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Background & Objective:  Cancers are common genetic disease that can cause 

death. Bacteria, such as Clostridium novyi, potentially could be used in cancer 

treatment by producing an enzyme called phospholipase C (PLC), which causes cell 

lysis. The aims of this study are to cloning and expression of PLC- Darpin in 

prokaryotic host.  

 Materials & Methods:  Briefly, the PLC- Darpin gene sequence was amplified using 

PCR. The amplified fragment was conducted into the pET28a vector, transformed into 

E. coli BL21 (DE3), and screened by the double digestion method. Protein expression 

was analyzed using SDS-PAGE and checked with specific antibodies using the 

western blotting method. The cloned fragment was confirmed using the PCR colony 

method. 

Results:  Designed PLC- Darpin protein sequence (1600 bp) was successfully 

amplified by specific primers taking advantage of PCR method. Then, cloned PLC- 

Darpin candidate sequence was reconfirmed by digestion procedure, and colony PCR. 

Finally, 60 KDa expressed protein in prokaryotic host reconfirmed by SDS- page and 

western blotting. 

Conclusion:  Fused PLC enzyme to Darpin protein could be considered as a main 

putative immunotoxin due to its enzymatic role and cytotoxicity which may be 

utilized as a therapeutic choice in the future with further investigations. 
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Introduction 

Cancer is one of the genetic diseases that starts with 

mutations created in oncogenic drivers, followed by the 

stimulation of tumor cell growth, and by genetic or 

non-genetic activation or inactivation of genes that 

promote tumor proliferation or suppress, it is created 

(1).  Notwithstanding the significant progress made 

over the past several decades in terms of reducing 

mortality rates through enhanced early detection 

techniques and remarkable advancements in 

therapeutic interventions, breast cancer (BC) continues 

to occupy the unfortunate position of being the second 

most prevalent cause of cancer-related fatalities among 

women in general, while simultaneously holding the 

distressing distinction of being the primary cause of 

cancer mortality specifically among Black and 

Hispanic women populations (2). On an annual basis, 

the global incidence of newly diagnosed breast cancer 

cases amounts to approximately 2.3 million, which 

translates to a staggering statistic wherein 1 out of 

every 8 cancer diagnoses across the globe is 

attributable to this particular malignancy, thereby 

underscoring its substantial impact on public health 

(3).BC represents the secondary most prevalent 

neoplasm and stands as the primary determinant of 

cancer-related mortality among females, encompassing 

685,000 fatalities across the globe in the year 2020. 

Encyclopedically, BC causes about 25% of all cancer 

cases and 17% of all cancer deaths in women (4). BC 

varies because the cancer cells have differences in their 

genetic, epigenetic, gene expression, and protein 

characteristics. These things can change how tumors 

grow, die, spread, and respond to treatment (5). 

Concerning biomarker heterogeneity, the utilization of 
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the immunohistochemical technique within the 

confines of the laboratory, ascertained by the esteemed 

American Society of Clinical Oncology, has 

unequivocally affirmed that the presence of human 

epidermal growth factor receptor 2 (HER2), 

progesterone (PR), and estrogen (ER) is ubiquitously 

observed among individuals afflicted with the 

formidable and pervasive variants of BC that exhibit 

both aggressive and metastatic characteristics (6, 7). 

HER2 protein is found in high levels in stomach, 

breast, and ovarian cancers. When there is too much of 

the HER2 protein, it makes tumors grow faster and 

increases the chances of the tumor coming back and the 

person dying (8, 9). The HER2 receptor is found in 

large amounts on solid tumor cells and is easy to reach. 

This makes HER2 a good option for a type of treatment 

called targeted immunotherapy, as well as for using 

imaging techniques to study it in more detail (10). 

Darpins are a type of small proteins designed to be very 

stable and can recognize specific targets just as well or 

even better than proteins based on immunoglobulins 

(11, 12). These proteins can detect and bind to a 

specific part of the HER2 protein found outside cells 

(13-16). Clostridium are obligate anaerobic gram-

positive bacteria that include several human pathogens. 

The pathogenicity of these bacteria depends on the 

toxin (17). According to the cytolytic effect of the toxin 

of Clostridium novyi (C. novyi) bacteria, this toxin can 

be considered a compound for cancer treatment. The 

phospholipase toxin of C. novyi plays a role in the 

hydrolysis of eukaryotic cell membranes (18). 

Phospholipase C (PLC) is a type of phospholipase that 

is distinguished from other phospholipases, such as 

PLA (Phospholipase A) and PLD (Phospholipase D) 

(which are present in bacteria), by the site that cleaves 

phospholipids. This enzyme is bound to the membrane 

(19). Because of its cytotoxic characteristics and the 

significance of this specific enzyme in the development 

of the ailment, it has become the center of extensive 

scrutiny within the pharmaceutical industry. 

Consequently, it can potentially constitute a 

fundamental constituent of immunotoxins or vaccines 

(19, 20). 

The present investigation aims to amplify the designed 

PLC-Darpin gene within the pET28a vector and 

manifest the protein in E. coli BL21 as a bacterial 

expression host. The results of the current study will 

subsequently be used to design an immunotoxin based 

on PLC, which can be used as a therapeutic candidate 

in the future with further investigations used for BC.  

