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Prokaryotic expression, subcellular localization and yeast two-hybrid library
screening of BhMAPKI1 in B. napus

WANG Zhen', YAO Meng-Nan" , ZHANG Xiao-Li, QU Cun-Min, LU Kun, LI Jia-Na, and LIANG Ying"

College of Agronomy and Biotechnology, Southwest University / Chongqing Engineering Research Center for Rapeseed / Academy of Agricultural
Sciences, Southwest University, Chongqing 400715, China

Abstract: Plant mitogen-activated protein kinases (MAPKSs) cascades are common signal transduction pathways across the mem-
brane in growth process, they are involved in transducing extracellular stimuli to induce a range of cellular responses. To date,
little is known about the role of C-group MAPKSs in B. napus. In this study, we analyzed biological process ontology of one
C-group BnMAPKI gene in rapeseed, indicating that BnMAPKI may be involved in protein phosphorylation, auxin-mediated
signaling, stress response, cell cycles and transcription. With 369 amino acid residues, the hydrophilic protein of BnMAPK1 could
be induced to express one 42.5 kD protein in the prokaryotic system. The subcellular localization of BhMAPK1 mainly focused in
the nucleus. The pGBKT7-BnMAPK1 bait plasmid without toxicity and auto-activation was constructed to perform yeast-two
hybrid screening. To further study the function and mechanism of BnMAPK1, we extracted the total RNA of roots, stems, and
leaves of B. napus (Zhongyou 821) at seedling stage respectively, and isolated and purified the mRNA to construct the mix cDNA
library by SMART method. The BnMAPK 1-interacting proteins were screened through co-transformation with bait plasmid and
cDNA prey library, demonstrating that BntMAPK1 plays an important role in the growth and development processes, abiotic and
biotic stresses, transcription, protein synthesis and metabolism, translation, and post-translational modification, and so on. These
results provide a new perspective for the research of MAPKs cascades, especially for C-group MAPKSs, and lay a theoretical
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foundation for the stress resistance mechanism research and molecular breeding in rapeseed.
Keywords: Brassica napus; BhAMAPK1; prokaryotic expression; subcellular localization; yeast two-hybrid
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1.3 BnMAPK1

1.3.1  RiZFERAKGHE

821 DH (3~4 )
RNA, 0.5 ng
cDNA , P-BnMAPK1-F P-
BnMAPK1-R EasyPfu BnMAPK1 CDS,
A pGEM-T easy , E. coli
DH5a , PCR
pGEM-T-BnMAPK1 pET28a (+)
Bam H1 Sal l , BnMAPK]I
pET28a (+) , T4 DNA Ligase
16 ), DH5a  PCR
pET28a-BnMAPK1 BL21

, 1
1.3.2 BnMAPKI R 4% G X/ R k-5 0 4|
BL21-pET28a-Bn

MAPK!  BL21-pET28a ( )  BL21 (
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, 37 ,250 min’ ODgo
0.6~0.8 IPTG 1 mmol L™, 37
, 0 2 4 6 8h 500 pL
4 6000xg 10 min,
, 2xSDS Loading buffer 95
10 min, 2 min 4 13,000xg 1 min,
SDS-PAGE
1.3.3 BnMAPKI BR#& &G TR G ik
1 mmol L' IPTG, 16 400 mL
BL21-pET28a-BnMAPK 1 , 4 6000xg
10 min 4 1xPBS (137 mmol L™

NaCl, 12.7 mmol L' KCI, 10 mmol L™ Na,HPO,,
2 mmol L™' KH,PO,, pH 5.8) ,

20 mL Resuspension buffer A

(50 mmol L™ NaH,PO,4, 300 mmol L™ NaCl, 0.05%
Tween-20, pH 8.0), 200 mg L™' Lysozyme, 1 mmol L™
PMSF, 20 mg L™' DNase I 1% Triton-X 100, 4

