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Abstract
Glutathione S-transferases (GSTs) are multifunctional proteins involved in stress metabolism, which play 
major roles in biotic and abiotic stress responses. GSTs have found in all organisms which is a major phase II 
detoxification enzymes found in the cytosol. GSTs regulate peroxidase and isomerase activities, they protect 
cells against H(2)O(2)-induced cell death. Papaya rigsport virus (PRSV) is one of main biotic agent that cause 
damage in papaya. The disease symptoms are mosaic, chrolosis, ring spot and stunt, all the symptoms are the 
early stage of cell death. The main point of this research to investigate protein interaction of the PRSV interacted  
plant proteins and GSTs recombinant protein using the classical Affinity-purification-mass spectrometry  
(AP-MS) approache. The GST protein was heterologous expressed in E.coli system and the pull down assay was 
applied to expore the protein interacted complexs after that the protein complexs were indentified by LC-MS/
MS. CTC1, Protein CCA1 isoform X1, Tetratricopeptide repeat (TPR)-like superfamily protein, PHD finger 
protein ALFIN-LIKE 9 and Fructose-bisphosphate aldolase-lysine N-methyltransferase proteins were identified.  
The interacted five proteins were predicted the protein network by STITCH program, the result show they  
associated with oxidative stress response mechanism. However, this is the basic intensive information that could 
develop to manufacture PRSV resistance variety in the future.
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1 Introduction

Papaya (Carica papaya L.) is planted throughout 
tropical and sub-tropical regions. It is a popular and 
economically important fruit tree, but it is severely 
affected worldwide by Papaya ringspot disease [1]. 
This disease caused by Papaya ringspot virus (PRSV) 
is  severely damage to papaya crops and seriously 
limits papaya production, because  the infected plants 
are stunted and reduced fruit yield [2]–[4]. PRSV has 
been recognized as a destructive disease in many areas 
including Thailand resulting in the decline in fruit 
production. The first report of PRSV was appeared in 
the Northeast in the 1970s and now severely affects 
papaya all over Thailand [5]. 
 Glutathione S-transferases (GSTs) are multifunctional  
proteins encoded by a large gene family, appear to be 
ubiquitous in plants and are involved in stress response 
during biotic and abiotic stress response [6], [7]. GSTs 
catalyze the conjugation of tripeptide glutathione 
(GSH) with endogenous electrophilic compounds  
(secondary metabolites, hydroperoxides) and xenobiotics,  
such as herbicides, leading to their cellular detoxification  
[8]. GSTs safeguard the cells against chemical-induced 
toxicity and provide tolerance by catalyzing S-conjugation  
between the thiol group of GSH and electrophilic 
moiety in the hydrophobic and toxic substrate. After 
conjugation, the conjugate is either sequestered into 
the vacuoles or are exported from the cells by putative 
membrane ATP-dependent pump systems [9]. 
 The study of protein-protein interactions (PPIs) is 
a critical element of biological systems, and the analysis  
of interaction partners can provide valuable hints about 
unknown functions of a protein [10]. Identifying the 
interactions established by a protein of interest can be 
a critical step in understanding its function when an  
unknown protein of interest is demonstrated to physically  
interact with proteins of known function. Many a 
time, when studying protein complexes rather than 
individual proteins, the biological insight gain has been 
fundamental, particularly in cases in which proteins 
with no previous functional annotation [11]. While 
many techniques have been developed to characterize 
PPIs, one strategy, is affinity-purification followed 
by mass spectrometry (AP-MS) [12]. AP-MS is a 
result of improved methods to enrich samples and 
perform separation chromatography as advances in the 
resolution and sensitivity of mass spectrometers. The 

AP-MS studies produce rich of information data that 
detail protein-protein interaction to help characterize 
the function of proteins, and can reveal networks of  
biological processes [13]. The network represents an 
important aspect of systems biology. The understanding  
of the PPIs network and interactome will provide  
crucial insights into the regulation of plant developmental,  
physiological, and pathological processes [14], [15]. 
However, substantial recent advance in the graph- 
theoretical functional interpretation of complex 
network architectures might pave the way for novel 
approaches in plant research [16]. Therefore, this 
study used pull-down assay combined with AP-MS 
to understand the function of proteins in papaya after 
PRSV infection. The GST interactome network of 
papaya proteins were discussed for their potential 
biological roles.

