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Abstract: Stomatal density is important for crop yield. In this paper, we studied the epidermal pattern factors (EPFs) related
to stomatal development. Prokaryotic expression vectors were constructed to obtain EPFs. Then the relationship between EPFs
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and hydrogen sulfide (H,S) was established. First, AtEPF1, AtEPF2 and AtEPFL9 were cloned and constructed to pET28a
vectors. Then recombinant plasmids pET28a-AtEPF1, pET28a-AtEPF2 and pET28a-AtEPFL9 were digested and sequenced,
showing successful construction. Finally, they were transformed into E. coli BL21(DE3) separately and induced to express by
isopropyl pB-D-galactoside (IPTG). The optimized expression conditions including IPTG concentration (0.5, 0.3 and
0.05 mmol/L), temperature (28 °C, 28 °C and 16 °C) and induction time (16 h, 16 h and 20 h) were obtained. The bands of
purified proteins were about 18 kDa, 19 kDa and 14.5 kDa, respectively. In order to identify their function, the purified
AtEPF2 and AtEPFL9 were presented to Arabidopsis thaliana seedlings. Interestingly, the H,S production rate decreased or
increased compared with the control, showing significant differences. That is, EPFs affected the production of endogenous
H,S in plants. These results provide a foundation for further study of the relationship between H,S and EPFs on stomatal

development, but also a possible way to increase the yield or enhance the stress resistance.
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LB R & RAE Y 0 A K Hoh B 2 B S RE Y
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T, EPFLY MIiEJE# N 78, B EPFL FIl EPF2
MRS FLET, 1M EPFLY RS FLIA T . AL
MR BRI F RIS ALECH AR AR
NPT T, PO E P IAOE A SR CO, Fil
O By IE B R, DT 98] 7 R 4 %o 306 58 M 2 g i)
B, AR R

fifb = (Hydrogen sulfide, H,S) 2 VT4-k %
ZHE B — R B ARG S 0, S 58k
WIRZ AR, PUTIER HEM AT, K
BRI R B, HoS a5 HAb R Y E AR

% : 010-64807509

hydrogen sulfide, stomatal development, epidermal pattern factor, vector construction, protein purification,

HAEH, LFEETRILES, S5 R
A RO, fE st R, IR B H,S Ab
X AE P AL B ECE AR/ 2, BRI, HoS
il EPFs fEVREAEY ALK & H/ERAHILZ
Ab o A5 R U R T 3R R S R g A R TR
AtEPF1. AtEPF2 il AtEPFLO 5% ka4,
SRR RIMAEND . HaifbBmED
Sr VAL PRAARE ST G, W SR Y H,S 77 28R
b, MIEEIFRSUAGS HS F1 EPFs X HRIJT
W SAL R B PR T LT A A 5 25 A

1 MREFE

1.1 #sl
1.1.1 EIRHRE

fAFg 7T (Arabidopsis thaliana, Col-0) FEtk,
JFA%F A # A pET28a (Kan Filk), KmHTF @ Ekk
DH5a [ BL21(DE3) Kk, e = RA7.
112 FEERA

S5 A b i S sl Rl & (5% All-In-One
RT MasterMix(abm)) . il #&EE I DNA [EI 7]
& RO & . BRWI N U (BamH 1/
Nhe I ). Ligation-Free Cloning System (abm). I
. BREE . AN BRI . BRAER |
KA EFEZR (Kan). TN B-D-mi {2 F b
(IPTG). 5IW& A, ¥ AATAY TR (b
i) B AT R W]
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1.1.3 FEMHFHES

PCR Ry 1Y (BUMIEH TC-96/G/HI(b)).
BE R 25544 (BIO-RAD 1708195), #3250
ML (BRI HC-2062) . REEEETAES
(LA HTAL VS-1300L-U) . &AM (R
JuJet Uv-2100) . ZRRHLIKAL (@bmis—Age
DYY-8C). fHiRIRZ & (KM THZ-C). JE1z&iK
K (i HHR YXQ-LS-70A), L #UEE KB
By (fH5 XMTD-8222). #F AL (T I#H 2
JY88-1IN) %5,

1.2 Hi&k
1.2.1 AtEPF1,AtEPF2 #il AtEPFL9 [ i 75 [
K pET28a ik i g )

PL 4 Jal i ) B A TSR T I RS2SR
K FH S R I/ 2 B v B2 B RN, R e s
27535 cDNA. 48 NCBI 5l 2 iy AtEPF1L
(At2g20875) . AtEPF2 (Atlg34245) FI AtEPFL9
(At4g12970) ¥4I, T W4 3 &4 BamH 1 il
Nhe I B 09519, 519751 L3R 1.

