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ABSTRACT 

 
Background/Objective. Papaya meleira disease in Mexico is associated to Papaya meleira virus Mexican 

variant (PMeV-Mx) and is characterized by the spontaneous exudation of latex in fruits. PMeV-Mx ORF2 

encodes a protein with RNA-dependent RNA polymerase (RdRp) motifs, which is essential for viral 

replication. This study aimed to develop a method for producing and purifying recombinant PMeV-Mx ORF2 

encoded protein (pORF2) in E. coli and generate specific antibodies for its detection. 

 

Materials and Methods. The PMeV-Mx genome was analyzed using UGENE to predict ORFs and identify 

the putative slippery site. ORF1 and ORF2 were amplified by PCR from cDNA obtained from infected papaya 

latex, cloned into pGEM-T Easy, and subsequently transferred into pDONR221 and pDEST17 for expression 

in E. coli. Recombinant 6xHis-pORF2 was expressed in E. coli BL21 strain, induced with IPTG, and purified 

under denaturing conditions. The purified protein was used to generate polyclonal antibodies, with 

immunizations conducted at different time points. Antisera specificity and optimal working dilutions were 

evaluated by immunodetection assays, using recombinant 6xHis-pORF2 as the target and His-tagged proteins 

as negative controls. Additionally, papaya plants were inoculated with latex from symptomatic fruits as virus 

reservoir and PMeV-Mx infection was confirmed by RT-PCR. 

 

Results. The recombinant 6xHis-pORF2 protein of PMeV-Mx was expressed in E. coli and purified. A ~46.5 

kDa band was detected, consistent with its estimated molecular weight. The protein expression increased 

between 2- and 6-hours post-induction with IPTG. Western blot analysis confirmed the presence of the His-

tag and the integrity of the recombinant protein. Purification using Ni-NTA resin resulted in a strong ~46.5 

kDa band along with light bands ranging from 15 to 150 kDa. Polyclonal antibodies against pORF2 were 

generated and specifically recognized the purified protein in immunoassays, with detection observed at 

dilutions from 1:500 to 1:3000. No cross-reactivity was observed with negative controls, but a non-specific 

~75 kDa band was detected in E. coli extracts. 

 

Conclusion. A protocol for expressing, detecting, and purifying the recombinant 6xHis-pORF2 protein from 

PMeV-Mx in E. coli was established. Rabbit polyclonal antibodies recognized the target protein in bacterial 

fractions, though further optimization is needed to enhance specificity. These antibodies will support future 

diagnostic development and protein characterization in plants. 
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INTRODUCTION 

 

Papaya meleira, also known as papaya sticky disease, is typically characterized by a 

spontaneous exudation of latex from the green fruits (Figure 1). The exuded latex 

undergoes oxidation, which can cause necrotic spots on fruits, resulting in a sticky 

appearance. Necrotic lesions have also been observed on the tips of young leaves in Solo 

group varieties in Brazil (Rodríguez et al., 2009; Perez-Brito et al., 2012). Papaya meleira 

can lead to severe economic losses for papaya growers (Ventura et al., 2004; Perez-Brito 

et al., 2012). It was first reported in Brazil (Nakagawa et al., 1987) at the end of the 

decade of the 80´s and now it has extended to several countries in Latin America, 

including Mexico, Ecuador, Colombia and Costa Rica (Perez-Brito et al., 2012; Quito-

Avila et al., 2023) as well as to Australia (Pathania et al., 2019). It is caused by virus 

complexes, a double stranded RNA genome virus tentatively assigned to the 

Fusagraviridae family and a positive sense single stranded RNA [(+) ssRNA ssRNA] 

genome, an umbra-like virus, proposed into the Tombusviridae family (Sa Antunes et al., 

2016; Maurastoni et al., 2023; Quito-Avila et al., 2023). Papaya umbra-like viruses 

associated to meleira disease are Papaya meleira virus 2 (PMeV2) in Brazil, Papaya virus 

Q (PpVQ) in Ecuador and Papaya meleira virus Mexican variant (PMeV-Mx) in Mexico 

(Quito-Avila et al., 2015; Zamudio-Moreno et al., 2015; Sa Antunes et al., 2016). Based 

on umbraviruses demarcation criteria (Taliansky et al., 2003) papaya umbra-like viruses 

are considered separated species (Cornejo-Franco et al., 2021). 

