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Bioinformatics analysis and prokaryotic expression of MaASRI gene from
banana

ZHANG Li-li', XU Bi-yu', LIU Ju-hua', JIA Cai-hong', ZHANG Jian-bin', JIN Zhi-qiang"’

( 1. Institute of Tropical Bioscience and Biotechnology, Chinese Academy of Tropical Agricultural Sciences/Key Laboratory of Biology and Genesic Resources of
Tropical Crops, Ministry of Agriculture, Haikou 571101, China; 2.Haikou Experimental Station, Chinese Academy of Tropical Agricultural Sciences/Hain-
an Provincial Key Laboratory for Genetics and Breeding of Banana , Haikou 570102, China)

Abstract: In order to study the molecular biological function of MaASRI gene, the ¢cDNA sequence of MaASRI from
Arabidopsis thaliana transgenic line L14 was cloned by RT-PCR. The open reading frame of MaASRI was 432 bp in length,
which encoded 143 amino acids sequence. The sequence was analyzed by bioinformatics. MaASRI gene was inserted into the
prokaryotic expression vector PET-30a. After confirmation by digestion and sequencing, the recombinant plasmid pET30a-
MaASR1 was transformed into Escherichia coli strain BL21( DE3). The recombinant protein with the predicted molecular
weight was successfully induced to express using IPTG and was detected and confirmed by SDS-PAGE and Western blot. The
highly purified recombinant protein was obtained by Ni affinity chromatography.
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REIEA S DNA

TP 42k % iR 2017 4R 4 33 & 55
&a,
HETROBFIT 45 I R B ASR LR O Ty e R 2
WEMEER AR, B RS e A

1.2

ik

i 1.2.1
TR AT ASR BLA % 53t R 7 IR IR e

WIE R H (LEA) Y SEARRAE | 76 A8 ) Wi 1 25 490 fily
AT A T R A AR

MaASRI #3 £ 413 &5 547 F DNAMAN X
X MaASRI AT % AT TR T4 5347, i 3 Protparam
A3 H PR AR M 5, M4 NCBI A4 BLAST ( Find con-
served domains in your sequence)}(ﬂL MaASR1 Z &% 7
GIIPRSFE5 R BT 74347, H SOPMA X MaASR1 fY
MaASR1 HE PRI 7E 75 5 AR |0 SR 52 o B 42 36 it {
B, UL MaASRI 3£ H Y R I8 A — % B #% B P 5%
P, A TRIESE 25 5 R B XA A AR A T L AT
AR, MaASRT FE PR ZE AR FE A | v i) 3R 58 i
KM T, R TR 38 B, MaASRI 5 F 23k &
WA WAL X UL MaASRI RN £ 5 S 5y
A TAT I SRR Joih 36 B 198 18 28 S I, %I 3R B 18 S
R

U, % MaASRI SRS FF Ik & L14 15T 5
ARG 26 5 B A7 AR B0 T B A2 R DU R ST A
PUFAE

B 9 HOfE % MaASRI J: AL R IF Bk &

IR T H AT A5 H T 38 5 SWISS-MODEL
MaASR1 FER ) 2 38 Bk, Wiz pk 22 L B ok Y
o)

BAFXT MaASR1 B9 LR 7 5 3547 85 1 o — 445 44

Fi
AR EEAR SR FH ProtScale A4 #E1T 25 /K PE/ i K
T, FH NetPhos 2. 0 Server 2 fF% MaASR1 194 3
Ry S A TR AR R AL 5 AT

1.2.2 314t 56 s WRIEC KRN MaASRT T
51, FH| Primer premier 5.0 & iTH4E2 5197, F a0 F .
F: 5'-CGGAATTCCGTCGCAAACCACTGTTTC-3'; R:

