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Cloning of PGIP gene from Malus domestica M. and its
fusion expression in E . coli
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Abstract: [Objective] In order to lay a foundation for the study of the biological function of polygalac-
turonase-inhibiting protein (PGIP) ,PGIP gene was cloned from apple fruit and its prokaryotic expression
was induced by IPTG. [Method) A pair of specific primers were designed according to the conserved se-
quences of apple PGIP genes in GenBank. The ¢cDNA of apple PGIP gene was amplified from fruit by RT-
PCR and cloned into plasmid of pMD18-T, then identified by sequencing. The full-length cDNA and the cD-
NA excluding signal peptide were respectively constructed into expression plasmid pET-32a(+),and the
recons were respectively named pET-PGIP and pET-PGIP-X. Then the recombinant plasmid pET-PGIP and
pET-PGIP-X were transformed into host bacterium BL21 and their expression were induced by different
concentrations of IPTG. Expression products were analyzed by SDS-PAGE. The pET-PGIP-X expression
product was detected by solubility analysis. [Result] The results of sequencing and bioinformatical analysis
showed that this fragment was 1 091 bp,including a 993 bp complete ORF,encoding 330 amino acid, which
was named MdPGIP. The results of SDS-PAGE showed that the recombinant plasmid pET-PGIP and pET-
PGIP-X could express interest protein and the molecular weight of which was 49. 6 ku and 46. 1 ku. Signal
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peptide excised protein expressed by pET-PGIP-X mainly existed in the form of inclusion bodies. [Conclu-

sion] Apple PGIP gene was successfully cloned and high level expression existed in E. coli.

Key words: Malus domestica Mill; polygalacturonase-inhibiting protein; gene cloning; Endo-polygalac-

turonase

L) 240 LR T LA 80 e BEL S AL ) o it L T Y 4R
Y EURE 995 i L TR T 43— FR B ) IR I AR AL A
YR RE ., NI 2 5 F FLORE I R B (Endo-polygalac-
turonase, Endo-PG) RV & it B 1 12 YL 2F 3 48 9 i)
JIT 4 U 1) 65—, HC BB I A A B ) A BE b 2 Rk
LW TR R N HL S 0 VY TR A A0 A= o DA T o B804 L VA
HNB R RIRS . 2 B UM I R W 0 )
H (Polygalacturonase-inhibiting protein, PGIP) f&
FEAE T 22 FlORE W 4 R B v i — POl & L e & — 1k
Mo BT Endo-PG i M . A1 A 4 0K 4 55 3 2k
LB TR R P RRL SR, DT AT A AT 280 b L T L 1T 1) 42 %
Tb AR B0 AR R ) & AR . PGIP R 5 RS &
(SRR NS N BTARES N S WP e S
ERFSEPES, N PGIP 22 21 [ N A F 98 3 10
JEE AL IF R B OET B L DR TR R S
L TR . BHEr A E ARG
BUUT AR AT R AR BT A R h T
T PGIP B I 47 1 A B 9 B REWE 5T

R 1 A Ty B B T AR R A SR A A 2
— AH AR LAk 1 52 5 45 R e AR AR B Y
B Horh LR 3 s 22, 0 WL A R 80
TS 208 IRAIELI « 1A R B R A5 Rtk T
SER PGIP 35 [F v e K B SE DR F 98 BT S 22 i B0
RIS B R SC T A I T B A0 T A LR E .
ARWEFER B LRI 5L PGIP cDNA #4715
B A A= W05 B 24 03, JF Al IR R R 24 . 72 K
FEHE b7 23k, LA O PGIP 9 30 58 35 1 H e 5
Z RO RE R Y PGs 1M B /E &AW 2T
W5 B8 5E Hefi o

1 RS Tk

L1 # #

LY B BE R & A 3 R (Malus domestica Borkh,
ev. Fujd) B4 2R B 3 PE AL AR R K 2 bl 201K 50 75
FHB R ARG T — 70 CUkFE PR .

