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Abstract: Heat shock protein 70(HSP70s) are found extensively in prokaryotic and eukaryotic and one of the

most conserved molecular chaperones. In this study, a member of the HSP70 family was isolated from maize. Its full-

length coding sequence was 1 992 bp, and its open reading frame is 2 352 bp. The encoded protein with molecular

weight is about 75.0 kD. Through protein structure prediction and homologous alignment analysis, the gene encodes

a protein containing ATPase site and HSP70 conserved domain. It is highly similar to Arabidopsts thaliana AtH-
SP70-12 sequence, so it is named ZmHSP70—12. Subcellular localization analysis showed that the ZmHSP70-12

protein was expressed in the endoplasmic reticulum. Real-time quantitative PCR analysis revealed ZmHSP70-12

has an obvious response to abiotic stress, such as high temperature and drought. Therefore, it speculates that ZmH-

SP70-12 is a stress—related gene in maize stress.
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FESBD F WA R R AR IR 4 A4S
Hr, ATP E #11 ADP, JFREIAS & WA, TR i
PEIR, 45 B TRAE O AT 73 A 2H R %) HSC70(heat
shock cognate protein 70) 1% 3 14 B9 HSP70 M K
P T AU S ERAT FRaE | SR AR TRk
HoAtb Jolpaen T G 5 ek . AR S HSP70 B 22 (2 1%
BLAT 23 R OIS, 240 30 J5 2 57 PN I 2 7 2 Ak
JAER VAN /L SAER VAR

HSP70 1) 235 S 25 14 N5 vl 12 i HEL 0 X A 45
AT 2 58T, A RS ST H B e 32 i HSC70-1 28
(1) 3k 8 2 38 AT LA g i B R v R BT, LR T
Athsp70—1/4 , Athsp70-2/4/5 57 (R % i T AR =
b B an AR A PP aa fURk , B —SE R Y S AR A
ISR, 1 B M 5 5 02 A4 HSP70 i 1o Z2 F AR A= )
i HIDBETUARY, TEMHEL T HSP70 Y3 it K3k,
58 A B K A TR 2 PR, g AE CgHSP70M A 24
PIHSP70" 40 e 51 H 2R3 1 5t 0 3 A 9y Jifpae 174 i
Z A IR L) G 32 AR5 0 5 A KA B v ek
3K = Bt SOHSP70-1 Wi 7 Ho A it 52 4, . 15d B
SbHSP70~1Z 58 )V . $UREIT AtHSP70-15
4] B B S BSCHE A A B R B0 T R g 2 1A i, AvH-
SP70- 16 14 58 78 5 22°CF 45 52 % i WAL, 78
27°CH FRITT ™ F" F LG I+ HSP70s 76 1F % £

KA N A P B E AR, ik nl il
HSP70 7EEAE P v i i

FoK(Zea mays)VE N T FEHEEMRIEY, A K
JEIN Z 2 ZFp AR A i, TR ok
BE, & T H oK HSP70 G5 B U e oy T 5385 B i T fig
WFFE /DA H ™, S % A I M 2 oK
HSP70 KRB, 531 41 4> Tk G & 1 HSP70 3k
o AHEFE FEREH A 1A BB 28 [RIVRSEAL 23 AT K
IERR TN 43 HT , fir 44 0 ZmHSP70~12 , Az il bt
{14 IV 41 5 {57 AR 45 AL 80 B e 450 T B FRA
RS, PE— 20 M 5E K oK HSP70 BL N R T RE L i 55
FORPTTHT AL LRI SLR

IR ik

1.1 et

TR TP 9 H 2R B3, K BT3 &
KBRS (B TR LA 121 ~ 122, &l s
il 7E 25°C/15°C(2/7), Y AR ] 4 16 h/8 h(/&/7K).
R 4 oK 3 PR 4 5038 1 (http://www.maizegdb.org/) |
NCBI £ J (http://www.ncbi.nlm.nih.gov/) & Gramene
(http://www.gramene.org/) 55 BT 2570 () ZmHSP70-12
(GRMZM2G114793_PO1) 1 ¢cDNA J3 %1 , ] ] DNA-
MAN &35 1M1 1),