5'-CGGTCGACACCAAGCATCCCACACTCA-3', 5' ¥
bR X SR AR MaASRT FE[H
f5E A BENS T = D B IT AP SRR

WA EcoR 1 BV &, 3 5t A Sal 1 MFEI A5,
1.2.3 #7% MaASRI 2Ry 2m 5 LRIEEIF
MaASR1 ¥ 5L RR 2R L14 1) cDNA MR , G il
AT XS MaASR1 25 1 5 ELFEAH BAE A A
TUIFIEA TR AN, 7551 5 MaASR1 R 45 &1
PR ) 1 > ASR & Al ( MaASRI, % % 5 R
AY628102) - AT A (5 )

YL S5 19, 918 MaASRI 526, ¥ 38 48R . 94
CHEfH 50 s
5 DNA 91, AR5 BB SCAY cDNA SCE
B 255

°C 2P 3 min, 94 °C 781 40 5,55 CiB 'k 40 5,72
335 4
#r, SR J5 A H RT-
PCR Hi AR MR TF MaASRI ¥ 3EPIMR 2 L14 hoifs
T MaASRI 5:H 1) ¢DNA J¥ 91, Bl MaASRI H:

&R, W E A MaASRI &
R A 2% 35 28 K pET-30a # 2 5 K% % 35 34K

H 7R
[ 5 3% 4% ) 34K pMD19-T simple vector I, 3%
pET30a-MaASRI ,JH IPTG 55 MaASR1 & (A i () %

PR ZE (10 wl) A Solution 15 wl+ HAH B 4 pl+
35, R BH T S 06 ( EMSA ) 34t 4l k9 MaASR1

pMD19-T simple vector 1 wl, ¥tk KIGFTF A2 &
BT, HET R MaASRI (1534 92 Ty ik
il BIF 58 B HEA

TransSa Chemically Competent Cell J& , 16 %8 3 £
BE( i) B oA RA R HEAT I P AL
124 RAzZREBRGME O PET-30a Fik A
F1 pMD19-T simple vector 7354 T X GV , g1 S iz
RZ (50 wl) A 10 x FastDigest buffer 5 pl+ EcoR 1
2 pl+Sal I 2 pl +PET-30a /pMD19-T simple vector 20
pl +ddH,0 21 pl JBA)5 78 37 C &A1 F 7K 1 h,
AEIE, FEDE Oy MaASRY AEVHERINTHOIEDL o oo i BRI OIS, B
HEER B S Fak 34 PET-30a #E1 73512, E A
1 kRS 5E (20 pl) K MaASRI FEHFEYIE=4) 10 pl+ PET
1.1
1 B RS I (Arabidopsis thaliana , Columbia e-
cotype) 1 H Arabidopsis Biological Resource Center
(Ohio university, Ohio state, USA), ¥ MaASRI %
PLIR T L14 i A 5256 % i 3 AR N O3#% 46 pr
(AR St - AL/ pET-30a . KA FF A ( Escherichia co-

30a [T A=) 3 wl +T4 Ligase 2 pl+10xT4 Ligase
buffer 2 ul +ddH,0 3 pl, F5ME 51,16 CHEHZIL R,
SRIGFHESE =W 5% 1k E. coli Rosetta( DE3) | HEHUSURL
HEAT OB S5 , SURUIR 22 (20 pl) 2 10X FastDi-
gest buffer 2 wWl+E iR 5 pl+ EcoR 11 pl+ Sal 1
li) DH5c 1 BL21( DE3) BRI A S8 577 .

1 pl+ddH,0 11 wl, [FIEPRES A 5 20 B 7 B % &2

PEERERL (i) B A PR R TIPS

1.25 ITRERANFFARE PGS EATRA
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PBETE AT LB WUARR: IR (Hirp Kan HRBE N
50 pg/ml) RN G CE T 37 °C 18 JLHE R (%
220 r/min) }i 3%, ME R FF E 0D, [T 0.6
0.8 Z A/, WHL 1 ml K35 S 00, HOE A 5
IR T LA12 000 r/min 5.0 1 min, WHEBA (1E R BAYE
XFHR) ST T B I IPTG AR 0.5
mmol/L, 1S 5535, A IPTG J5 4k 1 h BUH 1 ml
%{&,T:E 4 OC%H:‘F, 12 000 r/min&.0> 1 min,ﬁj:
TR B S 2D AT 50 wl 2x [ Ff
S, WK TN 5 min 5 4 °C F12 000 1/min
B0 5 min, R 10 wl _BVEW T 12% SDS-PAGE %t
Jie AT R TR BT