Materials and Methods 

Bioinformatic studies 

For our bioinformatic study, we obtained the PLC 

protein sequence for C. novyi (ABK60388.1) and 

Darpin from the NCBI (gene bank) database, which we 

saved in FASTA format 

(https://www.ncbi.nlm.nih.gov/genbank/fastaformat/). 

We then connected two pieces of Darpin and PLC 

using a linker consisting of 8 amino acids 

(GGSGSGGG) to create a fusion protein called PLC-

Darpin. This immunotoxin was evaluated using various 

methods that we explain below. To investigate the 

protein's properties, we uploaded the amino acid 

sequences to the (https://www.imed.med.ucm.es) 

database and used the ProtParam and ProtScale tools in 

the (https://www.expasy.org) database to assess their 

hydrophilicity. We also used the Kyte &amp; Doolittle 

method to upload possible hydrophilicity properties 

and obtain protein properties from the 

(https://web.expasy.org/protparam) server. To predict 

the second and third structures of the protein, we used 

the GOR IV server (https://npsa-prabi.ibcp.fr) the 

NCBI site BLAST tab, and the Swiss Model 

(https://www.ncbi.nlm.nih.gov/pmc/articles/PMC603

0848/). After designing the sequence, we sent it for 

synthesis. We then used the Primer3Plus website 

(https://www.bioinformatics.nl/cgi 

bin/primer3plus/primer3plus.cgi) to create primers and 

increase the number of desired gene sequences using 

the PCR (polymerase chain reaction) method. The 

primers were designed for cloning tests, and we 

checked their characteristics using the oligo7 software. 

Cloning process of the PLC-Darpin gene 

To prepare Luria-Bertani (LB) agar culture medium 

containing kanamycin (100 µg/ml), "MERK" agar 

powder was used. The pH of the environment should 

be 7. Once the medium was prepared, kanamycin 

(Merck, Germany) was added in a concentration of 100 

mg/ml in distilled water. The solution was then cooled, 

and NaOH was added to bring the pH to 7. The medium 

was then autoclaved to ensure sterility. To purify and 

evaluate the specificity of the recombinant protein, the 

reverse primer was added at the end after the cutting 

site. The sequences of the PLC, Darpin, and fusion 

primers can be found in Table 1. Enzymes such as 

HindIII and XhoI for PLC, NdeI and EcoRI for Darpin, 

and NdeI and XhoI for fusion were used to cut the gene 

fragments. By increasing the sequence number of the 

sequence responsible for the synthesis of PLC-Darpin, 

PCR was used to create the desired sequence. The 

product was then observed on a 1% agarose gel to 

confirm the presence of the desired fragment based on 

size. 

Table 1. Sequence of PLC, Darpin, and Fusion primers 

(F = forward, R = reverse) 

Primer 

name 
Primer sequence 

Fusion-F AAACATATGATGAGAGGATCGCATCACCAT 

Fusion-R AAA CTCGAG ATATAGTATTTTTCATTGTTT 

Darpin-F AAACATATGATGAGAGGATCGCATCACCAT 

Darpin-R AAAGAATTCGTCCTGAGCGTTAACGTC 

Fusion-F AAACATATGATGAGAGGATCGCATCACCAT 

Fusion-R AAA CTCGAG ATATAGTATTTTTCATTGTTT 
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Amplification of the PLC-Darpin gene 

We carried out a PCR reaction to amplify the PLC-

Darpin gene fragment. We used Taq DNA polymerase 

enzyme and other required materials, including 9.5 µl 

of DDW, 1 µl of P-F, 1 µl of P-R, 1 µl of DNA, and 

12.5 µl of Master Mix (Biolab, New England, UK). 

The reaction was conducted under the following 

conditions: we started with an initial cycle of 

denaturation at 95°C for 5 min, followed by 30 cycles 

of 94°C for 30 s, 54°C for 30 s, and 72°C for 60 s. We 

ended the reaction with a final extension at 72°C for 10 

min, using a thermocycler. After that, we incubated the 

mixture for 10 min at 4°C (Applied Biosystem, USA). 

Finally, we visualized the resulting PCR product with 

a 1% agarose gel in 0.5X TBE (Tris-borate-EDTA) 

buffer at a current of 100 volts for 40 min. We used a 

PCR product washing kit to wash the PCR product and 

to evaluate the test, we electrophoresed 2 µl of the 

washed product on a 1% agarose gel. 

Connection of the PLC-Darpin inside the 

expression vector 

After increasing the number of desired sequence 

fragments, which included a nucleic acid fragment 

encoding PLC with a weight of 1194 bases and Darpin, 

a fusion protein consisting of 332 bases, their 

confirmation was done using gel electrophoresis to 

determine their size. To prepare the product, cutting 

sites were designed at the 5' end of the forward and 

reverse primers NdeI and XhoI for phospholipase C-

Darpin (PLC-Darpin), and the resulting product was 

separated and purified on a 1% gel. Subsequently, the 

product was further purified and concentrated to reach 

a desired product concentration of approximately 95 

ng/µl using a concentrator device. 