T, VSRR BRI cDNA SR ,
Fif%E AtEPFL1, AtEPF2 il AtEPFLO JE[H . 4 5ilk
W JG HL RS I e B ), ARG LA S U e T
) i), ¥ pET28a 2k 1A 5t ki PR i 14 4 D)
BamH I fil Nhe T 37 ‘CAUEGUIALEE 3 h, 153041
FEEAR ) o BrRREWHEE RS FB VKA I T/ ), VI [m]
Wt

1.2.2 pET28a-AtEPF1 ., pET28a-AtEPF2 #
PET28a-AtEPFLO F 4 ki 3R ik B i iy 2

Ay H UL (AtEPF1 AtEPF2 il AtEPFLO)
2 pb. ML AL AR 7 Bt (pET28a) 6 pl FIJC
#i%E32 (5xligation-free cloning master mix) 2 pL .
PR H By (AMEPF1, AtEPF2 fil AtEPFLY) 43
Il 5 WU VT2 1 Ak 3R AR R B RN G B 3% R 5
RA), VK EJCE 30 min, 3.

3% 2 J5 0 7 W T IGO0 B Ak K g R TR
DH5a, Hifeidk, PRkRIEi#H1T PCR %%, #
K/NTER B 25 U0 e [l 3000 e A
1.2.3 pET28a-AtEPF1 ., pET28a-AtEPF2 #I
pET28a-AtEPFLY R R A BN T FRIA

1) $EHUE 4 ik pET28a-AtEPF1, pET28a-
AtEPF2 FIl pET28a-AtEPFLY, /%I4T BL21
Y, 37 CREFRALRS , 4 BBk
J&TE LB WAKKE SR (Kan $Hiitk) v, 37 C.
180 r/min 4z 3% 3% F1 K o

2) Wik REAESRIEZM: 5
Fr W TR 1% L4 A\ & A7 Kan Btk LB i
REEFRFEF, F 37 'C. 180 r/min &4 FE5 R,
25 3-5 h Ja, SHMrC AR R ODego 7E
0.6-0.8 ZIa], il IPTG FELMWE /514 0, 0.05,
0.1. 0.3, 0.5, 1. 1.5 mmol/L, Z3H|1E 16 Cifi
Big20h | 28 CifsFHssE 16 h, 37 Cifisst
5h JEHUE

*1 s519F%
Table 1 The primer sequences
Primer name Primer sequence (5'-3") Restriction enzyme

EPF1-F CAGCCATATGGCTAGCAGGCATTTACCAACATCCTCC Nhe [
EPF1-R GCTCGAATTCGGATCCTCAAGGGACAGGGTAGGACT BamH |
EPF2-F CAGCCATATGGCTAGCATTCGCACGCCGCCACTAA Nhe I
EPF2-R GCTCGAATTCGGATCCTCAAGGGACAGGGTAGGACT BamH |
EPFL9-F CAGCCATATGGCTAGCTCAAGACCTCGTTCTATCGAAA Nhe |
EPFL9-R GCTCGAATTCGGATCCTTATCTATGACAAACACATCTATAA BamH |

The single underlined sequences indicate restriction enzyme site.

http://journals.im.ac.cn/cjbcn



7% FHBNRREXETF EPFs MR SIIREEE

3) AL ORI B FUAS [R5 e T
BL21(DE3)/pET28a-AtEPF1., BL21(DE3)/pET28a-
AtEPF2 Fi1 BL21(DE3)/pET28a-AtEPFLO [ #k 1 k¢
in#$ 5 mL, 12000 r/min &.0> 1 min, 3 3%, i
A 0.1 mol/L BFRZE il (1xPBS) 500 pL &K
RYLTE, AP (5s/5s) LR, 12 000 r/min
B0 T min, BUES, DA 5x EREZE MR (&4 B-
ik BE) RAT, 100 CHE M 8 min fli & (1 H AL
£, 12% SDS-PAGE #:1ill ,

4) Tk EPF1.EPF2 Fl EPFLO & 115 3Rk
M. #£ 0, 0.05, 0.1, 0.3, 0.5, 1. 1.5 mmol/L
IPTG iAW E T, 16 'C. 28 'CHI 37 CT=FA
)17 S i B2 25 P T AT EE S R0k, s
16, 16, 20 h J5HURE h ik T SDS-PAGE il
I 20 e 5 R 1 B SR - IPTG 5 vk i
394 0.5, 0.3, 0.05 mmol/L, #i&i%kSiRED
Bk 28 °C. 28 ‘CHI 16 C, Hi&EFE-FHE] 751K
16, 16 120 h,