 

 

 
 

Figure. 1. Fruits of Carica papaya cv. Maradol plants grown in the screen house. A) Papaya fruits infected 

with PMeV-Mx showing the typical meleira disease symptom of spontaneous latex exudation. B) 

Fruit of mock-inoculated papayas (Healthy). 

 

 

Because the genomes of umbra-like viruses (ULVs) do not encode a capsid protein, 

they have been considered as sub viral entities, and also referred as umbra-like associated 

RNAs (ulaRNAs) (Liu et al., 2021). There are three classes of plant ULVs, with genomes 

varying in size from 3500 to 4500 nt, with two to five open reading frames (ORFs) 

(Cornejo-Franco et al., 2021; Liu et al., 2021; Redila et al., 2021; Tahir et al., 2021). 
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Papaya ULVs belong to class 1, with genomes of 4376 to 4515 nt that contain two ORFs, 

followed by a large non-coding RNA. ORF1 encodes a putative protein of 31 to 38 kDa, 

of unknown function. ORF2 encodes a protein of 45-54 kDa that contains the eight motifs 

of RNA dependent RNA Polymerases (RdRp) in (+) ssRNA viruses, phylogenetically 

related to the RdRp of umbraviruses (Zamudio-Moreno et al., 2015; Sa Antunes et al., 

2016; Cornejo-Franco et al., 2021; Liu et al., 2021). Two motifs associated with -1 

ribosomal frameshifting (-1 FS) have been identified in the genome of ULVs, between 

ORF1 and ORF2. A slippery region with the consensus sequence X XXY YYZ (the 

heptanucleotide) and a downstream RNA secondary structure in the form of a hairpin or 

pseudoknot. This suggests the possibility that the RdRp is expressed through a -1 FS 

mechanism in ULVs as the product of ORF1 and ORF2 (Liu et al., 2021; Cornejo-Franco 

et al., 2021). Ribosomal frameshifting contributes to the control of the stoichiometry of 

the proteins under its regulation, which is crucial for successful viral infection (Penn et 

al.; 2020). It is common in members of the Tombusviridae family, and its occurrence has 

been experimentally demonstrated in the umbravirus Pea enation mosaic virus 2 

(PEMV2) (Gao and Simon, 2016) and in class 2 ULV Citrus yellow vein associated virus 

(CYVaV), where an 81 kDa protein, product of ORF1 and ORF2, has been observed 

using in vitro transcription/translation assays (Liu et al.; 2021). However, the -1FS 

mechanism remains to be demonstrated for papaya ULVs. 

To date, viral proteins exhibiting meleira disease have not been detected in plants 

(Rodrigues et al., 2009), and no antibodies for diagnosis have been produced. The 

development of antibodies specific to viral regions such as the RdRp provides a valuable 

toolkit for studying and monitoring plant diseases. They are also valuable in 

epidemiology, allowing the tracking of the spread and evolution of viral pathogens in 

plant populations, information crucial for developing more efficient management 

strategies and predicting future outbreaks (Rubio et al., 2020; Buja et al., 2021). 

Furthermore, antibodies enable functional studies of viral proteins, such as polymerases, 

including their expression and interaction with host factors, knowledge essential to 

develop antiviral strategies and understanding the molecular basis of viral replication 

(Bolanos-Garcia and Davies, 2006; Trier et al., 2019; Rubio et al., 2020). However, it has 

proven difficult to purify RdRps directly from host cells due to their low expression levels 

(Cevik et al., 2008). Also, they are usually associated with membrane structures which 

difficult the isolation due to stability problems (Laliberte and Sanfaçon, 2010; Hull, 

2014). These problems can be overcome by expressing recombinant proteins in E. coli 

(Cevik et al., 2008). Previous studies have demonstrated the viability of this strategy for 

the development of antibodies against the RdRp of the Citrus tristeza virus (CTV), which 

led to the detection and localization of the protein in citrus tissue infected with CTV 

(Cevik, 2001; Cevik et al., 2008). Likewise, the polymerases of the Tobacco vein mottling 

virus (TVMV), Bamboo mosaic virus (BaMV) and SARS-CoV-2 have been expressed in 

E. coli, obtaining antibodies, and with them, advances in the characterization of their 

functions and catalytic activity (Hong and Hunt, 1996; Li et al., 1998; Dangerfield et al., 

2021; Madru et al., 2021). 