Preparing the vector to perform the connection 

process 

The BL21 strain containing pET28a plasmid was used 

to increase the amount of the desired plasmid. First, the 

bacteria were inoculated in an LB medium with 

kanamycin and then incubated at 37°C in a shaker 

incubator for 24 h at 70-100 rpm. Next, 20 ml of the 

medium containing bacteria was centrifuged at 8000 

rpm for 2 min to extract the plasmid from the culture 

medium. Finally, following the instructions of the 

manufacturer of the plasmid extraction kit (AccuPrep 

Nano Plus), the desired plasmid was purified and 

concentrated. The concentration was measured using a 

nanodrop device, which showed a concentration of 90 

ng/µl. 

Enzymatic digestion and ligation reaction 

The PCR product and plasmid genes were digested 

together in a 30 μL volume containing 15 μL PCR 

product, 6 μL distilled water, 1.5 μL Xho1, 1.5 μL 

NdeI, and 6 μL fasting digest buffer. The mixture was 

incubated at 37°C for overnight or 2 h. To verify the 

cleavage of the plasmid, the mixture was loaded onto a 

1% electrophoresis gel and observed using a gel dock 

device. The desired product was extracted from the gel 

to remove any excess plasmid pieces. For the ligation 

stage, the Thermo Scientific Rapid Ligation Kit was 

used following the manufacturer's instructions. A 

mixture was prepared containing 2 µl of the digested 

PCR product, 4 µl of the prepared plasmid, 2 µl of the 

ligation buffer from the kit, and 2 µl of T4DNA ligase 

enzyme. This mixture was heated to a final volume of 

12 µl with distilled water and incubated for 1 h at a 

temperature of 22°C. The desired fragment was then 

successfully integrated into the vector. 

Competent cell preparation and plasmid 

transformation 

A single colony of the E. coli BL21 strain was cultured 

in a tube containing 5 mL of LB broth medium. It was 

then placed in a shaker incubator at a temperature of 

37°C/overnight. For the next step, 1500 µL of the E. 

coli BL21 strain was cultured in a tube containing 50 

mL of LB broth medium and placed in a shaker 

incubator at 37°C for 3 h. When the OD of the cells 

reached 0.4 to 0.6 at 600 nm, which is the beginning of 

the logarithmic phase, 50 mL was put into a Falcon 50 

mL and incubated in ice for 45 min. Following this, the 

supernatant solution was taken out and the cell 

sediment was dissolved in 1 mL of "1 M" calcium 

chloride solution. The volume was then increased to 50 

mL with calcium chloride before being placed on ice 

for 30 min. afterward, it was centrifuged in a 

refrigerated centrifuge for 15 min at 5000 rpm and a 

temperature of 4°C. Next, the supernatant solution was 

removed and 1 mL of 1 M CaCl2 solution was added. 

After dissolving, it was separated into 100-200 µL 

vials. These cells can be kept at 4°C for 4 to 48 h. In 

this particular case, the E. coli cell strain BL21 was 

susceptible, so the wall was partially destroyed and Cl- 

and Ca+ ions were placed between different parts of the 

membrane. This step prepares the bacteria for the entry 

of the plasmid construct. To prepare the medium for 

maintaining the transformed strain (105 colonies/ml), 

start by preparing 50 µl of the medium containing 

bacteria, which should also contain the host strain for 

the transformation process. Once prepared, add 2 µl of 

the conjugation mixture to the transformation strain 

while keeping the conjugation mixture on ice. Slowly 

mix the desired product and then subject it to a heat 

shock of 42° for 90 s, without shaking. It is important 

to note that E. coli strain BL21 (DE3) should be used 

as a prokaryotic host by the instructions (21). After 

inoculating the resulting mixture into 250 µl of 

prepared protection medium, leave it to incubate at 

25°C overnight. The following day, incubate the 

inoculated medium at 37°C for 1 h in a shaker 

incubator with 200 rpm/min, placed horizontally. 

Selection of colonies with expression vector 

To check for the presence of a fragment inside a 

transformed vector, 10 µl of protective medium 

containing the transformed strains were inoculated into 

a plate containing LB agar kanamycin medium. The 

PCR colony method was used for this purpose. A small 

amount of the colony was mixed with 9.5 µl of DDW, 

1 µl of P-F, 1 µl of P-R, and 12.5 µl of Master Mix to 

prepare the PCR reaction mixture. The T7 strong 
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promoter primers were used for colony PCR. The T7 

forward and reverse promoter primer sequences can be 

found at (https://www.addgene.org/mol-bio-

reference/sequencing-primers/). The PCR reaction was 

performed using a thermocycler under the following 

conditions: initial denaturation at 95°C for 5 min, 

followed by 30 cycles of 94°C for 20 s, 54°C for 20 s, 

and 72°C for 60 s. Finally, the reaction was subjected 

to a final extension at 72°C for 5 min, followed by 

incubation at 4°C for 5 min (Bio-Rad, USA). 

Confirming the presence of the PLC-Darpin gene  

After growing colonies in an antibiotic-containing 

medium, they were transferred to an LB broth medium 

with 100 μg/ml kanamycin and cultivated at 37°C for 

12 h. The commercially available plasmid purification 

kit (GenNet Bio South Korea) was used for plasmid 

extraction following the provided recipe. The 

concentration of the extracted plasmid was measured 

to be 75 ng/µl using a nanodrop device. 

