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Ca** Participates in H,S Induced Cr® Tolerance in Setaria italica

Fang Huihui, Pei Yanxi, Tian Baohua, Zhang Liping, Qiao Zengjie, Liu Zhiqiang*
(School of Life Science, Shanxi University, Taiyuan 030006, China)

Abstract  Hydrogen sulfide (H,S), as the third gasotransmitter after nitric oxide (NO) and carbon monoxide
(CO), is attracting more and more attentions by the reason of regulating the growth and development process and
stress responses in plants. Calcium (Ca*") has been regarded as a core transducer and regulator in many adaptation
processes of plants. In this study, the foxtail millet (Setaria italica), which has considerable tolerance to various
stresses, was employed to explore the interaction between H,S and Ca*" signaling in responding to Cr®" stress. The
results showed that Cr®" stress significantly activated the endogenous H,S generation system. Correspondingly, cell
damage from Cr°" stress was alleviated by exogenous H,S pretreatment but further aggravated by H,S synthesis
inhibitor hydroxylamine (HA). Meanwhile, under normal conditions, exogenous H,S regulated the expression of
Ca’* signaling downstream molecules coding genes, while the emission of endogenous H,S was also heightened by
Ca’". Further results demonstrated that H,S and Ca*" improved the Cr®" tolerance by adjusting the heavy metal ion
transporters.

Key words hydrogen sulfide; calcium signaling; chromium stress; Setaria italica

B A DA AL BERE RO INIE, RZGRLIEHIR 22—, R RptE ORI EmR . Bom . BORAH), W
it LA R AU R A, RO R R i PACT FIHE U A s ZU e I R AE AR . HE Rt R
e g H RN, BR(CRAEG RP IEE B SDEREY AN KRS TEAROS) R R, Ik

Wk H 39: 2014-01-16 P22 H I 2014-03-12

P 5 FUARRE R B (AL ME S 31372085 31300236) 1111 PG4 e A AR HE BIFT A < (A HE 52 2013103) % B 1 it

A . Tel: 03517010599, E-mail: liuzhigiang@sxu.edu.cn

Received: January 16, 2014 Accepted: March 12, 2014

This work was supported by the National Natural Science Foundation of China (Grant No.31372085, 31300236) and Scientific and Technologial Innovation
Programs of Higher Education Institutions in Shanxi (Grant No.2013103)

*Corresponding author. Tel: +86-351-7010599, E-mail: liuzhiqiang@sxu.edu.cn

09 28 H RIS 7] 2014-05-26 15:40 URL: http://www.cnki.net/kems/doi/10.11844/cjcb.2014.06.0008.html




J7 A HoS S Ca™ B Al 5 43 5% Cr W (i 52

759

A DL SR LA AT BUE SRR A R P,
PN, (R A KR EA R LRI, b5
WIS B fe R NSRRIk, XA 52
HEEEAEH LRI R S ER.

VEN SR 555 1, HoSTE S A b 187 AR L
AR FEAE ] C 2 T s . EFLE I, HoS
S5 T ARYONE S BRI\ 73 WAl 38 L JRE IRV
1 o JR) H9 DA B A7 5 I 3 I 45 2 g T 1) i A st
R, AN 2R 2 A T 7T i
AR T, HoS I AR BT BB ST R A AR, YRR IK
IBLHIRIE AT AT P B

HAE19784F, M A IETE £k, e I 3
PR S (PRE JC™ o FE 40 8 A HL S 3 2 2 3 5 2 Jok 2
TR 15 57 FE T (CDes) fHE AL 2 B BR (Cys) B i A= . H
T, LCDFIDCD1/Z ) N JEH.S 7 A8 ik F5 v Dy fig f
R P P A B B 2 B, HLS AT (e ka4
Pl B AR R Bl A eI (e A1
WALz B & AR BT RV L R R A T
BIE. mEh WE . EAE WA [ W02
Ak, AT EYGHF RS b T H.S 5 Mot — 48431
(1) AR 1822230 G H, S B vy R Ak 4 6 A 1 i
% 5 T BT/ R 2R 1 (Ca? /CaM) 1 2 51230, 435 55
TF(CNENFE AFM, 5 Z A MNE BRI,
L A T AR A 0] G S e 1 e P, Ak, Cat
I 55 4 B T A B T, Y SR A AR 4
JEIPTER,

AR LS T AR RL, B 5T HEAE i N Cr® i i
RERE P HSFICa* {5 55 AR EAE A, $2 i — M
ZCr E AL .

