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Molecular Cloning, Sequence Analysis of Polygalacturonase-Inhibiting
Protein Gene from Prunus persica and Its Expression in E. coli
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Abstract: [Objective] Disease resistance mechanism was studied by methods of cloning and expression of the pgip gene of
Prunus persica. [Method] A ¢cDNA fragment about 1 kb was amplified from the total RNA of peach leaves by reverse transcription
PCR (RT-PCR) with a pair of specific primers based on the conserved sequences of the pgip genes of genus Prunus. The fused
expression plasmid was constructed by inserting the cDNA fragment encoding the mature peptide of PGIP into the prokaryotic
expression vector pET-32a(+), and then transformed into Escherichia coli Rosetta-gami (DE3) pLysS. [Result] Sequence analysis
showed that the fragment contains a full coding region of 993 bp encoding 330 amino acid residues with a molecular mass of 36.4 kD.
This deduced protein has a pl of 7.42, a hydrophobic region of 24 amino acid residues in the N-terminal which was considered to be
a signal peptide, and seven potential N-glycosylation sites. The cloned cDNA exhibits a homology of the nucleotide and amino acid
sequences of 93.2%-94.6% and 89.7%-92.7%, respectively, aligned with other pgip genes from the genus Prunus. However, the
homology tree shows that it is obviously distinguished from other genes. And the phylogenetic tree shows that it is indeed far from
its near species, and belongs to different branches with P. mahaleb. The three-dimensional model of the protein contains 11 a-helices
and 21 B-sheets, and the center LRR structural domain is composed of ten tandem LRR motifs. The SDS-PAGE displays that the

recombinant proteins mainly appeared as inclusion bodies. [ Conclusion] A pgip gene of peach was cloned and expressed in E.coli.
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coli JIM109 1 E. coli Rosetta-gami (DE3) pLysS #JH
VU)IA8 53 F A B A AR T 5 S5 S ARAT
1.2 RNA B9IREUAR pgip BISEbE

B F B RNA U772 W25 SCHk[26]. 38 1
B cDNA & HECET M-MLV W46 580 Rever Tra
Ace, LA CDS Primer (5-AAGCAGTGGTAACAACGC
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| 1CCGTggat ccGCAATCACATTTCT TATTCCAAAACCCAAAAMATGI ACCTCAAGCTCTCCACCCTTC ICTGCT TG ACCETACTCTIC TCCACCATC CTARACCCA

1 M DLEKLSTLLCLTLLFSTILENEP
107 GCICTCTCCgaget cTGCAACCOGAAAG ACAAG AAAGTCC TC CTACAAATCAAGAAAGCC TTCAACAACCAUTAC TCTTGTCCTCATGGGACCCAGAGACAGAC
2 ALSELCUNPEKDEKEKYLLQIKEKAFNEINPYVLSSWDPETTD
212 TGCTGTGACTGG TACTCTG TCACCTG TG ACTCCACCACAAACCGCG TCAACTCOC TCACCCTCT TC TOCGGG 66AC TCTCOGG TCAAAT TO0G ACCCAAG TOGG T
57 CCDWYSVTITCDSTTUHNRVNSLTITLFSGGLSGQIPTROQVGE
317 GACTTGOCGTATCTTGAAACACTTGAGTTTCACAAGCAAGAATC TTACCEE ACCAATCCAAGTOCATIGOCAAGCT TAAGOGCCTCAMG G AGCTGCGOCTC
92 DLPYLETLETFHEKQPUHNLTGPIQPSIAZKLEKRLEKTELTRL
422 AGCTGGACCAACATCTOCGGCTC 16 TOCCTGAC TICCTCAGCCAAC TCAAARACC TCACCTTTC TIG AACTC TCAT TCAATAACCTCACAGGC TOCATCCLRAGC
27 SWTHNTISGSVYPDFLSQLEKENLTFLELSFHNENLTGSTITPS
527 TCGCTTICTCAGCT TCCAAAC CTAS AOGC TCTTCATCTAGACCGTAAC AAGC TCACAGG TCATAT TCOG A%G TCAT TCE6AG AATICCATGGCAGTG TTCCAGAC
12 S$LSQLPNTLDALHLDIRNEKLTGHIPEKSFGETFHGSVPD
632 CTCTATCTCTC TCACAACCAGC TCTCAGGCACC ATAOCAMCCTCATTAGCCAAAC TGG ACTTCAGCACCG TAGACT TCTCCASEAACAAGCTCGAAGGCGATGCA
197 L YL SHNQLSGTIPTSLAEKLDTFSTVDFSRNEKTLESGT DA
737 TCCATGATCTTT&FATTTAACAAGACTACOCAGATTGTGGATC 16 TG ASSAACT TGCTGGAATT TAATCTATCAAAGG TGGAG TTTICCAAG AGCTTGACTTCG
22 SMHIFGFHNETTQIVDLSRENLLETFHNLSEKVETFSES SLTS
842 TTGGATCTCAACCATAACAAGATCACAGGCAG TATTOUGG T6GGGC TGACOCAAG TGGATTTGCAG TTCC TG AACG TGAGCTACAAC AS6TIG TGTGG TCAGATT
267 LDLNHNEKTITGSIPVGLTQVDLQFLPEYSYHNRLTCEGR QI
947 CCAGTGGTGGGAGTIGCAGAGCTTOGATTCC ICAACATATATCCATAACCAGTGCTTG T6CGGTGCTCCAC TOCCAAGC IGC AMAITAAT IO0CACg tegacT TTA
32 PVG6GGKLQSFDSSTVYIHNQCLCGAPLPSCEK =