&1 5MERKEFT

Table 1  Primer sequences used in this study

BIR7E2 N BikZ2dl &
Primer name Primers sequence(5’-3") Purpose
ZmHSP70-12-GFP-F GCTCTAGAATGGATCGGGCTCGCGGAT A A RE oL
ZmHSP70-12-GFP-R GGACTAGTCAGCTCGTCGTGGTCGTC WA RE 7
ZmHSP70-12qRT-F GCGCAGTATGACCAAGGACT Real-time PCR

ZmHSP70-12qRT-R

CAAACAGTTACTACGCTCAGC

Real-time PCR

R JH TRIzol 15 HEHU T K RNA, FU% 5% cDNA, 1
JH TaKaRa PrimeSTAR HS DNA Polymerase with GC
Buffer BE47 2 N CDS X A KA1, IE 1) 51 4 A S ol
A Xba VML, R 5 A SN Spe 1o 24
& N 50 pL, cDNA 1 pL.2XPrimeSTAR GC Buffer
(Mg** plus) 25 pL.dNTP Mixture(2.5 mmol/L) 4 L.
ZmHSP70-12-GFP-F(10 pwmol/L) 1.5 wL.ZmHSP70-
12-GFP-R(10 pmol/L) 1.5 pL.PrimeSTAR HS DNA
Polymerase(2.5 U/pL) 1 pL ddH,0 16 wL. SV FEF
9 98°CAEME 10 s, 68°CiE K 2 min, 30 MG, 4°CLR
FE4 Mo PCRY™HE W) 28 19 W SUIE W I P DK A
I, 2 101 i i % 49 22 pEASY—-blunt simple 244 |-, 28

XU 55 0 56 1E )3 51 E Aff M | 1 44 S pEASY-T-
ZmHSP70-12-GFP,
1.2 RHERBXRASEERRTEHIN

M\ Gramene E 4 22 Fr $E B ZmHSP70~12 FE A 1)
B HR 73, F) FH P %5 InterProScan (http://www.ebi.
ac.uk/interpro/) #1 PROSITE(https:/prosite.expasy.org/)
HEATAE 5 IR PRS2 A JURI 7 4 Fa 075 3 i NC-
BI Blastp(https:/blast.nchi.nlm.nih.gov/Blast.cgi) XJ Lt
5 F 5, AL A ClustalX 2.1 J 1T 8 T 2751
HXT o FH Mega 5.0 #04 Neighbor—Joining 5572 44
H R G AT, Bootstrap {H4 1 000,
1.3 ZmHSP70-12 B9 ZA A TE i 53 47
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¥ pEASY-T-ZmHSP70-12-GFP 55 . 41 g & 137
FEIR AR pSuper1300:GFP 43 512 Xba 15 Spe T XU il
YIJa , e 5 AR R B 5 2k Ze i B, R Ta-
kara Solution T7E4EF, 16°Ci&ERE 1 ho M ZRIK
AL AT GV3101. 2R FH E 28400 1Y P 5T 9 5
{37 ) HDEL-RFP F & marker ££ [ 5 H 19 3 K 3%
JHEE E R H55E 40 ~ 48 h )5 , >R OLYMPUS FV 1000
PO IR A BRI T e Mg
1.4 AEEWIMERG THRIEEKX ST

AR B P — O PR K S —
B SR et 7 a7/ STER DB O 2 1= b i) S T2 L 5 S
B E T 42°CHEE iR HE A3 0.2 4.6 h URE 5 5
P K38 | TR BERR A M A B e,
V17100 QB % A i s IO 1377190 e % 1) [ U =B 7825
WALFE,0.0.5.1.3.6 hJ& M 25 oSl lke . 4
ANEFR]EE 23 SN 3 RR G EORE , BT 2K AR TR
HE WA, -80°CLR o

PLUBQYER NS I, it B A3 R A0 e 1
519,85 S SR TS e DNA i B 2 1R M 100 g/l
YE NP HEMH . i FH Fast Super EvaGreen® qPCR
Master Mix(US EVERBRIGHT INC)7E RocheLightCy-

A

2000 bp

1 000 bp

2500 bp

1 500 bp

cler® 96 {X #5117 real-time PCR, 20 pL FWAR A -
Fast Super EvaGreen® qPCR Master Mix 10 L,
ZmHSP70-12RT-F 1 wL.ZmHSP70-12RT-R 1 pL.
¢DNA 1 pL.ddH.,0 7 L.