1 MRI5AEE
1.1 #5408

LR 25 1 (Setaria italica) b T 7E 2 T 45921
5o MEREISIIE IR T, BT R R (75% R R
1130 s, 6% SR AR I8 min, 1) 15 5h), 2508
TKEEGE3IR, WP TSR TS A 324 8 mL
K FRAKIGER IR, F23 °CL FHXEE60% (121
Bra v R 224 h, R R 23 °CL A
HHEE60% YEHEREE 160 nEm?s™ . Y6 JEIH16/8 h(k:
ORI NTE A, IR R AR

R Z A K0 di 4l AT AL 3, H110 mL
ALFE (50 pmol/L NaHS. 20 mmol/L CaCl,» 1 mmol/L

HA. 5 mmol/L EGTABH B AT I41 A A3 i e 1%
FRILF K, B8 2 e a2 ge A i . o LA
PRI B A B (NaH S P AL 2], HARAEZ 2 JindE )
J7 e KT AL P, UK CrO-%0 A Cro i it
A, B BRI I T4, i AN 10 mLIFK.Cr,0,
W WME12 h JE AT BRIk ki, Wria24 hz
JE HEATHLS 7= 28 DL S A A SRR AR IR 5E
1.2 RQHHRETE S 42T

FEvens blueXt 2% 1 %) P i e 4 Hu G 71 43 ol 12F
A7 58 P (G £8) A B (OGRS I, L A SI2 58 T %
2% Baker®: P, MG FRRLA3 em 8y K, T
0.25% I Evens blued i iz i1 min, 8 24T
SEPERT I ST AT, [FIREIUR R340 403 om,
7°0.025% () Evens blue¥f ¥ 11 ¥ if130 min, 2 J5 H
FERABKEVR3 YR, 1 mL P3R4 T HF S 50 °CuK
#30 min, 10 000 r/min&5 0215 min, U b % W 7E
600 nm AL & LA .
1.3 H.SFEHINE

e it 2 R M % I i (CDes) M AL Cys B4 il 2E 1k
HLSE A1 4 1 A HLS I = SRR, Rk, BRATHAS 7
A4 AT HLS I 77 A8 33 R 6 CDesiil M 32E 47 18] 3% 1A 46 300
B F A N HLS = 6 (1 0 i R FH 0 G 0 v, SRR
%2 2% Tin%E ", 110.2 g RL, H Tris-HCI(pHS.0) %
V78 4> WF B, 8905 min(12 000 r/min, 4 °C), F i
WOEAT 2R 152 E(CBBYA)AIHLS K (I 1 mL
(1) [ A 2 4145 80 pL 0.8 mmol/L L-Cys, 5 uL 2.5
mmol/L DTT, 200 pL 100 mmol/L Tris-HCI(pH9.0),
615 uL ddH,O, JIA100 pL R 142 BUR B 8l &M
A, FH5 4500 UL 1% ZnAcHIEPE Xf 5z W s A )
H,SHEA TR, %44 & 137 °CI W15 min, 2 Ji A
100 puL 30 mmol/L FeCl;F1100 pLf#20 mmol/LX} 2
B BRI, B AR [ N5 min, £E670 nmAb il g H:
W EAR (D)o AN SE6 0T B AL 39K, Hidhs L3R A
(P RMEFIbRIE IR ZE3RR o
1.4 MDAZERNE

LAY AL T, RN ROS T T, 33
Hig L AL, N (MDA H 12—, H ok
FaRai UG Tk S AL IR S . MDA = E T 155
HShen%§:12%: 1Y0.15 ghf kL, H1.5 mL 5% TCAH R 7t
I3HWEEE, BS.055 min(5 000 r/min, 4 °C), Bl mL_Fi5 W,
TN EEAARFR0.67% M TBAYEE, ), ¥ 7K#30 min,
VG B850, WG 237910 2450, 532, 600 nmif )