1.2.6  Western blot 5% ¥4 H 5t \ SDS-PAGE
e FEERSE] NC B - 60 mA HLFRALRE 1 h, R

VS R R Lrp 2 8 T KRk, =2 ) A B AR
R B B SE AU FRRE 3 IR, ZJRINATE
BE1 000f51% MaASR1 #1437 CIEE 1 h, —Hilk
BAAE PR 3 I, B4R 10 min, SRJEIIARRRE
5 000f5 [ EPi s — Pt , 76 37 CHRMUE TN 2 h, —
PO B S A VR 3 UK, BFIK 10 min, FSEMA LR
@ IR OAT

2 ER 555

2.1 FHE MaASRI BEEEWERZNH
MaASRI 575 3 B SR (181 1) R, i Ak
M2 683 bp, JUT S"ARZRAS I 64 bp, 334 B
142 bp, FFHEBETEHE 432 bp, Fh40H0 143 LM
TG T ATG, & 1 BT TAG,

1 TCGGCCATTACGGCCGGGGACAGCCACCCGTCGCAAACCACTGTTTCAGTCTTACCTGCA
61 AAAGATGGCCGAGGAGAAGCACCACCACCGCCTCTTCCACCACCACAAGGAGGAGAAGCC
21 M A E E K H H H R L F H HH K E E K P
121 CGCGGAGGAGGTGATATACTCCGAGACAGCCTACTCCGGCGGCGATGACTACGCCTCGGG
41 A E E Vv 1 Y S E T A Y S G G D D Y A S G
181 CTACACCGAGACTGTCGTCGCCGAGTCGGCTTCCGATGAGTACGAGAAGTACAAGAAGGA
60 Y T E T vV V A E S A S D E Y E K Y K K E
241 AGAGAAGCATCACAAGCACAAGGAGCACCTCGGCGAGATGGGCGCTGTCGCCGCCGGTGC
881 E K H H K H K E H L G E M G A V A A G A
301 CTTTGCTCTGTACGAGAAGCACGAGGCGAAGAAGGACCCCGATCACGCCCACAAGCACAA
11 F A L Y E K H E A K K D P D H A H K H K
361 GATCGAGGAGGAGATCGCTGCAGCGGTGGCGGTTGGCAGCGGAGGCTATGCCTTCCACGA
12M I E E E I A A A V AV G S G G Y A F H E
421 GCACCATGAGAAGAGGGATGCCAAGAACGAGGCGGAGGAAGCGAGCGGAAAGAAGCATCA
41 H H E K R D A K N E A E E A S G K K H H
481 CCACCATCTCTTTTAGGGGCTGCCCTCTGATCGGCTTCCGTGTTCTGCACCAAATAAGTT
161 H H L F *

541 GAGGCTGGCTTGTCATGATGGCCTTGGCTGCTACAATAATTGGGTGCATGTGTTATGTGA
601 AATAGACTTGTGTTGAGTGTGGGATGCTTGGTACTTTTGTTTTTTTTTCTTTTATCCTTG
661 TATCAAAAACCCTTAAAAATAAG

ATG NEIAHI T ; « FRL LT TAG; ZMEF IR E LR 5,
1 MaASRI EEMZEHERF 7N SERF 5
Fig.1 cDNA sequence and deduced amino acid sequence of MaASRI

i 11 Protparam 43H7 MaASR1 f4 BEAL P i, 43
Mrad e £ 1, MaASRL E H R F R 4 N
1.626x 10*, 338 55 B 45k 5,99, T 43+
CoisH 0o N 5100405, , AFaE BN 43.12(40 LR
FFAEBE ) . X MaASR1 2K [ 5 A AR A & B
Z B E IR FET 5 B B AT ST, 45 R W
INER(Glu) 25 A (5 17.5%) , IN& R (Ala) 21
A5 14.7%)  HZ R (His) 21 4~ (1 14.7%) |, #i
ZR (Lys)18 (15 12.6%) , HERR (Gly) 10 4~ (5
7.0%) o i S HLfT 3R AL (Asp + Glu) BEVECH 31,4
IEHL A ABREE (Arg + Lys) BECH 20, BAEH5EK
FRECK-1.238, TMNIZE A BN K EE AR, H
NEIWITEECH 45. 94,