This study aimed to develop a method for producing and purifying recombinant 

PMeV-Mx ORF2 encoded protein in E. coli and generate specific antibodies for its 

detection, a key step to further virus diagnostic and basic research.  
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MATERIALS AND METHODS 

 

Papaya plants as virus reservoir. Papaya seeds Maradol variety, were germinated and 

seedlings were transferred to an anti-aphids screened green house with soil bedding. 

Three-month-old seedlings were inoculated with the latex of fruits obtained from plants 

symptomatic for papaya meleira disease and the presence of PMeV-Mx was confirmed 

on six of these plants by RT-PCR as was previously reported (Zamudio-Moreno et al., 

2015). 

 

Sequence analysis. The partial sequence of the PMeV-Mx genome, which includes the 

complete coding region (NCBI GenBank nucleotide database accession number 

KF214786) was analyzed using UGENE software. ORFs were identified, as well as the 

putative slippery site (heptameric sequence) as described previously (Cornejo-Franco et 

al., 2021). The putative translated products were predicted, either individually or by -1 

FS spanning ORF1 and ORF2. 

 

Construction of plasmids. The PMeV-Mx ORF1 and ORF2 were amplified by PCR with 

primers CB157/CB158 and CB183/CB184 respectively (Table 1), using 2 μL of the first 

strand cDNA obtained with RNA from latex of fruits of infected papaya plants as template 

as previously reported (Zamudio-Moreno et al., 2015). The PCR reaction was carried out 

in a 25 μL volume [PCR buffer (1x), 1.5 mM MgCl2, 0.2 mM dNTPs, 0.2 μM of primers, 

2 U of Platinum™ Taq DNA Polymerase (Invitrogen, Massachusetts, USA)]. The PCR 

product was purified with QIAquick PCR Purification Kit (Qiagen, Hilden, Germany) 

and ligated into pGEM-T Easy following the suppliers’ instructions (Promega, 

Wisconsin, USA) to produce pCB251 (pGEM-T Easy:ORF1) and pCB233 (pGEM-T 

Easy:ORF2). The insert was confirmed by PCR, with primers that target the promotors 

SP6 and T7 regions of pGEM-T Easy (Table 1). Plasmid DNA was purified with QIAprep 

Spin Miniprep Kit (Qiagen, Hilden, Germany) and sequenced (Macrogen Inc., Seoul, 

Korea).  

 

Table 1. Primers used to clone PMeV-Mx ORF1 and ORF2 in pDEST17 vector, to generate plasmids pCB252 and pCB253, 

respectively. 

 

Primer Sequence (5’ to 3’) y Binding regionz 

CB135 TAATACGACTCACTATAGGG Promotor T7 of pGEM-T Easy 

CB136 ATTTAGGTGACACTATAGAA Promotor SP6 of pGEM-T Easy 

CB157 ATGAACATTTCGAACATTCCC ORF1 sense orientation 

CB158 GGATCCTTACGGGCCAACCAGAAAA ORF1 anti-sense orientation 

CB183 aattagatatcATGGTTTATACCTTCATCAAA ORF2 sense orientation 

CB184 taattaagcttCTAAGGGGTTAAGATAAGC ORF2 anti-sense orientation 

CB107 aaaaagcaggcttcATGAACATTTCGAACATTCCCGT ORF1 sense orientation and attB1 site 

CB108 agaaagctgggtcTTACGGGCCAACCAGAAAAGGACGA ORF1 anti-sense orientation and attB2 site 