760 RIS
{1, MRAE AKX HMDAT o BRSO E 3K, W], Cro (e iy 7l TR ANAE T, I HLBtAT Cr®

H 34 A3 IR S IR P I R bR 1R 22 3R R o
1.5 RNARYZEUAR KR EEPCR

RNA$E Al 52 I 52 #PCR(qQRT-PCR) /7 % ©
% Shen&, 1R0.1 gt £L, HITRizol"#¢ U S RNA,
) H I ¥ %33R 71 £7(TaKaRa) f1Oligo(dT) 5 | #) 3K 15
cDNA. VNLENE (gt 3L ACTINAE A N 21, X
AL DR PR 2 SR 7K AT A . FH T qRT-PCRIVY 514
G- BEASSEE AT A 3R, B LIBIRES
(P B E AR HE R 22 R

2 R
2.1 Cr BB X & -F4he R UBRIE F1 ROHNH L
Evens bluefd 2R % 0 & W O R E Al 45 R 3%

WL T w5, FEAN M IR H S 3 ff ka4, Rk
Evens blue 44 LB INIR(EIA), BOGE R ME1B).
Cro ¥R B9 mmol/LIN [ 8¢ 5 /E H DL L 8 ] 28, ik
1 FH9 mmol/LAE 4y Ji5 225250 Cre Jilis iy A BR B
2.2 H.SB 5B T4 Cre ihig B Kz

h T WEFUHLSTE R A7) Wi J3. T 45 i Jo 3 i 2 v 1)
VEF, BRI T Cro 38 5 48 1 40 11T HLSP= A 3 %
R . 45 B E2A PR, B Crolk FE IS n, 4
TH T HSI = A B W] WS, TH.S 2 5 T A T4)
OO Cro BB Y. . 2 J5, BANaHSAE h #MJEHLS T
AR, FECH WME AT T4 AT PUAL B, &5 A RN
AN[RJA S fINaHS (40 umol/L. 50 pmol/L. 75 pmol/L)
THAL g AN [ R B2 1 22 fif Cr® i 5 S FRIMD A [ A

B
Al

F1 qRT-PCRFFETASI#5I%R
Table 1 List of primers for qRT-PCR

FER TR 319
Gene Accession number Primer pairs
. 5'-GGT ATG GAG TCG CCT GGA ATC C-3'
ACTIN Millet GLEAN 10003390
- - 5'-GCG GTC AGC AAT ACC AGG GAA C-3'
. 5'-GCA AGG AAG ATG AAG GAC ACT-3'
CaM Millet GLEAN 10026331
- - 5'-CAG CAG CCG AGA TGA AAC C-3'
. 5'-GGT TTA TTG AAC GGA AGG AG-3'
CBL Millet GLEAN_10008608
- - 5'-GCT TGG GAA TGT TGT TGT TA-3'
. 5'-GAG ACG CAT CTG ATA AGC C-3'
CDPK Millet. GLEAN_10010676
- - 5'-TGG CTA ATC CTG CTT TGA G-3'
. 5'-TTC ACC ACC CTG TTG TCT CG-3'
LCD Millet GLEAN_ 10033926
- - 5'-CAG CAA GCATCC TAC CCATC-3'
. 5-TTG GAA GAA GGG AGG AAA CC-3'
DCDI Millet GLEAN_10033406
5'-ATC CTA AAG CAA GAC CAG CA-3'
. 5'-TGG ACA GGA CGA GAA AGT T-3'
DCD2 Millet GLEAN_10019193
- - 5'-GGA AAA ATC CAG GGT AAA G-3'
. 5'-GGC ATA GGC TTG GGT GGT T-3'
ZIP1 Millet GLEAN 10037365
- - 5-TTC CTG CTG AGG CTG AGT T-3'
. 5'-CAG AGG ACC CGA GCA CCAT-3'
ZIP3 Millet GLEAN_10013710
- - 5'-CGC GAC CGA GTT GAG GAT T-3'
. 5'-ACT GTG GGA GCA GGC ATC G-3'
ZIP4 Millet GLEAN 10027469
- - 5'-GCC ATC GCA CCAAGG AACA-3'
. 5'-TGA GGT GTT GGA GGT GGT G-3'
ZIP6 Millet GLEAN 10021623
- - 5'-CCG ATG ATG ACG GAG TGG-3'
. 5'-TCT CGT CGG GCT ATT TTC A-3'
HMA3-1 Millet GLEAN_10013711
- - 5'-CTG CTC CTG TGC GTG CTT-3'
. 5'-CGG GAA CTATCA CAA AAG GG-3'
HMA3-2 Millet GLEAN 10013714
- - 5'-CCG GGG TAG ATG CGA AAT-3’
. 5'-CGG AAG GCA GGAAAC CACA-3'
MTPCI Millet GLEAN_10008340
- - 5'-GGC GAA GCG GAA GCC CAT T-3'
. 5'-TCC TGT CTT TCT CCT TGG C-3'
MTPC2 Millet GLEAN 10031774