RIETR T PRSP 5 Ir 45 1 (K 2)
TN REE R EA ASR F% LAY B DR 25 A6 3 ABA
WDS, F TMHMM-2.0 %} MaASR1 f4 % 512 7 51) ik
155307, 45 RR WL I BB B A5 T B

¥ MaASR1 5 HABRIY 1Y ASR Z W 51 it
AT EVEPE 3 7T, & BAE MaASR1 JF 31 HH A 2 4>
BRSO, 78 N 56 C 345 A 14, N oA
WA T Zn™ [ DNA 45507 55, 1 C 34 — e
fifs 5, MaASRI FIHABIEY ASR MRS L E
P MaASR1 57K f OsASR 1>k ZmASR1 X
S B A HR Y TR R S R SR 20 R G, i 5
BT 3 A ASR FEH DL K Eh B8 58 ASR 56 R 3R 45 ¢
R
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Specific hits
Superfamilies

ABA_WDS superfamily

2 MaASR1 SEEF IR &35

Fig.2 Conserved domains of amino acid sequences of MaASR1

S T2 11 3 K R K B 497 47 AT % 28
T S BT RE S BT, A ProtScale 4k
P MaASR1 JEAT 3K MR B K T , 45 5 (2]
3) WV B R SRR S (B 0 MaASR1
TP 11, 40 L 3 R R R &
Tk SR B, I EL3 5 M 43 4 B B
B,

SHE

Ao L Ao = v w
T

1 1 1 1

20 40 60 80
FEMNLE

E 3 &% MaASR1 & B FRK/BK SRR

Fig.3 The prediction of hydrophilicity hydrophobicity of ba-

1 1 1
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(=)

nana MaASR1 protein

TREE F B 2 IR RO S B HE S A — 4
Jy 1] b B A PEZE R (R 52, % MaASR] 2 H 5T —
GREERE R TIN5 B A B T RATTIRER S A 23 (]
45K, R SOPMA #4410l MaASR1 2 1 BT i) — 2%
S50, 45 (] 4) B Rg1A MaASR1 25 5 22 IKEE (1)
TG A 4 R A3 N o-IRiE (55.24%) |
B-55 17 (5.59% ) JEMEELEF (10.49% ) DL K TCHAN 5
i (28.67%) , Lk a-BRHERITCHEIIE #h >k 3=

it SWISS-MODEL 4%} MaASR1 128 2 iR
PP O AT R 0T — 4 25 4 ) [R) U5 A A8, A L A
PR 9] ) T = e 25 (1 S)

T b T 25 W i A 7 2 2 A 440 G 1 T AR A
W AN UL R A5 5 e S S T AR R P B R
THIVE A, F {118 i3 NetPhos 3.1 Server 4%t
MaASR1 B2 3L 2 J3 5] E A7 v 76 W IR Ak 467 A3 19 43
Mro 4559 (18 6) s MaASR1 4 S BL 1% 15 91 Ve A 1Y
WERR AT 5 0 T 22 2R Ser (31 7 4~ 56 26 .31,

38.48.50 112 134 DNEIEMR ) IR R The( 3 14>,
55 43 NEELR ) AR E R Tyr (6 1~: %8 25.30.36,
40.53.56 ™EIER) [, %S5 R UL, MaASR] fE
Wk 22 S8 RV | 7 2 TR A il R i 2 PR VA T T 1 1R
b, X BEFR I | HAT Ui 2 A R 0, HLAS B A AT LAy,
MRABERAERG , B A T L, A
LER R AL 205 R AR S TR AR AL, AT
ST RE e