CB191 aaaaagcaggctccATGGTTTATACCTTCATCAAA ORF2 sense orientation and attB1 site 

CB193 agaaagctgggtcAGGGGTTAAGATAACCCTAGG ORF2 anti-sense orientation and attB2 site 

CB194 ggggacaagtttgtacaaaaaagcaggct attB1 adapter 

CB195 ggggaccactttgtacaagaaagctgggt attB2 adapter 
 

yLowercase letters indicate non-viral sequences, such as restriction sites and extra nucleotides (CB183 and CB184), or 

recombination sites (CB107, CB108, CB191, CB193, CB194 and CB195). Bold font signals stop and start codons.   
zORF, open reading frame; attB, site specific attachment for Gateway recombination.  
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The amplicons containing PMeV-Mx ORF1 and PMeV-Mx ORF2 were transferred 

into the Gateway plasmid pDONR221 (Invitrogen Massachusetts, USA) to generate 

pCB247 (pDONR221:ORF1) and pCB249 (pDONR221:ORF2), respectively. Later on, 

they were recombined into pDEST17 (Invitrogen, Massachusetts, USA) to generate 

pCB252 (pDEST17:ORF1) and pCB253 (pDEST17:ORF2), respectively. Primers for 

PMeV-Mx ORF1 and ORF2 adding half of the attB sites (CB107/CB108 and 

CB191/CB193, respectively), were used, as well as a second pair of adapter primers to 

complete the attB sites (CB194/CB195) (Table 1). The reaction mixture and PCRs were 

performed following the Gateway Technology manual (2021) (Invitrogen, 

Massachusetts, USA). The final PCR products were recombined respectively with the 

entry vector pDONR221 (Invitrogen, Massachusetts, USA), using the BP CLONASE 

enzyme mixture (Invitrogen, Massachusetts, USA), following the manufacturer's 

instructions. The recombination products were introduced into E. coli DH5α competent 

cells and selected on Luria Broth (LB) agar plates supplemented with 100 μg mL-1 

kanamycin. The resulting entry vectors, pCB247 and pCB249, were sequenced 

(Macrogen Inc., Seoul, Korea). Plasmid DNA was extracted and used for recombination 

with the destination vector pDEST17 (Invitrogen, Massachusetts, USA) to generate 

pCB252 and pCB253, respectively using the LR CLONASE enzyme mixture (Invitrogen, 

Massachusetts, USA), following the manufacturer's instructions. The products were 

introduced into E. coli DH5α cells, selected on agar LB plates supplemented with 100 μg 

mL-1 ampicillin. Plasmid DNA was sequenced and used to transform the E. coli BL21 

strain. 

 

Expression and purification of recombinant proteins in E. coli. A time course 

expression was first conducted. E. coli BL21 cells carrying pCB253 were used to 

inoculate 5 mL LB medium with 100 μg mL-1 ampicillin, and incubated shaking at 200 

rpm, during 14 h at 37 °C. From this pre-inoculum, 500 µL were transferred to 300 mL 

medium under the same conditions, until reaching an optical density of 0.6 at 600 nm 

wavelength. 40 mL of medium were removed and stored as uninduced control. 1 mM 

isopropyl β-D-thiogalactopyranoside (IPTG) was added to the remaining inoculum and 

incubated for 6 h at 37 °C shaking at 200 rpm. Every hour, 40 mL of medium were 

removed. The induced and non-induced bacterial cultures were centrifuged at 5000 rpm 

for 10 minutes, the pellet was re-suspended in 2 mL protein extraction buffer for 

denaturing conditions (100 mM NaH2PO4, 10 mM Tris-Cl; 8 M Urea, pH 8.0) as 

described in The QIAexpressionist Manual, 2003 (Qiagen, 2003). The suspension was 

sonicated on ice with 20-second cycles, until viscosity was lost; treated with 0.2 mM 

phenylmethylsulfonyl fluoride (PMSF) and centrifuged at 12,000 rpm and 4 °C during 10 

min. The supernatant was stored at -80 °C, and the pellet resuspended in 3 mL protein 

extraction buffer.  

