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Abstract: The nitrate transporter (NRT) and ammonium transporter (AMT) are crucial
transmembrane proteins involved in the absorption, transport, and distribution of inorganic
nitrogen in wheat. Obtaining NRT/AMT and preparing corresponding antibodies are conducive
to probing into their tissue localization and comprehending the nitrogen utilization process in
wheat. In this study, four genes (TaNPF4.5, TaNPF8.3, TaNRT3.1, TaAMT1.2) with high
expression levels were chosen and cloned from 405 genes of the TaNRT/TaNPF family and 23
genes of the TaAAMT family identified previously. The transmembrane domains of the four
transporters were predicted by HMMER to determine the putative expression segments,
followed by prokaryotic expression and purification. Under the induction with 1 mmol/L IPTG
at 37 °C, the non-transmembrane segments of TaNPF4.5, TaNPF8.3, and TaNRT3.1 reached the
highest expression levels (as inclusion bodies) after 4 h, while TaAMT1.2 was expressed at the
highest level (as a soluble protein) after 3 h. TaNPF4.5, TaNPF8.3, and TaNRT3.1 were purified
by a pH gradient. The purity of TaNPF4.5 and TaNPF8.3 reached about 87% and 85% at pH 2.0
and pH 3.0, respectively, both of which were suitable for antibody preparation. However, the
purity of TaNRT3.1 did not reach 85%. TaAMT1.2 was purified by an imidazole gradient,
reaching the purity of about 95% at 20 mmol/L imidazole, and the antibody was prepared
successfully. The expression, purification, and antibody preparation of TaAMT1.2 not only
provides insights into the expression, purification, and antibody preparation of membrane
proteins including TaNPF4.5 and TaNPF8.3 but also lays a foundation for studying the
expression and localization of membrane proteins in wheat.

Keywords: nitrate transporter; ammonium transporter; prokaryotic expression; protein
purification
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NRT) I B s R M (ammonium transporter,
AMT)Z 5 THLA MWL . s F i,

INEBRZHREEEA, 0N
3G, IR E N VI s ENAK
W [nitrate transporter 1 (NRT1)/peptide transporter
(PTR) family, NPF]. fHBRLL4% iz 5 2 (nitrate
transporter 2, NRT2) ., fif{ig £k [7]{bAH G 2 (nitrate
assimilation related 2, NAR2)!"'"'?) | Hif NPF ¥
A[ 434 NPF1-NPF8 i} 8 W5k, 1l
MJFH, AINRT2 5 AtNRT3 MR HER T
AINRT2.7 SR FR R, 5K NOs -N
Fme Y, Hid AtNRT3 J& AtNRT2 FUFEEE A,
ANRT3.1 ] DUEHE AINRT2.1 (552 6 1),
AINPF1 EN TR E Pk MU AINPF2
AtNPF3 . AtNPF5 73 THIRITAR R . i,
1624 R AE 22 253 78 AtNPF4 . AENPFG6 |
ANPF8 Z {7 TAR RN, Fi/N e 5] 23 4~
AMT 5L, HOCTHEAN 5328 5 8 A i B 48
b BIEITHYEES] 6 1~ AMTs, Hrft AtAMTI.1-
AtAMTL.5 J&F AMT1 W%, AtAMT2.1 J& T
AMT2 W5EPY ., MR 28 5 e 25 R Wi 2
BRI T AMTL.1, AMT1.2 il AMT2.1, 1£3X
Wit a iR, MY AET AMTL.L Fl AMT1.2
REAL IR L2 70%HY NH, N1,

HiT, #mIF NRT Fl AMT [195E S fEh g
CABEZUTE, [HAE/NE AT LR
B /N F NRT . AMT (I ZLENE, ST
B /N2 I CHL AR R i OG22, A HTH
SEPEPUATE R S 20 4k 52 3 2 H B 2 kA T
HLEMHFE R 7, B B kA
/N NRT . AMT Hifdc, PR/ s BR il T %t
AN 0| - = v N T O 1 B 2 T
F RN ZE AR SR P 25 8, ANl
HE/NE R IL S SE R T 405 4~ TaNRT/TaNPF % [
23 4> TaAMT LR . ik, ABF5R0 E Jeit
eGSR AR N, B AR

&: 010-64807509

A FREOT H F US4 B9 NRT, AMT &, M
T Fp ik — 298 NRT . AMT B9 28 {37 Fl ) g 24 8
JLAl

1 MRETE

1.1 ERFEAE

KW A E Ak DH5a. Roestta, JR% KA
K pET-32a ¥ i AL 30 % R A7 .
1.2 BUFRIL TaNRT & TaAMT EE K5 iE

PR LT ERL R IR TaNRT 5 TaAMT
L, 8% (https://www.wheatproteome.
org/) A Sy /N AR A S H =AU A
Bl EP I 4 TaNRT 5 TaAMT SR, X/
AR LR B E O A~ e e B ) B T L Ak
B TR B Be A (fragments per kilobase of exon
model per million mapped fragments, FPKM)>5
PR AT 481504, FPKM {HER log,(FPKM+
0.125))5 , T R E AT RIB R . EIERIR
KA TaNRT 5 TaAMT #EfT7afE 521k
1.3 qRT-PCR &iEffiEEE

