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Abstract: The pollen receptor-like protein kinase (PRK) family, an LRR receptor-like protein kinase, not only plays
a role in pollen development and fertilization, but also plays a role in stress response. Based on the analysis of
transcriptome data that generated in our previous study, we found that AhPRK4 was an aluminum-responsive gene. To
explore the role of AhRPRK4 in response to aluminum stress, we analyzed the expression of AhPRK4 by qRT-PCR in
‘ZH2’ ( Al-sensitive) and ‘99-1507’ ( Al-tolerant), clarified the protein structure and genetic relationship of
AhPRK4 by sequence analysis, phylogenetic tree construction and other genetic analysis, constructed the recombinant
plasmid by homologous recombination, obtained the intracellular domain recombinant protein of AhPRK4 by
prokaryotic expression technology and determined the activity of the recombinant protein by incubation with
phosphorylated antibodys. The results were as follows: (1) The transcription level of ARPRK4 was up-regulated after
different aluminum treatments time and different aluminum concentrations, indicating that AhPRK4 was an aluminum
inducible gene. (2) The AhPRK4 protein had 673 amino acids with transmembrane domain, signal peptide and
phosphorylation active sites, belonging to the LRR-III protein kinase family. (3) The GST-AhPRK4-CD recombinant
protein was induced in vitro and verified by Western Blot. And the recombinant protein had phosphorylated on both
serine/threonine and tyrosine residues, but had no significant auto-phosphorylation activity. In conclusion, AhPRK4 is
an aluminum responsive gene, which participates in the regulation of short-term aluminum stress and is phosphorylated
in vitro.

Key words: peanut (Arachis hypogaea) , aluminum stress, pollen receptor-like protein kinase, expression analysis,
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AE2E (Arachis hypogaea) 2 3 [l H L (1) i L Al
ZUAEY 2 TR YRR, e 1R
AP XA Ay ARG 5 7 X AL 5 7R X, (H R
X 3 2 Rt -3, pH {HAE 4.5~6.0 Z[f],
ALO, & i, A2 e AT 5 B 758 e i Y
20% ~80% ( ZEPKiE ,1983) , 4 pH KT 5.0 i, 44
DI BRI AL R SR AR Y 38 5, 0RR W 4R
BE B TA by J2 B b DX AR 1R A A A R A B PR
2 (FEEE A 1995) , TEFRE, B T X ARA
AR T4 E O ¥KOF, 540 7 KM AT SR A2 4
AR 22 HE (B W45 2017) , HOE T [ B A A 32 48
B AL, TE T 8 B AR 1 R Ok i 5 EE T Ak
AT IR EE, MR R ZREFEN
P ETIRARLS RN R A K Z Ml 2k (k1)
AEZ 40 \ROS D & DA K 2 A A0 AR P P P T 4 (&
T4 2008 ; #X 25 25 %, 2014 ; Huang et al., 2014) ,
6 A ) IO R 7 AL 3 A SRR HE SR R
fiif 32 Wi X P AP AL TR AR R S kAR
AT KIEDIRE , e A AR A6 A i b B

R Z R I ( receptor-like protein kinases
RLKs) & —Ff f1 ML AR WE 5, J5 38 2 B el A%