5 min ( 2 s/ Ss,
13,000xg

30 min

130 W), 4 10 min,

0.45 pm
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sion buffer A beads s
, 4 30 min 20 mL Re-
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s 1 mL
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beads, 1 mL 20 s 500 pL
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Table 1 PCR primers used in this study
Primer name Primer sequences (5'-3") Usage
P-BnMAPK1 F: GGATCCATGGCGACACCAGTTGATC BnMAPK1
R: GTCGACTAGCAGCTCAGATGTTGA Construction of prokaryotic expression vector of BnMAPKI
T7 F: TAATACGACTCACTATAGGG
R: TGCTAGTTATTGCTCAGCGG Detection of prokaryotic expression recombinant vectors
SC-BnMAPK1 F: ACGAATTCATGGCGACACCAGTTGATC BnMAPK1
R: ACGGATCCTAGCAGCTCAGATGTTGA Construction of subcellular localization vector of BuMAPKI
P389 F: ACATGGTCCTGCTGGAGTTC
R: ATTGCCAAATGTTTGAACGA Detection of subcellular localization recombinant vectors
eGFP F: ATGGTGAGCAAGGGCGAGGAG
R: GGACTTGTACAGCTCGTCCATGCC Detection of subcellular localization recombinant vectors
Y2H-BnMAPK1 F: CGGAATTCATGGCGACACCAGTTGATC BnMAPKI
R: CGGGATCCTCATAGCAGCTCAGATGT Construction of Yeast Two-Hybrid vector of BnMAPKI
BD F: TAATACGACTCACTATAGGG Bait
R: TTTTCGTTTTAAAACCTAAGAGTC Detection of Bait vectors
AD F: TAATACGACTCACTATAGGG Prey
R: AGATGGTGCACGATGCACAG Detection of Prey vectors in library
1 PCR >
| ) R4
Matchmaker Gold Yeast Two-Hybrid System
pGBKT7- 2.1 BnMAPKI1
BnMAPK1 pGADT7 Phyre2 PredictProtein BnMAPK]
Y2Hgold , SD/-Leu/-Trp , GO
SD/-Ade/-His/-Leu/-Trp , 30 3~5d , BnMAPK1
pGBK-53
pGAD-T, pGBK-Lam  pGAD-T, )
Y2Hgold 10%~46% ( 2) BnMAPKI 369 ,
1.5.3  SUUR MM SLIER if k. 0 F 2w 5 e 42.5 kD, (pD)  6.67
Matchmaker Gold Yeast Two-Hybrid System 42.99,
, / pGBKT7- —0.248, 1-A
BnMAPK1 10 pg Y2Hgold ) )
, SD/-Leu/-Trp SD/-Ade/- , 12.47% 6.78%
His/-Leu/-Trp 30 3~5d 6.23% (Asp+Glu)
SD/-Leu/-Trp 1000 43 (Arg+Lys) 41
SD/-Ade/-His/-Leu/-Trp Swiss-model BnMAPK1
, SD/-Ade/-His/-Leu/-Trp , ( 1I-B)
, TIANprep Yeast Plasmid DNA 2 , BAMAPK1
Kit , SD/-Ade/-His/-Leu/-Trp 15 - / - ( 2-A);
Y2Hgold-Prey , E. coli BnMAPKI1 37% a (Alpha helix) 16% P
DH5a , PCR > 300 bp (Beta strand) 14% (Disordered) 4%
DH5a-Prey , GO (TM helix), 40%
, DH5a-Prey , (Buried) ( 2-B); BnMAPKI1 , PROFbval
, DH5a-Prey pGBKT7- (Disordered protein) 3
BnMAPK1 ( 20 . BnMAPKI
(Nuclear Export Signal) , BAIMAPK 1
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Table 2 GO biological process analysis of BuMAPKI
GO GO
No. GO ID GO term Reliability (%)
1 GO:0006468 Protein amino acid phosphorylation 46
2 G0:0009734 Auxin mediated signaling pathway 20
3 GO:0006950 Response to stress 18
4 GO0:0007049 Cell cycle 10
5 GO0:0006350 Transcription 10
45 kD, , pET28a-
BnMAPK1
( 3-A) IPTG
, BL21-pET28a-BnMAPK1 16 ,
1 mmol L™ IPTG
BL21-pET28a-BnMAPK1
] — , BnMAPK
ﬁ;ﬁ) (];1)1MAPK1 RO R BB R 5 T (A) B = HE LR TN (N 3R 2 . SDS-PAGE 3-B,
Fig. 1 Amino acid composition analysis (A) and three dimen- Branford 3-C
::i):z;:;)structure (rainbow N to C terminus) of BnMAPKI1 pro 2.3 BnMAPK1
pEGAD-BnMAPK1 ,
NES, NES BnMAPKI1 BnMAPK1-eGFP
BnMAPKI1 , , pEGAD
BnMAPK1 eGFP R ,
2.2 BnMAPK1 ;
BL21-pET28a BL21 , Bh(MAPK1-eGFP
, BL21-pET28a-BnMAPK 1 37, ( 4,
1 mmol L' IPTG , 2 h BnMAPK1
A R
ity 11 7 11 1 S S S
B 3 4 63 84 105 126 17 198 199 210 21 292 273 294 3)5 336
I'II'II'lz‘I-x-EI'l:'III'I ‘lulllt:|'|:|'|:||'|:||£| |:|‘ '|:|WJ
S0 0 B BN D OED BEN0 00 (00 BN EE0 8 ® —
EENENN B @ 10 @ 1@ L B N @i e menesie
@ strand (REPROFsec) M exposed (PROFAcc) @ helix buried
C 3. ® . @ @ ws w o wp up op o op o ap
= |

Disordered region (Prediction PROFbval)
I Disordered region (Prediction NORSnet)

Disordered region (Prediction Ucon)
@ Disordered region (Prediction MD)

2 BnMAPK1 MEARLEMNAQA). ZREMRAUBFEBGMEALTFERMEIMERN(C)

Fig. 2 Prediction of protein binding sites (A), secondary structure and solvent accessibility (B), and disorder and flexibility (C) of