Xif 0 % B R F 4T qRT-PCR B8 4iE, i
RNEO5 M H A RNA HEBOR ) & G I3k
PR A PR "SR B R 22 2708 25 L B
FERLRY RNA, F|H Hiscriptlllst Strand ¢cDNA
Synthesis Kit (i MEHE A P H R A R\ #H
RNA j¥i%% 5% ¢cDNA %11 qRT-PCR 51#)(5& 1),
{4 F§ MonAmp™ SYBR Green qPCR Mix (L4
AR BR A R I3 AT /N . 25
B FPRIA 42 qRT-PCR KiiE . /NEH
22 M, B KPR cDNA ZERNRESIE, UG
7 QRT-PCR K 3E . qRT-PCR JZ W FLF : 95 °CTHl
P 30 5395 °CAEE 10's, 62 °CiE K 105, 72 °C
FEA 30 s, 40 PMEF
1.4 BHYEFE 18 F0 5 pE R H 12

M NCBI #45/N#% TaNPF4.5 (GenBank % 5%
51 XP_ 044457092.1), TaNPF8.3 (GenBank %575
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%1 qRT-PCR 3|¥1F7%

Table 1 qRT-PCR primer sequences

Primer name Primer sequence (5'—3) Annealing temperature (°C)
qTaNPF4.5-F AGCAGCAACCTACAAGCAGT 61.2
qTaNPF4.5-R TGGAAGCTCTCACTCCTCCA 60.8
(qTaNPF8.3-F ATTCCTTCTCCCTCCCCGAA 60.5
qTaNPF8.3-R GCTGGGATACTCTGCTCGGA 60.3
qTaNRT3.1-F CCCCCAGCTCTTCTCTTGC 60.2
qTaNRT3.1-R TCACCGGCAGCTTGGAGA 60.8
qTaAMT1.2-F GCTCGTTCCTCACCATCCTC 61.0
qTaAMT1.2-R GTTGCAGACGTCCAGCAC 60.3
ATPase-F CGAGGCCACCAATGACG 60.5
ATPase-R AGTATGGTTTCAAGAAGGCGTC 61.3

KAF6995185.1) . TaNRT3.1 (GenBank % % %5 :
XP 044409420.1) . TaAMT1.2 (GenBank % %%
XP_044413215.D)ZEHF, 4] RNEO5 ik
HAEY) RNA $EHGLR G i | 22 27 et
RNA, | Hiscriptll1st Strand cDNA Synthesis
Kit $ i RNA 5% 58 8 ¢cDNA, LU cDNA
A, R ERE S 19 (3R 2), H Phanta
Max Super-Fidelity DNA Polymerase (iME# 4=
Y R A BRA 7)#EFT PCR §74 . PCR #7482
ML : 95 °CHiZS Pk 3 min; 95 °CZ8YE 15 s,

Bk 15 s GRAKREILER 2), 72 °CHEff 1 min
20 5,35 MG IR o FH B i W e e [l Ac it ) 6 (OR
M AE AL R AT BR2S " alifby3a 7=y, 8 T 2
i, At DHSo JRZ A0, 37 °CfEl B R
T o i 1 BH M v e 6 A T AR W T AR (B TR B O A7

%2 TaNRT 5 TaAMT 45 Z M= &S|

Table 2 TaNRT and TaAMT specific cloning primers

BELZA w0 2 2
1.5 TaNRT #1 TaAMT £+

TaNRT . TaAMT J& T IRE R, HEREX
WG IN T HE R IR R MER . A HMMER Xt
TaNPF4.5 . TaNPF8.3 . TaNRT3.1 . TaAMTI.2
PN B B DI AR Xk, RS P X3k
13 B T
1.6 FEERRX TaNRT 1 TaAMT HR S
5 5 M TN

{#i F| DNAStar-Protean 4, 4 5l % H
Jameson-Wolf 7. Emini 7%, Kyte-Doolittle 35
] NPF4.5. NPF8.3, NRT3.1 Fl AMT1.2 |5
X B P A BT . SR ] Rt SR . ik
il 28 B AR X B 2 LR 7 9 A /N 22 B 1 v it A 7
BLAST 43#r , 241 L 208 11 ) RIS e Sk

Primer name Primer sequences (5'—3’)

Annealing temperature (°C)

TaNPF4.5-F ACAAGCAGTGCAGAATCTGCTA 56.0
TaNPF4.5-R TAGTTTGGTCGTGTATCATCATCTA 55.5
TaNPF8.3-F GGAAGGTGAGGTGAGAGAGAGTCG 60.2
TaNPF8.3-R CTGTTCCAAAGGCACCTTTTATATT 60.8
TaNRT3.1-F CTCTTGCCTTGTCCGATCGA 60.9
TaNRT3.1-R TCATTCGTAGTCATTACACGCTCA 60.3
TaAMTL1.2-F CCTATCAGACACTGCACCTGTCA 60.1
TaAMT1.2-R CCGAGGTGTATGAAATACGTGTATC 60.1

http://journals.im.ac.cn/cjben
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1.7 3dEFEREX TaNRT 1 TaAMT [Ri%FRiE
3R A ES

DI 1ERf TaNPFA.5, TaNPF8.3, TaNRT3.1,
TaAMTL.2 FRA AR, i Joas rilEs 193k 3),
PR X B NT-TaNPF4.5. NT-TaNPF8.3.
NT-TaNRT3.1, NT-TaAMT1.2, PCR 4" I4#)F .
95 °CHIZZ 1 30 55 95 °CAE M 155, 1Bk 15s GB
KR BEE WA 3), 72 °CHEfH 1 min 20 s, 35 PMEH
FIH Hind 1, Kpn LiE{k pET-32a ks, A3