Recombinant plasmid extraction 

The contents of the microtube containing BL21 with 

the plasmid were made uniformly by vortexing with 

250 µl of PR buffer for 10 s. Next, 250 µl of PL buffer 

was added and the microtube was inverted 4 to 5 times. 

Then, 350 µl of PN buffer was added and inverted 4-6 

times. After centrifugation at 8000 rpm for 10 min, the 

supernatant was removed and poured into the Spin 

Column. The pellet remained in the microtube. The 

Spin Column was placed inside the microtube and after 

closing the lid, it was centrifuged at 8000 rpm for 1 min 

so that all the contents of the supernatant entered the 

microtube. 500 µl of PO buffer was poured on the Spin 

Column and centrifuged again for 30 s. The purified 

plasmid was collected in the lower microtube. 500 µl 

was added to the previous volume in the lower 

microtube, then 700 µl of PW buffer was added to the 

Spin Column and centrifuged again for 30 s. The 

centrifugation was continued for 1 min to ensure no 

material remained. The purified plasmid was then used 

for additional tests to confirm the presence of the target 

fragment in the vector. 

Evaluation of the presence of the PLC-Darpin 

The extracted plasmid was evaluated for the presence 

of the fragment responsible for synthesizing the desired 

protein by identifying the cutting sites of specific 

enzymes. For PLC Darpin, the presence of XhoI and 

NdeI cutting sites was checked; for PLC, HindIII, and 

XhoI; and Darpin, EcoRI, and NdeI using a fast-cutting 

enzyme buffer as per the manufacturer's instructions. 

The enzyme digestion process was carried out in the 

shortest possible time by preparing the enzymes 

separately and in pairs using the fast buffer. 

Recombinant protein expression 

After transferring the expression vector into the 

bacterial host, the bacterial fragment was grown in an 

LB agar medium containing kanamycin and confirmed 

for qualification. The bacteria were then inoculated 

into 5 ml of LB broth medium containing 100 µg/ml 

kanamycin and incubated in an incubator at 37°C for 

one night to bring them to the logarithmic growth 

phase. After the bacteria grew in the medium, a ratio of 

1 to 10 bacteria was inoculated into a 1-liter 

Erlenmeyer flask containing 100 ml of LB broth with a 

concentration of 100 µg/ml kanamycin. The medium 

was then heated for 1, 3, and 5 days with a final 

concentration of 1 mM of β-thioisopropyl β-

thiodigalactoironoside. After protein synthesis was 

induced, the Erlenmeyer flask was quickly cooled in 

ice. Finally, cells were separated using a centrifuge at 

8000 rpm for 10 min at 4°C. The culture medium was 

then evaluated for the presence of protein in the 

prokaryotic host. It is worth noting that inoculation was 

used first to evaluate expression and standardization in 

a low volume of the growth medium (5 ml), and then 

standardization of protein expression will be done in a 

high volume in future studies. 

Evaluation of the presence of synthesized protein 

sites in bacteria 

The evaluation of protein expression in the host 

bacterium was conducted by using a small volume of 

bacteria before and after induction. The protein 

expression was evaluated by measuring light 

absorption following centrifugation and the addition of 

lysing buffer. After evaluating protein expression in the 

host bacterial sample, the presence and accumulation 

of the protein expressed in the transformed strain were 

investigated. To begin the analysis, the bacterial 

suspension was prepared in 30 mM PBS (phosphate-

buffered saline). Next, the sonicated bacterial 

suspension was analyzed for the presence of protein in 

the supernatant and in the bacterial body. This was 

done by adding sample lysis buffer and performing 

SDS-PAGE (Sodium dodecyl-sulfate polyacrylamide 

gel electrophoresis) with 10% acrylamide. The protein 

accumulation was then evaluated. All evaluation steps 

were carried out according to the protein purification 

protocol (GE Health Care). 

Evaluation of the presence of recombinant protein 

(PLC-Darpin) by SDS-PAGE 

To ensure the purity of the protein extract and 

determine its molecular weight, we utilized the 

electrophoresis method on a polyacrylamide gel with 

the presence of sodium dodecyl sulfate (SDS). We 

prepared the buffers required for the polyacrylamide 

gel method along with the SDS. Then, we took 16 µl of 

the desired sample and mixed it with 4 µl of the loading 

buffer before placing it in the wells. We separated the 

proteins according to molecular weight for 1 h at 125 

V and 25 Amp. 

Western blotting 

To observe a protein band in a polyacrylamide gel, the 

unknown sample (30 µl) was prepared at a 10% 

concentration and poured into a well. An electric 

current was established and the gel was left for 45 min 

with a voltage of 150 and amperage of 30. The gel was 

then cut and the paper was activated in pure methanol 

for 2 min. The paper and gel were placed in a cold 



Bahman Mirzaei et al. 481 

      Volume 32 November-December 2024       Journal of Advances in Medical and Biomedical Research 

transfer buffer for equilibration for 5 min. After 

soaking the sponges in the device to catch bubbles and 

preparing the sandwich, the transfer cold buffer was 

filled up to the top of the sandwich and ice was poured 

around the tank. An electric current of 150 Ampraz was 

used for 2 h, after which the protein marker band was 

observed. The paper was then incubated in a blocking 

suspension, which was prepared in a mild shaker for 1 

h at room temperature and then for 18 h at 4°C. After 

completing the blocking step, the paper was washed 3 

times with TBST solution, each for 5 min with gentle 

shaking. The primary antibody solution, dissolved in 

blocking, was then incubated with shaking for 18 h at 

4°C. The paper was washed 3 times with washing 

solution, each for 5 min, and then heated in a secondary 

antibody solution for 3 h at room temperature using a 

shaker. To observe the protein band bound to the 

specific antibody on the gel, a diaminopeptidase 

reagent was used at a concentration of 0.5. It is 

important to note that this step of the work was done in 

the dark and the presence of the band was checked 1 

min after the dye was in contact with the paper. 

