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Abstract: The Xanthomonas citri pv. citri (Xcc) is causal agent of bacterial citrus 

canker which is major disease of citrus throughout the world. The pthA bacterial 

effector protein is presented within the infected plants and indispensable of canker. 

The scFv antibodies are valuable tools for diagnosis and suppression of pathogens 

within plants. The present article describes developing and characterization of 

specific recombinant monoclonal scFv antibodies against pthA effector protein. 

For this aim, the gene encoding pthA protein was heterologously expressed in 

Escherichia coli and used for screening of Tomlinson phage display antibody 

library to pinpoint specific single chain variable fragment (scFv). In each round of 

panning, the affinity of phage towards pthA was checked by enzyme linked 

immunosorbent assay (ELISA). The data was indicative of about 50% of the 

monoclonal phages to be reactive strongly against pthA protein. Among the 

positive clones, 5 samples (A12, B8, C1, H8 and G8) were capable of detecting 

Xcc-infected plant samples and recombinant pthA protein. Restriction fragment 

length polymorphism showed similar banding pattern for all 5 scFvs as renamed to 

pthA-scFG8. HB2151 E. coli cells were infected by the phage bearing pthA-

scFG8, and the expression of the peptide was induced by IPTG to produce a 30 

kDa recombinant molecule. I-TASSER was used for homology modeling of both 

scFv and pthA and docking was carried out by Hex program. The latter 

demonstrated binding energy of −784 kcal/mol in scFv-pthA.  
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in many forms and shapes. Developing 

recombinant antibodies by the virtue of phage 

display has promised both plant pathologists and 

plant growers a rather efficient and rapid 

diagnostic tactic (Hust et al., 2002; Safarnejad et 

al., 2008; Yang et al., 2013; Yuan et al., 2015), 

next to providing opportunities to circumvent 

such devastating effects (Tavladoraki et al., 1993; 

Safarnejad et al., 2009; Cervera te al., 2010; 

Hemmer et al., 2018). The latter mainly comes 
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with the introduction of the genes encoding single 

chain variable fragment (ScFv) to the host plant 

genomes via transgenesis. The gene encoding a 

recombinant antibody is made up of a variable 

heavy and light chains connected with a short 

polypeptide linker. The recombinant antibody 

would be capable of binding to varieties of target 

proteins such as phytoplasma surface protein 

(Yuan et al., 2016), viral coat proteins or other 

enzymes involved in virus proliferation (Gil et al., 

2011), fungal hydrolytic enzymes that are active 

in pathogenesis (Cheng et al., 2015; Peschen et 

al., 2016), and bacterial effector proteins. 

The effector protein of Xanthomonas citri 

subsp. citri (Xcc), the causative agent of Citrus 

canker, is pthA that leads to hypersensitive 

response (HR) in resistant hosts and 

pathogenicity in susceptible genotypes (Gottig et 

al., 2010; Roeschlin et al., 2017) and non-host 

plants (Mysore and Ryu, 2004). Thus, it is being 

considered as the major determinant of Xcc 

pathogenicity (Brunings and Gabriel, 2003; Al-

Saadi et al., 2007). The complete nucleotide 

sequence of pthA has 17.5 copies of 102-bp 

repeats, tandem repeats of 34 amino acids, three 

nuclear localization signals (NLSs) to direct the 

pthA into the host nucleus (Swarup et al., 1992; 

Domingues et al., 2010; Pereira et al., 2014), and 

C-terminal transcriptome activation conserved 

domain. The protein belongs to AvrBs3/pthA 

family also known as transcription activator-like 

(TAL) effectors that is being translocated to the 

host plant via a type III effector protein (Römer 

et al., 2007). The tandem repeats of pthA amino 

acids are proposed to be involved in protein-

protein and protein-DNA interactions (Boch et 

al., 2009; Moscou and Bogdanove, 2009). This 

section apparently defines both pathogenicity 

and avirulence (Yang and Gabriel, 1995; Kay 

and Bonas, 2009). It was shown that the pthA 

interacts with α-importins (Szurek et al., 2001; 

Domingues et al., 2010), cyclophilin, 

thioredoxin and ubiquitin conjugating enzyme 

(Domingues et al., 2010, 2012), high mobility 

group (HMG), and poly(A)-binding proteins (De 

Souza et al., 2012). Overall, it has been proposed 

that TAL effectors such as pthA functioning to 

affect mRNA processing and translation (De 

Souza et al., 2012), activate host transcription by 

inhibiting peptidyl-prolyl cis-trans isomerase 

activity of cyclophilin through binding to its 

regulatory C-terminus domain (Domingues et 

al., 2012), and targeting the promoters of some 

genes such as lateral organ boundary (Hu et al., 

2014; Jia et al., 2016; Zhang et al., 2017), 2-oxo-

glutarate/FE(II)-dependent dioxygenase (DIOX) 

and CCNBS genes (Pereira et al., 2014). Given 

that, the pthA is a specific protein of the 

pathogen, it could be a good candidate to 

develop a recombinant antibody for serological 

test or production of resistant plants to Xcc. 

Xcc causes severe damages to many Citrus 

species, affecting quality loss via forming yellow 

chlorotic rings on fruits and other parts, and 

finally leads to significant yield reduction 

(Gottwald et al., 2002; Li et al., 2012). 

Therefore, developing any means that help to 

reduce the use of chemical bactericides and 

antibiotics would be beneficial for human health, 

off-target organisms, and the environment.  

Here and for the first time, we have developed 

a scFv antibody against pthA via screening a 

human combinatorial phage peptide library, 

followed by bioassay of the heterologously 

expressed antibody in E. coli to further 

corroborate on its specificity towards Xcc. The 

results were complemented with molecular 

docking of the scFv antibody within the pthA. 

 

Materials and Methods 

 

Production of pthA recombinant protein 

A partial sequence of pthA (606 bp) from the 

COOH-terminal of the native sequence with the 

highest antigenicity index was cloned in 

pET28a with NH2-terminally 6× His tag 

(Mokhtari et al., 2015). Protein expression was 

induced in E. coli Rosetta strain (DE3) by 1 

mM IPTG for 16 h and purified under native 

condition by immobilized metal ion affinity 

chromatography (Qiagen, Hilden, Germany) 

following the manufacturer’s manual. Purified 

protein was separated on 12% SDS-PAGE 

(Supplementary Fig. 1) and blotted onto a 

membrane to be treated by commercial anti-His 

tag (Abcam, UK) (Surendran et al., 2015). 
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Figure 1 Screening of selected clones from Tomlinson I libraries in monoclonal phage ELISA. Binding activity of 

selected monoclonal phages (A) and soluble scFv antibodies (B) to pthA protein were assayed via indirect ELISA. 