N TSR BamH T . Sac T Sal T B UIAE A0 P RILE R SIH5:: R RIZMA 0 S IKTS: ATG DRI T [TAA D& IEH ST
FAMA BRI RIAF A AT 3T T HUR R R 25 TRBE RN Cys 5kAE: B0 AL N-BEIEAL A7

The lower-case characters indicate BamH [, Sac [ and Sal [ restriction sites respectively; single underline indicates primer locations; double underline
sequence indicates the signal peptide; indicates the start codon; indicates the stop codon; the bold-italic letters indicate the rare codons of E.coli; the
bold letters indicate the Cys residues contributing to the formation of disulfide bond; dashed areas indicate the potential N-glycosylation sites

1 Popgip cDNA BINZEERF IR EHESHRERRFT

Fig. 1 Nucleotide sequence and deduced amino acid sequence of Pppgip cDNA

x1 BTAARHER vgip
Table 1 The pgip genes of genus Prunus used in this study

= GenBank ' HIERIF I B RS L Yol it b

Code cDNA [P35 Amino acid Scientific name Name Variety
c¢DNA accession number accession number

A DQ364056 AAV33432.1 P. mume Sieb. #§ Prune ‘Dali’

B AY903223 AAW72620.1 P. mume Sieb. #§ Prune ‘longyan’

C AY986899 AAY32955.1 P. salicina Lindl. Z% Plum

D DQ364055 ABA42120.1 P. salicina Lindl. Z% Plum ‘xiaohuangli’

E AY883417 AAWS57429.1 P. americana Marsh. Y4 American Plum

F AF263465 AAF79181.1 P. mahaleb L. AL Mahaleb Cherry

G AF020785 AAB80732.1 P. armeniaca L. 7 Apricot ‘Marille Bauer’

H AY903219 AAWT2616.1 P. persica L.var.densa Makino %/ #k Shouxing Peach

I AY352426 AAQ56728.1 P. persica (L.) Batch Bk Peach ‘Jiubao’

J EF409977 ABO26221 P. persica (L.) Batch Bk Peach

295 ML R 20%, IF BA /MBS AEE T4 20 Pppgip 75 KA B R3] T Rk, Bl S £ B
BEJR M BT, KIS MytEt, K5 AR L.
FRMTCANE A48 (B 6) o XLLEIRRY], &
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Fig. 2 Predicted PpPGIP three dimensional model

NSLTLFSGGLSGQIPT NNEEDLPYL Irrl
ETLEFHEGPNLTGP IOQP SEWKLEKRL lrr2
KELRLSEWTNISGSVPDMEQLENL Irr3
TFLELSENNLTGSIPSEEMEQLPNL Irr4
DALHLDRNELTGHIPKSNEMMEFHGSYV Irr3

PDLYLSHNQLSGTIPTEEMREKLDF Irr6
STVDFSENELEGDA S [FGFNETT In7
QIVDLSRNLLEFNL SEVEFSESL Irr8
TSLDLNHNEITGSIPV QvD L Irr9
QFLNVSYNRLCG QI P VGGK FDS lrrl0
sxLxLxxNxLlt/s6 x IPxxLxxLxxLl R34
- Conserved sequence
77t Sheet 477 Sheet 20 Helix

