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H,S Enhanced Photosynthesis in Response to Drought Stress

Sun Limin, Jin Zhuping, Qian Jiahang, Pei Yanxi*
(School of Life Science, Shanxi University, Taiyuan 030006, China)

Abstract Drought stress is one of the most serious environmental factors affecting crop yield. It has
been known that hydrogen sulfide (H,S) as the third gas signal molecular, plays a critical physiological role
in responding to drought stress and enhancing plant photosynthesis. However, there are few reports about
the regulation mechanisms of endogenous H,S in plant photosynthesis under drought stress. In this study,
using Arabidopsis thaliana Columbia-0 wild-type (Col-0, WT), H,S-producing enzyme encoding gene DES
defective mutants (des) and DES over-expression plant (OE-DES) as experimental materials, we investigated the
physiological function and mechanism of endogenous H,S signal in photosynthesis of 4. thaliana under drought
stress. The results showed that, under normal growth conditions, endogenous H,S significantly promoted the
increase of net photosynthesis rate, transpiration rate and chlorophyll content in leaves. When the plants were
subjected to drought stress, endogenous H,S could significantly up-regulate the genes expression level of Rubisco
and Rubisco activase (RCA), thus protect the chloroplast structure, promote the significant increase of net
photosynthesis rate and intercellular CO, concentration, induce stomatal closure and maintain the corresponding
transpiration rate of leaves.
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5B N K i) F 2 H R K E, EYE
FRAEKFATEA K, BG40, $LEY A=
s, FRHER, mYEAKKE SRS, StE1EH
RO R 7= T REY) 77 & s IS AR A P g B
RO G R R A A i S R b i B A
oy, I BB AL IR H HUKD, B E
EYOCEER], RIERREYRDOLG®ER R
- ZRAA0 D B IR S RE 0 NS B 28R DL RO & LT
& 3 2R FNBE IR AL TS 7, (RIS 3 52 08 5 & e [F) A6
TG E A IR 37 P 7 i S A, R TR P SR A4 45 1)
FeEYG A A F IR H i A7 1) SRR,

1T YE 4 B 4k & (hydrogen sulfide, HoS){E Ay 4k
—HAAENO). — A ABK(CO)Z & 5 =Fh =4k
B9 PR, AR N HSIE A N K 1%
EEE, DR HBWRER, Gy A KK
O EZHEAH 3200 S 54
K AEA a0 . AR N TR PEHLS 32 EE DAL/
D-Cys NJEY), it L-Cys desulhydrase(LCD+ DES)
FID-Cys desulhydrase(DCD1. DCD2)f# {1t 7= 4=, H
HLCDADES LAL-Cys A i #), DCD1LAD-Cys iy i
), MiDCD2M GE8 P AT — M B[R Cys!' e B4R, &
ATTHE 20 0 Hh 1) 4 A %% 5 LCDE B T-4H il #%, DCD1
MIDCD25E fr T4 bidk, MDESE Az 140 il '¥,

T 52 2+ B g i, 4 N T8 552 Rl i ko
PLARAI L . AR, M 57 THSTE
W) S8 A 5 Pl S 5 A iR A A0 0 B A IR I
o, KRR EEATDIREY, HAT, ST NN
HLSH 5 Brae T HE0% & 4 F AR 5 L ik R A
WiE, A7 LA EE I (Arabidopsis thaliana)T14E tL
VB 4 7 (wild type Col-0, WT). H,S/= - fiff 4w i) J
K DEST 2k AL M des VL S HoS 7 A i 4 B 5 [K| DES
1 FIEHEPROE-DES S 46 A4 K}, B 78 A YR PEHLS XS
T 5 A R IO S R R, AR SR BT
ARSI MY AT R SR R SR AL F AR R S AR

1 MRER*E
1.1 SKIaHY

AW FE LACol-041h 7 7+ B A= B WTAHIH,S /™ A=
filg 4 19 3L K DES(At5g28030)T-DNATEH A %% 48 14
des(SALK_205358C, HIABRCH2 {it) LA S H,S7™ A=
i 3 [RI DEST 2 15 fE R OE-DES(35S:: DES [t #% 2
Rk R) NI L. desth N IHS & B SWTAHIEL