FE UL A - AT 9 1 - 95 C i AE M 2 min; 95°C
S s, 55CIR K 5 s, T2°CHEMH 25 5,45 MG, 3
R, TN 45 oR 4 I 2 ik A TR 6 B 13
B BT SRR AR X e ik
2 HR500r
21 ZmHSP70-12HERARESHE

DL KA S5 RNA S 5 i e DNA S ASEAR , 1)
A PR B ) A% R N DI 8 Xba TR Spe T 5507 5
Yy o e PR R AT 4 4G 3 A B B A E R FR Dk A5 2]
2000 bp £ i 09 R B (K1), 5 R A
GRMZM2G114793_P01 H iFEH 1) CDS X A K /N
oL, W7 E 8 5 15 2 SERE4A, I 1im 45 pEASY-T-
ZmHSP70~ 12— GFP, ¥4 pEASY- T- ZmHSP70- 12—
GFP 4T Xba 11 Spe 1 XUV 15 5] 5 Fi) A Be A/
—.

ZmHSP70-12

‘ 1992 bp

1992 bp

T A FR ZmHSP70-12 (934, M /1% DL.2000; B 278 XU pEASY—-T-ZmHSP70-12-GFP 3&3iF , M 718 DL15000; 1 36755 Uk, 2 378 3L

321

Note: A, Amplification of ZmHSP70-12; B, Restriction enzyme digestion of pEASY—T-ZmHSP70-12—-GFP; M means DL15000; 1 means plas-

mid, 2 means double digested plasmid.

BE1 ZmHSP70-12EE ¥ 14
Fig.1  Amplification of ZmHSP70—-12 by PCR

22 ERSEBFIIREREST

i & 2-A JE 543 B 2 B, ZmHSP70-12 /& 11 &7
A WA I ELE 3R, NDB &5 F4 3 i i 322 3k 55 SDB .
i% o PRSF Y HSP70 F-IE BT 1(IDLGTTYS, 38—
45aa), 2(VFDLGGGTFDVSIL, 226— 239aa) I 3(IV-

LVGGSTRIPKVQQ, 363-377aa), [7 i} JJl 55 75 19 2
ATP/GTP 45 & 3 55 (AEAYLGKK,, 161~ 168aa) 1, 1
ZmHSP70-1 75 N & B s Fii 12 86 11 BT 8 o 7E
P R, AV T 664—-667aa (19 HDEL L%y P4 5 9
HSP70 HYFFIE (& 2)
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T - AR ZmHSPT0-12 FUSRESH 3 (5 B AR ) 4 3 51 ARDGE R 3 B 678 ZmHSP70-12 LR 791, PRAY 1) HSPT70 22 7 Fil HDEL
P DURUACRT R Ik 1, 252 N—R i ATP RBZE F R C—R IS 45 & 25 R s ek DL AL B 36 €

Note: A, Domain structure of ZmHSP70-12; color coding corresponding to the sequence; B, The amino acid sequence of ZmHSP70-12, the con-

served HSP70 family motif and the HDEL motif are shown in bold and underlined, the linker connecting the N—terminal ATPase domain

and the C~terminal substrate binding domain with magenta.

