b, AR RS OBRAR A EFE S ENBEERS KRB RENIER, ATEF
B WO B B8R B G Rk T b, i PSTT R EAMEK (R 2); b)RERFLE
A—TEHRRBEALXHNLE, EERARB —TFHEMER T, A bk EE 8
R (F/F, — 1 &),

BBARAPHFER I~ 5 BRI XK GERFE U B R B AL EUR (Greer
et al,1991). KIREERFZH (B 5), KBS BEEHH TR F, / FAWKEEHR, HR A B
MRRFAERILEERA R LM LT MRE, W RKES PSIH O BERB
EAREURNEERE, MEE S5 ATEEMEX, SREEYW, B 25C—HY F/FANES
ARE, X—ARBTRRERA R REE—F K HSHThBE 2, TR IR AB7R F 72 B Hn iR
TXPF MR RER, AT F/F_ KB EREMASHE, BthAkRLHEILE
MRE. FREREMEERANEFFRER. U LEHA, ERBEN SRR HEEMN T
CAP-E{ DTT-8URMA BURA 3 B # 3t B SRR SR, BH WA T3 A shid e,

2 % x ®
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PHOTOINHIBITION AT ROOM TEMPERATURE
IN DUNALIELLA SALINA 1009

XIA Li, CHEN Yi—zhu
(Institute of South China Botany, The Chinese Academy of Sciences, Guangzhou, 510650)

Abstract Dunaliella salina 1009 possesses a greater tolerance to high irradiance and has a much
high rate of recovery of photosynthesis after photoinhibition. Changes in photosynthesis rate and
photochemical characteristics in response to high irradiance, followed by recovery at low irradiance,
were determined in four groups of Dunaliella salina 1009. They were untreated algae, algae treated
with either an inhibition of energy dissipation associated with the Xanthophyll cycle (DTT) or an
inhibition of ecoded protein synthesis (CAP), as well as algae treated with a combination of CAP +
DTT. Treatment of algae with either CAP or DTT resulted in a more pronounced decrease in the
rate of photosynthesis subsequent to the treatment at high PFD, but the depression of photochemical
efficiency and photo efficiency of photosynthetic oxygen evolution was reversible, i.e., CAP- or
DTT-sensitive process didn’ t prevent the rapid recovery of photochemical system. However,
subsequent to the same exposure, the highest level of depression and a low recovery was observed
when these algac were treated with a combination of CAP + DTT. This means that CAP- or
DTT-sensitive process is not completely related in Dunaliella salina 1009. Meanwhile, in algae
treated with CAP + DTT, DTT, further decrease in the PSII reduction state, as well as the slow
decrease in F_, (the slow increase in non—photochemical quenching), would be consistent with the
development of an additional Xanthophyll cycleindependent process that dissipates excess energy in
PSII. This apparently develops during high PFD and persists upon return to low PFD. It may cause
the photochemical system to reversibly return ‘to a high functional photosynthetic state.

Key words Dunaliella salina 1009 Photoinhibition PSII photochemical efficiency Non-
photochemical quenching PSII reduction state
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