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Prokaryotic expression and purification of the transcription
factor TaNAC14 in wheat (Triticum aestivum)
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Abstract: The transcription factors (TFs) in the NAC family are involved in regulating multiple
biological processes, playing an important role in plant growth, development, and stress
adaptation. Our previous studies have demonstrated that TaNAC14, a member of the NAC
family in wheat (Triticum aestivum L.), positively regulates root growth and development and
enhances the drought tolerance of wheat seedlings. In this study, we analyzed the
physicochemical properties and structure and verified the subcellular localization and
transcriptional activation activity of TaNACI14. The prokaryotic expression vector
pET21a-HMT-TaNAC14 was constructed and transformed into Escherichia coli BL21
CodonPlus (DE3)-RIPL. The conditions for inducing the expression of the recombinant protein
HMT-TaNAC14 were optimized. The solubility of the recombinant protein was analyzed, and
the protein was purified by affinity chromatography on a Ni-nitrilotriacetic acid column. The
results indicated that TaNAC14 had a conserved domain of the NAM family. It was located in
the nucleus and had transcriptional activation activity. The optimal conditions for expression of
the recombinant protein in E. coli were induction with 0.2 mmol/L IPTG for 4 h. The
recombinant protein mainly existed in the soluble form, and the target protein was obtained after
purification. This study lays a foundation for the identification of target genes regulated by
TaNACI14.
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*x1 AWMEFAAR PCRSIH

Table 1 The PCR primers used in this study
Primer name
TaNAC14 (Xbal) F
TaNAC14 (NheI) R
TaNAC14 (NdeT) F
TaNAC14 (EcoR T) R
TaNAK14 (EcoR I) F
TaNAK14 (Xho I) R

Sequence (5'—3")
ctagtctagaATGGAGCACGGCGAGCAGGAGCAG
ctagctagcGTAGCCCCACGGCGCGGGCTC
cgccatatg ATGGAGCACGGCGAGCAGGAGCAG
ccggaattc GTAGCCCCACGGCGCGGGCTC
ccggaattcGAGCACGGCGAGCAGGAGCAG
ccgetcgaGTAGCCCCACGGCGCGGGCTC

Usage
p16318-TaNAC14-GFP vector construction

pGBKT7-TaNAC14 vector construction

pET21a-HMT-TaNAC14 vector construction

The lowercase letters underlined in the primer sequences represent the corresponding restriction enzyme cleavage sites.

B 77364 T o A1 FH Expasy 2 173 i (https://web.
expasy.org/protparam/) Y] ProtParam F& /5 il il
TaNAC14 £ [ /955 H s o+ SF PR PR o
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cgi-bin/npsa_automat.pl?page=npsa_sopma.html)
Tl TaNAC14 () 20454 ; FIF Pfam 7EZE M
vk (http://pfam.xfam.org/) /T TaNAC14 HIfRSF
IhREL ; FH] Phyre 2 76 26 3K £ (http://www.sbg.bio.
ic.ac.uk/phyre2/html/) 17 TaNAC14 = &5H
jEiz
1.2.2 TaNAC14 B9 4RBEE L 53 4F

N T RENE TaNAC14 P47 7 40 5E 137 43
M, 7 T TaNAC14 A 20 i 2 1 354K p16318-
TaNAC14-GFP. 4l p16318-GFP # A& FI
TaNAC14 (4575, Bt It& it & B il i
RN VI Xba IF1 Nhe IJ§IA7 5 A9 5 | H %t
TaNAC14 (XbaI) F/TaNAC14 (NheT) R (3 1)
DLEE 2 ffioki pMD19-T-TaNAC14 Mkt , Fli%
SI%F 1T PCR P73 . PCR S K &R L3 2,
PCR #2724 : 95°C 3 min; 98°C5s, 55°C 5,
72 °C 75 s, 30 MEH ., PCR =¥ 1%3iE
i B e FL UK A D, e el R R B o R BRI
PN I Xba 1 #1 Nhe I 43 51 %t H (1) F B Fn &
KA p16318-GFP A7 UI . L UK A A1)
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Table 2 PCR reaction system for amplifying
TaNAC14 coding region
Reagent Volume
(19)
dNTPs (2.5 mmol/L each) 4.0
Primer pair (10 umol/L) 2.0
Template (100 ng/pL) 0.5
PrimeSTAR HS DNA Polymerase (2.5 U/uL) 0.5
5xPrimeSTAR Buffer (Mg** plus) 10.0
ddH,0 33.0