2 Materials and Methods

2.1  Plant materials and virus sources

Papaya Carica, Khak-Dam Srisaket variety seeds were 
grown in a greenhouse until 2 months, after that the 
papaya pots were placed in a versatile environmental 
test chamber (MLR-350HR, SANYO) set to15,000 lx  
of the light intensity, 8 h of light and 16 h of dark, 
the temperature at 30°C during light period and 25°C  
during dark period, and humidity at 75% under either 
long day [17] for 3 days before PRSV inoculation. One 
gram of leaf tissues from PRSV infected were ground in 
a mortar containing 0.02 M phosphate buffer (pH 7.0).  
The mechanical inoculations were performed on 
leaves that dusted with silicon carbide abrasive  
(Carborundum). The PRSV infection was compared 
with a control (healthy papaya), it was dusted only 
with carborundum and phosphate buffer. The samples 
were collected at 20 days post-inoculation. A total of 
six plants were used for each treatment and the plant 
leaves were collected and frozen immediately in liquid 
nitrogen then stored at –80°C until extracting protein.

2.2  Protein expression and purification 

The pGEX-4T-1 plasmid construct was transformed into 
E.coli (BL21DE3) cells to express GST recombinant  
protein. Expression analysis experiments were started 
in 50 mL baffled shaking flasks with 25 mL LB (Luria-
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Bertani) Broth, Miller (DIFCO® Dehydrated Culture 
Media and Ingredients, UK) containing 50 µg/mL  
ampicillin. The single colony of BL21DE3 transformant  
was pre-cultured overnight with 120 rpm shaking 
at 30°C. The 0.1% of starters was cultured in a new 
baffled shaking flask with 25 mL LB plus 50 µg/mL  
ampicillin to a starting OD 600 nm at 0.4. The IPTG 
was then added to final concentration of 1 mm for 
induction, and the bacterial cells were harvested 
after growing for 0, 2, 4, 8, and 16 h at 120 rpm at 
30°C. Crude proteins were separated by SDS-PAGE  
(NuPAGE Bis-Tris Gels, Thermo Fisher Scientific, 
USA) to observe the expected protein according to 
size at 27.9 kDa. After optimization,the 200 mL 
cultured cells induced with 1 mm IPTG for 8 h were 
harvested and the bacterial pellets were flash frozen 
in liquid nitrogen and kept at –80°C until further use 
for purification and pull-down assays. Bacterial pellets 
were suspended in 5 mL of lysis buffer (50 mm Tris, 
150 mm NaCl, pH 8.0; 5 mm DDT; 0.1 mm PMSF) 
and disrupted by sonication using 130 W Ultrasonic  
Processor (Sonics vibra cell ,VCX 130 PB/VCX 130 FSJ,  
USA) for 5 min (10 s sonicating followed by 10 s pause) 
in an ice-water beaker. Cell lysates was centrifuged  
at 4°C, 12,000 g for 10 min, the soluble recombinant 
GST protein was purified using 20 mg of Glutathione  
Agarose (Pierce®, Thermo Fisher Scientific, USA). Briefly,  
the fraction was mixed with 10 resin-bed volumes of 
Equilibration/Wash buffer (50 mm Tris, 150 m NaCl,  
pH 8.0), shaked on ice for 30 min followed by packed in 
an empty column. The column pre-equilibrated with GST 
protein were washed with 5 volumes of Equilibration/ 
Wash buffer. GST tagged protein were eluted with  
2 volumes of elution buffer (50 mm Tris, 150 mm 
NaCl, pH 8.0 containing 10 mm reduced glutathione). 
Protein concentration of each fraction was monitored 
by Coomassie Plus (Bradford) Assay Kit (Thermo 
Fisher Scientific, USA) using BSA as protein standard.