2.2 &% MaASR1 EHRMEZRIE

FEUAU R IT MaASRT i FE I BE R L14 1) RNA,
PURCE SRR A Y cDNA SRR , 28 PCR ¥ 1 545
FE A 508 G i X H I SE ] MaASRI, Byt B W ¢
Ji L Uk e iE e B B2 R 604 bp (181 7)

P TERE RN ) MaASRT FE R EFE R T 24k I, &
D28 w288 e SRR S 5 A MaASRI B& K 1Y
KIGFFBE TR EcoR T Fl Sal 1 7£ 37 °C 44 F it
F3 W), B FL K RIS MaASRI FE R A B B
S| pET 30-a 204K b FF4& HCBH P Bk i A7
EcoR 1/ Sal 1 AUEHYI4EE (K 8) o ¥ BHPE SR AT
W S5, 25 T3 W 745 21 I L 7 91 5 B 2
R S5 19 MaASR1 3R P51 58 42— 340, 1 B R A%
FEREAK pET 30a-MaASRI ¥ 53

54 pET30a-MaASRI HY T W 55 9% 2 0D {5
0.6, S8 J5 A [ R BE (0.01 mmol/L, 0. 02
mmol/L 0. 04 mmol/LF1 0. 08 mmol/L) ] IPTG 435Il
P35 h, W IPTG 5% 5 MR B A, -1 T
W W B, BT E R M Tk e 5 S FRL UK 43 AT
MaASRI W FIENEDL , 45 R R W A% R IK 1 MaASR1
BT TRINA N 1.4x10°, NIE 9 Faf LIE
H 2 IPTG 35 S 1 FE 0. 02 mmol/LEY, H A9 A
(235 B GV G 3t IPTG 155 10 B 1 %o BERE & A
WA EEA T W RIS, 0. 02 mmol/L IPTG
EREMEARELES 0.04 mmol/L, 0.08
mmol/ L A Bl 22 5 . FrLL 0. 02 mmol/LI IPTG
PR R i RS SR
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Fig.4 The secondary structure prediction of MaASR1

5 MaASR1 =R HFNEE
Fig.5 Model of tertiary structure prediction of MaASR1

1r

BRI

¥ & pET30a-MaASRI Rk 44 1Y TR W 35 5%
Z 0D {HM 0.6, 8RJ5 A 0.02 mmol/L IPTG, 535
WS 2h3 h4hfl5h, WELARFE PTG 75
S5 P TRV, R4 T RE PR I R, SO FH 3R T M T i
BEIE UK M MaASRI BYFERNE N, 45 B F %
IPTG 5 S f [ Y ZE |, MaASR1 25 [ 1Y 2% 35 1 1%
W b, 245 S A 5 h I MaASR1 & R 02
KRR (K 10) .

L

— 25R;

1 1 1 |
80 100 120 140 160
S ZEbAEs
INEIR; — MR, Bl

6 & MaASRI1 KIBEEE L AL =TT
Fig.6 The prediction of phosphorylation sites of banana MaASR1

PRS0 02 mmol/L IPTG 3553 5 h B
TS DR TR SR 5145 31 B A TR A DT e FH R P 1
TR, RS B BRI T TE DR SR A T IR BRI,
ZIEE W R, A IR AR UE S AT
Ni-Agarose 2% Fl1JZ AT, FHE I 0 1 Mo, 5 1ic 45 21 Y
MaASR1 A EfT SDS-PAGE (&l 11) 1 Western ( &l
12) Bk, 5 SRR 2 r 8 A R S ZH AR o

3 0

Ve — P R KRB, B A2 0 7 B AN
A EELEE, RPN L AR R A AT R,
ASR #5002t o 35 46 R A A O I A 0k AR 1
mRNA1 7EB B0 2 A /K235 BRI
ASR FE [H 0] DL sg ) S 52 77 &, B oK ASR A
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2017 4F %5 33 & B5 W

2000 bp

1 000 bp
750 bp

500 bp

250 bp
100 bp

604 bp

M:DNA %> F-EA45rME DL2000; 1: PCR =4,
7 MaASR1 EFE K PCR ¥ HEI6G1E
Fig.7 PCR amplification of MaASRI gene