 

Phage panning and screening 
Tomlinson I naïve scFv phage libraries (Source 

Bioscience, UK) were used for selection of 

specific monoclonal antibody against pthA 

protein of Xcc. Preparation of phage library was 

performed using a TG1 library culture upon 

infection with M13K07 helper phage and the 

titer was determined. Phage particles were 

rescued from infected bacteria using M13KO7 

helper phage. Purified phage were used in the 

next round of biopanning. Finally, three rounds 

of panning were carried out (Raeisi et al., 2018). 

 

Identification of specific recombinant phage 

to pthA 

Screening was carried out by phage-ELISA. E. coli 

TG1 cells were infected with 100 µl of eluted 

phage and plated on TYE agar containing 1% 

(w/v) glucose and 100 µg/ml ampicillin. Bacterial 

colonies (94) were arbitrarily selected and were 

cultured in a microtiter plate. Bacterial cells were 

grown in 2 × YT (16 g/l tryptone, 10 g/l yeast 

extract, 5 g/l NaCl, pH = 7.2) containing 100 µg/ml 

ampicillin and 1% (w/v) glucose at 37 °C. Helper 

phage suspension was added (~109 cfu) at OD600 = 

0.4. For each phage clone, one well was coated 

with 10 ug/ml pthA and blocked with 3% BSA in 1 

× PBS and another uncoated well blocked as a 

control. Phages were added to the coated plates and 

incubated at 37 °C for 2 h and washed three times 

in 0.1% PBST. The reaction between bound 

phages and antigen (pthA) was detected with anti-

M13 antibodies conjugated to horseradish 

peroxidase (Abcam, UK) for 1 h at 37 °C in the 

presence of 2, 2-azino-di-3-ethylbenz-thiazoline 

sulfonate (ABST) (Fermentase, Vilnius, Lithuania). 
The absorbance was recorded at 405 nm in an 

ELISA reader (Tecan, Switzerland).  
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Production of soluble scFv antibodies  

To induce scFv production, HB2151 E. coli cells 

were infected with produced monoclonal phage 

supernatant. Bacterial cells were grown in 2 × YT 

containing 100 µg/ml ampicillin and 0.1% (w/v) 

glucose at 37 °C. The induction was initiated at 

OD600 = 0.7 - 0.8 with 1 mM isopropyl-β-D-

thiogalactoside (IPTG) for 16 h at 30 °C. The 

cells were isolated by centrifugation (2000 × g / 

10 min / 4 °C) and supernatants were used for 

subsequent assays. For each analyzed scFv 

fragment, a well was coated with 10 ug/ml pthA 

in PBS and blocked with 3% BSA in PBS 

whereas an uncoated well was blocked as a 

control. After three times of washing with 0.1% 

PBST, the prepared cell culture supernatants were 

added to the coated plates, the plates were 

incubated at 37 °C for 2 h, and washed three times 

in 0.1% PBST. The anti-c-myc tag antibody 

(Abcam, USA) was incubated in each well for 2 h 

at 37 °C and washed three times in 0.1% PBST. 

The reactions between antibodies and antigens 

were detected by adding horseradish peroxidase-

conjugated goat anti-mouse IgG (Abcam, UK) for 

1 h at 37 °C. After final wash with PBST, the 

color reaction was initiated by adding ABST as 

substrate for a period of 30 - 60 min at 22 °C. The 

absorbance was recorded at 405 nm in an ELISA 

reader. Reacting clones shown in ELISA were 

used selectively for western blot. 

To evaluate the specificity of the produced 

antibody against Xcc, indirect ELISA against the 

plant protein extracts from healthy and infected 

lime was performed. Extraction of plant protein 

was carried out in 1:3 (w/v) extraction buffer (1× 

PBS, pH = 7.5, 5 mM EDTA, 5 mM β-

mercaptoethanol or 2% (v/v) polyvinyl 

pyrrolidone in PBS). Wells of the microplate were 

coated by healthy and infected plant extracts and 

purified recombinant pthA protein as the positive 

control and stored at 4 °C for 16 h. The pthA-scFv 

antibodies were added and incubated for 2 h at 37 

°C. Reaction between antibodies and antigens 

were detected by adding anti-c-myc tag antibody 

at 37 °C for 2 h that followed by goat anti-mouse 

IgG conjugated with horseradish peroxidase for 1 

h at 37 °C. The substrate (ABST) was added for a 

period of 30 - 60 min at 22 °C. The absorbance 

was read at 405 nm in an ELISA reader. The 

samples were considered as positive where the 

mean ELISA (A405 nm) value of sample was at 

least twice greater than that of the negative 

control. 

 

Western blot analysis of pthA proteins using 

scFv antibodies 

Purified pthA and bovine serum albumin (BSA) 

were separated on SDS-PAGE. Proteins were 

transferred to Millipore polyvinylidene 

difluoride (PVDF) membrane (Sigma-Alderic, 

Germany) according to the instructions by the 

manufacturer. After blocking with PBS buffer 

containing 5% powdered skimmed milk (w/v), 

the membrane was incubated with scFv proteins 

at 4 °C for 16 h. The scFv proteins were 

detected by anti-c-myc monoclonal antibody, 

followed by anti-mouse IgG conjugated to 

alkaline phosphatase (Sigma, USA). The target 

proteins were finally revealed by adding 

substrate 5-bromo-4-chloro-3-indolyl phosphate 

(BCIP) and nitro blue tetrazolium (NBT) 

(Sigma, Deisenhofen, Germany). 

 

Endonuclease digestion of scFv and Sequence 

analysis 

ELISA positive clones were PCR amplified using 

pHEN (sense: 5'-GCCGCTGGATTGTTATTAC 

CTCT-3' and antisense: 5'-AGAGAGAGATAGT 

TTGTAGAGA-3') primers to amplify a 950 bp 

fragment of scFv antibody coding sequence. 

Thermal cycling was carried out with an initial 

denaturation step at 94 °C for 5 min, followed by 

35 cycles of 94 °C: 1 min, 54 °C: 1 min, 72 °C: 1 

min, and a final extension step at 72 °C for 10 min. 

The amplicons were digested with BstNI 

(Fermentas, Lithuania) and analyzed on 2% (w/v) 

agarose gel electrophoresis.  

pHEN primers used for sequence analysis 

and sequence alignments with the human 

germline gene were done using IMGT/V-

QUEST (http://www.imgt.org). 