328 R T W5 530 % o0 UM N AME 5 e 5 1 g
WV (SRR % 2005) , FEAE Y T2 AR AE,
I 43 R Z A FK % (Shiu & Bleecker, 2001a, b) ,
ZHRZHE KRR W EE, S 58% 0 E
K & 2 (Nibau & Cheung, 2011) ) 4
E RN ( Yang & Ramonell, 2012) FIAL YK BT
A= ¥ 8 ( Osakabe et al., 2010) %%, PRKs 2K H
E—REHFREAMRELFI(LRR) B9 RLK & H
( Duckney et al., 2017) , | PRK 34 fiff 2 16 % 42
Al K B, fiv 44 0 PRKL, 5 S 43 A 76 A6 8 o,
FFAEDE I 2P B A (Mu et al., 1994) , 11
FIST Y 6 > PRK BB TE ALK g ik, If 4
%% AtPRK1-6( Chang et al., 2013) . W5 &,
PRKs fEE ¥ % & H (Chang et al., 2013 ; Duckney
et al., 2017) 55 % 5 (Huang et al., 2014) 141
MIFET ( Wrzaczek et al., 2014) & k¥4 T HE
FIE AR, {554 T PRKs 7610 o i o) fEBF 55 1R
D AAEAU I I B AR K S 38 T F 58 A B, AT
By RS SRR pricl 23 R BT 22 1 il 2 1R Sk i) iy
38 ( Verslues et al., 2014) , 1 PRKs 7E45 38 T
SR A W 9 34 A LA
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RLKs 18 ot W R A 1 FH A% 3o A5 18 T i) 17 Jilh 3
FEVR AR, i OST1( OPEN STOMATA 1) {ifi %
%, 18 15 5 B2 1k ICE1 (Inducer of CBF expression
1) RG22 S5 R - 18 2 ARG 1 R e S0 i,
T 14 5 U0 7 5 % R i 59 $K 5T BE 77 ( Ding et al.,
2015) , CIPK26 ( CBL-interacting protein kinase 26 )
5 RBOHF ( respiratory burst oxidase homolog F) )} N
i fE AR B AR HT, JF BT 85 2 b RBOHF K #il ¥
ROS 7=, JE i 52 0 RBOHF 76464 W 301 137 25 v
P44 ( Drerup et al., 2013), SOBIR1 (suppressorn of
BIR1-1) SRR T H A 1 vk B2 e A A iR A,
55 529 AL TR AR DL K B3-aC FREEHE X W R 1k 2=
SCTEL, T R 0 SOBIR1 Xif 4 i 40 Jfd 8¢ 7 4 34 42
(Wei et al., 2022), 1 ® JF CPK28 ( calcium-
dependent protein kinase 28) N U 97 Ca® B 5
AR S 5 G O M AR KR F R, BEE R
CPK28 H FIBERRALTH P, IRl Ca™ Wk B2 3 i i 1
PERG R P2 318 (22 Z e KA T AL R4
TN GEAE AN G52 ) CPK28 48 8 7 A K A
AR IHE A5 HI2 %) AtPepl 51 & BYSAAL N i
s SR TR T 7 fl R T AT S SR A IR
J1(Bredow et al., 2021) , X #H RLKs HYBERRILTS
P55 X U EE AR 0 25 P BV AR DIAR G

T8 3 X LG 5 B A B S A BHE 2 4 ( Xiao et
al., 2021) , AT A BLAE B3 I 32 48 3 3R 2 [N
AhPRK4 6 53¢ Z 58 Whia Ak L7 , OF HLAE A TR 4E
A SRR o D T A 3 AN Ta) 8 e AR I S H 2
SAEERR I e B R, ASHIESE DL ARPRK4 B R
P 3 o 37 A5 N R I A BE ST N 4, SR qRT-
PCR & I 1 A [a] 5 vk 32 A0 b 38 |] 2% 76 T,
ARPRK4 TEAEAE TR 4 A Bl 99-1507 7 1R LI A
2 5 (T ZH2 ) B R SR AR AR, X ARPRKA Ji
IR T v B T i 1 I A% R IR 40 M, i B R
Bt He B B R AL % M AT AL I, U DL
IR : (1) ARPRKA 18300 AL S, (2) AhPRK4 i
IR BERR LIRS . N IS SR 7E 2R B B K P EARSE
AhPRK4 25 F1 9 AR AL T BE DL R 7E 48 8 T 9/
P 35 5 LAt

1 #HEF*

1.1 #F#
PERAE A i A el P O B2 B THURE 9 1

FEPTHRAE , 20 50 50 5 T 07 0 68 ) 1 40 AR b
Fl e 2 50 (CZH2 ) F AR AP 99-1507 (&
Th5,2008) , K AEAEF FLNIH B R AR 3 d
J& , ZBRACAE A IR EBR 2 1 em B EARMRAR, 7E 26
CEMF TR E TR B Hoagland B F7  H 5
FEH =AM BB ALEL T % 100 pmol -
L' CaCL VAW (pH 4.2) 1535 24 h, ZJ5 UL T ¥
Pl 2, —J& F 100 wmol - L™ AICL & (% 100
wmol « L' CaCl,, pH 4.2) 73 %l kb BEAE £ 4111 4.8
12.24 hy ZJ& A [ B2 1Y ALCL 3% 9K (50, 100,
200,400 pmol « L) 4 A HAE AL 1 4 h A1 8 h,
DL PR Ah #E 25 LL e R Hoagland 7 57 W AL B
Skt B B 1 em AORRIAE A SEBG A1 K
1.2 RNA 25

