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Abstract An unicellular green alga Dunaliella salina 1009 was used as a plant cell model
to study the effects of SO,2- and HCO; on chlorophyll fluorescence under high light intensity
(1000 #mol m%™) with measurements by modulation pulse fluorometer (PAM). The initial
fluorescence (Fo) was induced by a weak measuring light, and the actinic light was at
150 #mol m™", while maximum fluorescence (Fm) was produced under a strong saturated pulse
light (6000 pmol m?™). The results indicated that the photosynthesis of D. salina 1009
was stimulated by low concentration of SO (1 mmol/L) under high light intensity
(1000 zmol m%™) for 1h. With the increasing concentrations of SO;*"(5, 25,50, 100 mmol/L),
the Fv/Fm, qy, qp and ®PS II in D. salina 1009 decreased, and the photoinhibition was
obvious. Photoinhibition induced by SO,>" in the presence of HCO; under high light
intensity was rteduced, and could be rapidly recovered under low light intensity
(40 pmol m%™"). The results showed a protective role of HCO; against the SO,*" damage
under high light intensity (1000 gmol m%™).
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MREFARES Z  h# (344 K Dunaliella salina 1009) 35355 BT X7, 3%
FEWH NaCl ¥REEH 2.0 mol/L, #R¥FGHEFE 20 dJ5, MWL 2000 xg .0 20 min, WHETEMN
B FF & 2.0 mol/L NaCl, 50 mmol/L pH7.5 B Eh B+, BEFAMREERNE
9.7-10.5 pg ml' M E, SO fl HCO, 43R LA 1 mol/L # Na,SO, 8 NaHCO, fm A ¥
ERZWESBI R, 5, 25, 50, 75, 100 mmol/L. YeAAFAB ERBHIT HEE, kb
1000 pmol m%™! (I3 ) M 40 pmol m%s"' (fK)6H ). B SO,2. HCO, M firkrE
A1 h, AEEEKEEKE h, FrELLEIRESR (25 C ) FifT.

HERKAMAUE  HBHHEZEIOCNEFBEBITES, B PAM Kop# IR 6N %
{£¥6H 150 pmol m%s”?, FRMFIK PR 6000 pmol m%s'. #RIE Schreiber H LB M FER
HSHFv/Fm. qn. q°, # Genty MF#%i+8E PS 11 #i%+: oPS 1119,

2 LRER

2.1 BRXTAREIRE SO> #120 mmol/L. HCO, 3L MM 5 R 3% XA %2 ME
5XRE SO A, RREWEE SO hHSMLEE 4™ 1 b5, KHKER SO
B REEME RS I JEW ¥R (Fv/Fm), PS I WHH:(OPS I ). MHEREXNHILFR
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K(qp) MAENIEE K (qy) (B 1A). BEE SO WEMTFE, Fv/Fm M OPS T B T
Fe, T qn RPN 0. #5T 25 mmol/L # SO,%, Fv/Fm M ZE /KR 40% LT, B
BB SO I ER 3 A Ye I, MeEEME M BRI T,

%44 20 mmol/L # HCO, F2ZER (| 1B) , #ET AR MKE SO,” 4 ¥ /5, H Fv/Fm
M OPS 11 B SO, ¥ BEM LA T MM 3R W%, ERA 100 mmol/L ¥ SO AT, Fv/Fm
PR EF IR 50% LA k. qu MISEFHR I 43 T RMEM 92%, Z 100 mmol/L SO FAF
Be. qp M OPS IT MBEY I HCO, 7276 (B 1A) MIXT R SO ME THEER. qv AR
WARREEN 0, {H7E 25 mmol/L SO Z i FREAEERE. XLEREH HCO, HRWE SO, T
KM P, N SO WEWE N (>25 mmol/L), HCO, WX R A HHAE. K
4b, HCO; tRIMRIBIRIE 3T K L SO ALFREFEAM eI A, BT Bl 55K 5 E SO 3t L LA 1E
HEeEER, Mk BBE 1A IEK Fv/Fm, ®PS . qp 7 1 mmol/L SO T MM EM £.
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Fig. 1 Effect of different concentrations of SO,2" in the presence and absence of
20 mmol/L HCO; on chlorophyll fluorescence parameters of Dunaliella salina
under high light intensity (1000 gmol m%™) for 1 h