2.3  Preparation of plant protein extracts

One gram of frozen papaya leaves were ground in 
liquid nitrogen using mortar and pestle. The ground 
leaves were extracted in 5 mL of 20 mm Tris buffer 
pH 7.5, 150 mm NaCl, 2 mm MgCl2, 0.5 mm DTT, 
5% glycerol, 1% PVPP (w/v) [18] supplemented with 
protease inhibitor, 1X of protease inhibitor cocktail 
kit (Thermo Fisher Scientific, USA) and 1 mm PMSF. 

Plant extracts were centrifuged at 4°C, 10,000 g for 
10 min. Any particulates were further eliminated 
from the supernatant by filtration through a 0.22 μm 
syringe filter. Protein concentration (1 mg/mL) was 
determined using Coomassie Plus (Bradford) Assay 
KitSamples were kept on ice and used for pull-down 
assays immediately.

2.4  Protein pull-down assay

The GST protein expressed in E.coli BL21(DE3) was 
used as a bait to trap protein that interacts. To starting 
pull-down assays, the GST immobilized glutathione 
agarose matrix was washed with Equilibration/Wash 
buffer, and mixed with pray proteins, 1 mg of whole 
papaya proteins (healthy and infected papayas) in 5 mL 
of 1x PBS buffer including 1 mm PMSF. The interacted 
proteins were incubated at 4°C with gentle rolling 
for 2 h, packed into empty column, and washed with  
Equilibration/Wash buffer. The proteins complexes 
were eluted with 2 volumes of elution buffer, and  
desalted with dialysis (SnakeSkin™ Dialysis Tubing, 
10 K MWCO, 22 mm, Thermo Fisher Scientific, USA) 
in 1 L of 1xPBS buffer for 1 h at 4°C with magnetic 
bar stirred; repeat this step twice for overnight. The  
protein concentration of complex fraction was  
measured by Coomassie Plus (Bradford) Assay kit 
before LC-MS/MS analysis.

2.5  Nano- liquid Chromatography Mass spectro-
photometry (Nano LC-MS/MS)

The eluted proteins complexes were determined 
by Lowry assay using BSA as a standard protein. 
In-solution digestion, each complex protein was  
hydrolyzed by trypsin at an enzyme to protein ratio of 
1 : 50 at 37°C for 24 h. Then the peptides were dried 
by vacuum centrifuge. The extracted peptides were 
dissolved in 15 µL of 0.1% formic aid, centrifuged at 
10,000 rpm for 10 min and separated using an Ultimate 
3,000 LC System (Dionex Ltd., U.K.) on a nanocolumn  
PepSwift monolithic column (100 mm i.d.,650 mm), 
with a flow rate of 300 nl/min using multi-steps gradient  
of a linear concentration increase from 10 to 90% of  
80% acetonitrile in 0.1% formic acid within 20 min. 
The nanoLC system was connected with an electrospray  
interface with ESI-Ion Trap MS (Bruker Daltonik 
GmbH, Bremen, Germany).
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2.6  Protein quantitation and identification