For immunodetection of recombinant proteins, E. coli protein extracts were first 

incubated for 3 h at 92 °C, separated on a 12 % sodium dodecyl sulfate (SDS) 

polyacrylamide gel and transferred to a polyvinylidene fluoride (PVDF) membrane, 

applying 100 volts for 1 h. Membranes were blocked by incubation with 0.1 % PBS-T/5 

% milk (w/v) for 1 h at room temperature followed of three 20 min washes with 0.1 % 

PBS-T, and the subsequent incubation with a 1:1000 dilution of the anti-His tag 

monoclonal antibody coupled to horseradish peroxidase (HRP) (Invitrogen #R93125, 

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/sodium-dodecyl-sulfate
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Massachusetts, USA) during 12 h at 4 °C. Followed by two washes with 0.1 % PBS-T. 

After substrate incubation (ECL, Thermo Fisher Scientific, Pierce, Massachusetts, USA), 

images were registered on a Gel Doc XR+ documentation system (Bio-Rad Laboratories, 

Inc., California, USA). For this assay, the 6xHis-GST-8xHis recombinant protein, 

expressed from pET42b (Novagen, Merck KGaA, Darmstadt, Germany) was used as 

positive control.  

To purify recombinant proteins, E. coli BL21 cells were grown in a 500 mL culture 2 

h after induction, as described above, except for the amount of extraction buffer (6 mL) 

and following instructions in the QIAexpressionist Manual, 2003 (Qiagen, 2003). The 

recombinant proteins were affinity purified in a column packed with nickel-nitrilotriacetic 

acid (Ni-NTA) resin (Qiagen) and washed three times with buffer pH 6.3. Two elutions 

were obtained, decreasing the pH from 5.9 to 4.5. 

 

Production of Antisera. Purified recombinant proteins were separated on 12 % SDS-

polyacrylamide gels. The band corresponding to the recombinant 6xHis-pORF2 protein 

was cut from the gel and lyophilized. The protein was then mixed with 200 µL PBS, 

quantified in a NanoDrop 2000 Spectrophotometer (Thermo Fisher Scientific, 

Massachusetts, USA), and then mixed with 200 µL of complete adjuvant for the first 

inoculation and incomplete adjuvant for the following ones (Amero et al., 1988). 

Subsequently, the emulsions were subcutaneously inoculated at one or two points on the 

back of two rabbits. Before immunization, 500 µL of rabbit blood was extracted to verify 

the absence of reactivity to the antigen in the pre-immune serum. The first immunization 

(100 μg of protein) was performed and repeated two weeks later (500 μg of protein), 

followed by a first collection of 3 mL of blood ten days later. Subsequently, the rabbits 

rested for four weeks, and a final immunization (100 μg of protein) was performed, 

followed by a collection of 5 mL of blood seven days later with a neonatal catheter. The 

blood was centrifuged at 3000 rpm, during 20 min at 4 °C and the antisera were stored at 

-20 °C (Amero et al., 1988; Pihl et al., 2015). 

To verify the serum reactivity and to identify the optimal working dilution a dot blot 

was performed. The following dilutions were evaluated: 1:500, 1:1000, 1:2000, 1:3000, 

and 1:4000. The assay was conducted as follows: 10 μL of antisera was added to a 

nitrocellulose membrane (1 cm²), which was then blocked with a solution of 5 % non-fat 

powdered milk in 1X PBS-T for 1 h, with agitation at room temperature. Afterward, the 

membrane was incubated overnight at 4 °C with different dilutions of the primary 

antibody. Three washes with PBS-T were then performed, followed by incubation with 

the secondary anti-rabbit antibody conjugated with HRP (dilution 1:3000) (Promega 

#W4011, Wisconsin, USA) for 2 h at room temperature, and developed as described 

above.  