3% T F%, OBE-DESHIH,S & & WT &3 T+ =,
1.2 BEFREHMAIENE
1.2.1 #h@HARERSLMF  WEIFWT. REK
desFIOE-DESF T, 2424 °CEALLLF d, EFh T %
AU IR =200V RNR A BT, B35 %4 Jal
FEFE3 000 Lx. J5F(23£1)°C. FHIXT I E60%,
JE 16 o HE/8 hil I .
122 FF4#® A KAR L ES TFWT. des.
OE-DES, He7K, M #k 78 73 oK & 545 2 &K, H
67 AN A FFBEKIE T R ia, PLIEH BaKE xS
M. 70.16 gmL%E 4 —BL(PEG), M J K [ 2 &b
ORI 710 minB 0T 2 A0 2, FH DO SE T 5 b
B S AL, AN EPEGII I Jr 36 i 2k 5%
MR IEAE T B
1.3 EEHFMHEEXIERNE

YA SRR BB HEE(T)-
R ) — S AR R BE (G I S Y-1020 18 15 O &4
FH 5 AN (A 5 R tH S BB A BR 2 =)k AT A,
I TR R HARE, SR CoFRfEE.
1.4 SFLFEMNZE

12 1B IFWT. des. OE-DESH J, BT
R 2R 2 2 vh i, 6B E3 000 LxiA Ui e
%2 h, 285 BRI B £ F0.16 g/mL PEGFIAEPEG
(R P 3% B2 2 2% ph i P 4k 26 HE10 min, HFER I A
TR, H %5 B8 (Olympus:CH20BIMF200) 1
RAEALIFE L,
1.5 MERSENE

EURE 90 B FF 50.05 ¢ T WF B, i A1 mL
95% £, B HIF B B 2 3K, S 42 F N4 mL 95% 2. %
Hs B WIF S R, 3 000 xg 5 0»5 min. A FH £ Ih (6 B
WA 7€ Dios P Doao (B, FRAE A AT S5 R & &
M 4% Zalf] W Ca=13.95%Dges—6.88%Dgso; M 43
b K FE Cb=24.96%Deyo—7.32%Dgss; " 47 K B & &=
=(CaxV+Cox V)/W; V&R & & (mL), WA R
E(g)-
1.6 MR#ES5TELLENE

1220 8l SFWT. desFIOE-DES, 37 B FR
HHEEEEW). RERKZ FTEL105 °CF A H
30 min, J5 T80 °CHt T+ fHE I E, NHTH
(DW)o W Jy e 8 5 5 L AE=(DWIFW)*100%.
1.7 SRR 5RKENE

121 B ST WT. desHIOE-DESE i i f,
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SEEDRR AL E(FW), L AW . ARG R
AE T IR, Z 55 M4EL. 2. 3. 4. 5hh
AN TE] SRR B, 0K A RN W,e I RIK =W —
W)/ W,x100%
1.8 ESTEE SEU M SRR

BT 5L 4k B YWT. des. OE-DESH i #£ i,
B 0.1 mol/Lu R 22 b i (pH=7.4) L. 1l 112.5% )% —
M, 4 °ClEH & 24 h, 285 FAH R 22 ph ) i iE v =
R, FEYR10 mine 2R J5 0.1 mol/L gk & 2% i ik Fic ]
MI2%ERER 1, 4 °CIE 2 8 h, FIAH R 22 A ey
Ve =Kk, BEIR10 mine FF S I8 B B A BE25%
50%- 75%- 85%- 95%- 100%BEA T B MK, £ B 3.
12 7% 13 T EPON 8123 S W fiE, % & J5 FILACA-
UC6(70 nm) ] A ALY, V) v s B AAT &%
PR B X E e 5 335 5 HLBE(JEOL, JEM-1400) W 2 3
I .
1.9 RNA#ZEUKZQRT-PCR