 

Production and purification of scFvs 

The E. coli HB2151 was cultured in 2 × YT at 

37 °C. At OD600 = 0.7 - 0.8 was induced with 1 

mM IPTG for 16 h at 30 °C. The cells were 

http://www.imgt.org/
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harvested by centrifugation (5000 × g / 20 min 

/ 4 °C). The pellet was incubated with 0.05 

volume of 50 mM Tris-HCl buffer containing 

30% sucrose and 1 mM EDTA (pH = 8) for 5 

min at 0 °C. Extraction of scFvs was carried 

out using 0.05 volume of 5 mM MgSO4 for 45 

min at 0 °C. scFvs were purified via 

immobilized metal ion affinity 

chromatography (Qiagen, Hilden, Germany). 

Purified protein was separated on SDS-PAGE 

(Surendran et al., 2015).  

 

Homology modeling and molecular docking 

I-TASSER server service (https://zhanglab 

.ccmb.med.umich.edu/I-TASSER/) was used to 

generate 3D models of recombinant pthA and 

scFvG8. The models were refined by 

ModRefiner (http://zhanglab.ccmb.med.umich. 

edu/ModRefiner/). HEX (version 6.0, 

http://hex.loria.fr/) was used to investigate the 

mode of interaction between the recombinant 

pthA and scFvG8 refined models. The possible 

interactions of the structural models were 

analyzed and visualized using Pymol software 

version 1.5.0.1 (http://pymol.findmysoft.com). 

The final model was selected based on the 

largest cluster size and minimal local energy. 
 

Results 

 

Screening of the library by affinity selection 

Tomlinson I scFv library was used for 3 rounds 

of biopanning with 1013 cfu of phages per 

round. The panning process was performed by 

coating of an immunotube with the recombinant 

pthA protein. After each round of panning, the 

ability of eluted phages to detect antigen were 

tested by indirect ELISA. Eluted phages with 

affinity towards pthA were increased in 

following rounds of panning, while BSA 

remained unchanged (Supplementary Fig. 2). 

Binding of monoclonal phages to recombinant 

pthA protein was about 50% (Fig. 1A).  

 

Isolation of pthA-binding scFv fragments  

Eluted monoclonal phages were used to infect 

HB2151. Binding activities of the phages were 

checked against pthA by ELISA that 

demonstrated 25% positive reaction. ELISA 

values at 405 nm were at least twice greater 

than that of the negative control (Fig. 1B). 

Among the positive clones, 5 samples, A12, B8, 

C1, H8 and G8, had the highest signals. Two 

clones C8 and D5 with smaller absorption were 

considered as negative control. 

 
 

Figure 2 Detection of Xcc-infected plant samples via indirect ELISA with scFvs antibodies (G8, B8, A12, C8 

and D5) developed against pthA determined by absorbance at 405 nm. Bovine serum albumin (BSA), purified 

recombinant pthA, proteins from infected and healthy lime plants were used as the samples. C8 and D5 were 

used as the negative control. 
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Detection of Xcc-infected plant samples 

with pthA-specific antibody was checked 

using indirect ELISA. The results 

demonstrated that the 5 antibodies strongly 

reacted with the pthA in infected samples. 

However, no significant reaction was detected 

in extracts from the healthy plants as negative 

control (Fig. 2). 

 

Immunoblot analysis 

Western analysis was carried out to assess the 

specificity of the scFvs antibody against pthA. 

The results demonstrated that all 5 scFvs 

strongly reacted with recombinant pthA and 

revealed a single protein band at the expected 

size of 30 kDa; indicating a specific recognition 

(Supplementary Fig. 3).  

 

Characterization and purification of 

monoclonal pthA-binding scFv 
The variations within the scFv encoding 

sequences were revealed using fingerprint 

analysis. The restriction enzyme analysis was 

performed using BstNI. The results showed a 

similar restriction pattern for all scFv 

fragments (data not shown). The isolated 

plasmids from positive clones were used for 

sequence analysis using specific primers for 

pHEN vector. The results indicated that all 

the positive clones selected in monoclonal 

ELISA contained the same sequence, and 

therefore named pthA-scFvG8. 

The pthA-scFvG8 was purified by IMAC and 

separated on SDS-PAGE. Proteins were 

transferred to PVDF and revealed that the 

molecular weight of scFv is ~30 kDa 

(Supplementary Fig. 4). 

 

Sequencing analysis of scFv sequences 

Plasmid extraction carried out from each 

colony with positive result in ELISA 

experiment and sequence analyses were 

performed by pHEN specific primers. 

Sequences were translated and aligned 

together and with the available sequences in 

IMGT database (http://www.imgt.org). The 

amino acid sequences of scFvG8 with the 

complementarity determining regions (CDRs) 

and framework regions (FRs) are shown in 

Fig. 3. 

 

Homology model building and molecular 

docking  
The estimated accuracy of the modeled pthA 

and scFvG8 are shown in Supplementary Table 

1. The structure with lesser energy was chosen 

for further analysis (Fig. 4A). Quality 

evaluation of the modeled structure of scFvG8 

was performed using Ramachandran plot; 91.7 

of the residues were placed into the 

combination of favored and allowed categories 

(Fig. 4B). These results showed that the scFv 

model was suitable for the molecular docking 

study. 

 

 
 

Figure 3 Deduced amino acid sequence of scFvG8 antibody. VH and VL domains are linked with a linker; the 

CDRs of the scFv, His-tag and c-Myc tag sections are indicated. 
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Figure 4 Three-dimensional homology model of scFv. (A) Three dimensional model of scFvG8. (B) 

Ramachandran plot of the scFvG8 model. 

 
Table 1 Estimated accuracy of the pthA and anti- 

pthA scFvG8 models. 
 

Protein Name C-Score TM-Score RMSD (Å) 

anti-pthA scFv   0.13 0.73 ± 0.11   5.7 ± 3.6 

pthA -3.06 0.37 ± 0.13 13.0 ± 4.2 

Hex was used to visually evaluate the 

interaction of the scFvG8 with pthA that 

allows highly efficient modeling of full 

peptide flexibility and significant flexibility 

of a protein receptor. The pthA and BSA (as 

negative control, PDB: 4f5s) 3D models were 

B 

A 
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docked onto scFvG8 model. In the case of 

pthA-scFvG8, the suggested model with the 

lowest energy docking (among 30 models) 

was selected (Fig. 5A). According to the 

docking outputs, the binding energy of 

scFvG8 was estimated −784 kcal/mol when 

bounded to pthA. This is approximately 2-

fold stronger than that of BSA-scFvG8 (−419 

kcal/mol). These results are in agreement with 

the ELISA experiments. 