A—ZARMHCOy, Without HCO;; B—in20 mmol/L HCO;, With 20 mmol/L HCO;
e—e Fv[Fm; +—+qp; *—% qn; o—o OPSII

2.2 HCO; B AMAERE SO, FFMIREAMBEMA TRENF

¥ AR EE SO2 MR AL 30 3 B 6 (40 pmol m™s”) FHE 2 h (E 24), Bk
L3 Fv/Fm Al ©PS TT W 4B E ZHOGHTH 80% M1 76%. 1M 5 mmol/L K ¥ SO,
Fv/Fm. ®PS I W45 E ErEx A 100%. 98% (Fv/Fm) fll 94%. 93% (®PS II). %%
25, 50, 75 mmol/L. SO,> FA MK E, 100 mmol/L SO> MAREKE . qp HIASILFE
B, qnZEMET 50 mmol/L SO BiH ik A.

%44 20 mmol/L HCOy F#ERf (&l 2B) , {K¥J¥ SO,> T Fv/Fm & ©PS I Ik EMEE
HCO, M AME, A5 H BB 105%. 104% 1 94%, 92%, HEEE SO T
(>25 mmol/L), Fv/Fm. ®PS II W HEH HCO, FEMNMKEGAWEIRE. HCO; xtxt
BORmSO) ) Fv/Fm 1 ©OPS I WIKEH —E MR, EH L4 T Fv/Fm T2 WKE,
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OPS TKEZE 82%. qp WIKEGHEE SO, WHEAFN 2 LAMKE, £ 100 mmol/L THKE
BERL, qn WARREHITF SO WE >75 mmol/L B, FRERA M, 20 mmol/L i HCOy
St AR I BE SO> M IR AL IR R 3 M HOBIR T MR A B A A RBR K B IERU.
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Fig. 2 Effect of HCO; (20 mmol/L) on the recovery of Dunaliella salina photoinhibition
induced by high light intensity and different concentrations of SO,
(Recovery condition was at the light intensity of 40 pmol m?%?! for 2 h)

A—FMHCO;, Without HCO;; B—M20 mmol/L HCOy, With 20 mmol/L HCO;
e—e Fv[Fm; +—+qp; *—x qn; o—o OPSTI

2.3 BATARERE HCO, #125 mmol/L SO,> 3 &M F R LAIR T

SEgxt A, YA 25 mmol/L SO 4hH )5, Fv/Fm, ®PS . g, HET
R, WIEME (& 3). EHKE HCO, (1 mmol/L) A{E B4 WM M ikl SO» Myeinil. b
% HCO, WREMHMILMS Fv/Fm, ®PS [I. qy 2 LF#%, F| 50 mmol/L HCO; B, W
FERFEE S, REMME, T/EHNZ 75 mmol/L HCO, B AXEE &, /Kig o Rk
. qp % 5 mmol/L HCO, FRI EFE XM 97%, BEBA -, HERFRE.
WEREBH, £ 25 mmol/L SOZYEAT, BKRMEHKEE (1 mmol/L) i HCO, 4F, HARTEM
HCO, W #3846 T SO» BB MBA RREEMRMAEM, KL 50 mmol/L HCO;y BIZR
M lF. HCO, Bt A SETHRAFKEN qp, HFYRER qu.

2.4 AREIRE HCO, # 25 mmol/L SO 3 #hE XM HIE{RABR T HRE NG

B4k, SABEMBALMHOEERTFTMHEET 2 b, REKE HCO, WHEMX 5
25 mmol/L SO BIEHIEMHGHMERHEN Y. Fv/Fm., ©OPS I qn BHEEE. 5
B3 ML, EAFWKE HCO, % Fv/Fm, ©PS DM ERE, qn WE. qp WELED, H
HAFEE 3 s, ME4R R, #£0—75 mmol/L HCO; ZH, Fv/Fm., ®PS II# qy
HpE HCO, W B B M4, 75 mmol/L FTHKE H&IF, Fv/Fm., ©PS I qy #ExH
f, ENZEEES T MALESELE. 100 mmol/L HCO, 3K & 42 # 4% T 75 mmol/L
HCO,. X% SO AR M HCO, 2 8] A A4 B3 S 32 B & MR BE HE B 4.
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Fig.3 Effect of different concentrations of HCOy Fig. 4 Effect of different concentrations of HCOy and
and 25 mmol/L SO;* on chlorophyll 25 mmol/L SO;* on the recovery of Dunaliella
fluorescence parameters of Dunaliella ) salina photoinhibition under low light intensity
salina under high light intensity at : (Recovery condition was at the light intensity
1000 gmol m™™ treated for 1 h of 40 umol m>™ for 2 h)