1.2.4 AtEPF1., AtEPF2 il AtEPFLY & H 4tk

I Hy 7 4F i BL21(DE3)/pET28a-AtEPF1 |
BL21(DE3)/pET28a-AtEPF2 FlI BL21(DE3)/pET28a-
AtEPFLO HERTERI{A LB ~F-Hr (Kan Hit) EXil
2, 37 CHEH IR PRI TR VR FERN 2 1 mL
Kan $iith LB W fAK: 723k, 180 r/min, 37 CHk
PR SR ; BRI 100 L TRV EEAN 2 100 mL Kan
PbERY AR LB §5 723+, 180 r/min, 37 CHR¥
Hi37%13-5h J5, % ODego 7E 0.6-0.8 Z[H], 433l
IOA IPTG ZZ&HJEH 0.5 mmol/L. 0.3 mmol/L
#10.05 mmol/L, i#5-EE 735k 28 °C . 28 CHI
16 C, FHSHtE S50 16, 16 #1120 h, [AE}4)
S AE R TR) %) L B R0 75 5 I ) T A2 N B A
12 000 r/min #.0> 1 min, FIFREFR LW, BT
ERTTIE, vk bR e,

# 5 mL 20 mmol/L Y BRIE A ZI S TR 45 DY
IR IVE, HEB AN ARIA, Rk
HOE T UK F S e 2 A URAS ;12 000 r/min,

% : 010-64807509

4 CELG 10 min, FEELUTHE s TS a8 R 3
I USSR TE A NI BRI EEECAT , #5110 min,
S NifEaasG, RERNENR, PEid
FERE 3 HE Ni BUlgHsE A h & o 2
PR, v B R R IR (VR E AR
20, 50 . 100. 200. 250, 300. 500 mmol/L) ¥
R, 4 AtEPF1. AtEPF2 F1 AtEPFLY #
1 BB 8 UE B T Ok i R e v B S 200, 100 AN
200 mmol/L,
1.2.5 AtEPF2 1 AtEPFLO & FI X I B FF H,S ™=
Eip AU

B L AU ST DI R S AP T 1/2MS B SR
FERIA, B35 5% 2 JAJE 43 0 A 5 mL () AtEPF2
M AtEPFLO 1 (MM 0.2 pg/ul), #:548%5h
DA UL RE JT 4l 7 i AR AR R AR . Rk
JR o BEAL B, S RIFEAL IR 1. 3. 5. 7. 9.
10. 30 min B HUKE, MIELIEAY HS 773, H,S
7R R S BEOCER[20].
1.2.6 BS540

FriRi s 4 E A 3 ¢, A WPS Office 4t it
FRIC R EhE, 45 x4s £/n, @l SPSS
Statistics X {747 5L K & AL, P<0.05 1 £<0.01
S S BEMEREEE (RRFERES
HEERAREMIFK ). FAT SigmaPlot10.0 #fF
TER .

2 BERHAM

2.1 BHERE AtEPF1. AtEPF2 #1 AtEPFL9
B 52 b

DL 4 B R R AR, BRI RNA,
5%l cDNA. 783 1 %51 #3471 PCR J2
N, vePESTF R H MK AtEPFL . AtEPF2 Al
AtEPFLY. #5408 1 s, AtEPF1, AtEPF2 Fil
AtEPFLY i K/N 51 252 bp. 285 bp. 213 bp
% 1A-1C).
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1 pET28a-AtEPF1. pET28a-AtEPF2 #1 pET28a-AtEPFLY = 4H Fhi AY#43E

Fig. 1 Construction of recombinant plasmids of pET28a-AtEPFs. (A-C) PCR amplification of AtEPF1, AtEPF2 and
AtEPFLO genes. 1: amplification of the gene AtEPF1, AtEPF2 and AtEPFL9 genes; 2: negative control; M: marker. (D-F)
PCR amplification of DH5a/pET28a-AtEPFs. 1: PCR identification of DH50/pET28a-AtEPFs; M: marker. (G-I) Double
enzyme digestion of DH5a/pET28a-AtEPFs plasmids. 1: pET28a-AtEPFs recombinant plasmids; 2: pET28a-AtEPFs was

double digested; M: marker.

