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Hydrogen Sulfide Signal Enhances Drought Resistance by Regulating
RuBisCo in Arabidopsis thaliana

JIN Zhuping, WANG Lei, LI Cheng, PEI Yanxi*

(School of Life Science, Shanxi University, Shanxi Key Laboratory for Research and
Development of Regional Plants, Taiyuan 030006, China)

Abstract Hydrogen sulfide (H,S), as a gasotransmitter, was reported to be involved in the induced sto-
matal closure and enhanced photosynthesis, which were contradictory physiological processes in plants. In order
to explore the potential mechanism underlying this process, the model plant Arabidopsis thaliana wild type (WT)
and mutant defective in the gene encoding H,S-producing enzyme (lcd/des]) were used as experimental materials
to study the effect of H,S signal on non-stomatal factors under drought stress. The results showed that in the pres-
ence of exogenous physiological concentrations of H,S, stomatal conductance (Gs) decreased, intercellular carbon
dioxide concentration (Ci7) decreased significantly, while net photosynthetic rate (Pn) increased significantly in /cd/
des mutant. Under drought stress, compared with WT, Gs in lcd/des! increased and Pn decreased significantly. In
particular, after the treatment of exogenous H,S under drought conditions, the expression levels of RuBisCo (the
key enzyme in the calvin cycle of photosynthesis) coding genes in /cd/des] were up-regulated and the activity of
RuBisCo was significantly improved. In summary, H,S can increase Pn by regulating the transcriptional expression
of RuBisCo, which is one of the non-stomatal factors, and increasing its carboxylation activity, so that the plants
under drought stress maintain high-efficiency photosynthesis during the stomatal closure.
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Table 1 Different experimental treatments

ZH 5 SEIG AR T 5 NaHS/100 pmol-L"!

Group Materials Drought stress Sodium hydrosulfide /100 pmol-L™
1 WT - _

2) WT I

(3) WT _

4) WT +

5) lcd/des1 - —

(6) led/des1 - +

@) lcd/des1 —

®) led/des1 +

S IIAT SLAR BE s — ARV IAR R b 2 o

+: with the corresponding treatment; — without the corresponding treatment.

%2 qRT-PCREFS 5|49
Table 2 Primers used for Quantitative Real-time PCR

HE A TR o5 SIFEFI(5'—3") K /bp
Gene Gene notation Primer sequence (5'—3") Length /bp
Actin At5g15400 F: GGG CAC TCAAGT ATC TTG TTA GC 189
R: TGC TGC CCAACATCAGGTT
RBCSI14 Atlg67090 F: TCT TCT TTC TTG GGT TTT AAT TTC C 162
R: GCCGCATTGTCCTAT TTT CTTTT
RBCSIB At5g38430 F: CTT TAC CCTAAC TAC TCC TTT CTC A 184
R: TCA GCT TCT CCC ATA CCT TCT
RBCS2B At5g38420 F: TGC CGA CTT AAC AGT TGA GG 187
R: GTC AAA AGC AAG AAT TAT GAG GAT
RBCS3B At5g38410 F: CTG CTC ATT TCATTT CCTATT G 84
R: TCA TAA ATC AGA CAT TTG ACA ATC
RBCL AtCg00490 F: GCA GCATTC CGA GTAACT CCT C 147

R: GTG GTA GCATCG TCC TTT GTAAC




ST Ho ST 5B H T RuBisCotl B Al ) 1 5 7

1921

Photoshop/F &

2 BRESSH
2.1 HSESXTFEMETIETAEMAE
B R AR KBRS0

4 % (RN JF RS KAV BROK, JUH AR X IE

e KA sk, HA D ERA, 1% (soil) g E
A IR e e, TS5 KA, rhad
R SR SR B e, T AR, AR K R E AR
B, MR BOK AR A 2R LR 0 B KL BIR
A, T2 Wria a5k 44 i, NaHSE 7%
(100 wmol/L)fe #H & % fift i v 26 ith I 5 (B 1R E12)

Drought Drought+H,S

g

WT

led/des1

Soil

Bl FEHBTHSH IR 4E R R0
Fig.1 Effects of H,S on the phenotype of Arabidopsis seedlings under drought stress
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A: Arabidopsis plants under each treatment; B: leave of corresponding plants under each treatment, a~h is the leaves of A~H plants, respectively; C:
root length of plants under each treatment. Different lowercase letters indicate significant at 0.05 level between different treatments.
E2 FREE THSIHIE T FRCHIFZ L
Fig.2 Effect of H,S on leaf phenotype and root length of Arabidopsis under drought stress
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Fig.3 Effect of H,S on photosynthesis characteristics of Arabidopsis seedlings under drought stress
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A total chlorophyll content[Chl(a+b)]; B: chlorophyll a content(Chl a); C: chlorophyll b content(Chl b); D: carotenoid content(Caro). Different lower-

case letters indicate significant at 0.05 level between different treatments.

El4 FE2ETHSHBETHE M RFRZS BTN

Fig.4 Effect of H,S on the content of chloroplast pigments in leaves of Arabidopsis seedlings under drought stress
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Table 3 Effects of exogenous H,S on Chl a/Chl b and Caro/Chl Values in Arabidopsis seedlings under drought stress

AbEE WT WT WT WT led/desl led/desl led/desl led/desl
Treatment +H,S +drought  +drough+H,S +H,S +drough +drough+H,S
Chla/Chlb  2.689 7+ 2.661 3+ 2.617 6+ 2.627 2+ 2.69 75+ 2.723 2+ 2.562 9+ 2.542 5+
0.074 9° 0.015 7 0.142 1° 0.034 2¢ 0.086 4 0.056 7* 0.023 2° 0.172 8
Caro/Chl 0.143 8+ 0.142 3+ 0.139 4+ 0.139 8+ 0.142 2+ 0.146 2+ 0.137 8+ 0.139 1+
0.002 8° 0.001 1° 0.000 6 0.001 1° 0.007 6* 0.007 4° 0.003 1° 0.010 6

[T AR 5 BT AR B ] 2 57 5 (P<0.05).

The same lowercase letters in a column indicate no significant differences among treatments at £<0.05 level.
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A-E: the relative expression levels of AtfRBCSIA. AtRBCSIB. AtRBCS2B. AtRBCS3B and AtRBCL under different treatments, respectively. Different

lowercase letters indicate significant at 0.05 level between different treatments.
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Fig.5 Effect of H,S on expression levels of AtRuBisCo subunit genes under drought stress
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Different lowercase letters indicate significant at 0.05 level between different treatments.
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Fig.6 Effect of H,S on RuBisCo carboxylation activity in Arabidopsis seedlings under drought stress
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