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Analysis on the structures of polygalacturonase-inhibiting proteins and the
expression profile of its encoding genes in rice
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Abstract: Polygalacturonase-inhibiting protein, the extracellular leucine-rich repeat protein, specially recognizing and inhibiting
polygalacturonase (PG) from pathogenic organism, can improve the resistance of plant against the pathogen. In order to clarify the
structures of OsPGIPs and the expression profile of its encoding genes in rice, seven OsPGIP (polygalacturonase-inhibiting pro-
tein) genes were amplified from rice cDNA by PCR. Bioinformatics analysis and structural prediction of OsPGIPs were per-
formed and expression profile of its encoding genes under biotic and abiotic stresses was determined after these genes being
cloned and sequenced. The results showed that PGIPs from the same or similar species had high similarity. Through mul-
ti-sequence alignment and phylogenetic analysis, it was found that most OsPGIPs had closer genetic relationship, but all of them
could not be grouped in one group. All OsPGIPs had a signal peptide and 9 toll LRR fragments included the typical PGIP’s
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motif of xxLxLxx. Secondary structure prediction indicated that all OsPGIPs consist of a-helix (H), extended strand (ES) and
random coil (RC), which construct repeated RC-H-RC-ES- and form a typical concave coinciding with the right-hand helix rule.
The concave might be responsible for the interaction between OsPGIPs and PGs from different agents. Most of the seven OsP-
GIPs were stable, and they all were hydrophobic proteins, good lipid solubility, with transmembrane structure, extrcellular loca-
lization, one or more N-glycosylation sites, and basically insoluble after expression in E. coli. After being treated with biotic
and abiotic stress factors, the expression levels of different OsPGIP genes in rice were significantly up-regulated or

down-regulated, but the total expression levels were significantly up-regulated, which indicated that rice could improve its
own ability against stresses by regulating the expression levels of OsPGIP genes under stress conditions.

Keywords: expression profile; protein structure; analysis; PGIP; rice
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Table 1 Primers used to amplify OsPGIP genes
Gene Forward primer (5'-3") Reverse primer (5'-3")
OsPGIP1 TGACTCGCTATTGCATGCG TGGGAGCTTAATTGCAGGGA
OsPGIP2 ATACACGGCATTGCATGCAC CTTACACTCGTTCTCCGTAC
OsPGIP3 TAGAAGAGAGGAAGCACGCA TTGGTGGCCTGAGATAGGT
OsPGIP4 TGTCGTGCACTTGTGTTCAA GCATTAGCTGGTTGCTTC
OsFOR1 TTCAGGTAGATACAATGGCG ATGGATGGATGGATGCTC
OsPGIP6 GAGCCGAGACGAGACGA ATATGTACCCAAGCCCAAA
OsPGIP7 TCCTGCACGGATTTGAGC TAACAACAGCCAGTCAGCAAT
1.4 OsPGIP , )
(https://www.predictprotein.org/)  (http://www. : 14 d 4
cbs.dtu.dk/services/SignalP/) , 4 d, ,
(http://npsa-pbil.ibcp.fr/cgi-bin/npsa_
automat.pl?page=/NPSA/npsa_hnn.html)  (http://www. 2
ch.embnet.org/software/COILS form.htm) s , ,48 h
(http://swissmodel.
expasy.org/) SWISS-MODEL (http://www.cbs.dtu. , —80 ,
dk/services/) CPHmodels  (http://scratch.proteomics. RNA
ics. uci.edu/) SCRATCH 1.7 qRT-PCR
(https://swissmodel.expasy.org/assess) RNA, cDNA |
, PyMOL V2.3 CFX96 Real-time (Bio-Rad)
20 pL : AceQgPCR SYBR Green Master Mix
1.5 OsPGIP

N-

(https://www.expasy.org/proteomics)
(http://www.cbs.dtu.dk/services/NetNGlyc/) (https://
embnet.vital-it.ch/cgi-bin/TMPRED_form_parser)
(http://www.biotech.ou.edu/) OsPGIP
RsPG (https://cluspro.bu.edu/
login.php?redir=/home.php) ,
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YSBRI1 3 Lemont (
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Fig.1 Phylogenetic relationship among OsPGIPs and PGIPs from other plant species
OsPGIP N PGIP NCBI A: ; B:
OsPGIPs is the abbreviations of polygalacturonase-inhibiting protein from Oryza sativa, the others are the NCBI accession numbers of the
corresponding sequences. A: phylogenetic tree; B: subtree.
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Table 2 Secondary structure of OsPGIPs predicted by HNN method