M-MLYV Reverse Transcriptase iR #ll & . rTaq
DNA % & W, ANTP, BR 1 4 A Ul B BamH 1
Sal 1 . T/A ¥Epe#kiA pMDI18-T, T4 DNA i # i .
WA KREFEAEYHEAR TEARA G RLHEKE

pET-32a(+) .15 £ K AT W DHS5« BL21, # i 74
AC AR HE A2 Bl 252 B A W R S50 3 IR AT
1.2 Sl¥rgit58mK

R A GenBank H B 28 & 3 (1) 3% FL & #1911
PGIP {57 X 3, % i1 1 4 45 % 51 9, PGIPF1. 5'-
ACCCAAAACAATGGAACTCAAG-3', PGIPRI:
5 -CCATGACTGGTCGCTTATTTG-3" . 8| ¥ I
WA LAY TREARGRA R A K.
1.3 FERE RNA #E

SR LG RNA (R BCR H SDS/ #v ik,
1.4 3ER PGIP EEH RT-PCR ¥ & 575

PIFEECAY B RNA HEHR , | M-MLV Reverse
Transcriptase iX#F| &, 7F Oligo d(T) B ¥ 5| % T,
S Sk A L cDNA 25— 5, AR #R/E 2 IR &
UL EEFT . PL cDNA AR 47 PCR §7314 , PCR
N R Zh 25 pL:10 X PCR Taq buffer 2.5 pL,
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min. 325 FIEW . 100 pL 1 X SDS |- #¢ 2% nh ik
BEULTE, W K8 3 min, 12 000 r/min R & L 1
min, JL 20 pL FIEW#HTT SDS-PAGE HLIK , &6l 27
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2000 bp
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Bl 1 3R PGIP £ A R B RT-PCR
M. DNA Marker;1~2. 323 PGIP 3 [ RT-PCR ;=4
Fig.1 Apple PGIP gene fragment acquired by RT-PCR
M. DNA Marker;1—2. Apple PGIP products by RT-PCR
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-@- -I- -P- -S- -S- -L- -S- -Q- -L- -P- -N- -L- -N- -A- -L- -E- -L- -D- -R- -N-
tadgeteaeagygtost abttecgaaategettgggeagteoat tggeadvgttevagacot
-K- -L- -T- -G- -H- -I- -P- -K- -S- -L- -G- -Q- -F- -I- -G- -N- -\[- -P- -D- -L-
gtateltdlteddadaage cagelitdlelggdaadaliddapaaggl.eatlitegdl.dagatggaglt
-Y- -L- -S- -H- -N- -Q- -L- -S- -G- -N- -I- -P- -T- -S- -F- -A- -Q- -M- -D- -F-
cdacoagdeatdgagttatedcggadeadaadgdetvgaadgtgavygedgtedcdtgatatttoggyget
-T- -S- -I- -D- -L- -S- -R- -N- -K- -L- -E- -G- -D- -A- -S- -\[- -I- -F- -G- -L-
gaadgaagaeaadecegag attgtggacecetgteocaggaagttgoatggaattbaatetgtaeaasa
-N- -K- -T- -T- -Q- -I- -\[- -D- -L- -S- -R- -N- -L- -L- -E- -F- -N- -L- -S- -K-
g tugadtttitorgaed dgitbhgacetegitggatdtitcpgacpgieaddtdaygeate tadiggygdayg
-\[- -E- -F- -P- -T- -S- -L- -T- -S- -L- -D- -I- -N- -H- -N- -K- -I- -Y- -G- -S-
tateeceagttggagbtt aceegaaettgaatihheaasgttteetgaaegigagetbacecaacagget
-I- -P- -\[- -E- -F- -T- -Q- -L- -N- -F- -Q- -F- -L- -N- -\[- -S- -Y- -N- -R- -L-
gtgtggtecagattedadtigggrggaaagttitgeagagetitogdegagtitatietttatttces
-C- -G- -Q- -I- -P- -\[- -G- -G- -K- -L- -Q- -S- -F- -D- -E- -Y- -S- -Y- -F- -H-
taaccgatgcttgtgcggtgctccactcccaagctgcaagtggccacaactgcagat
-N- -R- -C- -L- -C- -G- -A- -P- -L- -P- -S- -C- -K- . Kk