1.2 29 (s 36 A4 8k, I TRIZOLAR T & H2 B
M RNA, LLOligo(dT)is 519 i 5% 15 1] cDNA, LA
UBQ4(At5g20620) 4 N Z 347 qRT-PCRAG I 2 [X] 4%
k. AT BIF 5 UBQ4(At5220620) A: _Eii75'-GGG
CAC TCA AGT ATC TTG TTA GC-3'Fl K} 5'-TGC
TGC CCA ACA TCA GGT T-3'; Rubicso(At1g67090):
37 5'-CCA CCC GCA AGG CTA ACA AC-3"f1
i 5'-CGG AAT CGG TAA GGT CAG GAA-3';
RCA(A12g39730): _[-3i 5-TGG AAA CGC AGG AGA
ACC C-3'F1"Fij#5'-GCC CTC AAA GCA CCG AAG-
3'; LHCBI(At1g29930): [Ji5-GCC GAG GAC TTG
CTT TAC CC- 3'FI'’i#5-CAG TGA CGA TGG CTT
GAA CGA-3'; LHCB2(At2g05070): L7 5'-CCT CCA
GCG ACC TCA TCC A-3'F1 R 5'-AGA GC C TGC
CTT GAA CCA CA-3'; LHCB3(At5g54270): i 5'-
GGC GAT TAT GGT TGG GAC AC-3'A1 Fiif5-AAG
ACC GTT GAT GCG GAA AC-3'; LHCA2(At1g19150):
FI#5-TCC ACG AGC AGA GTC CAA AAT-3'A1 K7
5-AAA CCG AAA TCA CCA GGT AAG C-3; LHCA4
(At3g47470): [i#5'-GCA AGA CAT CAA GAA CCC
AGG-3"F1'Rij 5'-ATG CCA ACA TCG CCA ACC-3'.
DL 274 EE A 40 T 88 AN B i ) 2 D] R0 7K R AR R 22
5, LI EE =K.
1.10 BRSO oHh

FR2H SCIR B =R, SEIRHHE T S5 (bR

i 273 78 . K JISPSS Statistics(SPSS 16.0)7> # %
PEBEAT IR R T Z 3 M. P<0.05% 7 &R 2 7 4
REMEREE, BPARNG PR ESS
(P<0.05).

2 R
2.1 WIEMHSI4E & FH RS20

)2 3T R A e F O A ER R &
2 BRAR, AT S A AR ) 1) A RKOTRASRT, AR Sz g 4
RER, HIEFEKKH AN, TR )E, A
VB4R T 0 1) COLTK B A — 5 PR FEE O BRI
(AT EB. EIEMKEIF). fEEHEKEMET,
B A VEH I RAEWT. desFIOE-DES =% 2 [i] {f
FEREZER, HETWT, desti e SEHIE R R T
B, OE-DESH A 1E i B35 FAH(EI1A). IEAF,
EWTAildesHH Eb, OE-DES ) 2% ji& i 3 i 2% F TH(&
1C), 1M MLA]CO MK EAEWT . desHOE-DES =3 i) 1
BEBNIEIE). T 2R, desitA1EHHE R
BIWTHIOE-DES &% T F& (Kl 1B); 7% i F AU £ des
FIOE-DES 2 [a] 47 1E & % % 5 (¥ 1D); OE-DES 1 [H]
COL K J& 5 des MW T i [A) COL¥K & AH EE {2 35 T i
(E1F).
2.2 AIRMH.SXH4hE S LA E RSN

EL I, HoS 5SABAH BAE A5 < fLig
BNE TR AR, ASIG R I, TEXTHRZ H, WT.
desFIOE-DES = # [ S fLIT & J0 . 3 7 5 (K2 A~
2C). 0.16 g/mL PEGHA TR0 HE 5, =& 1 fLIF
£ B BN, H AP OE-DES S LI 5 WTAHldes < fL
TF AR G 2 25 980/ (12D~ [&12F) .
2.3 ANIRMH.SH4hEM R 2 =052

MR GBEMCGERERAEEREN XA,
HLS BL—Fh 7 St i) 7 s i 4 32 5 &, 1990k
A E 3 2 4 P A K TR IE AR KR
AN, OE-DESH 4R & % & 3 m T WTHldes(KI3A);
TRl 5, SWTHLL, dest 4 & & & B E T,
OE-DESH 4 & & 2 i % T % (&3B).
2.4 WIEMHSX4hEatt F FEFKKEHIFE N

— R, AT EABSIS R T A
WY G eS8 fR e 5 ia
JGWT. des. OE-DESHEFE 1T 5 Alfef & LhAE, &5
R, WTAE PR (1) T 5 AN 5 LA 7.29%, destE ik
%) - B A it = LGB 2 2 R £ 516.76%, OE-DESHE P&
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Fig.1 Effect of endogenous H,S on photosynthesis related indicators in seedling leaves
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BRI IR 2R K e i S D) G AN W R 7R
R hN, =F BB K E R BT, 1 hJE,
SRR AW N, {HOE-DES 2K /K Z Ik
TR R T WTHides .
2.5 MEMHSX T 28 T F SRR B RMES
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N T B AR HLS T R iE T YA