 

Fig. 5B provides details of the interaction 

between the two partners, which reveal the 

binding pthA protein to the gap between VL and 

VH domains of scFv. Furthermore, the hydrogen 

bond interaction analyses revealed that the 

complex was stabilized by 11 van der Waals (Ala 

103, Tyr 166, Ala 59, Tyr 183, Ala 55, Tyr 52, 

Asp 101, Ala 55, Ser 225, Tyr 166, Cys 102) and 

two intermolecular hydrogen bonds (Ala 103 and 

Ser 56) (Fig. 5B, Supplementary Table 2). 

 

 
Figure 5 Three-dimensional binding of scFvgG8 to pthA. (A) 3D binding poses of pthA (blue) and scFv (green). 

(B) Intermolecular interaction analyses of the scFv with pthA. The hydrogen bonds involved in the interactions 

with the scFv are shown. 

 

scFv pthA 

scFv 

pthA 

A 

B 

A 
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Table 2 Residues of the pthA bound to the residues of 

the anti- pthA scFv. Amino acid residues involved in 

the hydrogen bonds with the scFv are presented. 
 

Anti pthA amino acid pthA amino acid 

103: Ala 181: Arg 

56: Ser 195: Asp 

 

Discussion 

 

The effector protein, pthA, through type III 

secretion system (T3SS) are being injected into 

the host cell cytoplasm, that later is transported 

into the nucleus with the help of importins α 

and β to cause disease (Dalio et al., 2017; 

Gochez et al., 2018). Therefore, if pthA as a 

prompt candidate could be suppressed, then the 

disease onset is expected to be hampered as we 

have seen in our study (Cervera et al., 2010). 

Here, we prepared a monoclonal antibody via 

phage display technology against pthA 

recombinant protein. The use of phage-display 

technology allows the isolation of peptides such 

as Fab and scFv with specific binding 

characteristics from a library of random short 

amino acid sequences (McCafferty et al., 1990). 

A scFv contains six specific zones, which are 

knowns as complementary determining regions 

(CDR): CDR L1-L3, and CDR H1-H3 (Elgert, 

2009). It is also known that all six CDRs of the 

antibody may interact with the antigen (Kunik 

et al., 2012).  

Here, Tomlinson I naïve scFv phage 

libraries were applied for selection of specific 

monoclonal antibody against pthA protein of 

Xcc. The results of three rounds of biopanning 

of library demonstrated a very strong 

enrichment for isolated phage against pthA. 

RFLP showed a similar restriction pattern for 

all scFv fragments, and therefore the 

monoclonal antibody of all 5 samples were 

renamed to pthA-scFG8.  

The IMGT/V-QUEST analysis of V
H 

and V
L 

chains of scFvG8 antibody are shown in Figure 

3. A total of six CDRs (three in each chain) are 

identified. I-TASSER server service (Zhang, 

2008) was used to generate 3D models of 

recombinant pthA and scFvG8. The accuracy of 

the 3D models of recombinant pthA and 

scFvG8 was evaluated by the Ramachandran 

plot analysis method, which showed 91.7 of the 

residues were placed into the combination of 

favored and allowed categories, demonstrating 

that the bond lengths, bond angles, and dihedral 

angles of the entire molecule are reasonable. 

Furthermore, docking results of scFv-pthA 

showed that the binding domain was mainly 

formed by two intermolecular hydrogen bonds. 

The study demonstrates for the first time that 

phage display can be used to generate antibody 

fragments that specifically recognize Xcc-

infected plant. This research could be the basis 

for the development of plantibodies against Xcc. 

 

References 

 

Al-Saadi, A., Reddy, D., Duan, Y. P., Brunings, 

A. M., Yuan, Q. and Gabriel, D. 2007. All 

five host-range variants of Xanthomonas 

citri carry one pthA homolog with 17.5 

repeats that determines pathogenicity on 

citrus, but none determine host-range 

variation. Molecular Plant-Microbe 

Interactions, 20: 934-943. https://doi.org/10. 

1094/MPMI-20-8-0934.  

Boch, J., Scholze, H., Schornack, S., Landgraf, 

A., Hahn, S. and Kay, S. 2009. Breaking the 

code of DNA binding specificity of TAL-

type III effectors. Science, 326: 1509-1512. 

https://doi.org/10.1126/science.1178811.  

Brunings, A. M. and Gabriel, D. W.  

2003. Xanthomonas citri: breaking the 

surface. Molecular Plant Pathology, 4: 141-

157. https://doi.org/10.1046/j.1364-3703. 

2003. 00163.x.  

Cervera, M., Esteban, O., Gil, M., Gorris, M. 

T., Martinez, M. C. and Peoa, L. 2010. 

Transgenic expression in citrus of single 

chain antibody fragments specific to Citrus 

tristeza virus confers virus resistance. 

Transgenic Research, 19 (6): 1001-1015. 

https://doi.org/10.1007/s11248-010-9378-5. 

Cheng, W., Song, X. S., Li, H. P., Cao, L. H., 

Sun, K. and Qiu, X. L. 2015. Host-induced 

gene silencing of an essential chitin synthase 

gene confers durable resistance to Fusarium 

https://doi.org/10.%0b1094/MPMI-20-8-0934
https://doi.org/10.%0b1094/MPMI-20-8-0934
http://dx.doi.org/10.1046/j.1364-3703.2003.00163.x
http://dx.doi.org/10.1046/j.1364-3703.2003.00163.x
https://doi.org/10.1007/s11248-010-9378-5


Development of scFv against Xanthomonas pthA ______________________________________ J. Crop Prot.  

426 

head blight and seedling blight in wheat. 

Plant Biotechnology Journal, 13: 1335-1345. 

https://doi.org/10.1111/pbi.12352. 

Dalio, R. J. D., Magalhaes, D. M., Rodrigues, 

C. M., Arena, G. D., Oliveira, T. S., Souza-

Neto, R. R., Picchi, S. C., Martins, P. M. M., 

Santos, P. J. C., Maximo, H. J., Pacheco, I. 

S., De Souza, A. A. and Machado, M. A. 

2017. PAMPs, PRRs, effectors and R-genes 

associated with citrus-pathogen interactions. 

Annals of Botany, 119 (5): 749-774. 

https://doi.org/10.1093/aob/mcw238. 

De Souza, T. A., Soprano, A. S., de Lira, N. P., 

Quaresma, A. J., Pauletti, B. A., Paes Leme, 

A. F. and Benedetti, C. E. 2012. The TAL 

effector pthA4 interacts with nuclear factors 

involved in RNA-dependent processes 

including a HMG protein that selectively binds 

poly(U) RNA. PLoS One, 7: e32305. 

https://doi.org/10.1371/journal.pone.0032305. 