TaNAC14 TEISSHEN 5 GFP @lh, HE b
FkBUA pl16318-TaNAC14-GFP., KGRI 21k %k
& p16318-TaNAC14-GFP i i 2 [l 46 (Bio-Rad)
Bl EA R AN, LA pl6318-GFP /5 Hy X} IR ;
P AL L TE 1/2 Murashige and Skoog (MS)$%
FEP LT, MOLREEE S 28 °C BH
3648 h, #ALA M GFP. Fi G &E M
TaNAC14-GFP LA K A%k 4',6- — Bk
JE -2- 7K JL w5| W (4',6-diamidino-2-phenylindole,
DAPDH Leica 5% B{#55% DMi8 #1155
1.2.3 TaNAC14 B FRE M

PLIEE4H Foki pMD19-T-TaNAC4 &y PCR £
M, FHO A BREPEAZ IR N VT RGBS V1AL 5 5 1 %8
TaNAC14 (Nde I) F/TaNAC14 (EcoR I) R (% 1)i#
7 PCR, ¥'3 TaNAC14 HI4ifi%)F4)., PCR J
NAARILFR 2, SOV FRIFIE 1.2.20 H 1%30AEHH
HEIE FL VKA I 15 7 1, DIRE el H 9 Bt
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10 mL LB A8 373 (F 50 ng/mL &), 37 °C
PG EE IR o W3 R 35 7 R0 RECTRT AN B 2 3R
KT LA 1:100 A9 EL A 439046 F0 2245 50 pg/mL 2
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R, DAR o B il 175 R AR BT I
1.2.6 EHEEANABFMES IR

s FIRER M H Y E A RES R RIE K
PFATEHARNY KGR, BRRBL ARG,
4°C. 10000 r/min BUCEERA $22HEEK 37 1P
W7 AT A A AT T . HLAR D B
R A 110 RFUR) pH 8.0 AOBERR £5 2% ih £k K
(phosphate buffered saline, PBS)¥% ik (14 25 I
il A0 o) 390 ) B R UE o AR U A S A
(6 mm ZEMEFF, D% 300 W, 3s TAE/6s [HEK,
310 min, EEMS 2 K, BRI FEAEK Lk
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Figure 1
Three-dimensional structure of TaNAC14 protein.
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The structural analysis of TaNAC14 protein. A: The conserved domain of TaNAC14 protein. B:
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WEit F BT AT, S5 R BN, 7EXT R4,
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DNA %4kt DAPI @i (F 2A). XFEMH
TaNAC14-GFP Bl 5 &E A EN T EZ, 5
TaNAC14 £} TF HI4FEFAST

¥ EH B A pGBKT7-TaNAC14 5| ABEH):
I Y2HGold H, I HE S #44:(SD/-Trp) sk ik %

A GFP

35S::GFP

358::TaNAC14-GFP

100 um

DAPI

P (SD/~Trp/—His/—Ade) 55 72 3 47 ik . 45 21
BN, #5H7 pGBKT7-TaNAC14 () EEEE 7% 7] LA
PR SR IE R A K, HIH pGBKTT %
BERVE A AE SD/~Trp K55 A K (Kl 2B), iiE
] TaNAC14 HAG 5 i % .

2.3 TaNAC14 EHERRIEH K pET21a-

HMT-TaNAC14 B9#9%E
358 M B AA pMD19-T-TaNAC14 | PCR

PHafS IR H R E A BL(1 062 bp) MKk Z
& pET21a JFi ki Xba IF1 Nhe LEATEEYT, 4%
¥ B R B S EETEE; 25 AL

Bright field Merge

100 um

100 um |58

SD/-Trp—His—-Ade

0.6 10 102107 104 107

2 TaNAC14 B 4RREE L 54 RFUE B S

Figure 2 Subcellular localization and transcriptional activity assay of TaNAC14. A: Subcellular localization
of TaNACI14 in onion epidermal cells. 35S::GFP: p16318-GFP vector control; 35S::TaNAC14-GFP: The
recombinant expression vector (pl6318-TaNAC14-GFP) of fusion protein TaNAC14-GFP; DAPI: A blue
fluorescent DNA dye used to indicate nuclear regions. B: Transcriptional activity assay of TaNACI14.
pGBKT7: Empty vector (negative control); pGBKT7-TaNAC14: The recombinant vector carrying TaNAC14;
0.6, 1071, 1072, 107, 0 and 107°: Six different dilution levels of yeast colony; SD/=Trp: Trp-deficient
synthetic medium; SD/—Trp/—His/—Ade: Trp-, Ade-, and His-deficient synthetic medium.
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LR BFF I DHSa, HRECEREA 7% 61T PCR %2
(Bl 3A). X 26 5 3] %) B 4 o oA 488 B e 1 A 7 i
LS 37 DRI @ Rl B TN o3 R
25 5 000 bp M pET21a-HMT Z 4K H 4 F12y
1060 bp B H KA B 3B). X B4 F ik ik
JRLHE— 2 434, 5 R R B Rk aA
pET21a-HMT-TaNAC14 55 Fi A HE 1E#f
2.4 EYHEH TaNACI4 RiEEHMKL
FHAY 47 i) H 20 R I A Bk pET21a-
HMT-TaNAC14 ¥4t K FF 7 BL21 CodonPlus