ttggecageaekit ecgaatagttgetgtittaanvagdtgtthgygbeatanwasataaged

K 2 3R PGIP B cDNA M4% 8 R T 51 b Hoife 5 1 & B 1R 7 51
HLF 2835 3 0 15 5 K 371 5 B BA B o 50 B T 2 B0 (3 (LRRO ), HL o R IR 358 43 S A% 0 28 17 911 5
RIS N A S AR N B TR s ATG AR IBHID T TAA RL LT
Fig. 2 Nucleotide sequence and deduced amino acid sequence of apple PGIP ¢cDNA
Bold underlined sequence indicates the signal peptide; Thin underlined sequence indicates the LRR core motif ;Light shadow

sequence indicates the LRR motif;Deep shadow indicates mutated amino acid; ATG indicates the start codon; TAA indicates the stop codon

1 2 3 4 5 6 M

[ 4 500 bp
| SRR 3 000 bp

S 000 bp
11200 bp
800 bp
500 bp

993 bp

200 bp

&3 3R PGIP M &4 ik pET-PGIP (19 PCR FIfi U] % &
M. DNA Marker; 1. 25 Jfiki pET-32a(+) ) PCR =¥ ;2~4. PCR =¥ ;5.6. pET-PGIP ) BamH 1 fil Sal T XY 7= 49
Fig. 3 PCR and restriction identification of apple PGIP gene recombinant pET-PGIP
M. DNA Marker; 1. Amplification of plasmid pET-32a(+) by PCR;2—4. PCR product;5.6. pET-PGIP digested with BamH [ and Sal [

2.3 ¥ERPCIPEEEXBHEFNBFTSRIE AN 49. 6 ka(J& 5) F146. 1 ku([&l 6, 4335 5 48 8 &
A # ik TR B pET-PGIP fl pET-PGIP-X 7 M 12 kw4b BT 8 i 8 H AR, 5 U A5 SR A AT,
37 CFESE S s A b BIAE 20 F IR UiBH 2 MhEl & B A 7E E. coli BL21 FRfgg Rk, SDS-
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PAGE Ly AN 25 2R3k 2 W] A R e JEE 1) IPTG T 37

M 1 2

4500 bp
3000 bp
2000 bp

1200 bp
921bp
800 bp

500 bp

200 bp

Bl 4 R PGIP S &4 i ki pET-PGIP-X
ffy PCR I i ) % 5
M. DNA Marker; 1. pET-PGIP-X i BamH [ FlI
Sal T WY 4) ;2. pET-PGIP-X ) PCR =)
Fig. 4 Amplification of PCR and restriction identification of
apple PGIP gene recombinant pET-PGIP-X
M. DNA Marker; 1. pET-PGIP-X digested with BamH [

and Sal | ;2. PCR product of pET-PGIP-X

2.4 FEBNFAMESH

TRl GE A KRB OLCI 22 5%

49.6ku

20.1ka |

K 5

R PGIP B G E AT RRIA

M. TaKaRa & F1 4> FA5if s 1. 25 #4& pET-32a(+) £ 0.1 mmol/L
IPTG 5 5 h IR E =W ;2~7. 09k pET-PGIP £ 0. 01,
0.1,0.3,0.5,1.0 Fl 2.0 mmol/L IPTG %S 5 h il &k
Fig. 5

Induced fusion expression protein of apple PGIP
M. TaKaRa protein molecular weight marker; 1. Expression of vector
pET-32a(+) at 5 h after inducement with 0. 1 mmol/L IPTG;
2—17. Expression of fusion protein pET-PGIP at 5 h after inducement
with 0.01,0.1,0.3,0.5,1.0,2. 0 mmol/L IPTG respectively

kA 5%, pET-PGIP-X 23k 7 ¥ 1 T % 1 4>

£t Bandscan 4. 5 $ 047 . VIR {5 5 IR B il & 26
IRk i R Y 39. 504 T & 15 BRI A 2 1