B2 ZmHSP70-12 R EERF 551
Fig.2  Amino acid sequence analysis of ZmHSP70-12

T ZmHSP70-12 B 2 LW E 9 76 NCBLEE  MEGA 5.0 4T RS kb 4007 (K1 3), S5 R e £
JEHEAT Blastp HEXS &80, KRS RS RN . R R A RIRSERAEAE , ZmHSP70-12 LS
BT REEAMPIE LR FS), BT Clustal XA PAFIFEY) 5 A7 [ AL 5

B3 ZmHSP70-12 5JL#1E4) BiP & B MRIIRE L X &
Fig.3 Phylogenetic analysis of ZmHSP70-12 and other selected plant BiP proteins

2.3 MZHBEEAL PRSI, o 2 28 11 G i TR 5 I 400 i o7 284

W 12 5 ] 4 A5 1) 2R 11 7E Softberry(http:/www. pSuper1300:GFP A 3% 4% , #3 # Super promoter Ji3 5l
softberry.com/berry.phtml), WoLFPSORT (http://wolf- TORZ ™ 20 B 7 24K, 71k GV3010 RFFIA
psort.org/) Wb 1A T A0 L 6 P00, 25 SR ORI 5 BT I A7 3R I8 2k A& HDEL-RFP 2 5 40 2 it
JRMERL, A T B ZmHSPT0-12 R ENAE A, 48 h e A3 R AR B 1 WLEE H A& R A 20k
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15 B0 (1 4), LA pSuper1300::GFP >k Xt B (1) 4 & 21 fitg
Hh T DL A A RN BB rp YA B S A S (8 0 A
7 5 pSuper1300:ZmHSP70—12-GFP [ A W&k (a3
T ALY 30 2% L) S AR A A T L A4 L P s e 3
A SR 2R G54, W) 20 HE W pSuper1300::

HDEL-RFP

A Fluorescence

ZmHSP70-12-GFP

ZmHSP70~12-GFP (@& HAE N KiK. N
T 20 BRI — I P BT R A R 2T 5
T IR AR HDEL-RFP /E X R, % JH 24 P Fh ¢
HENE, E;Imthéisé*ﬁﬁ‘t WEB] ZmHSP70-12 % 1
FENETE N BT, 355 AR A B TR0 i) 235 SR — 3L

re 40pmi

1 A FRXT IR Super1300::GFP; B #8835 20 Super1300:ZmHSP70-12-GF P,
Note: A, Super1300::GFP as control; B, Super1300::ZmHSP70-12-GFP as experimental group
B4 EkSuper1300:ZmHSP70-12-GFP &l & B 7o E = v i I 40 B 7E 4L
Fig.4 Subcellular localization of maize Super1300::ZmHSP70-12-GFP fusion protein in tobacco cells

2.4 EREZEIFEVIHERGTHRIESH
iRl N S o N NS 1 9 R o 20 s s =S4 A
H ZmHSP70—12 JE[F ik 2, RT-qPCR K 45 21 ik
N FEZE RIS e iR TP YRR R IR i A
Rk f R IR(A 5)
W5 S0V A T R (42°C) R K 25 R AR FEAN

(] Fsf () 4 J31) 4 B4 T A e A RNAL S 5
cDNA , il £ RT-qPCR A6 #5 B[] 5 H (19 3L 1) %
K. TEEIR 2 hiN, ZmHSP70- 12 3 ik 5 B i 4
151, 32 e 5 1 e R AR — ELRFEE R 6 hy T 5
REFREAET , ZmHSP70-12 7% 0.5 h i 635 2 B i

iglﬁlo

A C
20 ¢
E0 g g
X 6 f & o
- & 3 S 10 b
z 47 2, °
25t = E 5
[~ r_i‘é 1 g
0 0 0
I = e} 0 2 4 6 0 05 1 3 6
Leaf Steam Root AN 18] (h) MK 8] (h)

Hours of heat treatment(h)

Hours of dehydration treatment(h)

TE: A FTRB LI FGR T s BRI PUMAAF T AYFIE T s C IR UK AR N RIS 3T
Note: A, Expression analysis in different tissues; B, Expression analysis under heat shock conditions; C, Expression analysis under dehydration stress.
5 RT-qPCR#&ill ZmHSP70-12# AR filE T FRIE
Fig.5 RT-qPCR analysis of ZmHSP70-12 expression in different abiotic stress
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3 gEESiTiE