 

Results 

Results of bioinformatics studies 

Design and making of protein-fusion: 

The design and construction of protein fusion along 

with identification regions of restriction enzymes to cut 

and separate the sequence, some tags and 

communication regions required for cloning, 

expression of recombinant protein was done.  

 

 

Figure 1. Design and making of protein-fusion. 

 Nde1      Hexa-Histidin       Darpin       EcoR1     Linker     Thrombin     aagctt: HindIII, ATG: codon methionine) If 

expressed separately(     PLC     Xho1 

The size of the PLC protein is 50 kDa, Darpin is 10 kDa, and the fusion protein is 60 kDa. 
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Evaluation of sequences and their structural analysis 

Examination of antigenicity: 

 

Figure 2. Examination of proteins antigenicity.The upper values of the graph are the areas with antigenic properties. A) 

Investigation of the antigenicity of PLC that score=1.0008 on the vertical axis has the property of antigenicity. B) 

Examination of the antigenicity of Darpin that score=1.0294 on the vertical axis has the property of antigenicity. C) 

Investigation of the antigenicity of PlC-Darpin that Score=1.0068 on the vertical axis has the property of antigenicity. 

According to the algorithm defined for the software, in the case of PLC, 17 regions, and in the case of Darpin, 5 regions, 

and the case of PLC-Darpin, 22 regions are of high antigenicity. 

 

Investigation of hydropathicity: 

The grand average of hydropathicity (GRAVY, which 

shows the degree of hydrophobicity of a peptide, was 

used in the investigation of protein hydrophobicity. 

Positive values of GRAVY indicate hydrophobicity 

and negative values mean hydrophilicity. Amino acids 

with a score<0 are acceptable because these regions 

have hydrophilic amino acids that are accessible to 

antibodies (in vivo). 

 

Figure 3. Investigating protein hydropathicity. A) PLC protein hydrophobicity check chart with GRAVY: -0.764. B) 

Hydrophobicity chart of Darpin protein with GRAVY: -0.472. C) PLC-Darpin hydrostaticity check chart with GRAVY: -

0.639. 
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Investigation of pH: 

The isoelectric point of a protein refers to the pH level 

at which the protein's net charge is zero. Below the 

isoelectric point, proteins have a positive charge, and 

above it, they have a negative charge. The protein's 

isoelectric point can range from very acidic values, 

around 4.0, to very alkaline values, around 12.0. pI for 

PLC, Darpin, and PLC-Darpin are 5.90, 5.37, and 6.35 

respectively. 

Prediction of two-dimensional structure: 

This structure refers to the regular and repetitive spatial 

arrangement of adjacent amino acids in a polypeptide 

chain. This protein structure is created by hydrogen 

bonds between the hydrogens of the amide group and 

the oxygens of the carbonyl group, which form the 

body of the protein. Two large groups of secondary 

structures include α-helices and β-structures. 

3D structure prediction:

 

Figure 4. 3D structure of target proteins. A) 3D structure of PLC. B) 3D structure of Darpin. C) 3D structure of PLC-

Darpin. 

 

 

The results of laboratory research 

After the synthesis of the PLC-Darpin sequence by 

the company, the PCR method using specific primers 

was used to increase the number of desired sequences 

for cloning, and the desired fragment was confirmed 

using size and sequencing methods. 

Cloning results and confirmation of the desired 

fragment presence in the selected colony and 

protein expression

 

 

Figure 5. Cloning results and confirmation of the desired fragment presence in the selected colony. A) BL21 culture that 

contains an expression vector, which is being grown in a medium that contains kanamycin. B) The process of enzymatic 

digestion used to separate the sequence of PLC and Darpin. C) Result of a colony PCR. After using the PCR colony method, 

the sequence of 1194 bases and 1600 base pairs in the colony sample grown in the differential medium was confirmed and 

the sequence of the above sequence indicated the accuracy of cloning. 
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Protein extraction, purification, and measurement 

After evaluating the presence of the protein in the host, 

it was determined that the desired protein was secreted 

in the cytoplasm of the host bacteria in the form of a 

solution, and to prevent the destruction of the second 

and third structures, purification with imidazole 

solution was performed after sonication and from the 

upper liquid sample. After reaching the desired optical 

density, the protein expressed in the prokaryotic host 

(in the medium containing kanamycin) was induced by 

IPTG with a concentration of 1 mM for 3 h, followed 

by sonication and purified by affinity chromatography. 

Further, after removing the impurities (salt, etc.), the 

dialysis method measured the protein concentration 

and stored and preserved it after the dry freezing 

method. 