1B MRTE X S5 P 2 AR

Sheets and helices are correspond with Fig.2

3 PpPGIP —ZR 454 LRR E[F
Fig. 3 Secondary structure organization of the LRR motif
(residues 73-312) in PpPGIP
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Code designations A-J shown in table 1

B4 ZE pgipZEBEFY () URESSERFT] (b)
BRG]

Fig. 4 Homology tree of nucleotide sequences (a) and

deduced amino acid sequences (b) of the pgip genes

among species of the genus Prunus
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Numbers beside the branches indicate the bootstrap supports (%); code
designations A-J shown in table 1

5 IEBEGENTER pgipHLKF
Fig. 5 Phyletic evolution analysis of pgip genes of the genus
Prunus by neighbor-joining method
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JUT- A AED BE0R B A= PGs, BAIHZ
ol ) TS, 2 3298 B AR EL AR A KR
R T RFE R PGIPs, LU SR BB 12
il PGs. 7E4EZ (Allium porrum) H VKRBT 20 £ 5
PGIPsPY, 3Pl g3l BRI, JKAE DL R NP
% PGIPs #i02& HH pgip &R K ikgatd, X1 & PGIPs
Y5 PGs il B A SRIEFIC LI 45 1P, gk
H A FAEA ) PGIPs 3 2[Rl — 4 (1 AN [F] PGIPs,
EATASF B 20 WA 1) PGs B[R] — L 430 (1) A [
PGs 54 AS[FIFEE (140461 11 ™. De Lorenzo %%} &
SeFE poip BRI EEAT [FE 4 B R, SRHEY)
PGIPs 5L 'E Y PGIPs W7y )& T 2 Mk, [A]—
BHEYI PGIPs )P FIAMEE R = (>96%) 5 L
SREERY . SERL B RG R PAHBRIRGE, HEiIh
FEAEAR AL E CEIIARLRE >94%) o 2%
2EBANE 10 ZRRIIN poip BEATREMNTRIL, BiE
pgip FEHIRE N 4 4, FEAR I & A TRV AR =
Je& TRI A AR AR A EA AR 23 45 SR A B AR IR
TSk PR BRI 3764 ) MR A e a5 e AR
WS SR 1Y) Pppyip 58 Ak AR A AR 1
pOip ML MR AN 2 HE IR [F) Y553 900 K 94.4%F11 92.1%,
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Table 2 Comparison of nucleotide sequences and deduced amino acid sequences of the pgip genes among species of the genus

Prunus (%)

BAHR)PHIFJEYE Homology of nucleotide sequence

%5 Code A B C D E F G H I 7
AEERR T BRI A - 99.7 95.9 96.2 96.4 95.5 96.2 96.7 96.9 93.4
Homology of amino B 99.4 - 95.9 96.2 96.5 95.5 96.1 96.7 96.7 93.2
acid sequence
C 94.8 94.8 - 98.9 98.9 97.2 98.9 96.8 97.1 943
D 948 94.8 98.5 - 99.4 973 99.0 97.0 97.3 943
E 95.5 95.5 98.8 99.1 - 97.5 99.1 97.4 97.6 94.6
F 948 94.8 97.6 97.3 97.9 - 97.3 96.1 96.4 94.6
G 94.5 93.9 97.9 97.6 97.9 96.7 - 97.0 97.4 94.5
H 96.7 96.7 95.2 95.2 96.1 94.8 942 - 99.6 942
I 97.6 97.0 95.8 95.8 96.7 95.5 95.5 98.8 - 94.4
J 90.3 89.7 92.1 91.2 92.1 92.7 91.2 91.8 92.1 -
FKHIFHCTERE 1
The code designations shown in table 1
|21_‘456M?80lezsjmsa?s__@kD
—-97.2 - =97.2
—66.4 - -66.4
-518
-343
. —443
-—
—290 ..
- ' = -29.0
-20.1 —_—
‘ - - -20.1
-143 - -‘ ! -1 -143
a b