BnMAPK1
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A N B M Elution 1-5 times
o
Ao 94 kD
M @\» @\» N ’L\\ [AA %\\
— B B 5 3 66 kD
- |
sSkD we R — 5= BN 58 5= o=
ool SE== 45kD' -— - ——
- — -
34 kD ? =S=== c N
¥ X
26 kD - -
— Quick Branford

1> Dye Reagent
BL21-pET28a-BnMAPK1

E 3 BnMAPKI1 BE#ZFIEA). ARMEEHERL K SDS-PAGE (B)5 Branford & #:7(C)
Fig.3 Prokaryotic expression of BnMAPKI1 (A), and detection of purified recombinant protein by SDS-PAGE (B), and Branford dye
testing (C)

GFP

Bright field Merge ( 5-0) cDNA

E

, 500~3000 bp ( 5-D),
¢cDNA
, > 1.5x10° cfu,
> 11x10° cfu, -80

2.5 Bait-BnMAPK1

BnMAPK 1-eGFP

Bait-BnMAPK1
pGBKT7-BnMAPK1
, pGBKT7-BnMAPK1 pGADT7

s
] .5 i,

4 BnMAPK1-eGFP §i& & B B9 T 40 ffl = {L
Fig. 4 Subcellular localization of BnMAPK1-eGFP protein

Y2Hgold ,
2.4 cDNA SD/-Leu-Trp  SD/-Ade-His-Leu-Trp
RNA , pGBK-53+pGAD-T (positive) pGBK-
RNA , 28S  18S rRNA Lam+pGAD-T (negative) pGBKT7-BnMAPKI1+pGA
( 5-A), RNA s , DT7 (Bait-BnMAPK1) 3 SD/-Leu-Trp
RNA mRNA, , Bait-BnMAPK1
cDNA, 5-B , , Positive SD/-Ade-His-Leu-Trp
s s Negative Bait-BnMAPK1 ,
, , BnMAPK1 ( 06
A B C D
AWM M RNA AM M cDNA AM M cDNA AM M cDNA

bp bp

19329 bp bp 5

Zggg bp 19329 b 19329 bp 137%2 bp
4500 7743 P g;é% 4500 6223 4500
3000 022 4500 o 3000 3000
2250 3000 2250 2250
1500 2250 1500 1500
1000 1500 1000 1000
o 5 5
500
250 z(s)z 250 250

5 /5 RNA B1REA). ¥—HETB)E(C)H) cDNA R4ALid4E /58 cDNA (D)
Fig. 5 Analysis of total RNA extraction (A), cDNA synthesis (B), normalization (C), and purification (D)
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SD/-Ade-His-Leu-Trp

10! 102
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Negative

Bait-BnMAPK1

B 6 Bait-BnMAPKI A3 0 B EE N
Fig. 6 Toxicity and autoactivation test of Bait-BnMAPK1

2.6 BnMAPK1
pGBKT7-BnMAPK1

B

cDNA Y2Hgold
BnMAPK1 SD/-Ade-His-
Leu-Trp , E. coli
DH5a PCR , 300 bp
, pGADT7-Prey  Bait-BnMAPKI
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, 1, GO ,
BnMAPK1 ,
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Gy ]

Chitin Cold & freezing
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& dephosphorylation
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10
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10~

ET JA SA ABA

(GO
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: MAPKs

, MAPKs

[8.25-26] MAPKSs

(Medicago sativa)

>
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MAPKs (MAPK3/6, MAPK4),

A

Pathogen molecular

Protein processing / metabolism
defense

& translation
o
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@ DREB26 e @ DREB26 @ @
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Fig. 7 Regulatory network of positive BnMAPK1-interacting candidate proteins
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,C (MAPKI1/2/7/14)

, C BnMAPKI
BnMAPK1 ,
95 BnMAPAK 1 ,
BnMAPK1 ,
BnMAPK1
, BnMAPK 1
, MAPKs
MAPKs MAPKKs ,
[28]
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B9 yoo
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[33-3¢6] , MAPK1 ( ABA
IAA ) (
e , , LHCB3 (light-

harvesting chlorophyll B-binding protein 3)7*!
CURTIB (curvature thylakoid 1B)"**!  SKOR (shaker-
like K" outward rectifying channel)*” ERDG6 (early

response to dehydration 6)!!) ABA
ABA ; ABAI (ABA deficient 1)
, ABA

[42-43] , UBP12 (ubiquitin-specific protease 12)
MYC3 JA ,

(4] JA

31 TAA17 (indole-3-acetic

acid inducible 17)

> >

GA NO
[46-47] , , BAMAPK 1
s MAPKs
s cDNA
BnMAPK1
BnMAPKI1
s BnMAPK1
MAPKs
4 it
BnMAPKI 369 R
45 kD BnMAPKI1
BnMAPK1
R 95 BnM-
APKI1 ,
B & A0 Bt = HILM LR 1) AT 36 http://zwxb.

chinacrops.org/; 2) ¥ B %= http://www.cnki.net/; 3)
77 7 % ¥ http://c.wanfangdata.com.cn/Periodical-zuo

wxb.aspX.
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