Confirmation of purified protein  

To finally confirm the purified protein, western blot, 

and SDS-PAGE tests were performed. Its molecular 

weight was estimated using SDS-PAGE, and then the 

sample was evaluated using specific antibodies for the 

C-terminal hexahistidine present in the corresponding 

protein amino acid sequence, and the presence of 

hexahistidine was confirmed by comparing it with an 

internal standard. The results showed that the protein 

expression was successful.  

 

 

Figure 6. Confirmation of purified protein. A) SDS-PAGE results. Based on the image and wells 5 and 6, IPTG induced 

target protein expression after 3 h) the western blotting method was used to detect the presence of a histidine sequence in 

the protein. The protein in well 2 has a size of approximately 60 kDa.

 

Discussion 

Due to drug resistance in chemotherapy and the 

destruction of natural body tissue in radiation therapy 

(22, 23), we can create a toxic agent that is specifically 

delivered to these areas and destroys tumor cells (24). 

Treatments targeting and destroying cancer cells must 

recognize the differences between normal body tissues 

and cancer cells (22). Using C. novyi bacteria is an 

effective approach to treat cancer cells. Acting on 

cancer cells, this bacterium can create a local and 

adaptive inflammatory response and cytotoxic effects 

against tumor cells. Considering the undeniable role of 

cloning and gene expression in the production of 

recombinant products (drugs, vaccines, and gene 

therapy) and the role of phospholipase toxin of C. novyi 

in the hydrolysis of eukaryotic cell membranes, with 

further studies, the expression of active site targeted 

toxin can be a suitable candidate for evaluating the 

effects be cytolytic in tumors (18). 

Due to the important role and special features of HER2, 

it is possible to target it for targeted cancer treatment 

(25). So, a therapy targeting HER2 is effective and 

specifically treats certain cancers, like HER2-positive 

BC (26). 

Darpin is a low molecular weight protein and is a new 

class of non-IgG protein, highly soluble in water, has 

high chemical and thermal stability, and potentially 

low production cost, which specifically binds to 

various tumor-associated antigens such as the HER2 

receptor and its affinity is higher than antibody, so it is 

a good substitute for immunoglobulin proteins (12, 27, 

28).  

The investigation of PLC-Darpin fusion proteins as 

potential therapeutic modalities in oncological 

treatment uncovers a complex interaction between 

cellular viability and targeted protein expression. 

Eijkenboom et al. (2021) illustrated that DARPins can 

proficiently eliminate neoplastic cells from ovarian 

tissues without jeopardizing cellular integrity, 

successfully achieving the total eradication of 

EpCAM-positive BC cells while acknowledging a 

reduction in oocyte viability during in vitro 

proliferation assays attributable to the minimal 

expression of EpCAM on oocytes (29). This indicates 

that although targeted cytotoxicity can be attained 

against malignant cells, there exists a concomitant risk 

of inadvertent consequences on adjacent non-

malignant cells, particularly within sensitive tissue 

environments. There are 13 types of PLC in mammals. 

Types of PLCs are divided into six isotypes according 

to their structure. These isotypes include: β, γ, δ, ε, ζ, 



Bahman Mirzaei et al. 485 

      Volume 32 November-December 2024       Journal of Advances in Medical and Biomedical Research 

η. Each PLC possesses distinctive and intersecting 

regulatory authority regarding the manifestation and 

spatial allocation within the cell. The precise regulation 

and responsiveness of the PLC reaction to various 

extracellular and intracellular inputs with appropriate 

kinetics are necessary due to its extensive range of 

functions. This need has driven the evolution of six 

PLC isotypes in animals, each with a distinct mode of 

regulation. PLC pre-mRNA can undergo alternative 

splicing, resulting in the potential existence of up to 30 

PLC enzymes in a single mammalian organism. Most 

bacterial PLC variants are distinguished by one of four 

protein groups that share structural similarities (30). 

Toxic PLC demonstrates the capability to engage with 

the eukaryotic cellular membrane and initiate the 

hydrolysis of phosphatidylcholine and sphingomyelin, 

resulting in cell lysis's ultimate occurrence (19). The 

first bacteria that were introduced as anticancer agents 

were streptococci and clostridia. The anti-cancer 

potential of bacteria is very diverse, in this regard, 

genetically modified bacteria can be used in anti-

cancer treatments. It is possible to cause apoptosis or 

necrosis inside the tumor by using the toxins of anti-

cancer bacteria (31-33). C. novyi NT bacteria can be 

used in cancer treatment with special enzymes or 

special toxins it produces (34). 

The clinical utilization of targeted therapeutic agents 

associated with phospholipase C (PLC) signaling 

pathways is further underscored in investigations 

concentrating on antibody-drug conjugates (ADCs), 

exemplified by mirvetuximab soravtansine. This 

particular ADC has demonstrated significant efficacy 

in managing platinum-resistant ovarian carcinoma, 

attaining an overall response rate of 44% (35). The 

research underscores the clinical ramifications of 

focusing on specific neoplastic markers, a 

methodological approach that modulators of PLC 

activity could potentially enhance. 