EREGERS Ak R e et Bk, i ClonExpress

One Step Cloning Kit (i MEREA W)+ R A BRA
Al pET-32a B2k {A, 4k DHSa, 0k
PP v 3 - 51T DNA I 4522 - $2 3L pET-32a
A TR A% 1L Rosetta B8 Bk, PREUH 74 2R 5
FFPF 5 mL LB AR F£E[% 1 mmol/L &%
Eé-jzr?'é%(carbenicillin, Car). 34 pg/mL AER
(chloramphenicol, Cm)], 37 °C. 220 r/min }5%#
TR, KRR E R T80 °C.
1.8 3EFEFEX TaNRT #1 TaAMT JR#% Rk

¥4 NT-TaNPF4.5, NT-TaNPF8.3. NT-
TaNRT3.1, NT-TaAMTL.2 JFi ki Y Rosetta B&FhiiG
1k, BEA 200 mL 5 50 ug/mL Car, 34 pg/mL Cm
) LB #5555, 37 °C. 220 r/min 5535 % ODgo
B2 0.6 B, I AZHRE 1 mmol/L IPTG, 37 °C.
220 r/min P2FGE, A/NREE | mL HEFRRAHE
A TEIARFIA 100 pL 247 (50 mmol/L NaH,PO,,
300 mmol/L NaCl, 10 mmol/L imidazole, 0.05%

%= 3 JEEREX TaNRT 5 TaAMT L4855 FE5|4)

Triton X-100, 100 pg/mL PMSF, pH 8.0), 25 uL
5xSDS loading buffer &5 & W A8 . IR 4
IR WA, S AMA 10 mL 2R R
VE, IR RS A3 B I SUTEE, A SDS
loading buffer &M . AL E1T SDS-PAGE HL
UK, RDELG R IR R RIBRE
1.9 FEFEREX TaNRT # TaAMT A& EH
iy

37 °C. 1 mmol/L IPTG. 220 r/min %
NT-TaNPF4.5, NT-TaNPF8.3 . NT-TaNRT3.1 ik
4h, NT-TaAMT1.2 ik 3 h, WEmk. f g
A 10 mL 22 UiTE, RFiH TRk
IR A AR

B RIS NT-TaAMT1.2 Bk HY & %
e s B, B FIES A 1 mL 50% Ni-NTA,
4 °CENSIRG LI 2.5 ho HIAT R BEME R 1
PEE A (50 mmol/L NaH,PO,4, 300 mmol/L NaCl,
imidazole, pH 8.0)1E47 Pk M - Ut 5 e I 4%

g1 w8 0 i 4 K 38 NT-TaNPF4.5 |
NT-TaNPF8.3 . NT-TaNRT3.1 [ ¥ (1) 5 B8k i 5
DiPE, HET 5 mL AHAEMFR (100 mmol/L
NaH,PO,4, 10 mmol/L Tris-HCI, 8 mol/L urea,
pH 8.0)4, FiR$+E 60 min, 10 000xg E.0»
30 min, B F3#%, LA 1 mL 50% Ni-NTA, 7E% 76
R ST 60 mino ML [E] pH A% B2 A DER
W (100 mmol/L NaH,PO,4, 10 mmol/L Tris-HCI,
8 mmol/L JR %) #EA TV I W B DM K o

Table 3 TaNRT and TaAMT are seamless cloning primers for non-transmembrane segments

Primer name Primer sequences (5'—3')

Annealing temperature (°C)

NT-TaNPF4.5-F

GACAGCCCAGATCTGGGTACCCCCTGCAGTCCCACTGGC 61.5

NT-TaNPF4.5-R  CTCGAGTGCGGCCGCAAGCTTTTATCAGGCCGTGTCGAACTG 61.0

NT-TaNPF8.3-F

GACAGCCCAGATCTGGGTACCTACAGGGTTCAACTTCCTACTGGAAG 62.6

NT-TaNPF8.3-R  CTCGAGTGCGGCCGCAAGCTTTTATCACTCCACCTGAGTTACTGTGC 61.9

NT-TaNRT3.1-F GACAGCCCAGATCTGGGTACCGCCTCCCCCAGTCCCG 61.1
NT-TaNRT3.1-R  CTCGAGTGCGGCCGCAAGCTTTTATCAGACGTTGAAGGCGGAG 62.0
NT-TaAMT1.2-F GACAGCCCAGATCTGGGTACCCGCATCTCCGCCGAGG 61.1
NT-TaAMT1.2-R  CTCGAGTGCGGCCGCAAGCTTTTATCAGACCGAGCTGCTCGG 62.8

&: 010-64807509
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1.10 NT-TaAMT1.2 HuiF4€:0