Protein quantitation was performed with DeCyder 
MS Differential Analysis software (DeCyderMS, 
GE Healthcare). Acquired LC–MS raw data were 
converted, and the PepDetect module was used for 
automated peptide detection, charge state assignments, 
and quantitation based on the peptide ions signal  
intensities in MS mode. The analyzed MS/MS data 
from DeCyderMS were submitted to a database search 
using the Mascot software (Matrix Science, London, 
UK). The data were searched against the NCBI database  
for protein identification. Database interrogation was  
taxonomy (Plant), enzyme (trypsin), variable modifications  
(carbamidomethyl, oxidation of methionine residues), 
mass values (monoisotonic), protein mass (unrestricted),  
peptide mass tolerance (1.2 Da), fragment mass tolerance  
(60.6 Da), peptide charge state (1+, 2+, and 3+) and mass 
missed cleavages. Proteins considered as identified  
proteins had at least one peptide with an individual 
mascot score corresponding to p < 0.05. The expression  
level was presented in log2 value. The biological 
and molecular functions of the matched protein were 
assigned to protein identification according to the 
Uniprot (http://uniprot.org). Protein-protein interaction  
was analyzed according to STITCH 5.0 database 
(http://stitch.embl.de/) [19].

3 Results and Discussion

3.1  Expression and purification protein

The pGEX-4T-1 vector was transformed into E.coli 
(BL21DE3) and induced with 1 mm IPTG at 30°C 
for 0, 2, 4, 8, and 16 h. The soluble crude proteins 
were separated by SDS-PAGE, the target 27.9 kDa 
GST protein band was detected after induction for 2 h  
[Figure 1(a)]. In order to get high amount of GST 
with less cell debris, eight hours post-IPTG induced 
bacteria was harvested and purified using glutatathione 
agarose matrix. Purity of the 27.9 kDa of GST bait 
was estimated by SDS-PAGE as shown in Figure 1(b). 

3.2  Pull down assay and LC-MS/MS analysis

The pull down proteins assays were performed by studying  
the binding of papaya protein with immobilized GST 
recombinant protein. The total protein of heathy and  

infected papaya were extracted and gently mixed with GST 
recombinant protein. Nonspecifically bound proteins  
were washed out, while specific bound protein were 
captured. Protein partners were eluted from resin and 
tryptic digested before analysis by LC-MS/MS. Seven 
proteins were founded to interact with GST recombinant  
protein. They are CTC1 (gi|1032284868), Protein 
CCA1 isoform X1 (gi|1072981418), Tetratricopeptide 
repeat (TPR)-like superfamily protein (gi|42566234), 
PHD finger protein ALFIN-LIKE 9 (gi|685308104) 
and Fructose-bisphosphate aldolase-lysine N-
methyltransferase (gi|729450654), the Hypothetical 
protein (gi|557103554) and Uncharacterized protein 
(gi|729356814) (Table 1). No protein from healthy 
papaya was bound to GST protein. The plant GSTs 
involved in biotic and abiotic stress response, such as 
pathogen attack and fungal elicitors [20], herbicides 
[21], high temperature [22], dehydration [23], UV light 
[24], cold [25] heat shock, and high salt, and hormone 
treatment [26], [27]. GST in papaya might take action 
in response to PRSV infection. The biological functions  
of the identified GST binding proteins were DNA 
binding, translation, transcription and photosynthesis.
 The tetratricopeptide repeat protein was involved in 
translation function [28]. On the other hand, the fructose- 
bisphosphate aldolase-lysine N-methyltransferase 
was involved in photosynthesis [29]. There are three 
proteins involved in DNA binding and transcription 
functions. Firstly, CTC1 is a component of the CST 
(CTC1-STN1-TEN1) complex, a complex that binds 
to single-stranded DNA and is required to protect  
telomeres from DNA degradation. The absence of CST 