5'-ATC CTC CGC ATT CCT GTA A-3'
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10-day-old seedlings are exposed to different concentrations of Cr®* (0, 3, 6, 9, 12, 15 mmol/L) for 24 h. A: Evens blue staining of the root tip cells; B:

mmol/L Cr®
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Fig.1 Negative influences of Cr®" stress on the cell viability of root tips in foxtail millet seedlings

A) - (B) 04 ©) 05
2 ' i 2 ’ g - —2—
5508 = E 03> — g5 04 . . D
55 et N 5502 B N 5 ;i o
23 044 e \__/ 2502
;‘E JTNE 0.1 =& Control = 0.1
= 0 an) 0 - HA jan) 0
0 3 6 9 12 15 0 3 6 9 12 24 CK  Cr* HS H,S+Cr*
(D) . Concentrations of Cr® (mmol/L) Time ([;)
E 5 —I_ C ¢ ¢ [] Control
2 O
: 1 40 pmol/L H,S
% 3 a 50 pmol/L H,S
g 75 umol/L H,S
5 2 3 40 pmol/L HZS+Cr6’
= 50 pmol/L H,8+Cr**
= B 75 umol/L H,S+Cr**
0

12

Time (h)

A: Cr*(0, 3, 6, 9, 12, 15 mmol/L)MME 45 - 14 A HS7= 2 11 5 mia; B: HA(0, 3, 6, 9, 12, 24 hyXH 4 T4 A HLS 7 S 1Ml T, C: AMNRHLS K Cr®
AT N IEILST= KN, D: AMNEHLSKT Cre a4 1A MDA & BRI . AN AR AN RIS 2 RER R 28 5 ALAT W .

A: the H,S production rate of foxtail millet with different concentrations (0, 3, 6, 9, 12, 15 mmol/L) of Cr*" stress for 24 h; B: the inhibition of HA
pretreatment with increasing treating time (0, 3, 6, 9, 12, 24 h) on the endogenous H,S production rate in foxtail millet seedlings; C: effects of 50 pmol/L
H.S pretreatment on the endogenous H,S production rate in foxtail millet seedlings with or without 9 mmol/L Cr*" stress; D: effects of exogenous H,S
pretreatment on the content of MDA in foxtail millet seedlings with or without 9 mmol/L Cr®" stress. Bars with different letters indicated significantly
difference.
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Fig.2 H,S signaling involved in the process of foxtail millet responding to Cr®" stress
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Fig.3 Effects of 50 pmol/L H,S and 1 mmol/L HA on the
cell viability of root tips in foxtail millet seedlings with or
without 9 mmol/L Cr® stress
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Fig.4 Influences of exogenous H,S (50 pmol/L NaHS) on the expression of Ca’* signaling related

genes in foxtail millet seedlings
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Fig.5 Influences of exogenous Ca** (20 mmol/L CaCl,) on the H,S production rate in foxtail millet seedlings
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A: the expressions of heavy metal uptake-related genes; B: the expressions of heavy metal efflux-related genes. 10-day-old seedlings with different

pretreatments for 24 h are then treated with or without 9 mmol/L Cr® for 24 h. Bars with different letters indicated significantly difference.
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Fig.6 The regulation of the expressions of heavy metal transporter-related genes in foxtail millet induced by H,S and Ca**
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