AR 4341 B B A R A BR A e
PR DU 4 45 o 38 AT G 5 BB IS B0 E NT-
TaAMT1-2 HrifRe 5tk . BURZRFES NEZAR 0.1 g,
JIMA 200 pL 2xSDS loading buffer &%) 2 i A8
PE, BLDBCEIER B B T, B 10 pL AR A
H 1T SDS-PAGE, HLUKZEHIG, 4r Bt R
I — 9 £ M B (polyvinylidene fluoride membrane,
PVDF), 5%JBAE Wik 4 °Cit 4] .NT-TaAMT1.2
—$t 1:1 000 I E 1 h, TBST (20 mmol/L
Tris-HCI, 150 mmol/L NaCl, 0.5 mL Tween-20,
pH 7.4)%E PVDF fi 3 X , 5K 10 min,HRP Goat
Anti-Rabbit 1gG (% 28 50 A=W+ R A BRA )
B 1:20 000 FEMFF 1 h, TBST % PVDF Ji&
3K, BHR 10 min, W2 FARICESLIZE R

2 EREM

2.1 TFIEEKFERIER TaNRT 1 TaAMT
&

TaNRT 5 TaAMT 1£25 NO; -N 5 NH,'-N
Mz iz B ATE/ N E S A h Rk & 5 H IR
XN o PEHERIA T KA TaNRT 5 TaAMT £
WRIEWPURED, A RETE 5 ZLa 58 A 3]
HAE /N R oA SAHLUENL, PRUET & bt
RTE N A h AT 2 PR A . A 4%
BB £ (https://www.wheatproteome.org/) H % 5
| 117 4> TaNRT/TaNPF K F K, £ FPKM>5
5L DR A 7 25 S 3R IR A i o I 5080 e 43 B
/N, TaNRT/TaNPF 7E/N 2R [R 4488 B hkik
fEfE2E S, MARKKERRA, HRRZE, i
HhR ik =R, ﬁﬁ*&%ﬁlﬂ%@.gwé@%lﬁ
TaNRT3.1 (IWGSC & 3¢ %5 : TraesCS6B01G2
38700.1), ZEHrEiFarE M TaNPF4.5 (IWGSC
k'S TraesCS2A01G264500.1)HEAT A% FR ik
(B 1A). = AREE SR 7 b % e 5] 405 A4

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

TaNRT/TaNPF ZKGIE . 23 4~ AMT Kk

PEPE FPKM>5 By LR 17 Rk a3t o
ﬁa TaNRT/TaNPF Z %4k R ik 1 e ki
TaNPF8.3 (IWGSC %35 : TraesCS1A02G197
600), TaAMT Z 5 Hh 3Rk fe e K1) TaAAMTL.2
(IWGSC %55 TraesCS6B02G254800) 47 )5t
¥Rk (K 1B).
2.2 &3k TaNRT 1 TaAMT EERIRIES
R

SR e B EF T qQRT-PCR K:4iF, 455 anf& 2
Jii7R, TaNPF4.5 7EZEFFh ik SR, TaAMT1.2,
TaNRT3.1 7EMR AR R, TaNPF8.3 7125, I,
FrPFOARROR(E 2A), /NEMR . 25, 1 B
FHi cDNA SR 5] J5 17 qRT-PCR, Z5R i
7N TaNPF8.3 ikt fix i (K] 2B). qRT-PCR %%
5 =R SR P —3
2.3 FREURIE TaNRT #1 TaAMT EF

it FH A 5 iﬁ&:ﬁl% PLEZAE 27 F
cDNA N, JE47 PCR 73, P2 1%
byl ﬁ@%ﬂxﬁﬁ/ﬂ(%ﬁhm G343 RN
J7: 1800, 1950, 850 F1 1600 bp () 4 5547, 5
TaNPF4.5. TaNPF8.3. TaNRT3.1, TaAMTL.2 H
TR/ N—2 (& 3), HIM P RS IE P —3,
2.4 IEBY TaNRT #1 TaAMT RU15RIAIETE

EXEL
%} TaNPF4.5 . TaNPF8.3 . TaNRT3.1 &

TaAMT1.2 B IEIX BEHA 704 & L. TaNPF4.5 4
FEANX B 6 4, BENIXEE 74, BRRXE: 12 14
TaNPF8.3 A BAMNX B: 6 4, BENIXE 74, 5
JEIX B 12 4; TaNRT3.1 A EAMX B 1 4>,
WIXEE 1A, BEEXEE 145 TaAMT1.2 A 54
XE 61, BENIXE: 6 4, BEREIX B 11 (& 4,

£ 4, WEAEBX B KES, AT

JFA% L, HEH TaNRT 5 TaAMT B A1 B
FEE N DX B R AT IR A% 3R 5K o S PR IE IS 2 A8 B A



F—R F | NERNEREZEARRRESHELER 3801

BFHT s B B m b s tE . EECEA 50 &
DL b R Ak 5L H G A M T 28 DX iy e 5 i IXC
B A7 R #6315 . TaNPF4.5 {EH aal21-170 i
HMXBE (K 4A) . TaNPF8.3 HEHL aa240-330 A
X B (K 4B), TaNRT3.1 #£H aa40—160 JE4h X
BX (& 4C), TaAMTI1.2 HEHL aad440-503 JEARX

Bt (E 4D)ik A7 )i A% ik

A | | TraesCS2A01G264500.1 ]
racs Z L

TaNPF4.5 == I TracsCS2B01G277600.1
TraesCS7B01G262200.1

TaNPF4.6 TraesCS7D01G357300. 1
TraesCS7B01G262200.1
TraesCS7D01G357300.1

B D TraesCS1A01G210900.1
B TraesCS1A01G211000.1

TaNPF6.3 =--- TraesCS1B01G224900.1
== TracsCS1B01G225000.1
----- TraesCS1D01G214200.1
T N B TracsCS4B01G375800.1
] TracsCS7A01G301700.1
TraesCS7B01G201900.1