                      (a)                                     (b) 
Figure 1: The protein expression, (a) GST inclusion 
from BL21(DE3) induced by 1 mm IPTG for 0, 2, 4, 8, 
and 16 h at 30°C, (b) The purified GST Protein using 
glutathione agarose bead.
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in Arabidopsis triggers a multifaceted ATR (Ataxia 
Telangiectasia mutated and Rad3-related) response 
to facilitate maintenance of critically shortened 
telomeres and eliminate cells with severe telomere 
dysfunction [30]. CTC1 works in concert with TEN1 
as a highly dynamic protein to preserve telomere  
integrity in response to environmental could be lead 
to genome instabilities [31], [32], and the mutations in 
CTC1 lead to the telomere syndromes [33]. Secondly, 
CCA1 (CIRCADIAN CLOCK-ASSOCIATED 1) 
is a timekeeper mechanism that is able to regulate  
timekeeper mechanism that is able to regulate biological  
activities with a period of 24 h. Proper matching of the 
internal circadian time with the environment not only 
confers fitness advantages but also allows the clock to 
temporally gate the responses to environmental stresses  
[34]. The CCA1 mutants in Arabidopsis revealed 
that CCA1 directly activates GLK2 and suppresses 
ORE1 expression to counteract leaf senescence. As 
plants age, the expression and periodic amplitude of 
CCA1 declines and thus weakens the inhibition of 
senescence [35]. Thirdly, PHD (Plant Homeodomain)-
finger protein is a common structural motif found in 
all eukaryotic genomes, and known as key players in 
regulating transcription and chromatin structure. It is a 
Zn2+-binding domain and its closest structural relative 
is the RING domain [36], [37].

3.3  STITCH analysis of GST protein interaction 
network

The knowledge about interactions between proteins 
and small molecules is essential for the understanding 
of molecular and cellular functions. STITCH (Search 
Tool for Interactions of Chemicals) is a resource to 
explore known and predicted interactions of chemicals  
and proteins [38]. This enables the researcher to get a 
quick overview of the potential effects of the chemical  
on its interaction partners [39]. The association between 
GST protein and five interacting proteins (CTC10, 
CCA1, TPR, PHD finger protein and Fructose- 
bisphosphate aldolase-lysine N-methyltransferase) 
were predicted by STITCH version 5.0 using the 
parameters followed as the organism of Arabidopsis 
thaliana, medium confidence score (0.4) and active 
prediction methods (no more than 10 interactions).The 
results showed that the identified protein are associated 
with proteins involved in DNA binding, translation, 
transcription and photosynthesis (Figure 2). 
 The GST was associated with PHD finger protein 
(AT3G61723) and conserved telomere maintenance 
component 1 (CTC1) which are known to involve in 
transcription. The study by Wang et al. identified 67  
non-redundant PHD members in the maize genome 
and found that ZmPHD14 and ZmPHD19 are likely 

Table 1: The identified papaya proteins that interacted with recombinant GST protein between healthy and 
PRSV infected papaya 

Accession No. Protein Name Function ID 
Score Peptide Healthy 

Papaya: GST
Infected 

Papaya: GST

gi|1032284868 CTC1 DNA binding [30] 30.56 GALCLPK ND* 19.75619**

gi|557103554 Hypothetical protein  
(Unknown) Unknown 18.86 GLDQSDIVVSSR ND 16.31491

gi|729356814 Uncharacterized protein Unknown 14.73 QTKGSSKTSAK ND 15.38716

gi|729450654
Fructose-bisphosphate 
aldolase-lysine 
N-methyltransferase  

Photosynthesis [29] 14.09 ATAASAAMALLR ND 15.27027

gi|42566234
Tetratricopeptide repeat 
(TPR)-like superfamily 
protein  

Translation [28] 12.79 EGKLEGAVK ND 16.4012

gi|685308104 PHD finger protein 
ALFIN-LIKE 9 

Transcription [36] and 
Stress response [37] 9.22   PPVKASGR ND 16.88851

gi|1072981418 Protein CCA1 isoform 
X1 

DNA binding,
Transcription [35], and 
Stress response [34]