FAfsEmm, B8 FE 5T i 7 BB WS HLS AN ] 58
RS T S T B SRR S M. 45 SRR,
A KAR MR, £ T R AT dJE, WT. desF1OE-
DES 1 143 4 55 K 475 b T A0 %o 78 B2 IR A,
HAT 58 BE (IS A~EI5C). SR 1T, WTIH SRR kL 2
T, JE T A 2 W 2 (KI5D); dest SR SE L. FE R
2 HERIR AL HAA B (BISE); OE-DESM- & {A ki 5
BT R EHEZ R RS HLI b T (EISF) .
2.6 NIRMH.SX X EERAMBEXERRIENF
RBCS % fith )t A ik [7] 40 Bk Bl A% i % 1,5- — 19
F& 2 AL i/ 0 420 (Rubisco) /N IE 3, 2 25 AL %
EF ) BB FL K 22—, Rubiscod) 2l 28 Rubisco
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Control

Drought

A-C: control group; D-F: drought group.

E2 MIRMEHSX s A SFLFERIFNE

Fig.2 Effect of endogenous H,S on stomatal aperture in seedling leaves
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There are significant differences between different lowercase letters.
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Fig.3 Effect of endogenous H;S on chlorophyll content in seedling leaves
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A: ratio of dry weight and fresh weight; B: water loss rate. There are significant differences between different lowercase letters.
El4 MIRMHSXSEM T EMEKRNEMN

Fig.4 Effect of endogenous H,S on dry weight and water loss rate in seedling leaves
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WT

des

OE-DES

A~C: ARG NLEE; D~F: R EBOREEHMEE . CM: IHER I GL: SRy J2; SI: 34 1 J2

A-C: observation of whole structure; D-F: observation of local amplification structure. CM:chloroplast membrane; Gl: grana lamella; Sl: stroma

lamella.

E5 MIRMEHSX T2 iHNE T4t R RS HRI RN

Fig.5 Effect of endogenous H,S on chloroplast ultrastructure in seedling leaves under drought stress
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There are significant differences between different lowercase letters.

B Rubisco
b == RCA
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@z LHCB3
LHCA?2
LHCA4

Ele PURMH.SX & IEMBEXERFRERTM

Fig.6 Effect of endogenous H,S on expression level of photosynthesis-related genes
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LHCB2{£OE-DESH! )R 1A /K V- & 3 Tt &5, 1 LHCBI
HLHCA47EOE-DES H [ ¢ 1% 7K - i 3 [F%AIK, LHCB3
MLHCA2ZK /K PAEM 5 2 18] TG i 35 72 57 (%1 6)
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TENEENSEES DT, RSEEMAEKK
H ik FE R4 A DL S LE AR P HEAE A= ) A0 AR AR )
B AR B ) REAE T S AR IR W R R . DA ER 2
YA KR B IR, Je T 7T ol T 5 e 2 5l
I R G A WA SZ 4R & 26 T FEP) HLSHT LASE
= AU RS I 4 B B R e JPIRL K SR YOG A 1R
F©L 1 5% T S A R H,SKHE Y A4 e
BEAT R o PRATT I SEEG NS UL ) AT IR AT, 2P
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T 5 0B 5 e 4 O A R 1 R IR 3 A AL
R EMAESFLR R PIAE, 180 AICOK E 56 &
HRALE R —J7 [ _EARARRS, S AL T AR, anftix
PR (R A2 AL TT a2 AH B, ) o5 AR 35 AR A AN 22
FURBH J7 777 A2 - PO B2 ASAIE LRI, REARALE IR 5
AT, PR HL S i B AR R Pkl T e ik 1)
HeAE R, A K . X —45 5 ChenZ e
R IE BT HLSHY 506 A A FH AR E R R A K P 45 SR — 3
T )1 2T W Ja B, P9 I8 PEHLS 75 5 S AL G A AR
FER R BRI COLMR E, 3E M 1Y 5l e & /E O 26, 4
B A K, 1X o] Rt R H SR m R T 4 DL S AE
TR Z — . FEFmGEAE S SL B R BT
g A A, AL P 2D COLE NI, &
FHE A T F PR, X 5 IRA T T 45 R A 2L
x &, (AW A B FCUE S AL S AR Y S E A
TE THUFA A7 T AR R R R, ok, nTRe R T
MR B SALR B IR E 440, A AR
LR LA T E 5 S FLIT K FE 2 TR R AF R4 i A D%
P HR, PR TEHLS FT e fid 0 LR 2 R
KR X6 A 8 1] .