E TraesCS5A01G409600.1
TaNPF6.4 [ TraesCS5B01G414000.3
Il TracsCS5D01G419200.2
TaNPF6.5 00 TraesCS7D01G297000.1

B TracsCS6A01G030700.1
B TraesCS6A01G030800.1
B TracsCS6A01G031100.1
I TracsCS6A01G031200.1
N TraesCS6B01G044000.1
P TraesCS6B01G044100.1
B TraesCS6B01G044200.1
B TracsCS6B01G044300.1
P TraesCS6D01G035600.1
B TraesCS6D01G035700.1
B TraesCS6D01G035800.1
B TracsCS6A01G030900.1

[ TraesCS2D01G259400.2
[ ] TracsCS7A01G365100.1

----- TraesCS4A01G367300.1
] TracsCSSD01G506100.1

- P TraesCS6A01G209900.1
[ ] TraesCS6A01G210000.1
- TraesCS6B01G238700.1 |
TraesCS6B01G238800.1
B TraesCS6DO01G193100.1

T TraesCS6D01G193200.1
BN DB TracsCS6D01G193200.2

& & N
& ‘\)Q‘b- on\. %le- %@&

G

TaNRT3.1

1 TaNRT/TaNPF 5 TaAMT RiEEERIE S
Expression analysis of TaNRT/TaNPF and TaAMT gene families. A: Data from online databases.

Figure 1

2.5 FEEXZRAmMEMNRFFME ST
[ Protean #{4:/3#r TaNRT 5 TaAMT

AP 5 RS DX A B D vk L SRR R M RN SRR K M

NT-NPF4.5 NT-NPF8.3 NT-NRT3.1 1 NT-AMT1.2
FIBTIEE | e al B v AR K (R S) R R R TF
B 2% 2 seREHUA A ZBEIE & U (glutamine
synthetase, GS)[m] “T_if§ 22 ik Jp 91 (0 T 1 . i

B

2.0 [ TraesCS4A02G283900 5%
60 © TaNPF2.11 I TraesCS4B02G029600 5'0 o
T I TraesCS4D02G026800 ol
40 S TaNPF3.1 [l TracsCS7B02G113600 [ 4.5
20 = TraesCS2A02G565600 | 4.0 >
5 [ TraesCS2D02G583400 3.5 Al
00 £ TraesCS3A02G382200 | 3.0 =
-2.0 5 TaNPF5.10 TraesCS3A02G382700 2.5 &b
ap 2 I TraesCS3B02G414800 Ml 5 ) <

TraesCS3B02G414900

. TracsCS3D02G375800

TaNPF5.2 B TraesCS1B02G168100

TaNPF6.2 [l TraesCS1A02G031300

TracsCS7A02G301700

TaNPF6.3 s TraesCS7B02G201900
TaNPE7.3 I TraesCSU02G130200

TaNPFS.1 I TraesCS3B02G424700

TraesCS3A02G392800

TaNPF8.2  TraesCS3B02G069100

B TraesCS1A02G197600 |

TracsCSIA02G197700
TraesCS1B02G212200
I TraesCS1B02G212400
TraesCS1D02G201100
1 TraesCS2D02G182900
- TraesCS4A02G076100
TraesCS4A02G262700
TraesCS4B02G052200
B TraesCS4B02G231700
TraesCS4D02G052400
B TraesCS4D02G233000
B TraesCS7D02G378300
TaNPF8.5 [l TraesCS2A02G007500

B TracsCS2A02G365000

TaAMTI1.1 [ TraesCS2B02G383600
I TraesCS2D02G362900
TraesCS6A02G226800
TraesCS6B02G254800 |
TracsCS6D02G208200
B TraesCS1A02G295300
B TraesCS1D02G296600

TaNPF8.3

TaAMT1.2|

TaAMT2.1

B: Data from third-generation transcriptome sequencing.
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Figure 2 The expression characteristics of target gene were determined by qRT-PCR A: qRT-PCR detection
of target genes in different tissues of wheat. B: qRT-PCR detection of target genes in mixed samples of

different tissues of wheat.
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Figure 3 Amplification of target genes. Lane 1:
TaNPF4.5; Lane 2: TaNPF8.3; Lane 3: TaNRT3.1;
Lane 4: TaAMT1.2. M stands for DL2000 DNA
Marker. Arrows: Target genes.

A Je ME AR K PERY A ST o NPF4.5  NPF8.3
NRT3.1 Fl AMT1.2 4 #5 B X B i il 5 25 1 R e
Jer e i T A B AR A 2