In this study, a PLC-Darpin structure was made, which 

was analyzed with online software regarding 

antigenicity, hydrophobicity, second and third 

structure, and some chemical properties. Based on the 

results, it has 22 regions with high antigenic properties, 

and GRAVY is negative, which shows that this 

structure has acceptable hydrophilic areas that can be 

accessible to antibodies (in vivo environment). The 

PLC-Darpin gene sequence was amplified by PCR and 

using specific primers designed with Primer3Plus 

software. Plasmid pET-28a was cut with restriction 

enzyme XhoI/NdeI, and the size of the fragments 

created on the agarose gel confirmed the correctness of 

the enzyme reaction and double digestion. 

Recombinant plasmids were transformed into BL21 

(DE3) expression strain bacteria, and protein 

expression was done under specific conditions and by 

adding 1 mM IPTG and using the SDS-PAGE method. 

Protein expression was evident from 2 h PBS after 

induction according to the protein size. Then, finally, 

the correctness of protein expression was confirmed by 

the western blot method, which is with hexa-histidine-

specific antibody. 

Considering the role of PLC in cell lysis and Darpin, 

which has a high affinity for binding to various tumor-

related antigens such as the HER2 receptor, the results 

of the current study can subsequently be used to design 

an immunotoxin based on PLC that can be used in the 

future and with more studies, it can be used as a 

candidate for BC treatment. 

 

Conclusion 
In this study, a PLC-Darpin structure was developed 

and analyzed for its antigenicity, hydrophobicity, and 

stability using online software. It was found to have 22 

highly antigenic regions and a negative GRAVY score, 

indicating favorable hydrophilicity for antibody 

accessibility in vivo. The protein exhibited relative 

stability, with a two-dimensional structure comprising 

approximately 30% alpha helices. The PLC-Darpin 

gene was amplified via PCR, confirmed through 

agarose gel electrophoresis, and ligated into the PET-

28a plasmid before transforming into E. coli (DE3). 

Protein expression was induced with 1 mM IPTG, and 

SDS-PAGE analysis confirmed successful expression, 

which was further validated by Western blotting using 

a hexahistidine antibody. 

 

Acknowledgements 
The authors are grateful for the support of their 

colleagues in medical microbiology department of 

Zanjan University of Medical Sciences and Student 

Research Committee of Zanjan University of Medical 

Sciences. 

 

Conflict of interest 
The authors declare no conflict of interest. 

 

Funding 
This study financially was supported by Iran National 

Science Fundation and Zanjan University of Medical 

Sciences. 

 

Ethics approval and consent to participate 

This study complies with ethical principles and the 

standards for conducting clinical research and is 

approved by The Ethics Committee of Zanjan 

University of Medical Sciences 

(IR.ZUMS.REC.1400.030). In the current study; all 

ethical guidelines including Ethics and Consent to 

participate have been collected. Informed consent was 

obtained from the patients/participants whose clinical 

samples have been used in the study. All results of this 

study have been classified and maintained by a 

dissertation in the Zanjan University of medical 

Sciences. We have indeed provided all raw data on 

which our study is based. In addition, the datasets 

analyzed during the current study available from the 

corresponding author on reasonable request. The data 

that support the findings of this study are available 

from an Educational Hospital but restrictions apply to 

the availability of these data, which were used under 

license for the current study, and so are not publicly 



486  Design and expression of PLC-Darpin fusion protein as a targeted immunotoxin 

       Volume 32 November-December 2024       Journal of Advances in Medical and Biomedical Research 

available. Data are however available from the authors 

upon reasonable request and with permission of Zanjan 

University of Medical Sciences. 

 

Authors’ Contribution 
All authors read and approved the manuscript.  

Contributions of the authors in this study were as 

follows: B M: supervision, visualization, data curation, 

formal analysis, validation, software, methodology, 

conceptualization; S Sh: investigation, formal analysis; 

N M: writing—original draft preparation; M Sh: 

writing—review and editing; D A: supervision, formal 

analysis, software, methodology. 

 

 

References 

1. Chen DS, Mellman I. Elements of cancer 

immunity and the cancer-immune set point. 

Nature. 2017; 541(7637):321-30. 

https://doi.org/10.1038/nature21349 

PMid:28102259  

2. Giaquinto AN, Sung H, Newman LA, 

Freedman RA, Smith RA, Star J, et al. Breast 

cancer statistics 2024. CA Cancer J Clin. 

2024;74(6):477-95. 

https://doi.org/10.3322/caac.21863 

PMid:39352042  

 

3. Arnold M, Morgan E, Rumgay H, Mafra A, 

Singh D, Laversanne M, et al. Current and future 

burden of breast cancer: Global statistics for 

2020 and 2040. The Breast. 2022;66:15-23. 

https://doi.org/10.1016/j.breast.2022.08.010 

PMid:36084384 PMCid:PMC9465273 

 

4. Bray F, Laversanne M, Sung H, Ferlay J, 

Siegel RL, Soerjomataram I, et al. Global cancer 

statistics 2022: GLOBOCAN estimates of 

incidence and mortality worldwide for 36 

cancers in 185 countries. CA Cancer J Clin. 

2024;74(3):229-63. 

https://doi.org/10.3322/caac.21834 

PMid:38572751  

 

5. Visvader JE. Cells of origin in cancer. Nature. 

2011;469(7330):314-22. 

https://doi.org/10.1038/nature09781 

PMid:21248838  

 

6. Hammond MEH, Hayes DF, Dowsett M, 

Allred DC, Hagerty KL, Badve S, et al. 