2.2 DH5a/pET28a-AtEPF1. DH50/pET28a-
AtEPF2 #1 DH50/pET28a-AtEPFL9 By & ik PCR

¥ 1.2.2 ik S & pET28a-AtEPFL,
pET28a-AtEPF2 Fll pET28a-AtEPFLY ) DH5a [
PRiEAT PCR %55, 25 anE 1 R o o ve e 2|
HA LR AtEPFL. AtEPF2 #il AtEPFLY, 43915
WA K /N—2 (KB 1D-1F).
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2.3 pET28a-AtEPF1 . pET28a-AtEPF2 #n
PET28a-AtEPFL9 = 4H [ Hi B9 X s 171 46 01

Fie BECBE R R ) G 0 B A B, il B
DH50/pET28a-AtEPF1, DH5a/pET28a-AtEPF2 Fi
DH50/pET28a-AtEPFLO 2 #k 1Y 5 41 5ok o K [m1 i
2 i T2 ok FH R 4 ) BIEE BamH T A1 Nhe 1
1637 CAMFTHEYI 3 h, 55 A 1R, BEAH
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ks 2 i I45 3] B 1 R Bery R/ S ALEPFL
AtEPF2 Fll AtEPFLO JEH—2 (K] 1G-11). 454 2.2
AR A5 5, A0 E 4 4K pET28a- AtEPFL.
pET28a-AtEPF2 £l pET28a-AtEPFL9 44 & i 1 .

2.4 AtEPF1.AtEPF2 1 AtEPFL9 ZER Ry 41k

el 1.2.3 Wik R RIE S S RBENR
%, ¥55 BL21(DE3)/pET28a-AtEPF1., BL21(DE3)/
pET28a-AtEPF2 Fl BL21(DE3)/pET28a- AtEPFL9
FIREM . WK 124 ek EALR, HBlaife
#| AtEPF1. AtEPF2 Fll AtEPFLY . HA/NS
WA —3 (B 2A-2C), 432 S SAE R
2 ff. 4 Ni JIRREER A 4L T &8, K
/NG5 18 kDa, 19 kDa #il 14.5 kDa =47 .
2.5 AtEPF1. AtEPF2 #0 AtEPFL9 EH/RIE
MERZEDH

W id ProtScale 7F 4k F {443 5l X AtEPF1 .
AtEPF2 il AtEPFLO & 1R i /KRR HEA T 40 #T
P3N LA R s K T L (8] 3BA-3C), IEMEY
RAMRR BA G, AEREERENAA
KM RO, W BT R g K R s TR
(IR A NI S 5 B R ) N G s 2
AtEPF1 FI AtEPF2 R B K Rk —3,
AtEPFLY [ 2 AL T (H 80 H I i 2 T 1IE 2L

H, BP AtEPFLO & 1R /KPR . X S5 7EsL 805
Firpalifh AtEPFLO ZE (), BRIRTIIER 2 Mt
b VS VR R R R R A — B

W 7EZk SWISS MODEL 1, X AtEPF1.
AtEPF2 Fil AtEPFLO & [ =i L5t iE AT B4, [H]
U AR T 45 5 100%, 4 3D-3F fitn. 4r#r
RIN, AtEPFL Fll AtEPF2 Hy45 225Uy, X5
AtEPF1 Fll AtEPF2 TEAH ) <AL A B il 2 i i Y fig
—BMWIA, PR ENE T & AR S5 P T
RE IS0,
2.6 AtEPF2F1 AtEPFLOE QA EHIE T Y
H,S FEE E

1671 AtEPF2 F1 AtEPFLY 25 1AM S F T
WM5E T AR AE BRI R] HoS f77 3, 45 5 &l 4 iR
(1) DABKmEyERR oA BE ] AtEPF2 25 AL B4 e
IV, TEARIEESRISY 1, 3. 5. 7. 10 min B, 5%
BRI L, $AREITAY HoS P 4 AN W] AR B2 A T 1%
HA BEYEES . MAELFER R4 30 min B, 5%F
HEAHEL, $ARSITIY HoS =R WA Bk, (2) K
BRIRVEER R X R ] ATEPFLY 25 P Ak BRI B I
J&, TEALFERFE] A 1, 3. 5. 7. 10 min B, 5XFHE
FHEL, BIRITH HoS PRI A ARRE R B, H
B WFEEZES . AP R 30 min B, 5%
AIEL, UFGIT I HoS P2 R WA B B ARk

A B C
kDa M 1 2 3 kDa M 2 3 kDa M 1 2 3
- = 66.4 —w=
66.4—-— ‘ 66 .4 —s—
£ 44.3 —w-
443—ww — 44 33— -
290—= 8
29.0— - 29.0—==
20.] —aw -
20.] — - 20.] ——

14— B9 . '

14.3 —m—

14.3 —-. -

2 SDS-PAGE ##T KBA#F & AtEPF1. AtEPF2 #1 AtEPFLO &R R FTIX Ak

Fig. 2 SDS-PAGE analysis of the expression and purification of AtEPF1 (A), AtEPF2 (B) and AtEPFL9 (C) in E. coli.
1: the total protein without IPTG induction; 2: the total protein with IPTG induction; 3: the purified recombinant
protein.
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Fig. 3 Bioinformation analysis of AtEPF1, AtEPF2 and AtEPFL9. (A—C) The hydrophilic and hydrophobic plots of
AtEPF1, AtEPF2 and AtEPFL9. (D-F) The tertiary structure of AtEPF1, AtEPF2 and AtEPFL9.