(DE3)-RIPL Wbk, [FEFLAZS #ifK pET21a-HMT
&:4F, BL21 CodonPlus (DE3)-RIPL B #EAE K%t
FFE X HE . BRI PCR S Ji5 43 01 B PH 2 B e
PR, B, WEARWKE IPTG (0. 0.2,
0.4. 0.6, 0.8, 1.0 mmol/L), 28 °C#%F 6 h; 7E
PG RIKGREHH SDS-PAGE #: A [H]
IPTG W5 T4 F A& 1 TaNAC14 3%
k. 45RER, IPTG WEAE 0.2-1.0 mmol/L
JEEIANIE, FAHEA TaNACLI4 BIRKREIFR
BERINE 4A). FREULKE IPTG F]Tif

A B

bp bp M 1 2 3 4

2000 5000

1500

1 000 750

500
750

3 ELEFRILFH K pET21a-HMT-TaNAC14 FU L& E

Figure 3 Identification of recombinant expression vector pET21a-HMT-TaNAC14. A: Identification of
pET21a-HMT-TaNAC14 by colony-PCR. Lane 1-5: PCR product of different single colony. B: Identification
using ECOR I and Xho I digestion. Lane 1: Recombinant plasmid pET21a-HMT-TaNAC14; Lane 2—4: EcoR 1
and Xho I double digestion of pET21a-HMT-TaNAC14. M: 250 bp DNA ladder.

4 TREFSEHTEHEER TaNACI4 FKIEERA SDS-PAGE 717

Figure 4 SDS-PAGE analysis of the expression of recombinant protein HMT-TaNAC14 under different
induction conditions. A: Recombinant protein TaNAC14 in different IPTG concentration (28 °C, 6 h). M:
Protein marker; Lane 1 and 2: Un-induced and induced (0.2 mmol/L IPTG) E. coli strain containing empty
plasmid pET21a, respectively; Lane 3—8: E. coli strain containing pET21a-HMT-TaNAC14 induced by IPTG
at 0, 0.2, 0.4, 0.6, 0.8 and 1.0 mmol/L, respectively. B: Recombinant protein TaNAC14 in different time
(28 °C, 0.2 mmol/L of IPTG). Lane 1 and 2: Un-induced and induced (0.2 mmol/L IPTG) E. coli strain
containing empty plasmid pET21a, respectively; Lane 3—8: E. coli strain containing pET21a-HMT-TaNAC14
induced 0, 2, 4, 6, 8, 10 h, respectively. The arrows indicate the target protein.
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FEFEZMEEEHNERD, Wik, fiEh
SEAEAFTEEN IPTG FERWEN
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e E R R A S R KM, A
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AT PR XAAAE T B3 (F 5). M A
1S W 2B 440 )5 #5417 SDS-PAGE il
SR RUIA B —0) B R DA (K5). X R
AR AL RAT Y B & A o] A TR e
5T o
3 it

Zf NAC TF 2 5REA R A Y27l 7 1Y
A3 F AL 02 8 i B o LR T A SOE R
NACl ZARKZENHFIFREEFERRES

MM & B 1 3R35 AINACL U238 it

AR A% AtNACT J# 35 AtSCR/SCHR
AR FE SRR I F ACTPL Z 41 i J5 34
WHEMAKKE CYCD6.1 W1, WA AW
AtNAC1-AtSCR/SCHR-AtTPL VI Hih 5%
AT FE R ERR A R T2 AINACO56 Bi%ES
IR AL LR NIAL B3 sh F45 4, il iR
HAFS LRI Rk e UEAR R 1 R K