fli i NT-TaAMT1.2 . NT-TaNPF8.3, NT-
TaNRT3.1 Al NT-TaNPF4.5 ) & L FR [X Be At NCBI
INEBARIEF BT BLAST 4347, NT-TaAMTI.2
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FeXHF] 4 4~ TaAMT1.2,
TaAMTIL.1, [AIJEE 68%.
NT-TaNPF4.5 X} E] 13 /> TaNPF4.5, Hrp
[ J5 P 98%—100% H A5 4 4~ HH AW
TaNPF4.5, 10 /> TaNPF4.6. 3 /|~ TaNPF8.5 FlI
35 > TaNPF8.3 [ [ml I METE 34% % 68%Z 1A,
NT-NPF8.3 FtXf#| 40 4~ TaNPF8.3, Ak
PERT 96%1 HA 645 H5HARK TaNPF8.3,
4 4~ TaNPF8.5.6 /|~ TaNPF8.1 2 9 /> TaNPF8.2
HFEJETE/NT 50%., NT-TaNRT3.1 HxfE] 7 4
TaNRT3.1 (TaNAR2.1). 4 4> TaNAR2.2, [A] ¥k
86%—98%. HFr X B EE A Thaell, Hin
PEPE R R 8 T W — 500, Hors Stk 5 sk
T R P A 1 251
2.6 MEIEBIEXZRMERFRIEE K
DA P 1E A 1) 2B 2 SOk R AR, FH TG AE e
FESIYEEAT PCR U1, ¥4 1% b
BERE L VK SR IE , 4343 RNl 160, 300,
400 200 bp 1) BRI (E 5SA). ¥ 4 ME B
alifl 5 S5 AU ) pET-32a (& SB)ZR AR5 &
H, WINHEH NT-TaNPF4.5, NT-TaNPF8.3,
NT-TaNRT3.1. NT-TaAMT1.2 2 2 {4

B 100%; 4 4>
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27 EBEXZRMEEENIESRIE
Tl NT-TaNPF4.5 . NT-TaNPF8.3 . NT-
TaNRT3.1, NT-TaAMT1.2 T4 & 1 K/N 518
21.33, 2631, 29.52., 22.82 kDa. i E
{& SDS-PAGE E/r, A HIAM GG EATE
37 °CH#44 # ik, H NT-TaNPF4.5 NT-TaNPF8.3 .
NT-TaNRT3.1 @i&REIEASHISHE %, &
F 4 h JFRiIkEIREK; NT-TaAMT1.2 @il 5 &

A
Sequence matches and features @

Pfam ” 579

coiled-coil 579

tm & signal peptide 88— == EEssm=s8

a40%disorder coiled-coil + tm & signal peptide @

Sequence matches and features @

Plam = R — 195

tm & signal peptide = - 198
al*disorder coiled-coil +tm & signal peptide @

4 TaNRT 5 TaAMT & A F5I4HE

P 287 24 22 kDa, SRS 3, #S
3 h JERBHREER KA 6A. 6B). FEEILHE
B IS 43 K b AT IE #E 1T SDS-PAGE
% E J5 K, NT-TaNPF4.5 . NT-TaNPF8.3 .
NT-TaNRT3.1 #3&E AAETIES, R
K1, NT-TaAMT1.2 7E b %5 U 3E h #0k
M| HWEARE P BRI EAES
TULREH (B 6C).

Sequence matches and features ©

Pfam TR - 566

tm & signal peptide -8 56

a0° disorder coiled-coil ~ + tm & signal peptide @

Sequence matches and features @
Pfam Ammonium_transp i\ 503
tm & signal peptide =—--—-1—- 0580008 503

al® disorder coiled-coil  + tm & signal peptide @

Figure 4 Sequence characteristics of NRT and AMT proteins. A: TaNPF4.5. B: TaNPF8.3. C: TaNRT3.1. D:

TaAMT1.2.

% 4 TaNRT 5 TaAMT BEXi# %1t

: Signal peptide; B¥: Transmembrane region;

: Folded region.

Table 4 Statistics of TaNPF and TaAMT transmembrane

Protein name Transmembrane

Inside Outside

TaNPF4.5 aa21-45, aa65-84, aa91-110, aal82-203,
aa210-231, aa237-255, aa318-339, aa359-379,
aa400—420, aa440-471, aa483—-503, aa530-549

TaNPF8.3 aa36—58, aa78-97, aal04—125, aal45-166,
aal87-209, aa215-235, aa341-360, aa380—400,
aa421-439, aa459—478, aa490-515, aa535-554

TaNRT3.1 aal72—191

TaAMTI1.2 aa38—61, aa73-94, aall4—134, aal46-168,

aal88—212, aa233-251, aa271-295, aa307—-324,

aa330-351, aa363-381, aa408-433

aal—20, aa85-90,
2a204-209, aa256-317,
aa380—399, aa472-482,
aa550—-579

aa59-103, aal67-186,
aal67-186, aa236—340,
aa401-420, aa479-489,
aa555-566

aal92—-198

aa46—64, aalll—-181,
2a232-236, aa340-358,
2a421-439, aa504-529

aal—35, aal26—144,
aa210-214, aa361-379,
aa440—458, aa516—534

aal—23 (signal peptide),
aa24-171

aal—19 (signal peptide),
aa20-37, aa95-113,
aal69—187, aa252-270,
aa325-329, aa382—-407

aa62—72, aal35-145,
aa213-232, aa296-306,
aa352-362, aa434-503

The bolded section indicates the presentation section.
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%5 TaNRT 5 TaAMT FFEEXFIIMNIENM. REAT M. FKHE

Table 5 The antigenicity, surface accessibility and hydrophilicity of non-transmembrane regions of TaNRT

and TaAMT
Name Length (aa) Antigenicity Surface accessibility Hydrophilicity
NT-TaNPF4.5 50 1.4 3.4 0.5
NT-TaNPF8.3 91 1.7 1.1 0.2
NT-TaNRT3.1 121 1.7 1.6 0.5
NT-TaAMT1.2 64 1.7 3.9 0.7

A

bp M1 2 3 4 5 6 7 8

2 000

1 000
750

500

250
100

5 EBRXENERYTEBA)S RIEYTI(B)

Figure 5 Amplification of non-transmembrane region target gene (A) and plasmid enzyme digestion (B). A:
Lane 1-2: NT-TaNPF4.5; Lane 3—4: NT-TaNPF8.3; Lane 5—-6: NT-TaNRT3.1; Lane 7-8: NT-TaAMT1.2. M
stands for DL2000 DNA marker. B: Lane 1: pET-32a plasmid; Lane 2—3: pET-32a vector digested by Hind III

and Kpn I. M stands for DL5000 DNA marker.