SES ALY S RNA $2HUE ) & (Promega) J7
BAREL RNA |, Z )5 2 8 R Sl F) 45 ( Takara) 7
AT RNA S5k 3845 cDNA
1.3 AhPRK4 TE5RME T RIZEH

R AhPRK4 J:H CDS( coding sequence ) ¥
Wittt PCR MG # (£ 1), S TB
Green Premix Ex Tap II i ( Takara) Uil | 1% & qRT-
PCR JZ W & & AL FF, UL UBQIOR N2, %
278 ORI AT 3 A X R B AT

x1 s5|9F7
Table 1

Primer sequence

5144 B

Primer

SIYFHI(5-3") A&

Primer sequence(5'-3") Purpose

name

TNE
qRT-PCR

AhPRK4-F1 GATGCATTCGTCGGCATGAG
AhPRK4-R1 GCTAGGAATATGGCCGCTGA
UBQ10R-F CGCACACTCGCTGACTACAAC

UBQ10R-R CACGGAGACGGAGGACAAGG
AhPRK4-F2  GAATTCGTTTCAAGTGATGAGG

JER A IE (T R
FRBEVI L)

CCAAGAT Prokaryotic expression
ARPRKA-R2 CTCGAGAAGAGTTT (underline indicates
CCGAATAAAAGGACAAG enzyme digestion site)

L4 £MERFDH

FIFHAEL W v ProtParam tool Fiijill AhPRK4 )53
T A5 H S A5 BLAE M B (hitps ://web. expasy. org/
protparam/ ) ;i i WoLF PSORT > Fit i IV 41 Afd 5
37 (https ://wolfpsort.hge.jp/ ) ;81 NCBI HE XT3RS H:
Tl s i 14 3 R 91 #1L ] MEGA 7.0 # it i 4k
B IEFEF A DNAMAN #E47 22 77 81 Lo X [ i 36 ot
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NCBI Conserved Domain il AhPRK4 2K H I8 51 45
4 5% ( https ://www. ncbi. nlm. nih. gov/Structure/ cdd/
wrpsb.cgi) o X HAHE FH S B DL R AR5 ik oA
435 3 7E £ W) 33 TMHMM 2.0 (http://www. cbs.
dtu. dk/services/TMHMM/) Fl SignalP 4. 1 server
(http ://www.cbs.dtu.dk/services/SignalP-4.1/) 5 il ,
[] X AhPRKA (4 R A6 07 i A B AR 8 1 B AT
IR B R AL T B iGPS 1.0, EAREE H T
W) ) 338 A7 STRING ( https ://stringdb. org/ cgi/input. pl ?
sessionld = K7gDcPsKo9EO&input _ page _active _form =
single _ sequence ), AhPRK4 )& )] - 7T 7 T il F
PlantCARE 7£ 28 W 3k #F 17 ( http://bioinformatics.
psb.ugent.be/webtools/ plantcare/html/ ) ,

1.5 AhPRK4 BB e R R iz R A HAF &

M NCBI 482153 8] ARPRK4 (N ¥ 51, 8
HEKAF PrimerPremier 5 51T I B 8 v BE 51 4 (36
1), VL “ZH2’ K42 cDNA b ¥ #g, 78 [ 3k 15
AhPRK4 19 JfL N ¥ T 4%, 2 B ClonExpressll One
Cloning Kit 171l £ 77 1% i% % ARPRK4-CD % pGEX-
6p-1 244 (RUEFUIAL 54 EcoR 1 Hl Xhol) , # i
L2 DHS o, K 22832 I e 56 31E T8 14 BH 442 o B2 T ik
FEHUTORL (ARPRK4-CD-pGEX-6p-1) ,