&: 010-64807509

LIEIT AINACO16 il AINAP 3 1 71845 ABA
55 R P R4 278 FHK
i OsSNAC2 Xf4rBE . ZEFFHLAN . JFAE I A 4y
i HAE B ; OsNAC2 i % ik vl i it i
OsKO2 IR OsEATB i GA {55145, i
M-SR, OsNAC2 i ] o 2
5 ABA WG LN NCED 1 ABA 8'-¥2 1L fifi
JEP OsABA8ox1 155 ABA /i F g,
OsNAC127 il OsNAC129 ] DL 75432 41 i) B i
iz 38 [ 3K OsMST6 Filb iz i 55 [ OSSWEET4,
i 3 T S IR R AR K R AR SR YL K
i OsSNACS Fll OSNAC6 AEfZ 7% OsLEA3 J:[H
1) 22 T ol 1A PR R AP B 1 B s i o, 4R R K R
HEAAR A= Wit (o e 1155 KR Z A4~ NAC i
3o TE I 1 I A P 3 4 4 (reactive oxygen
species, ROS) At B S il w18 i A Wy s S 1™
kDa M 1 2 3 ‘ 4 i
180
70

40

SDS-PAGE % #f
Figure 5

of the
purification of recombinant protein TaNAC14 by
SDS-PAGE. M: Protein marker; Lane 1 and 2:
Un-induced and induced (0.2 mmol/L IPTG) E. coli

Analysis solubility and

strain containing recombinant plasmid
pET21a-HMT-TaNAC14, respectively; Lane 3 and 4:
Precipitation and supernatant of induced E. coli
strain containing recombinant plasmid
pET21a-HMT-TaNAC14 after ultrasonic lysis,
respectively; Lane 5: Recombinant protein
TaNAC14 purified by Ni-NTA agarose affinity
chromatography; the arrow indicates the target
protein.
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AR fe i 7E/NZ TP 2 E R LS miR164
B ST NAC TF %4 i 5t (TaNACL .
TaNAC11 i1 TaNAC14); /N 5 L R i3 kW 5%
F W] miR164-TaNAC14 HEHEFE LN AR & B M
it 52 i R, tae-miR164 1 F ki /NAZ 4
HRMAERKET . B 20k, wm
TaNAC14 &b ikt /N2 B i A K R B 9T
3l /N i SR A R T HR, RN
N TaNAC14 7% 5% S5 MPEE 2R 11 K F B4 LA K G
I R 4 O A B R ) R HEAR AR K L T SR
T 55 1 S ) R R AF Y o X 4 ) R ) BF 9 A —
EFEE AR T 315 TaNAC14 . H TEE
SRR B R G EAE R R, HAMRE I RIBERE
o, HE AL R T REAF 5T K B bR 8 R %
AR H AR RN Iz R R AR X TaNAC14
B K TN 25 K 2 B Sk RS 38 3 K
PEN—0.474, NEKEH,; EALH TR
TaNAC14 %4 NAM FHR A5 AR 5725 6 3
J& NAC BZE 5 (K 1); TaNAC14 #3141 i
TE L5 BT 2 R R W HE O A AL (K 2A), X
Se kAT A TF BARIE o ifF— 20 B PR 4
SR TaNAC14 2 B A 5 S 300 16 1
(1 2B). J T BEARAR ] ¥ 1) TaNAC14 & 1
T TaNAC14 AL AN EAE S (I 4E 1
5T, ABFFE LSS 5 RIS 454HT His FR25F1 MBP
(AR PR AR IR IR pET21a-HMT Ny
B, fE T 7E TaNAC14 (¥ N-Jifil4 His-MBP-
F B 2H 3R A 1 R 3A pET21a-HMT-TaNAC14;
B 5 AN KT # RIS W Bk BL21 CodonPlus
(DE3)-RIPL. XJHAWEH HMWEMFHFREZK
PFAPTG 15 3 Vi B2 FiZs SR A T T IR AL
Ak, B AL RGBS RIA SN 0.2 mmol/L
f IPTG 55 4 h (K 4A. 4B). JEEFREEAK
ATt 45 R B EAHE T HMT-TaNAC14
AR EPESE s A His60 Ni Surperflow Resin

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

FERE T BRI 4y & aidl, A5 TR m 4
I H MR, NFS: TaNACL4 & FRESUAR)
il % . i EERCIE RS 525 (electrophoretic mobility
shift assay, EMSA)ffii BE %5 i TaNAC 14 (1) 5
FLH LA K Pull-Down 5256 % 5 TaNAC14 (1)
HAEE P EME S E T AR

4 Hik

JNAZ TF TaNACl14 EHE THRKEA,
TaNAC14 HA NAM ZGRF IS5, 7
TN, HHEAREEEEE., BAEA
HMT-TaNAC14 7 KIHFF IR H il 15 3 3R 18 4%
4} 0.2 mmol/L IPTG 5% 4 h, HAHEM HW]
VSRR A ST R T A X 4 8 T o
Balifk, AR TESAENENEA.
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