Mre W] . H AL & & B A DUTE B, b R
KB E 6) R BIZRS EH LR B AR A .
1 2 3 4 5 6 7 8 9 M 10 11 12 13 14 15

97.4ku

66.2 ku

46.1ku
43.0ku

31.0ku

20.1ku

B 6 pET-PGIP-X 7E E. coli BL21 th 323k 7= ¥y i 7] B Pk 43 7
M. TaKaRa & 14> FHr#fE; 1.3.5. 4050k 37,25 il 15 CT T 20 h (i HEE M
2.4,6. 43314 37,25 M1 15 CTiES 20 h 9N HEMA:7.37 CTRIFFMAE RSB TEENAEN;
8. pET-32a(+) IE H 41 % B 5 F 5 9. pET-32a( ) AEEALX FRPET 6 h =910, pET-32a(+H) & AR FiET 6 h i EEM;
11~15. 43514 37 ‘CF 0.01,0.1,0.5,1.0,2.0 mmol/L IPTG 5% 6 h i M EH
Fig. 6 Solubility analysis of pET-PGIP-X expressed protein in E. coli BL21

M. TaKaRa protein molecular weight marker;1,3,5. Supematants total protein induced for 20 h under 37,25 and 15 C;
2,4,6. Precipitates total protein of post-sonicated engineering bacteria strains induced for 20 h under 37,25 and 15 °C ;7. Total protein
of uninduced recombinants after 6 h under 37 °C ;8. Expression production of control pET-32a(+);9. 6 h induced expression
product of control pET-32a(+);10. Total proteins of strains harbouring pET-32a(+) after induced 6 h;11-15. Expressed
product 6 h induced with 0.01,0.1,0.3,0.5,1.0,2.0 mmol/L IPTG,respectively
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PGIP & & LRR, B4 MR LRR 254 F#1E
J& TR LRR EARE S PGs M H{E
FZ 43 FoKF BB R LRR A 3455 5 U0
— R R R, K2 e bt A
(Resistancegene, R) #J % 5 7= ¥ # & LRR &
({09 LRR HA LXXLXXLXXLXLXXNXLXG-
XIPXX J5 41, Hor &0 /57 )7 91 o LXXLXLXX-
NXL. 2 Z 58 PGIP §i75 5k H %35 8 R A 1)
P FEMY . PGIP it LRR 35 2% TAh &%
THT 1) 20 325 1 7k ok & # LA i) PGs TG PR /E IS
X B TR R A T A S R kS & AR s A ) 4 e
S R D R W LRR 3748 PGIP 550 A il
PGs ZiE&E (AR H M VE R . KA BT 5 B 11
B LS PGIP 3 K T 4 i i & JE iR 5 B R 1Y 3%
B PGIP WRIERFEAT N . K W HH & A 2 4
FAR—F0 LRR 7, (H 783X S8 3 Jy v A > B0 5
MR & A T AR, 158 i (T—A) A1 173 £ (R—H)
QIR . T PGIP i & 4% 1 £ 5L B R % i 5, 1
H PGIP Z % 09 A 8] )i b1 A7 JUF- Af 6] 14 2 14
Jt s FUR RS MR TR T AS [0 JE 4 43 0 1 PGs A
], PGIP X 410 ) Bt AR )17 7 DA 2 41 S iR
AR At PGIP 30 B 106 1 ) 52 i 38 A5 1 ik — 25 5%

i 5 PGIP 3 A (9 AE B 7T fE N 2 2 30 Xt 4%
& PGs I/ Y, R 7E 3 3k 5% PGIP 3% A F
FTRE Y PUIG & FPET A B AT RSN B ik
Jo AT B 2 e P R AN IR Rk 1 B . AR Ak 2h
o E 7R A R h i B T PGIP 3 L IR H
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