o-

Protein a-helix Extended strand Random coil Number of cysteine Position of disulfide bond
OsPGIP1 36.25 10.68 53.07 8 56-63, 278-298, 300-308
OsPGIP2 46.20 10.23 43.57 9 34-64, 65-72,310-323,331-339
OsPGIP3 32.74 13.86 53.39 10 17-27, 56-64, 322-328, 330-337
OsPGIP4 44.70 9.74 45.56 9 33-63, 64-71, 333-339, 341-348
OsFORI1 30.12 10.24 59.64 10 27-58, 59-66, 312-320
OsPGIP6 49.21 4.47 46.32 10 64-73, 114-137, 348-370, 372-379
OsPGIP7 27.19 10.82 61.99 13 16-65, 25-34, 6673, 322-328, 330-337
OsPGIP , , ,
R SWISS-MODEL CPHmodels OsPGIP6 , LRR 13
OsPGIP s 10 B- s SCRATCH PGIP
—0- - —B- , LRR B- ;
( OsPGIP7 (
3-A) OsPGIP 3-B) 3 OsPGIP7
. R RsPG2 R
SCRATCH , OsPGIP7
SWISS-MODEL CPHmodels RsPG2 ,
OsPGIP6 , R , OsPGIP1
(34~369  39~354) OsPGIP2  RsPGI (21
(88.4% 83.2%) (30.1%  33.6%) PGIP PG ( 3-C)
A

OsPGIP1 OsPGIP2 OsPGIP3 OsPGIP4 OsFOR1 OsPGIP6 OsPGIP7

OsPGIP6
OsPGIP7

R

SWISS-MODEL

SCRATCH
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[E 3 OsPGIP &H R 3D FHaElE
Fig.3 3D structure of OsPGIPs

o- B- A: PGIP OsPGIP3D ; B:
SWISS-MODEL CPHmodels SCRATCH OsPGIP6  OsPGIP7 ; C: OsPGIP7  RsPG2

s

OsPGIP7, RsPG2
Red, yellow, and green in the cartoon figures mean a-helix, B-sheet, and random coil, respectively. A: 3D structure of OsPGIPs with typical
spatial structure of PGIP. B: 3D structures of OsPGIP6 and OsPGIP7 constructed with homologous modeling methods of SWISS-MODEL,
CPH model and SCRATCH. C: Protein docking of OsPGIP7 and RsPG2. Mesh and cartoon figures mean OsPGIP7 and RsPG2, respectively.
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2.3 OsPGIP OsPGIP1  OsPGIP4
, 7 OsPGIP OsFOR 1 120-23-24]
3 , OsPGIP1~OsPGIP4 OsPGIP2 , :
5 , OSFORI  OsPGIP6 8 ,
OsPGIP7 9 (19-21] ,7  OsPGIP , 1 N-
35 kD (32.75~38.79 kD), ,
4.73~8.37 , PG ( 3)
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Table 3 Functions and Characterics of OsPGIPs predicted by online software

N-
Molecular Chance of
X K . X . Trans- Subcellular Number of .
Protein . weight pl Instability Aliphatic Grand average of L . solubility
Location . . e membrane localization N-glycosylation .
(kD) index index  hydropathicity " expressed in
sites
E. coli (%)
OsPGIP1 Chr. 5 32.75 6.98 31.82 98.58 0.183 Yes Extracellular 4 0
OsPGIP2 Chr. 5 36.97 4.73 40.16 103.33 0.080 Yes Extracellular 8
OsPGIP3 Chr. 5 36.14 5.94 34.36 95.63 0.181 Yes Extracellular 5 0
OsPGIP4 Chr. 5 37.22 8.37 33.98 101.58 0.203 Yes Extracellular 4 0
OsFOR1 Chr. 8 35.46 7.09 36.08 99.94 0.041 Yes Extracellular 1 0
OsPGIP6 Chr. 8 38.79 5.86 35.69 106.42 0.286 Yes Extracellular 1 0
OsPGIP7 Chr. 9 35.88 5.90 33.26 101.87 0.265 Yes Extracellular 3 0.7

N-glycosylation sites: OsPGIP1 ¥'NLTG, ""'NTTQ, **NLTG, ”'NVSY; OsPGIP2 ¥NLTG, 'NLTH, “*NLTS, '"°NLSA, "*'NLSR, *'°NLSG,
PSNLTN, *®NVSY; OsPGIP3 ¥NITG, '*NISG, **’NLTG, ¥'NMTD, *’NVSY; OsPGIP4 **NASY, **NVTG, *°NLSG, *'°NVSY; OsFOR1
BINVSG; OsPGIP6 **NLSR; OsPGIP7 *NATV, '*NLSL, *’NVSD.

2.4 OsPGIP OsPGIP4  OsFORI (
8.55  14.53),
YSBR1 3 Lemont ) YSBR1 ; >
RNA, qRT-PCR OsPGIP OsPGIP2 Lemont 3
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OsPGIP7 , 9.09, OsPGIP2 18.11
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OsPGIPI = 9.53  6.66 OsPGIPI
, OsPGIP OsPGIP
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Fig. 4 Expression levels of OsPGIP genes in rice cultivars with different resistance to sheath blight at different growth stages
A: ; B: ; Ce A: seedling stage; B: adult-plant stage; C: spike stage.
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Fig. 5 [Expression levels of OsPGIP genes in rice cultivars with different resistance to sheath blight under different stress condition.

A: ; B: ; C: A: low temperature; B: dark; C: inoculation.
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