2000 bp

1 000 bp
750 bp
500 bp
250 bp
100 bp

604 bp

M:DNA 23 F-ihRiE DL2000; 1. BEVI=4,

8 [FE#FiEH Ik pET30a-MaASRI WEEHN . TE

Fig.8 The identification of prokaryotic expression vector
pET30a-MaASR1 by double enzyme digestion

(ZmASRI) [ 557 & 35 %F K 7= 12 4 AR K [ 5%
ZmASRI W 3l A FE MR A W) G U TR A 8 5 T BB
BTk Bk e

T MaASRI FE K (W AEYE B 22 o Ir 4 R &
B, 5L 41K 683 bp, HoHt 5'JE 4R IX 64 bp,3'dE
YA IX 142 bp , FFRLBIEAE 432 bp , Mgt 143 4
FEIR . AWFSERI I E Y 27 1 5 ok MaASRI %&
PRLHEA T B DR 254, Gy 1) 2 R 7 41 B 11 o R 2
PR =454 R A B M B SRR 7 8 AR <
SER IS T AT T A S B I AT

VISR T MaASRI % 5B R L14 B9 cDNA Ky
P O REAS B 5 AT MaASRI SE3& RSEHE A 5], F
JF A% 2 IR 8K pET30a-MaASRI AT 5 F2 3K, B 5¢
T pET30a-MaASRI TERIYIFF I Rosetta( DE3) HEE
HEA R m R TR S &

M. EABR ST B 1. R4 IPTG FHF P ], 2~5.
IPTG ¥ EZ 4341 0.01 mmol/L0.02 mmol/L,0.04 mmol/LF1 0.08
mmol/L,

9 AEXKE IPTG & SH MaASRI [FiZRiE

Fig.9 Prokaryotic expression of MaASRI induced by different

concentrations of IPTG

M. 8 TS FRRIE; 1RZ PTG R MBI IR 2~5. 4>
SR 0. 02 mmol/L IPTG 552 h 3 h 4 h 15 h,

10 FREFHSHEE MaASRI FiZ&RiE

Fig.10 MaASRI1 prokaryotic expression induced by IPTG for

different times

. SNEIERRER AR A P IER RIS ZIRZ
T HYFZMR 9 G E R AR By R 355 R BE AN
55, TR S A E—ERE FRE T HK
HA BT BR3Pt B 8 BT 5 SR8
SRR L, AE T, IPTC M5 S X H A%
BT RIR S AN I ., (E3F5 T [ B 98 5
FIFIAA B, HAAH H Ni-Agarose ZE 12
Mt 4lifb 5 24T SDS-PAGE HLIK 44T, 45 e R A B
AR SR AT A ASOR R4

3 Ao e A 2 UL UE £ R ( Chromatin immu-
noprecipitation, ChIP) LS-9T 77 ) 8 %) MaASR1 YE N
He sk R BT B RN (B B T DNA BT fl
B AR 2B 0% 2 5, BE PR 20 1 A R
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1.0x10*

M 3 H ST bR 1 40405 MaASRT EH

& 11

ZEEEMEWN 4N ERIEE B KR MaASR1 £ SDS-
PAGE %7

Fig.11 SDS-PAGE analysis of expressed MaASR1 protein after

Ni-agarose affinity chromatography

M 1 2

3.5x10*
2.5x10* -

1.5x10*

B s

M HRFUBTAr T bR e 5 1 B HEXS HR 5 2. MaASRT ZlAL AR 15,
[ 12 MaASR1 #i{LZ B Fi#) Western blot £
Fig.12 Western blot identification of MaASR1 purified protein

J&E DL R R 51 F X FE IR I S B A RS
TR AR PHE | T DA% HE AR A 21 i 2 R 75
AT HINEE e BELTS S 36y ( EMSA ) B I6AIE . Tl 2 A% 35
RIS 44 MaASR1 25 5T n] T EMSA HE,

B E 3k
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