To confirm the specificity of the antisera and the antibodies, immunodetection assays 

were performed. In this case, detection was carried out in nitrocellulose membranes with 

a 1:1000 dilution of anti-pORF2 as the primary antibody, followed of incubation with a 

1:3000 dilution of anti-rabbit secondary antibody coupled to HRP (Promega #W4011, 

Wisconsin, USA). For this assay two recombinant proteins fused to His tags were used 

as negative controls, 6xHis-GST-8xHis expressed from the pET42b plasmid (Novagen, 

Merck KGaA, Darmstadt, Germany) and 6xHis-pORF1 expressed from pCB252.  
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RESULTS 

 

The predicted putative proteins from PMeV-Mx. PMeV-Mx genome contains two 

ORFs, from positions 1 to 963 (ORF1) and 1231 to 2437 (ORF2) encoding two putative 

proteins of 35 and 45.6 kDa, respectively, named here pORF1 and pORF2. It also contains 

a slippery site at position 942 to 948 (UCCUUUU), a putative signal for -1 FS, which 

could generate a putative protein of 91.3 kDa, as a product of ORF1 and ORF2 (Figure 

2), as proposed previously for BabVQ (Cornejo-Franco et al., 2021). However, sequence 

analysis of the PMeV-Mx genome and proteins in this study does not support this premise, 

because stop codons are introduced in the intergenic region, and thus creating a potential 

truncated protein.  

 

 

 

Figure 2. Genomic organization of PMeV-Mx. Numbers indicate the nucleotide (nt) positions and the total number of nt 

in the genome. Solid boxes in the genome represent ORF1 and ORF2, respectively. Solid boxes below indicate 

the putative proteins, product of ORF1 and ORF2 (pORF1 and pORF2, respectively) and the putative fusion 

product of -1 ribosomal frameshifting (pORF1/pORF2). The arrow indicates the position of the heptanucleotide.  

 

Expression and purification of a recombinant 6xHis-pORF2 fusion protein. In order 

to determine the best conditions for expression of the protein product of PMeV-Mx ORF2 

(pORF2) fused to the 6xHis tag (6xHis-pORF2), a time course was done. A protein 

migrating between the 37 and 50 kDa markers was observed 1 h after induction with IPTG 

but not in the non-induced treatment (Figure 3). These results are consistent with the 

estimated molecular mass of ~46.5 kDa for the recombinant protein 6xHis-pORF2. A 

notable increase in expression is observed from 2 h to 6 h post-induction (Figure 3).  
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Figure 3. Time course of PMeV-Mx 6xHis-pORF2 expression using insoluble crude E. coli lysate to establish the 

optimal induction period for expression. Expression of 6xHis-pORF2 was induced with 1 mM IPTG, at 

37 ºC. Aliquots were removed at the times indicated (1 to 6 h after IPTG induction) and proteins were 

visualized by Coomassie-stained SDS gel. M, Bio-Rad 10-250 kDa marker; NI, non-induced control. The 

arrow indicates the 46.5 kDa 6xHis-pORF2 protein. 

 

 

Considering the data from the time course assay, a 2 h induction period was selected 

to maximize protein yield. The 6xHis-pORF2 PMeV-Mx recombinant protein was 

detected by western blot with anti-His antibodies. As expected, ~46.5 and ~28 kDa 

proteins were observed (Figure 4 B, lanes 3 and 4) corresponding to the 6xHis-pORF2 

and 6xHis-GST-8xHis recombinant proteins, respectively. This result confirmed that the 

recombinant PMeV-Mx pORF2 protein contained the His-tag and its overall integrity 

(Figure 4). The purification of the recombinant protein with Ni-NTA resin is shown in 

Figure 5. An intense band of the expected size, ~46.5 kDa, was observed in each elution. 

Likewise, less intense bands of larger and smaller masses, ranging from 15 to 150 kDa 

were also observed in both the elution, and the resin. Following the previously stated 

conditions eight purifications from 20 mL of cellular fractions were carried out. As a 

result, 800 µg of the purified 6xHis-pORF2 were obtained for downstream applications, 

such as antibody production.  
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Figure 4. Detection of PMeV-Mx 6xHis-pORF2 in E. coli crude lysates by monoclonal anti-His antibodies. A) Coomassie-

stained SDS gel. B) Western blot in PVDF membranes incubated with a 1:1000 dilution of the anti-His tag 

monoclonal antibody coupled to horseradish peroxidase (HRP). M, Bio-Rad 10-250 kDa marker; NI and 6xHis-

GST-8xHis, non-induced and positive controls, respectively; 6xHis-pORF2, cellular fraction with recombinant 

PMeV-Mx pORF2 expressed in BL21 cells. The arrows indicate the 46.5 kDa 6xHis-pORF2 and the 28 kDa 6xHis-

GST-8xHis proteins, respectively.  