Domingues, M. N., Campos, B. M., De 

Oliveira, M. L., De Mello, U. Q. and 

Benedetti, C. E. 2012. TAL effectors target 

the C-terminal domain of RNA polymerase 

II (CTD) by inhibiting the prolyl-isomerase 

activity of a CTD-associated cyclophilin. 

PLoS One, 7: e41553. https://doi.org/10. 

1371/journal.pone.0041553. 

Domingues, M. N., De Souza, T. A., Cernadas, 

R. A., De Oliveira, M. L., Docena, C. and 

Farah, C. S. 2010. The Xanthomonas citri 

effector protein PthA interacts with citrus 

proteins involved in nuclear transport, 

protein folding and ubiquitination associated 

with DNA repair. Molecular Plant 

Pathology, 11: 663-675. https://doi.org/ 

10.1111/j.1364-3703.2010.00636.x. 

Elgert, K. D. 2009. Immunology: 

Understanding the Immune System, 2nd ed., 

Wiley-Blackwell, NY. 

Gil, M., Esteban, O., Garcia, J. A., Pena, L. and 

Cambra, M. 2011. Resistance to Plum pox 

virus in plants expressing cytosolic and 

nuclear single-chain antibodies against the 

viral RNA NIb replicase. Plant Pathology, 

60: 967-976. https://doi.org/10.1111/j.1365-

3059.2011.02448.x. 

Gochez, A. M., Huguet-Tapia, J. C., 

Minsavage, G. V., Shantaraj, D., Jalan, N., 

Strauß, A., Lahaye, T., Wang, N., Canteros, 

B. I., Jones, J. B. and Potnis, N. 2018. 

Pacbio sequencing of copper-tolerant 

Xanthomonas citri reveals presence of a 

chimeric plasmid structure and provides 

insights into reassortment and shuffling of 

transcription activator-like effectors among 

X. citri strains. BMC Genomics, 19: 16. 

https://doi.org/10.1186/s12864-017-4408-9. 

Gottig, N., Garavaglia, B. S., Garofalo, C.G., 

Zimaro, T. and Sgro, G.G. 2010. 

Mechanisms of infection used by 

Xanthomonas axonopodis pv. citri in citrus 

canker disease. In: Mendz-Vilas, A. (Ed.), 

Current Research, Technology and 

Education Topics in Applied Microbiology 

and Microbial Biotechnology, pp: 196-204.  

Gottwald, T. R., Graham, J. H. and Schubert, 

T. S. 2002. Citrus Canker: The pathogen 

and its impact. Plant Health Progress. 3 

(1), p.15. https://doi.org/10.1094/PHP-

2002-0812-01-RV. 

Hemmer, C., Djennane, S., Ackerer, L., Hleibieh, 

K., Marmonier, A., Gersch, S., Garcia, S., 

Vigne, E., Komar, V., Perrin, M., Gertz, C., 

Belval, L., Berthold, F., Monsion, B., Schmitt-

Keichinger, C., Lemaire, O., Lorber, B., 

Gutiérrez, C., Muyldermans, S., Demangeat, 

G. and Ritzenthaler, C. 2018. Nanobody-

mediated resistance to Grapevine fanleaf virus 

in plants. Plant Biotechnology Journal, 16 (2): 

660-671. https://doi.org/10.1111/pbi.12819. 

Hu, Y., Zhang Hu, Y., Sosso, J., Jia, H., Frommer, 

D., Li, T., Yang, W. B., White, B., Wang, F. F. 

and Jones, J. B. 2014. Lateral organ 

boundaries 1 is a disease susceptibility gene 

for citrus bacterial canker disease. Proceeding 

of the National Academy of Sciences of the 

USA, 111: 521-529. https://doi.org/10.1073/ 

pnas.1313271111. 

Hust, M., Maiss, E., Jacobsen, H. J. and Reinard, 

T. 2002. The production of a genus-specific 

recombinant antibody (scFv) using a 

recombinant potyvirus protease. Journal of 

Virological Methods, 106: 225-233. 

https://doi.org/10.1111/pbi.12352
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pacheco%20IS%5BAuthor%5D&cauthor=true&cauthor_uid=28605397
https://www.ncbi.nlm.nih.gov/pubmed/?term=De%20Souza%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=28605397
https://www.ncbi.nlm.nih.gov/pubmed/?term=Machado%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=28605397
http://www.bv.fapesp.br/en/publicacao/130854/pamps-prrs-effectors-and-r-genes-associated-with-citrus-pa/
http://www.bv.fapesp.br/en/publicacao/130854/pamps-prrs-effectors-and-r-genes-associated-with-citrus-pa/
https://doi.org/10.1093/aob/mcw238
https://doi.org/10.1371/journal.pone.0032305
https://doi.org/10.%0b1371/journal.pone.0041553
https://doi.org/10.%0b1371/journal.pone.0041553
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwia0p3XwpTYAhXEL1AKHe2bAvQQFggvMAA&url=http%3A%2F%2Fonlinelibrary.wiley.com%2Fjournal%2F10.1111%2F(ISSN)1364-3703&usg=AOvVaw2C1RARYfnyygk7diHqSrpU
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwia0p3XwpTYAhXEL1AKHe2bAvQQFggvMAA&url=http%3A%2F%2Fonlinelibrary.wiley.com%2Fjournal%2F10.1111%2F(ISSN)1364-3703&usg=AOvVaw2C1RARYfnyygk7diHqSrpU
https://doi.org/10.1111/j.1364-3703.2010.00636.x
https://doi.org/10.1111/j.1365-3059.2011.02448.x
https://doi.org/10.1111/j.1365-3059.2011.02448.x
https://doi.org/10.1186/s12864-017-4408-9
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hemmer%20C%5BAuthor%5D&cauthor=true&cauthor_uid=28796912
https://www.ncbi.nlm.nih.gov/pubmed/?term=Djennane%20S%5BAuthor%5D&cauthor=true&cauthor_uid=28796912
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ackerer%20L%5BAuthor%5D&cauthor=true&cauthor_uid=28796912
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hleibieh%20K%5BAuthor%5D&cauthor=true&cauthor_uid=28796912
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hleibieh%20K%5BAuthor%5D&cauthor=true&cauthor_uid=28796912
https://www.ncbi.nlm.nih.gov/pubmed/?term=Marmonier%20A%5BAuthor%5D&cauthor=true&cauthor_uid=28796912
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gersch%20S%5BAuthor%5D&cauthor=true&cauthor_uid=28796912
https://www.ncbi.nlm.nih.gov/pubmed/?term=Garcia%20S%5BAuthor%5D&cauthor=true&cauthor_uid=28796912
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vigne%20E%5BAuthor%5D&cauthor=true&cauthor_uid=28796912
https://www.ncbi.nlm.nih.gov/pubmed/?term=Komar%20V%5BAuthor%5D&cauthor=true&cauthor_uid=28796912
https://www.ncbi.nlm.nih.gov/pubmed/?term=Perrin%20M%5BAuthor%5D&cauthor=true&cauthor_uid=28796912
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gertz%20C%5BAuthor%5D&cauthor=true&cauthor_uid=28796912
https://www.ncbi.nlm.nih.gov/pubmed/?term=Belval%20L%5BAuthor%5D&cauthor=true&cauthor_uid=28796912
https://www.ncbi.nlm.nih.gov/pubmed/?term=Berthold%20F%5BAuthor%5D&cauthor=true&cauthor_uid=28796912
https://www.ncbi.nlm.nih.gov/pubmed/?term=Monsion%20B%5BAuthor%5D&cauthor=true&cauthor_uid=28796912
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schmitt-Keichinger%20C%5BAuthor%5D&cauthor=true&cauthor_uid=28796912
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schmitt-Keichinger%20C%5BAuthor%5D&cauthor=true&cauthor_uid=28796912
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lemaire%20O%5BAuthor%5D&cauthor=true&cauthor_uid=28796912
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lorber%20B%5BAuthor%5D&cauthor=true&cauthor_uid=28796912
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guti%C3%A9rrez%20C%5BAuthor%5D&cauthor=true&cauthor_uid=28796912
https://www.ncbi.nlm.nih.gov/pubmed/?term=Muyldermans%20S%5BAuthor%5D&cauthor=true&cauthor_uid=28796912
https://www.ncbi.nlm.nih.gov/pubmed/?term=Demangeat%20G%5BAuthor%5D&cauthor=true&cauthor_uid=28796912
https://www.ncbi.nlm.nih.gov/pubmed/?term=Demangeat%20G%5BAuthor%5D&cauthor=true&cauthor_uid=28796912
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ritzenthaler%20C%5BAuthor%5D&cauthor=true&cauthor_uid=28796912
https://doi.org/10.1111/pbi.12819
https://doi.org/10.1073/pnas.1313271111
https://doi.org/10.1073/pnas.1313271111