40r

30 —

201

10f

H,S production rate (nmol/(mg-min))

O ontrol T 3 5 7 10 30
Time (min)

B 4 AtEPF2 #1 AtEPFLY EHAE XM TF H,S X B9
Fig. 4 Effects of AtEPF2 (A) and AtEPFL9 (B) proteins on H,S production rate in Arabidopsis thaliana. Different
letters indicated significant differences among treatments (one way ANOVA, P<0.05).

3 ik

AL L BR AT AT AR 40 AN AT ke 1) 220
oy FERZREEY R, Mk, £k, @k
&, el AL RS, AR R
KfEANY . Hit, HLEF . LA
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SRS B H B FE B, AtEPF1 Fil AtEPF2
FER /NS U KRB &, AEPFLY BRI Y K
R FHESE (K 1C). kM|, mT
AtEPFLY JFr Be#/IN, TSt BE W E S v UK S i o 4
YURL TR, 2% AtEPFLY Ji Rl 14 Ha vk 25
WA SEIA S BRER AR H S E R A H A K
RIS E15%)AY AtEPFL, AtEPF2 il AtEPFLY ik
AR Rl E A R/NY A 9.13 kDa, 10.34 kDa,
7.7 kDa. ifii SDS-PAGE /8 355 HIR & 5 K
/NZ3% 18 kDa, 19 kDa. 14.5 kDa. 9% AtEPF1,
AtEPF2 Fll AtEPFLO % 15 pET28a {4 14 His
W& EAITMA RS, H His fr&E AR
25 0.6 kDa, it BRI SDS-PAGE 45
o WA TEL SWISS MODEL k{4, Xt 3 #iE
=Y ZER PR TR, deepview 23T T R I A HE
T A AE O, I 3 AR 11 R Y T HL A R A7
i Y95y S AL h o AR B TR Wi, X E R A
AtEPF1, AtEPF2 fil AtEPFLY % [17£ SDS-PAGE
Ul 87 BT UN e el TRt G LGB L 2
W RIKS 2Rk, Ik, SDS-PAGE #iill4h
BoRME AR/ SENS A, ATRESN 2
HIE

EPFs )& T 2 Ik &P, Witk Faifkis
F Yy AtEPF2 Fil AtEPFLO @i 25 11 AL BE4BL RIS+ 40
o FEALERRSE 4R 1, 3. 5. 7. 10 min i,
EXTHA LG, BATRY HoS P R B A R [ #2148
1k, EPF2 1 EPFLY 35l FE i H,S 197 4
(& 4) T AP [E] ZE K 2 30 min ], HpS &5
X RECZ A LG TG B AR A . X 1B AtEPF2 Al
AtEPFLY & FIE R Z ISR, MWD AN
HoS M=, H RAER R N R FEMER , A Ab
P ] B SE AR B k. RATE & %0E
EPF1 Fil EPF2 7ER# AL R & R I Ik
FICE AP R (1 9 = 24E45H (] 3D A1 3E) Mk
Kl BESE LY, 5 EPF2 AFIJE, EPFL
I Sl A0 8 B 25 A A Y IR ME, X AT RE S EPFL
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AEHFBRAD, H EPFL EAWS DAL RIARIE
KAFTEA O, (BN EHEN, EPFL A9AE IR 24
5 EPF2 2501, o ml BRI HIFE RN HoS By A .

EPF1.EPF2 il EPFL9 # [1/& EPFs Kk H 1
RBRC R B 0 A I R Z RS, e AR
FLI ARG R B, R o R 2 Uk B AL B
WANER G . AHESE Rk Aifbix 3 A, MIRA
BB AR 2 D RE s T 300, & A %ds
FISE:, WIAIITas R, EPFs @l 8 11 8 5
ERDIEN HS 55 AdEwa k. Bk, ##—%
RAMWFFE EPFs il HpS XA FL A & HI1E ML
i, XA S B I . K SR AR
PEA EEE L,
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