1.6 AhPRK4 ZF B KR RE 4L

¥ ARPRK4-CD-pGEX-6p-1 T 20 i ki ¥ 1k &
Rosetta B2 401,37 CHE 3R 2 0D, =0.6~0.8,
AL S E A 0.5 mmol - L) 5 P 3E-B-D-Hi L 2f:
FAMEF (IPTG) , 1E 16 °C F %5 GST-AhPRK4-CD
H 135, 4 SDS-PAGE s Uk K Il £ 11 1 38 36 1%
M. % Glutathione Sepharose 4B ¥} (GE 23 ])
YEHI4E{L AhPRK4-CD 413 1, Jf #E 17 Western
Blot %l
1.7 GST-AhPRK4-CD BB L1l

h10.5 wg A GST-AhPRK4-CD 75 4 %] 100 pL
PBS ## R 2% Mk (5 25 mmol - L' Tris-HCI, pH 7.5,
10 mmol + L™ MgCl,, 10 mmol + L™ MnCl,, 1 mmol -
L' DTT, I FABEHDHIFI A 1 mg - mL" ATP) | A
AT ATP XS HRAH IRA T 28 C NI A 10 min,
JETF 100 C FHFH 10 min 281, JFHL 30 pl BEA 4
12% SDS-PAGE 73 , I IEAK U St 19 s 2 AR
BEFR LA ( Cell Signaling 23 7)) | 75 & FR B AR b T
& (Cell Signaling 2471 ) LA BRALAY GST Hifdk (FEN
WAL A7) 9 F IF A2 A0, AR 4f 0 IR ZH Ak 20
A 22 S P KR IR 1k M2 s 1 o

2 HR 54

2.1 AhPRK4 TE AR AL EERT (8] R TR R IX
B 1. A R, CZH2 R 99-1507 &4 Ab ¥
AR A, 5 %5 BB AR HE , ARPRK4A Y 2 ik 35 I
Th AHFASAE A S Bl ARPRKA Bk a3 A fr 22
S, ZH2 W ARPRKA 1 4 h B3R A B 55,8 h 10
Fika AR, b S RIA W — B3, € 99-1507°
H, AhPRK4 33k 2 W Je 14 0 Js B, 78 12 h ik %)
i, HE 1:B,C Al A ELANFRIREALH 4 h
F18 b, KBAE A AEA: G B ARPRK4 2R3k
it [ AL B AR R () 38 R R 2 S hn S R I Y
B HAEANRE A BEALHE 8 h i, AhPRK4 TE Tt 407
A< 99-1507 7 F i ) 7 LY BICRR P & AR ZH2 T B
JRIZL, 25 ik X Se 55 SR W] ARPRKA 250 HE
M 7 A
2.2 AhPRK4 HAEMEBZESH
2.2.1 AhPRK4 & & B AL M i 45 M4 AR B % %
A5 JYHT ARPRK4(LOC112718333) 14 )41
H R AT A, ZFE K CDS (coding sequence ) 4 K Ry
2 022 bp, 4ifith 673 DR EEMR , 4TI Z 1 BTy
TR 74.92 kD, IS AFEH £ 6.06; AhPRK4
H N s 242 R iR 25, C sn B 2 &R/
IR 2 R S 1k B IR 4 R B O S A ATP
gh i, I S5 ALY Ah PRK AR B3 A 38 i 3 L 45
B TRl JE A (8 2) s AWPRK4 2R & A A 85
W, B TRIfeE N, Hik, AWPRK4 EHE T H
A 5 BB 5 BR ) 22 28018/ 7 28 R 26 11 T
BEAE A #2551 R AhPRK4 57 % — 4> 4>
L H R 9 MR Z A BRI 2R R IT
H1, AhPRK4 5 AtPRK1 Fll AtPRK4 £ %5 i Y 7] 8
PE(E 3) . #F—b A&l bk LRR-RLK K% 328,
AhPRK4 J& T LRR-TIT 25 [ 34 i 5 % ( Wang et al.
2021) . ¥ AhPRK4 H 7] #5121k 1 22 56 12 7
8RR 222 TR (S) FIR TR (T) . Ik, AhPRK4
Al fE 5 AtPRK1 A1 AtPRK4 EAHE 19 Th g, il fE &
AR AL
2.2.2 AhPRK4 B3 F 45 ¥ fe ZAF R G M 44k
AL A 51 $2 B, 15 21 ARPRK4 [ ATG T <
2 000 bp WG s FJ¥ 51, s3#ria shF ool a5 R 3%
W] : AhPRK4 1) )3 3+ Jo 1 43 46 A 4 R e g oo
ABA WA B, T . MeJA il b G 4 45 38 2 M 1z o 4
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Bl 1 AhRPRK4 E$5 0B THIRIES