Raeisi et al. ________________________________________________________________ J. Crop Prot. (2019) Vol. 8 (4) 

427 

https://doi.org/10.1016/S0166-0934 (02)0016 

6-0. 

Jia, H., Orbovic, V., Jones, J. B. and Wang, N. 

2016. Modification of the PthA4 effector 

binding elements in Type I CsLOB1 

promoter using Cas9/sgRNA to produce 

transgenic Duncan grapefruit alleviating 

XccΔpthA4:dCsLOB1.3 infection. Plant 

Biotechnology Journal, 14: 1291-1301. 

https://doi.org/10.1111/pbi.12495. 

Kay, S. and Bonas, U. 2009. How 

Xanthomonas type III effectors manipulate 

the host plant. Current Opinion in 

Microbiology, 12: 1-7. https://doi.org/10. 

1016/j.mib.2008.12.006. 

Kunik, V., Peters, B. and Ofran, Y. 2012. 

Structural Consensus among Antibodies 

Defines the Antigen Binding Site. PLOS 

Computational Biology, 8 (2): e1002388. 

https://doi.org/10.1371/journal.pcbi.1002388. 

Li, W., Xu, Y. P., Zhang, Z. X., Cao, W. Y., Li, 

F., Zhou, X., Chen, G. Y. and Cai, X. Z. 2012. 

Identification of genes required for non-host 

resistance to Xanthomonas oryzae pv. oryzae 

reveals novel signaling components. PLoS 

ONE, 7: 1-11. https://doi.org/10.1371/journal. 

pone.0042796. 

McCafferty, J., Griffiths, A. D., Winter, G. and 

Chiswell, D. J. 1990. Phage antibodies: 

filamentous phage displaying antibody 

variable domains. Nature, 348 (6301): 552-

554. https://doi.org/10.1038/348552a0. 

Mokhtari, M., Safarnejad, M. R., Alavi, S. M. 

and Torkamanzehi A. 2015. Isolation, gene 

expression and PthA effector protein 

production of Xanthomonas citri subsp. 

citri causal agent of citrus bacterial canker. 

Journal of Agricultural Biotechnology, 7 

(2): 155-170. 

https://doi.org/10.22103/jab.2015.1370.  

Moscou, M. J. and Bogdanove, A. J. 2009. A 

simple cipher governs TAL effector-DNA 

recognition. Science, 326: 1501. 

https://doi.org/10.1126/science.1178817. 

Mysore, K. S. and Ryu, C. M. 2004. Nonhost 

resistance: how much do we know?. Trends 

in Plant Science, 9: 97-104. https://doi.org/ 

10.1016/j.tplants.2003.12.005. 

Pereira, A. L., Carazzolle, M. F., Abe, V. Y., 

De Oliveira, M. L., Domingues, M. N. and 

Silva, J. C. 2014. Identification of putative 

TAL effector targets of the citrus canker 

pathogens shows functional convergence 

underlying disease development and defense 

response. BMC Genomics, 15: 157. 

https://doi.org/10.1186/1471-2164-15-157. 

Peschen, D., Schillberg, S. and Fischer, R. 2016. 

Antibody-mediated pathogen resistance in 

plants. Methods in Molecular Biology, 1385: 

273-291. https://doi.org/10.1007/978-1-4939-

3289-4-19. 

Raeisi, H., Safarnejad, M. R., Alavi, S. M., 

Elahinia, S. A. and Farrokhi, N. 2018. 

Production of polyclonal phages harbouring 

antibody fragment genes against 

Xanthomonas citri subsp. citri using phage 

display technology. Journal of Applied 

Entomology and Phytopathology, 85 (2): 

265-276. https://doi.org/10.22092/jaep.2017. 

115980. 1194. 

Roeschlin, R. A., Favaro, M. A., Chiesa, M. A., 

Alemano, S., Vojnov, A. A., Castagnaro, A. 

P., Filippone, M. P., Gmitter, F. G. J, Gadea, J. 

and Marano, M. R. 2017. Resistance to citrus 

canker induced by a variant of Xanthomonas 

citri ssp. citri is associated with a 

hypersensitive cell death response involving 

autophagy-associated vacuolar processes. 