M: EEAB T REARE FEkBTRE HAR 40T a: 28°C MR ERIE TR AT 2. 4. 6 h (B2, 41 61E) FARFET 2. 4. 6 h (1. 3H5
i) LUK pET-32a (+) FHAHAL AT 2. 6h (BT IH) MAFET 6h CGF 9IH) MEEHA; b: 28°C FRMAFIE TRMEIAET 6 h FRIEEA.
PR BE I LRI (359 SR 78D . KRBT 6 h G M ARmREER) i fyte G 6 M) , LA pET-32a (+) FHMHEATIHET 6 h J5IN
UUE b B2 M43 FURIBS 6 h FRIUGE. b CGF 1M 3 3D
M: Protein molecular weight standard; Arrows indicate the target protein bands; a: Total proteins of engineering bacteria strains after induced (lane 2, 4 and 6)
or uninduced (lane 1, 3 and 5) for 2, 4 and 6 h, as well as strains harbouring pET-32a(+) after induced (lane 7 and 8) for 2 and 6 h or uninduced (lane 9) for 6 h,
respectively; b: Total proteins (lane 9) and supernatants (lane 5 and 6) or precipitates (lane 7 and 8) of post-sonicated engineering bacteria strains after induced
or uninduced for 6 h under 28°C, as well as supernatants (lane 4 and 3) or precipitates (lane 2 and 1) of strains harbouring pET-32a(+) after induced or

uninduced for 6 h under 28°C, respectively

B 6 FLH Popgip FiEF=H) SDS-PAGE 5 #f
Fig. 6 SDS-PAGE analysis of the expressed product of recombinant Pppgip

KW P sekER) Pppgip Bk pgip HEKIZGE T — 5.

M 2 FE 4 v LUE H, 2RI poip HATR w1 [R1JE
P, {HJ2& Pppgip B S5 AN, 752458 F L R 5
Ko K& Pppgip #F, 4EILE poip ML TR FI 2 AR
[EYETE 250 95.5%~99.7%F1 93.9%~99.4%. L4y
FIREBER) poip 5 Pppgip RYEME &R, HAZ R
FERRRIJENE 3K 94.6%H1 92.7%. BE—L [ ARGk

WA MR W], Pppgip Fr-5 S AIFEBE pgip Ok AR5
AN, SRR IR R AR SE 10 pgip
WAFAEAIN B G R (K 5) o HED Pppgip 1
i i ) ] e HA R R K AR B, (HIR A R
R FA AU R P HEAT DI RE SR IE

PGIPs J& 54604 LRR A 5K, AT AL
LRR £ifP9, g — it e —F¢, BAT
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xxLxLxxNxLt/sGxIP xxLxxLxxL 55 551, iXf LRRs
BN b &S 5 88 1 - B8 1 TR E A X8RO
PGIPs 25l LRRs HE7 L) B-# &/B-F filx Yy
PGs FErrditr, WA T 3R ) L s SRR IR AR K
AEEAR, W4 PGIPs (3t M AT 52 i) s g o1l
T PpPGIP Figk 45H KA, & 535 PGIP2
(g 2, EICMR Y B-HT B K R K
4, KW PGIPs 5 PGs MIAHH U A —E R 5+
P,

T4 pgip HIFEAK AT REA S RIL X REE PGs
(IR, Rk, e # poip MEA TR B R T
D EAT SNBSS . KA 55 H 0 SR
FENFRIATE . Thow UK 4% poip 76 KA B
BT T RG2S, 2 N T BRI E BRI,
HA K IR H R REFR TG HIE . Nalumpang 5P K
FER T FL A poip I, 2357 4) S DAAN IR A
WL, R D, A RCRARAR, (R
RIS 3 R R L UVE J5 R I X PG A 4
Mo ABFFOR Pppgip £ KA TP AT T Rl Rk,
H bR A 2 DA R AT B, B9 5620
SR TER . Bk, AR HET Pppgip 15
ik, DMERE SRS E AR E, AT 5S4k
PR RIIE ST S5 A% 3 1K) PGIP % 0% B & PGs (11305124
R, il pgip RAFHUITEE FAEYIH B M TAEST
A

4 ZEig

AT A b ) v B T e A G i X
I8k PGIP L[ cDNA, GenBank % 5t '5 4 EF409977.
HARAJE poip HAR =i FYEPE, {5 Pppgip 5 CUk
T (12 )8 e AT pgip A3 W1 IX 51, HED Pppgip
(19 A =y vl g B AT RE R I AR BRRR PR o A K AT iR
WINFIET Pppgip, XKAH B T-3— 205 PpPGIP
1Dy fe 5 PGs AR EAER, ik pgip (15T KA H
B He i
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