2.8 IFEEXZHREMEERSK

afifb G 8 AR R T4 T 85%K, AT
THUERH %, pH 3.0 A F NT-TaNPF4.5
AlE E ERBE TR, pH 2.0 I8 VRN R A
KEZEEE R, JKil 23, 24, 25 HEYE A 655
Bk 85%. 87%. 87%, W] FHTFHA M & (&
7A), pH 4.0 4 /0¥ NT-TaNPF8.3 #{ Ui T
K, pH 3.0 B2 11 BR B K H 200 B oy, kE
21 HE A48 Tk 3 85%, Al il & Hi ik (&
7B). NT-TaNRT3.1 7£ pH 6.3, pH 5.9 i} K
Ay Ze TR AW VEI , pH 4.5 B i B 098 1 g e
Bt BT LR B H A AR ik s — L] g
W T B 8 R AR 4k (B 70) .
NT-TaAMTL1.2 fE R W T, R FHRRms A i
SrEgaifh, FEPKMEER SN 20 mmol/L B H /Y
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BT SR T ok, VKiE 13 B A 4l
Wik 95%. BRMEVR JE Sk 40 mmol/L B ykiE 14
H A (48 92%, H 24 bRk v B 7 7 i i
H 8 (Ao s g i R e, A4 g 2,
X7 F NT-TaAMT1.2, WKWV R 40 mmol/L Rl
Al (& 7D).

2.9 AEFEREX TaAMT.2 A&

W5 43 1 o 20 21 8 1 o 7 1 3 O R
R E T HE I BE T R R bR 0 e Al Ak T
2, PUREE AR kS Al 2 i A A R
W—, OIS NT-TaAMT1-2 Hiilk, 2Hr
KT 9841.5K, PilkaifF KT 85% (K 8A),
PR 5 66 B R RN BER i F i BN 3l 36 iE
NT-TaAMTI1-2 HiiRFEFME(E 8B), 248451
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NT-NPF4.5 NT-NPF8.3
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Figure 6 Recombinant expression of non-transmembrane region TaNRT and TaAMT proteins. A, B:
Induction expression of NT-TaNPF4.5, NT-TaNPF8.3, NT-TaNRT3.1, and NT-TaAMT1.2. C: Identification
of induced proteins in the supernatant (s) and pellet (p). M stands for protein marker. Arrows: Target proteins.

s : KB EE 2 4 13 NOY-N LR Py %

3 WkEHE® S 4 7 T AR R 1 A 4 2

NRT 5 AMT 7EHIBRE W S5 GRS - NRT A S5, Ry 5% o

R SCHVER, NRT MR REMZE  AMT Wk . #32 NH,-N, JE# AMT & H M #E
LA SRR NOS N, FEHEAKIRHR, 26 kAT 47 Ak bR 24 NHL N A0
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pH 6.3 pH 5.9 pH 4.5 pH 4.0 pH 3.0 pH 2.0
A: NT-NPF4.5
1 M2 345678 91011121314 71£KM 16 E?JEE 19 20 21 _22723 24 25 _2_6"
H 6.3 H 5.9 H 4.5 H 4.0 H 3.0 H 2.0
B: NT-NPF8.3 P P P P P P
1 M2 3 456 78 91011121314 15 M 16 17 18 19 20 21 22 23 24 25 26
H 6.3 H 5.9 H4.5
C: NT-NRT3.1 P P P
1 M 2 3 4 5 6 7 8 9 101112 13M 14 15 16 17 18 19 20 21 22 23 24
; - I =4 =
20 mmol/L 40 80 120 200
D: NT-AMTI1.2 imidazole mmol/L  mmol/L mmol/LL.  mmol/L
kDa 1 M2 3 4 5 6 7 8 91011 12 13 M 14 15 16 17 18 19 20 21 22 23 24 25
i : i DHE IO T ST