Molecular Plant Pathology, 18 (9): 1267-1281. 

https://doi.org/10.1111/mpp.12489. 

Romer, P., Hahn, S., Jordan, T., Strauss, T., 

Bonas, U. and Lahaye, T. 2007. Plant 

pathogen recognition mediated by promoter 

activation of the pepper Bs3 resistance gene. 

Science, 318: 645-648. https://doi.org/10. 

1126/science.1144958. 

Safarnejad, M. R., Fischer, R. and 

Commandeur, U. 2008. Generation and 

characterization of functional recombinant 

antibody fragments against tomato yellow 

leaf curl virus replication-associated protein. 

Communications in agricultural and applied 

biological sciences, 73 (2): 311-321.  

Safarnejad, M. R., Fischer, R. and Commandeur, 

U. 2009. Recombinant-antibody-mediated 

resistance against Tomato yellow leaf curl 

https://doi.org/10.1016/S0166-0934(02)00166-0
https://doi.org/10.1016/S0166-0934(02)00166-0
https://doi.org/10.1111/pbi.12495
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCAQFjAAahUKEwi6u-iqjsnIAhWi83IKHV1TCSw&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Fjournal%2F13695274&usg=AFQjCNFmMpkGs0kD37hqZoWawfInDM2NjA&sig2=BMtl8_Xe9PVSe6zU_Ddw4Q
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCAQFjAAahUKEwi6u-iqjsnIAhWi83IKHV1TCSw&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Fjournal%2F13695274&usg=AFQjCNFmMpkGs0kD37hqZoWawfInDM2NjA&sig2=BMtl8_Xe9PVSe6zU_Ddw4Q
https://doi.org/10.1016/j.mib.2008.12.006
https://doi.org/10.1016/j.mib.2008.12.006
https://dx.doi.org/10.1371%2Fjournal.pcbi.1002388
https://doi.org/10.1371/journal.pone.0042796
https://doi.org/10.1371/journal.pone.0042796
https://doi.org/10.1038/348552a0
http://www.sid.ir/En/Journal/JournalList.aspx?ID=17821
https://dx.doi.org/10.22103/jab.2015.1370
https://doi.org/10.1126/science.1178817
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0ahUKEwj1_8TMx5TYAhVQKFAKHZcKBsMQFgg2MAI&url=https%3A%2F%2Fwww.journals.elsevier.com%2Ftrends-in-plant-science&usg=AOvVaw3zQViXuYUqEFf4NSvJEBL9
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0ahUKEwj1_8TMx5TYAhVQKFAKHZcKBsMQFgg2MAI&url=https%3A%2F%2Fwww.journals.elsevier.com%2Ftrends-in-plant-science&usg=AOvVaw3zQViXuYUqEFf4NSvJEBL9
https://doi.org/10.1016/j.tplants.2003.12.005
https://doi.org/10.1186/1471-2164-15-157
https://doi.org/10.1007/978-1-4939-3289-4_19
https://doi.org/10.1007/978-1-4939-3289-4_19
https://dx.doi.org/10.22092/jaep.2017.115980.1194
https://dx.doi.org/10.22092/jaep.2017.115980.1194
https://www.ncbi.nlm.nih.gov/pubmed/?term=Roeschlin%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=27647752
https://www.ncbi.nlm.nih.gov/pubmed/?term=Favaro%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=27647752
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chiesa%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=27647752
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alemano%20S%5BAuthor%5D&cauthor=true&cauthor_uid=27647752
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vojnov%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=27647752
https://www.ncbi.nlm.nih.gov/pubmed/?term=Castagnaro%20AP%5BAuthor%5D&cauthor=true&cauthor_uid=27647752
https://www.ncbi.nlm.nih.gov/pubmed/?term=Castagnaro%20AP%5BAuthor%5D&cauthor=true&cauthor_uid=27647752
https://www.ncbi.nlm.nih.gov/pubmed/?term=Filippone%20MP%5BAuthor%5D&cauthor=true&cauthor_uid=27647752
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gmitter%20FG%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=27647752
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gadea%20J%5BAuthor%5D&cauthor=true&cauthor_uid=27647752
https://www.ncbi.nlm.nih.gov/pubmed/?term=Marano%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=27647752
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwi2zYzi1cnYAhWIK1AKHTvkBDwQFggvMAA&url=http%3A%2F%2Fonlinelibrary.wiley.com%2Fjournal%2F10.1111%2F(ISSN)1364-3703&usg=AOvVaw2C1RARYfnyygk7diHqSrpU
https://doi.org/10.1111/mpp.12489
https://doi.org/10.1126/science.1144958
https://doi.org/10.1126/science.1144958


Development of scFv against Xanthomonas pthA ______________________________________ J. Crop Prot.  

428 

virus in Nicotiana benthamiana. Archives of 

Virology, 154 (3): 457-467. 

https://doi.org/10.1007/s00705-009-0330-z. 

Surendran, S., Mathai, A. and Radhakrishna, V. 

V. 2015. Western blotting, In: Kurien, B. T. 

and Scofield, R. H. (Eds.), Methods in 

Molecular Biology, Springer, New York, 

Vol. 1312, pp: 105-108. 

Swarup, S., Yang, Y., Kingsley, M. T. and 

Gabriel, D. W. 1992. A Xanthomonas citri 

pathogenicity gene, pthA, pleiotropically 

encodes gratuitous avirulence on non-hosts. 

Molecular Plant Microbe Interactions, 5: 204-

213. https://doi.org/10.1094/MPMI-5-204. 

Szurek, B., Marois, E., Bonas, U. and Van den 

Ackerveken, G. 2001. Eukaryotic features of 

the Xanthomonas type III effector AvrBs3: 

protein domains involved in transcriptional 

activation and the interaction with nuclear 

import receptors from pepper. Plant Journal, 

26: 523-534. https://doi.org/10.1046/j.0960-

7412.2001.01046.x. 

Tavladoraki, P., Benvenuto, E. and Trinca, S. 1993. 

Transgenic plants expressing a functional 

single-chain Fv antibody are specifically 

protected from virus attack. Nature, 366: 

469472. https://doi.org/10. 1038/366469a0. 

Yang, Y. and Gabriel, D. W. 1995. 

Xanthomonas avirulence pathogenicity gene 

family encodes functional plant nuclear 

targeting signals. Molecular Plant Microbe 

Interaction, 8: 627-631. https://doi.org/10. 

1094/MPMI-8-0627. 