 

 

 

Figure 5. Purification of PMeV-Mx 6xHis-pORF2 with Ni-NTA Agarose under denaturing conditions. M, Bio-Rad 10-250 

kDa marker; I, input; Ft, flow-through; E1 and E2, first and second eluates, respectively; R, resin. The arrow 

indicates the 46.5 kDa 6xHis-pORF2 protein. 
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Specificity of anti-pORF2 polyclonal antibodies. Pre-immune serum was obtained to 

confirm the absence of reactivity against PMeV-Mx 6xHis-pORF2. Furthermore, the 

serum titer was determined after immunization, and a signal was detected with dilutions 

1:500 to 1:3000. Dilution 1:1000 was used to continue the analysis. The specificity of the 

anti-pORF2 antibodies was evaluated using immunoassays (Figure 6). A signal of ~46.5 

kDa was detected on the cellular fractions corresponding to 6xHis-pORF2. This 

confirmed the presence of the target protein in the protein extracts and demonstrated the 

ability of the antibodies to specifically recognize it. The absence of a signal at the 

expected sizes on the negative controls, ~28 kDa band for 6xHis-GST-8xHis and ~35 kDa 

for PMeV-Mx 6xHis-pORF1 further confirmed the specificity. These negative controls 

were included to ensure that the observed signal was not due to non-specific interactions 

with other proteins present in the cellular fractions or the His tag. Nonetheless, the 

antibody was also found to be non-specific for E. coli proteins, since a protein of 

approximately 75 kDa was detected in the lanes corresponding to the non-induced cellular 

fraction and induced fractions for 6xHis-pORF1, 6xHis-GST-8xHis and 6xHis-pORF2 

(Figure 6, B). 

 

 

 

 

Figure 6. Detection of PMeV-Mx 6xHis-pORF2 in E. coli crude lysate with anti-pORF2 antibodies. A) Coomassie-stained 

SDS gel. B) Western blot (Nitrocellulose membrane) incubated with the anti- PMeV-Mx pORF2 polyclonal 

antibody (dilution 1:1000), and the anti-rabbit coupled to horseradish peroxidase (HRP) secondary antibody 

(dilution 1:3000). M, Bio-Rad 10-250 kDa marker; NI, non-induced cellular fraction. 6xHis-pORF1 and 6xHis-

GST-8xHis were used as negative controls. The arrow indicates the 46.5 kDa 6xHis-ORF2 protein.   
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DISCUSSION 

 

The present manuscript describes for the first time the expression in E. coli of the 

recombinant protein encoded by the ORF2 of PMeV-Mx, its purification as well as the 

development of rabbit polyclonal antibodies. The successful expression of the 

recombinant protein in E. coli represents a valuable tool for both phytopathological and 

protein characterization studies, as it presents several advantages. E. coli is a well-

established expression system for recombinant proteins, known for its high yields and 

simplified purification procedures (Jia and Jeon, 2016). This approach facilitates the 

production of large quantities of recombinant protein for detailed biochemical and 

biophysical characterization. Obtaining such quantities directly from plant tissues can be 

challenging due to low RdRp expression levels and the presence of contaminating 

proteins. Furthermore, expressing a viral protein in E. coli offers several advantages over 

cell-free in vitro expression systems, including lower costs, simpler procedures, and the 

ability to perform post-translational modifications and protein assembly (Rosano and 

Ceccarelli, 2014; Jia and Jeon, 2016).  