o—e Fv[Fm; +—+qp; *—%* Qn; o—o0 OPSTI
3 Wik

Carlson %M BF 5% C, fl C, EY & B W IE CO, K4 T 2t SO, MA MK L & B, & CO,
YREE Sk 600 B 1200 pl LBt £SO, (2.5 pl L) E#HJE C,HYEKSEMH, HExt C; Y2 W
Ak, MEEFHASCO,RET, CHMHAKEWS, M CHYWNERIZRRME, ]
KRS SO, R EREM TFRILRRMNGR, BHITERA#—L B SO, M CO, fEH Y
ARG, ASCHEBEARRKER SO,” Ml HCO, 4B A LA AL L 3, HEBR T LALLM
B0, T RLHE AR KT SEITEROET SO,” Al HCO, MY 4E H RIPLEE.

Fv/Fm F B2 SGMH &4 0 EBEREZ -1, BT AR ¥KE® SO,> (1 mmol/L BR4H) #B
St Eh A I H, H DGR R SO WM T, X5 Shimazaki % fl SO AT
LhFEf B SE M SR B R LI R B 45 R — BV, PS T1R B2 PO AT 6 AL 2 30 3R 1 B R T 3
PS TIFF i b DG M2 34, i 77K RIR BB RS T SO, Je T AR 44k PS T k¥, AW
BE RSO ALt B = A A B IE M AW H PS 1T TE, 540 SO7 3t PS 1T 52 oz o Lo 3 9 2
B A B 4R R R R — A R A, :

HCO, MR T SO2 AT~ i l, xF PS ITH I BRPEM, 2SO K
BERCRE, XRRBUREMRL. B CO, I MBIERKRMIM, XA FEFYEAMLARE SO,
— B, ER TR KR BRALE B, HCO; xi3h3E7E SO, 36T X6 il i 4R 37 1 /i T fiE
—FERELEFLET EZEAMRRREH. EREETURBL RN LR, AMEF T
PS I 2 MbGiE. ¥ qn B HCO; FH ST W B A 455 (1 3) th R Wl Eh BH it 3R 3 ¢
FEHAE B RS B HCO, MR TR, B— M, SOZ MK T RARBEHRMEAL, BHE
Rubisco JRALE Fixt SO BB, B % SO> 7 5 CO, 4 #45 & RuBp # LM, TN
TRV w4 HCO, ¥ DAY 4k RuBp 2 LE§ B2 SO,> *f Rubisco B AL Al 4E A, L NIEZS
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FER g (H23), RIS BREMILEESSEEEMFERR, S# SO EXTIENY
#. ZET 20 mmol/L HCO; JEH A sk R ifi W B MK ¥ E SO, (1 mmol/L) xF#h ¥ PS 11 H
PEVE A LA K 1 mmol/L HCO; i ¥ 4 W& 55 M #— 2 W3k 25 mmol/L SO,> T MMM,
HIFEHESREE.

AT SO =AM M A TRKE, EETUAREKEM, KX HEEKE SO
(1 mmol/L, 5 mmol/L) 5IAEMHMEMET 2 h NEEE2WE, BEKEN SO £HTH
. WEREKIEERAS, HCO; WLME# SO IR EMBIMKE, LHEE SO WER
. HHEEBRHE. HCO, x4 SO MM AEMETHRENREER, R THEEH
F: (1) HCOy A& 53} SO M A #P/ER, S0, PSS I MGERS, ¥ PS IIIKEH
B (2) HCO, EEMOGR T AN/ EABTRMEEY, BNARTHREWKE.

ZLEFR, HCO; BEREWE: SO M T =AM b MM, AR 3 SO SR Y AL B BT P-4 iy
FMFIZEMETKE, BIHCO;, X SO» . PS NAMRPEN. ETHTBHNABIE, B
BENRERFIM A HRERPFEEMX, NAESEHE—FHR.
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