7 JEEEEX TaNRT 5 TaAMT EHERALL

Figure 7 Purification of non-transmembrane region TaNRT and TaAMT recombinant proteins. A:
NT-TaNPF4.5. Lane 1: Before induction; Lane 2: After induction; Lane 3: After adsorption; Lane 4—7: Wash
buffer pH 6.3; Lane 8—11: Elution buffer pH 5.9; Lane 12—14: Elution buffer pH 4.5; Lane 16—17: Elution
buffer pH 4.0; Lane 18—21: Elution buffer pH 3.0; Lane 22—25: Elution buffer pH 2.0. B: NT-TaNPF8.3.
Lane 1: Before induction; Lane 2: After induction; Lane 3: After adsorption; Lane 4—6: Wash buffer pH 6.3;
Lane 7—10: Elution buffer pH 5.9; Lane 11—14: Elution buffer pH 4.5; Lane 16—18: Elution buffer pH 4.0;
Lane 19-21: Elution buffer pH 3.0; Lane 22—24: Elution buffer pH 2.0. C: NT-TaNRT3.1. Lane 1: Before
induction; Lane 2: After induction; Lane 3: After adsorption; Lane 4—8: Wash buffer pH 6.3; Lane 9-17:
Elution buffer pH 5.9; Lane 18—24: Elution buffer pH 4.5. D: NT-TaAMT1.2. Lane 1: Before induction;
Lane 2: After induction; Lane 3: After adsorption; Lane 4—13: Wash buffer 20 mmol/L imidazole; Lane 14:
Elution buffer 40 mmol/L imidazole; Lane 15—18: Elution buffer 80 mmol/L imidazole; Lane 19—22: Elution
buffer 120 mmol/L imidazole; Lane 23—24: Elution buffer 200 mmol/L imidazole. M stands for protein
marker. Arrows: Proteins purity greater than or equal to 85%.
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A

kDa M 1
116 —
66 — -
45— » B <« 55 KDa

35— —

25 «— 25 KDa

18—
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8 NT-TaAMT1.2 KR4 E (A) 5455 4450 (B)

40 — s <« NT-TaAMT1.2

Figure 8 Purity (A) and specificity (B) detection of NT-TaAMT1.2 antibody. A: Purity detection of
NT-TaAMT1.2 antibody. Lane 1: 55 kDa antibody heavy chain, 25 kDa antibody heavy chain. B: Specificity
validation of NT-TaAMT1.2 antibody. Lane 1: NT-TaAMT1.2. M: Stands for protein marker. Arrows: Target

proteins.

e/ NAZ R RS A A (2re6x=42, AABBDD)
MFEY, A B PE KR A FE R 1P, wiriy)
K ZAEE LW T 5k, TE/NEE RS 3
T 405 /> TaNRT/TaNPF FKJEFEFFI 23 4~ TaAMT
FIGHE o TER ER 2R S =Gy 5L |, 2
FORREKA) TaNPF4.5, TaNPF5.10, TaNRT3.1,
TaAMTL.2 3t 4 MERVENIURIBE R N TR
P4 3 [ Y 24 R 9 A% )T 3] (coding sequence,
CDS), B /ere ARG X & iR k519, w
e TS [ e H CDS . {H TaNPF4.5,
TaNPF5.10, TaNRT3.1. TaAMT1.2 i) CDS 4K
JPNRAZF B BIAR Y], BREIMAKR I NRT 5
AMT ) CDS @K JPHIFREMINMHGE, B4
RN G AERL R ST H i AINRTL.7 (9 N K ¥
JEFEREIX. 50 P2 BLER ™A T4 AtNRT1.7 %2
Z kiR, i SIET4 MEESIEIX 16 N2
BLTR 0% S RIS HT SIET4 MHTIAPY, 515
H I Z B /KBS IREER, BI5GB MERE
WL X A A, YT
TaNPF4.5, TaNRT3.1 f4MEESARIX B, TaNPF5.10.,
TaAMTL.2 ENAEESIEIX By, #7 T pET-32a 4
AR, IR T RS M . Hr NT-TaNPF4.5.,

&: 010-64807509

NT-TaNPF8.3 . NT-TaNRT3.1 i W 1A % 1 ,
NT-TaAMT1.2 7E_ BIF R A iA S RiL, H
IR K TUUE

AR AW . iz RmEksEN, i
NO; -N i) NT-TaNPF4.5 . NT-TaNPF8.3 .
NT-TaNRT3.1 ik AWM, Wik iz NH,-N 1
NT-TaAMT1.2 WG AIF AR E . W&
K pH B 7 #5404k . NT-TaNPF4.5 7£ pH 2.0
B afifb 2 (4B Rl ik %] 87%. NT-TaNPF8.3 7£
pH 3.0 B &l fb 2 171 4l B mT 35 3] 85% , {H M pH 2.0
A EE R AT LUE 1, A8 T BEANE 7257
AN pH 6.3, pH 5.9 ATEMEIRARRL, A
Oy VR, M AE pH 2.0 BA5 21 20 3 5
HE#HZHMEN . NT-TaNRT3.1 7£ pH 4.5
P& H B E AR e, (A ESHMEA
HF i A Al Re T H B8R IR T AR I A
W, JEELATE T his BUAAR A Sz BN SE I B IE
RS, WO PR il 4. B[R
FEXT NOy -N #HATIR I . %12 /) NRT, HuEM
HE M8 pH W AR . NT-TaAMT1.2 fEH
I EE L, SR T WK e A0 B 43 5 alifb , R sk J3F
4 20 mmol/L A, JKiE 13 2 140 &1k 95%.
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KMk e oA 40 mmol/L B 25 146 92%, {H4
R A e i - e i, B 1 O 3 n [ B
REAMM L, HIEX T NT-TaAMT1.2, BRBE
WRE R 40 mmol/L BI AT, 2 35 B £ P 22
KEyER, HEAERD, TRkERAgdfl)s,
NT-TaNPF4.5, NT-TaNPF8.3, NT-TaNRT3.1 AJ
i FH BT AL IR A B I TERE IR ER. 2 vl rh A T
S, NT-TaAMT1.2 i RIS S TR B4
X T 48 A7 AE R PKGE nT a2 1 el
PRI BT B RS S e T bl
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