AR FEE Bon, IEWAKZEA T, NIEEHS
T 0L R T 41 T 2R 3R B A, X 5 R S E K
IUHSTAL BEAE 1 32 4l e 4 3 3 B W 3 T s i &5
R—EO, BFEME TSR B, s &
KB HSHE S 5 251 AT LA/ 1207 il ae S 1R) H 2
YT I SRR B SR, FRATTIY S50 B R B,
T 505, M FWTHIOE-DESH M4 & & &
B2 R B, des 2 25 5 B O I R BT, X B
5H,Sv] DL B E ria 5l i it 2 R S & N
fRAEAFFE A R I, ISR St R
Nimg/g(FW)R] A1, I Fy 8 8 2 B B S R

(0 5 5 5, 1T a4 VIS IE i ) — Fh 2 5
AR PRI P /K 3 P dE A 2k, e E B 2 R B, JEHL
PR PEHL SRR B A% 5 BT 5 il R I v 2R 7K 20
PRE3T, SRATHIIE T 45 BB, des B AR i Rk R B,
# = TOE-DES. [, TS W a i, desit 2R
B T AT R T B R KR R G | e A
M2, OE-DESH 4% 3 & &1 Bl 2 i T Hnt
R ARG AR e e A 5l RS . T U iR
AP S E R B em I R R S EIEA R
A R I T A O S AT R . SR,
B )E, thEWT. desFOE-DESM: F ()T 5 55 fif
A, 45 % 7R, OE-DEST 5 5 5 LA & &
KR, NIEEHSH R T & TR IR R, AL
P A1ER

- ZRARAE AR 40 e 20 28, AR
ITHEER IS T R2Wa s, EYH A 408
ML R A — RE R, o iR E A
HL ) RE 1A SRR T 8 R BUR) . TR R
R, MR, HESIZEL, B R, ki la)
HEERA S, RIEOR 7 2 I K B, A3 B
SR R RIR, M S EOLEAER TR E3RAT]
FIRIE 7S R B, YRR HLS AT DAL I T 52 il R -4
PR IIB IR ZE 1), Dk R AR T I, SRR I S e i
JRF R IEH R X gE LR, TR T W
PR HLS T ft 38 3o 4 475 - 43 AR 466 Ky i e e 1 488 o
i B s EAER

AR A, T R B iE & B 5, OE-DESH!
RubiscofIRCAZE 1A 1 Wi 3 15 T-des, 32 W N IR TEHLS
AE Y2 35 92 S A0 R T 4 1 A 1 i R R Rubisco
RCAFRIE K, BEE M T COE e EFH . SR, i
et R (1R A PR S 5 2 [K 7E des FIOE-DES H
MFRIEEBIFA . XEWH, LSO REN
A A Gt B R (1 R IA T T 0 5

ARSI R N JRHLS P i fEdes b i 2 %
fi, fEOE-DESH & 2 T, DALkt A YR M HL S 1Y) 22
S, BRI AR, 5 MR R PR HLS X T 2
Ja e s A ER MR LR, B, Y
T2 T 5P aamt, —J7 1 A JEPEH,S W] BAE 3 40 i
F S AL P 4 5 18] COL R B AR /D 7K 43 Bk 48 5
T R E ARG 55— J7 T A IRV EHLS AT BLE
I RubiscoMRCAZK 15 7K ~F, 3 INCO, [ & 1 FH LA
DB I CRAP I S 4 A 3 T B SERAE A I G S A
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Increased the intercellular CO, concentration —l

Stomatal closure
| Reduced water loss

H,S

2

Up-regulated the expression level of Rubisco and RCA—

Protected the chloroplast structure

El7 R

> Photosynthesis

EH,S3 F 2B T 4iEmrt R SERRIETIER

Fig.7 Regulation model of endogenous H.S to photosynthesis under drought stress in seedling leaves

Mo T 5 THS1E 5 1E AT 707 L & L E i
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