In this study, the 46.5 kDa recombinant protein expressed by the ORF2 of PMeV-Mx 

(6xHis-pORF2) was observed at 1 h post induction and throughout a 6 h time course in 

E. coli insoluble crude lysates. This was expected since viral RNA polymerases are 

usually associated to membranes (Laliberte and Sanfaçon, 2010; Hull, 2014). Although 

the highest expression was observed at 5 h post induction (Figure 3), a 2 h time point was 

selected for purification in order to decrease the formation of inclusion bodies, which 

usually takes place when expressing membrane associated proteins at high levels (Qiagen, 

2003). Western blot results with anti-His antibodies (Figure 4) corroborated that the 46.5 

kDa protein contained the 6xHis tag and corresponded to the recombinant protein. This 

protein was successfully purified (Figure 5) and used to raise rabbit polyclonal antibodies.  

 Anti-pORF2 antibodies were able to detect the recombinant PMeV-Mx 6xHis-pORF2 

in E. coli cell extracts, and did not detect either the recombinant PMeV-Mx 6xHis-pORF1 

or the 8xHis-GST-6x proteins in western blots, demonstrating their specificity (Figure 6). 

Anti-pORF2 antibodies also detected a ~75 kDa protein in all E. coli extracts (Figure 6). 

These could be attributed to non-specific bacterial protein binding to the Ni-NTA resin 

during protein purification, as shown by Ryan and Henehan, 2013. Optimizing Ni-NTA 

resin conditions (salt concentration, pH, and imidazole concentration) can reduce non-

specific binding. Additionally, testing different Ni-NTA resins for better binding capacity 

and selectivity is recommended (Wang et al., 2020). Furthermore, including a size-

exclusion or ion exchange chromatography step (Saraswat et al., 2013) and optimizing 

elution conditions (pH or imidazole concentration) would ensure pure elution of the target 

protein (Soltaninasab et al., 2022). In addition, antibodies purification by affinity 

chromatography could also improve their specificity and sensibility for plant diagnosis 

(Saraswat et al., 2013).  

Antibodies are also necessary for fundamental studies. The protein encoded by ORF2 

in PMeV-Mx and other class 1 papaya ULVs, contain the eight motifs present in RNA-

dependent RNA polymerases. However, their expression mechanisms and function in 

plants have not been characterized. Replication of members of the genus Tombusvirus, in 

the Tombusviridae family, has been extensively studied. The RdRp of Tomato bushy stunt 

virus (TBSV) is a 92 kDa protein produced by stop codon readthrough of ORF1 spanning 

ORF2. While its replicase is formed by the interaction of the replication auxiliary protein 



Mexican Journal of Phytopathology. Scientific Article. Open access 

 

        12 Serra et al., 2025. Vol. 43 (2): 70 

 

p33, encoded by ORF1, and p92 (Salonen et al., 2005; den Boon et al., 2010. It has been 

proposed that a RdRp of ~90 kDa could be produced as a result of -1 RF mechanism for 

class 1 papaya ULVs (Quito-Avila, et al., 2023), as has been shown in vitro for class 2 

ULVs and umbraviruses (Liu et al., 2021). However, this has not been demonstrated and 

needs to be addressed. Antibodies could be used to detect viral proteins in plants and 

further study their RdRp expression and function.  

 

 

CONCLUSIONS 

 

In this study, we successfully established a protocol for the expression, detection, and 

purification of the recombinant 6xHis-pORF2 protein of PMeV-Mx in E. coli, the 

putative RdRp. Anti-pORF2 antibodies detected the target protein in E. coli, although 

further optimization is still necessary, to increase their specificity in E. coli cell extracts. 

 

 

LIMITATIONS 

 

In this study we successfully expressed and purified the recombinant PMeV-Mx ORF2 

protein in E. coli and generated specific antibodies, providing a valuable tool for viral 

protein characterization and future diagnostic applications. However, although the 

approach used has proven to be effective, further adjustments could enhance its scope and 

applicability. The expression system may not fully replicate the native folding and post-

translational modifications occurring in plant cells. The presence of non-specific bands 

in western blot assays highlights the need for further optimization of Ni-NTA purification 

conditions to improve protein purity. Furthermore, while the generated antibodies 

successfully detected the recombinant protein in E. coli extracts, their performance in 

plant tissues remains to be assessed. Future studies are necessary to investigate the 

expression and function of the PMeV-Mx RdRp in infected plants, which could provide 

insights into its role in viral replication.  
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