Yang, Z. Y., Liu, H., Zheng, Z., Wang, R., Wang, 

S. and Zhuang, Z. 2013. Preparation of scFv 

against HrpA of Pseudomonas syringae pv. 

tomato DC3000. African Journal of 

Microbiology Research, 7 (44): 5090-5096. 
https://doi.org/10.5897/AJMR12.1661. 

Yuan, Q., Jordan, R., Brlansky, R. H., Istomina, 

O. and Hartung, J. 2015. Development of 

single chain variable fragment (scFv) 

antibodies against Xylella fastidiosa subsp. 

pauca by phage display. Journal of 

Microbiological Methods, 117: 148-154. 

https://doi.org/10.1016/j.mimet.2015.07.020. 

Yuan, Q., Jordan, R., Brlansky, R. H., 

Minenkova, O. and Hartung, J. 2016. 

Development of single chain variable 

fragment (scFv) antibodies against surface 

proteins of ‘Ca. Liberibacter asiaticus’. 

Journal of Microbiological Methods, 122: 1-7. 

https://doi.org/10.1016/j.mimet.2015.12.015. 

Zhang, J., Huguet-Tapia, J. C., Hu, Y., Jones, 

J., Wang, N., Liu, S. and White, F. F. 2017 

Homologues of CsLOB1 in citrus function 

as disease susceptibility genes in citrus 

canker. Molecular Plant Pathology, 18: 798-

810. https://doi.org/10.1111/mpp.12441. 

Zhang, Y. 2008. I-TASSER server for protein 3D 

structure prediction. BMC Bioinformatics, 9: 

40. https://doi.org/10.1186/1471-2105-9-40. 

https://doi.org/10.1007/s00705-009-0330-z
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0ahUKEwjoh5jJyZTYAhWOh7QKHS_lAX4QFggxMAE&url=https%3A%2F%2Fwww.apsnet.org%2FPUBLICATIONS%2FMPMI&usg=AOvVaw3ASLf6cg6-KA4cFB4iem6E
https://doi.org/10.1046/j.0960-7412.2001.01046.x
https://doi.org/10.1046/j.0960-7412.2001.01046.x
https://doi.org/10.1038/366469a0
https://doi.org/10.5897/AJMR12.1661
https://doi.org/10.1016/j.mimet.2015.07.020
https://doi.org/10.1016/j.mimet.2015.12.015
https://doi.org/10.1111/mpp.12441
https://doi.org/10.1186/1471-2105-9-40


Raeisi et al. ________________________________________________________________ J. Crop Prot. (2019) Vol. 8 (4) 

429 

باکتری   pthAاختصاصی scFv بادی منوکلونال نوترکیبمولکولی آنتی یتولید و بررس
Xanthomonas 

 

 3فرشید شریفیان و 5، حسین صفرپور1نیاعلی الهی، سید*4، ناصر فرخی3مهدی علوی، سید*2اد، محمدرضا صفرنژ1حمیده رئیسی

 
 .گیلان، رشت، ایراندانشگاه  ،پزشکی، دانشکده علوم کشاورزیگیاه گروه -1

 .، ایرانتهرانسازمان تحقیقات آموزش و ترویج کشاورزی ایران،  ،کشور پزشکیگیاه تحقیقات سسهؤم ،گیاهی شناسیویروس بخش -2

 .ن، ایرانتهرا ،وریناف زیست و نتیكژ مهندسی ملی پژوهشگاه ،گیاهی یژبیوتکنولو بخش -3

 .شهید بهشتی، تهران، ایران دانشگاه ی،گروه علوم و زیست فناوری گیاهی، دانشکده علوم و فناوری زیست -4

 .، بیرجند، ایراندانشگاه علوم پزشکی بیرجند، مولکولیو  مرکز تحقیقات سلولی -5

 mrsafarnejad@yahoo.com, n_farrokhi@sbu.ac.ir مسئول مکاتبه: گاننویسند الکترونیکی پست

 1398 شهریور 11؛ پذیرش: 1398 خرداد 1دریافت: 

 

ایجطاد   Xanthomonas citri subsp. citri (Xcc)توسط  بطاکتری   نکر باکتریایی مرکبات شابیماری : چکیده

عنطوان پطروتئین افکتطور،    به pthA. پروتئین باشدهای مرکبات در دنیا میترین بیماریاز جمله مهم شودمی

های بادیه از آنتیسازی آن با استفادفعالدارد و لذا غیر باکتری در گیاه زایینقش اساسی در فرایند بیماری

 scFvنوترکیب بادی آنتیتولید  پژوهشدر این تواند منجر به ایجاد مقاومت علیه بیماری شود. می نوترکیب

کننطده  منظور، ابتدا ژن رمزگطذاری . برای اینمورد بررسی قرار گرفته است Xcc باکتری pthA پروتئینعلیه 

ژن بطرای  عنوان آنتطی بیان شد و به Escherichia coli ریاییمیزبان باکت در نوترکیبصورت به pthA پروتئین

بطادی  و جداسطازی قععطات ژنطی نطواتی متآیطر آنتطی        Tomlinsonهطای نمطایش فطاژی   کتابخانهغربالگری 

توسط    pthAله علیطه  فاژهای تاصط  اختصاصیت. در هر دور از غربالگری، ه گردیداستفاد (scFv)اختصاصی 

از  50دهنطده قابلیطت اتصطال تطدود      نتطایج تاصطله نشطان   بررسی قرار گرفت. مورد  (ELISA)آزمون الیزا 

، A12، پنج نمونطه   جداسازی شدهمونوکلونال فاژهای از بین . باشدمی pthAبه پروتئین مونوکلونال فاژهای 

B8 ،C1 ،G8  وH8  بطه بطه ردیطابی گیاهطان آلطوده     ( قطادر Xcc   و پطروتئین نوترکیطبpthA     بودنطد. بررسطی

نشطان  scFv بطرای هطر پطنج     الگوی باندی مشابه، آنزیم برشی وسیلههبادی برفیسم طول قععات آنتیموپلی

صطورت    pthA-scFG8میطد تطاوی ژن  توسط  فاژ E. coli بطاکتری   HB2151 سطویه در  بادیآنتی تولیدداد. 

کیلطو   30در تطدود  و پروتئین نوترکیب با وزن ملکولی  شده القا IPTG توس در باکتری  ژنبیان پذیرفت. 

 Homology) سطازی همسطانی  روش مدل با pthA و  scFvعدیبُبینی ساختار سهپیشدالتون تولید گردید. 

modeling) در  I-TASSER داکینگ بین صورت پذیرفت وscFv و pthA توس  برنامه Hex    انجام شطد کطه

 .بودscFv-pthA  بین kcal/mol  784دهنده انرژی اتصالنشان آن نتایج
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