8.21 RCSMEAKESSR ND 15.47841

*ND: Not detect
**The log of the peptide intensity 
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involved in the abiotic stress response [37]. The CTC1 
was linked to Telomerase reverse transcriptase (TERT) 
and Heat shock protein (HSP81.4) which relevant in 
stresses response. The Fructose-bisphosphate aldolase-
lysine N-methyltransferase (LSMT-L) interacted with 
methionine aminopeptidase (MAP1D) has the function 
to remove the N-terminal methionine from nascent 
proteins. In addition, the tetratricopeptide repeat 
(AT1G04130) and CCA1 showed interaction with 
Hypoxia up-regulated 1 (AT4G16660). The hypoxia 
is a decline in oxygen availability. In Arabidopsis, 
the hypoxia up-regulated protein was found in root 
[40]. Molecular-oxygen deficiency leads to altered 
cellular metabolism and can dramatically reduce crop 

productivity [41].
 GST and its interacting proteins were associated 
with the stress response which connects with Ubiquitin 
(UBQ8), Hypoxia up-regulated 1 (AT4G16660) and 
Heat shock protein (HSP81.4). Fang et al. conducted 
transcriptome sequencing of PRSV resistant transgenic 
papaya SunUp and its PRSV susceptible progenitor 
Sunset to compare the transcriptional changes in 
young healthy leaves prior to infection with PRSV. 
They found that the expression pattern of the GST 
gene was upregulated after PRSV infection, which 
revealed that the GST can stress-induced by PRSV 
[41]. In addition, this network showed association of 
the RDR6, AGO1 and DCL4 which involved in RNA 

Figure 2: The network of identified five proteins predicted by STITCH database based on the following analysis 
parameters; species (Arabidopsis thaliana); medium confidence score (0.4) and active prediction methods (no 
more than 10 interaction). Abbreviation: Glutathione S-transferases (GSTF9), Conserved Telomere maintenance 
Component 1 (CTC1), Circadian Clock-Associated 1 (CCA1), Tetratricopeptide repeat (AT1G04130), PHD finger 
protein (AT3G61723), Fructose-bisphosphate aldolase-lysine (LSMT-L), RNA-dependent RNA polymerase 6 
(RDR6), Dicer-like 4 (DCL4), Argonaut 1 (AGO1) Ubiquitin (UBQ8), Hypoxia up-regulated 1 (AT4G16660), 
Nuclear RNA polymerase D1B (NRPD1B), Heat shock protein  (HSP81.4), Telomerase reverse transcriptase 
(TERT), 60S acidic ribosomal protein P0-1 (AT2G40010), 60S ribosomal protein L17-2 (AT1G67430), 60S 
ribosomal protein L4-1 (AT3G09630), 60S ribosomal protein L4-2 (AT5G02870), Ribosomal protein L5 
(AT3G25520), 60S ribosomal protein L10a-1 (AT1G08360), 60S acidic ribosomal protein P1-3 (AT5G47700), 
60S ribosomal protein L10a-3 (AT5G22440), SET domain protein  (SDG16), Methionine aminopeptidase 
(MAP1D), Ribosomal protein L5 B (RPL5B) and PIGGYBACK1 (PGY1).
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silencing. However, further studies are necessary to 
elucidate the exact functions of the large GST family 
in infected plants. Five protein obtained from AP-MS 
was found to interacted with protein involved in abiotic 
and biotic stress response as not only reported by many 
researchers but also  predicted by STITCH. It indicated 
that PRSV infected papaya might fight against PRSV 
by GST mediated defense mechanism.

4 Conclusions

The protein complex of purified GST protein and 
interacting proteins from whole leaves of healthy and 
PRSV infected were examined using AP-MS method, 
and STICTH. Seven interacting proteins were found 
only in PRSV infected papaya. Five proteins with 
known functions, are CTC1, CCA1, TPR, PHD finger 
protein and Fructose-bisphosphate aldolase-lysine  
N-methyltransferase. Interestingly, all five interacting 
proteins were associated to the proteins which related 
in stress responses. Therefore, the GST protein and its 
interacting proteins provided more understanding of 
the stress responsive protein under PRSV infection.  
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