Fig. 1

JeIRE T, T B M e TR 60 K S
P (T 40 A) o RUADURE IF B di 2 S 0 8 S Al B
& AhPRK4 YAH B AEH & 1, & 8L AhPRK4 1] 5
ZANE AL EAE, £135 LMK (leucine-rich repeat
receptor-like kinase with extracellular malectin-like
domain 1) , ABCB16 ( ATP-binding cassette B16) |
PME30 ( pectin methylesterase 30) 4§ AT1G34420
( leucine-rich repeat transmembrane protein kinase
family protein ) , HAK1 ( HDS-associated RLKI ) |
PEPR2( PEP1 receptor 2) , AT1G12460 ( leucine-rich
repeat protein kinase family protein ), AT1G24650
(leucine-rich repeat protein kinase family protein ) |
FEI1 , AT1G49100 ( leucine-rich repeat protein kinase
family protein) (& 4. B) , #Ell ALPRK4 W] RES 5
R AT AR A Yy aa B AR W A 4
JLRE N RS 1 e
2.3 AhPRK4 HEH TR R A H A @

LA ZH2 #RR22 cDNA Wit , 5EFEF ARPRK4
Jf P B (ARPRK4-CD) (5. A) ¥ 51 K &
1122 bp, 5 BB A B (LOC107470884) J¥ 41
100% 796, 1%+ ARPRKA-CD Fr Bt Fll pGEX-6p-1
Ak, 3K 15 & 41 Bk ( ARPRK4-CD-pGEX-6p-1)
(El5:B),
24 EAEAFIREMLANL

# &4 AhPRK4-CD-pGEX-6p-1 H 4 Jfi ki i

Expression analysis of ARPRK4 under aluminum treatment

Rosetta W HETE 16 °C 0.5 mmol - L' IPTG ¥ 5
Brge AEZy 71 kD AL & BE T 1 LT R A
TR R 5k 45y, R L AP e UAfF e
W (K 6), GST-AhPRK4-CD & 4145 1 M
Glutathione Sepharose 4B I K} 4li {1k | 78 45 & J5
PBS UEME TG WA W 4541 (B 7. A) , RUIENHS
GST-AhPRK4-CD H 4 & 1 45 & B ir, | &
Elution buffer ¥ 5 3815 T 4 B — HAV & 1E#)
B H B 257, £ GST-AhPRK4-CD EHHEHE
W aifl . AR5 8 GST-AhPRK4-CD 4 fk & 1
REHE A bR S R LR R GST —hiie &, iF
1T Western Blot 5 4iF, °] DL & BEAE 29 71 kD 4k i
PRV B AR S H O 51 (181 7. B) , 3R W] GST-
AhPRK4-CD i 2H 5 1 2ifb HOR BT
2.5 EAE A FIMEERLAT

W44k (9 GST-AhPRK4-CD & [ 3 17 14 41
PR Ak S 56, B I T B A AG: I 5 182 1k 7K S, i GST
PrikbR e LREKSE, 8wl g, B A B R e Bt
IR E 5, BIREAE B bR 8 7 B A A I 21 554 i
B AL 75 & R P (anti-pT) A 5 58 1Y W 1R 1k 15
S BERR AL E R YUK (anti-pY ) (55 8055 , £ W%
EAEREZIESHERPE L LA THRILE
Wi, 5% B AH L, ATP &b B8 I 5 i 15 5 47 F7
TR ELG: (K] 8) , B /R AhPRK4-CD 2 [ ANAF7E
A B B R AT M
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2 Comparison of PRK amino acid sequences between peanut and other species
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