PR 5 D) 5 37 (1) HSP70 X FR S BEBR R 1 45 A 1R
1 (BiP), J& N T M I i =F & 1 o AR =z —,
BiP & % & A NDB i F1 SDB 3 4h , I H H K Im A
PR T P9 A6 () R ik 2 B R )T 51 (HDEL) , Herf SDB 33,
2545 BT AE i K 3R 18 8 BT 8 i ATP AR
PLRIER I EA 12 A, ARWF5E s o & F 4544
Sl AR 53 BT BT 248 i 57 25 R R B, ZmHSP70-
12 H AT REJE T N BT M (LAY BiP £ 1 . BiP £
FERE AL SRR Y & B L R b s A, B =
JHL A3 A M, R A A L PR 7 24 A SR IERA
PUREIT BiP TEMERL A & B L A VR T A% Y
AR MK OsBiP1 1 335 52 31| 7™ F A1 il B R4
AR T o TR RS L A0 I 1) 200 B PN A i LR
R AR T b I B 11 0 o, VE R AR RIS R
W MY SRR I N R BB E
B IR &Rz ) Z B AR T, S B0N
W I, Yang™ & B, OsBiP K29 3 e ik % s
75 T 0 PR JBT DO 7 9, AT 9/ A . R
GmBiP £ [ AE KB ) 2o 23538 1 B 1 P IR AL
o7 355 Wk A ) A U (R 7K 40 5 B B TR 32, I
HAER AP EE BRI 25 -, Wang™ 58 A5
RIN, CaBiP1 (MJTERREAR T SHAROGT A 5T I 1 35 R 24
i TR 321, CaBiP1 TEARLFGIT Fp ()3 26 1A 5
TXHEEAYIE S22 T ZmHSP70-12 55
(1) 223K KT AE K R o T S A4 A e s, 403
FERAEAEAE Y ian T AT Re & FR R E EEAVER, [
IFL T REZ: 5 T PN BT I g 818 s vy il 7

TV R Y 2T & 11 R AL
BRI S5 5 RS PN B I B 38, e —A~
B 7 AU BN AR A Sk LA M AR
& Re I T FMBAE S A 1
() TERA A 2BE ], A B AN R D RESS 1 (M B A TE 0T,
JIt LA HSP70 7E4 7 D BE R 75 ZLAK 8 HSP70 R 48, 1%
R Y5 3 Fh SR MR ) PEAR 4 R, B ATP 3875 719
HSP70(DnaK) . AN H ATP (194 B ££:15 HSP40(Dna))
A BR S T (NEF). 7EMm a0 T, R4 A
HSP70 2Z [a] 4 A0 BLAE FHTE: B HSP40 1Y J 4514 5=
(1929, HSP40s 7E AR A 3 1 2R 1 4 25 1 L By
B B ep K PR I3 2% 2 HSP70, 2R )5 il
HSP70 /) ATPase {f ¥£ , {# ATP 43 f## i{{ ADP, HSP70
SR A E AR, NEF {27E ADP RS, Ff-(8 ATP
TS A PEBE NEF (25, 58 ARV . BiPs
1 Dna) 25 H Z BIAFAEARF R ER JI . Masard™55 A

i 3 e AT vE ISR B, 7K OsPS8A L OsP58B Fll
OsERdj3B 15 5 0sBiP1 #H B /E M , 1fii OsERdj3A ff:
S5 OsBiPSH EAEH . 7340, F i HSP70 31K %
S IGEHE 57 7 (Hsfs) I , IE 8 450 T HSP70 5
Hsfs 45 4, 24 % 2] B 38 i}, HSP70 5 Hsfs 43 5,
HSP70 %15 HIhfE, [A]} Hsfs 55 Hsfs 7 5% 01 (HSE)
4546, JA 3 HSP70 3 PR Y R 52 5% s O R i 6 iR
e,
AR S 1 S E R RT-qPCR A 6B, 1E 3 4%

R 25T g 28 R Ry, 42°C = IR NA 2 h B, gk
i I s 7E T 5R5 T 0.5 h B R IR 5 i R, iiFAR
gE R — Mg 1 oK HSP70 SE i, IR 85 97 &
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