American Society of Clinical Oncology/College 

of American Pathologists guideline 

recommendations for immunohistochemical 

testing of estrogen and progesterone receptors in 

breast cancer (unabridged version). Arch Pathol 

Lab Med. 2010;134(7):e48-e72. 

https://doi.org/10.5858/134.7.e48 

PMid:20586616  

 

7. Wolff AC, Hammond MEH, Hicks DG, 

Dowsett M, McShane LM, Allison KH, et al. 

Recommendations for human epidermal growth 

factor receptor 2 testing in breast cancer: 

American Society of Clinical Oncology/College 

 

of American Pathologists clinical practice 

guideline update. Arch Pathol Lab Med. 

2014;138(2):241-56. 

https://doi.org/10.5858/arpa.2013-0953-SA 

PMid:24099077 PMCid:PMC4086638 

8. Ladjemi MZ, Jacot W, Chardès T, Pèlegrin A, 

Navarro-Teulon I. Anti-HER2 vaccines: new 

prospects for breast cancer therapy. Cancer 

Immunol Immunother. 2010;59:1295-312. 

https://doi.org/10.1007/s00262-010-0869-2 

PMid:20532501 PMCid:PMC2933838 

 

9. Ross JS. Breast cancer biomarkers and HER2 

testing after 10 years of anti-HER2 therapy. Drug 

news & perspectives. 2009;22(2):93-106. 

https://doi.org/10.1358/dnp.2009.22.2.1334452 

PMid:19330168  

 

10. Lewis Phillips GD, Li G, Dugger DL, 

Crocker LM, Parsons KL, Mai E, et al. Targeting 

HER2-positive breast cancer with trastuzumab-

DM1, an antibody-cytotoxic drug conjugate. 

Cancer research. 2008;68(22):9280-90. 

https://doi.org/10.1158/0008-5472.CAN-08-

1776 

PMid:19010901  

 

11. Boersma YL, Plückthun A. DARPins and 

other repeat protein scaffolds: advances in 

engineering and applications. Curr Opin 

Biotechnol. 2011;22(6):849-57. 

https://doi.org/10.1016/j.copbio.2011.06.004 

PMid:21715155  

 

12. Goldstein R, Sosabowski J, Livanos M, 

Leyton J, Vigor K, Bhavsar G, et al. 

Development of the designed ankyrin repeat 

protein (DARPin) G3 for HER2 molecular 

imaging. Eur J Nucl Med Mol Imaging. 

2015;42:288-301. 

https://doi.org/10.1007/s00259-014-2940-2 

PMid:25391547 PMCid:PMC4315530 

 

13. Chen X, Yu X, Song X, Liu L, Yi Y, Yao W, 

et al. Selection, purification, and characterization 

of a HER2-targeting soluble designed ankyrin 

repeat protein by E. coli surface display using 

HER2-positive melanoma cells. Preparative 

biochemistry & biotechnology. 2018;48(2):144-

50. 

https://doi.org/10.1080/10826068.2017.1407944 

PMid:29313422  

 

14. Houlihan G, Gatti-Lafranconi P, Lowe D, 

Hollfelder F. Directed evolution of anti-HER2 

DARPins by SNAP display reveals 

stability/function trade-offs in the selection 

process. Protein Eng Des Sel. 2015;28(9):269-

79. 

https://doi.org/10.1093/protein/gzv029 

PMid:26134501 PMCid:PMC4550541 

 

15. Steiner D, Forrer P, Plückthun A. Efficient 

selection of DARPins with sub-nanomolar 

affinities using SRP phage display. J Mol Biol. 

2008;382(5):1211-27. 

 

https://doi.org/10.1038/nature21349
https://doi.org/10.3322/caac.21863
https://doi.org/10.1016/j.breast.2022.08.010
https://doi.org/10.3322/caac.21834
https://doi.org/10.1038/nature09781
https://doi.org/10.5858/134.7.e48
https://doi.org/10.5858/arpa.2013-0953-SA
https://doi.org/10.1007/s00262-010-0869-2
https://doi.org/10.1358/dnp.2009.22.2.1334452
https://doi.org/10.1158/0008-5472.CAN-08-1776
https://doi.org/10.1158/0008-5472.CAN-08-1776
https://doi.org/10.1016/j.copbio.2011.06.004
https://doi.org/10.1007/s00259-014-2940-2
https://doi.org/10.1080/10826068.2017.1407944
https://doi.org/10.1093/protein/gzv029


Bahman Mirzaei et al. 487 

      Volume 32 November-December 2024       Journal of Advances in Medical and Biomedical Research 

https://doi.org/10.1016/j.jmb.2008.07.085 

PMid:18706916  

16. Zahnd C, Pecorari F, Straumann N, Wyler E, 

Pluckthun A. Selection and characterization of 

Her2 binding-designed ankyrin repeat proteins. J 

Biol Chem. 2006;281(46):35167-75. 

https://doi.org/10.1074/jbc.M602547200 

PMid:16963452  

 

17. Ball DW, Van Tassell R, Roberts M, Hahn P, 

Lyerly D, Wilkins T. Purification and 

characterization of alpha-toxin produced by 

Clostridium novyi type A. Infect Immun. 

1993;61(7):2912-8. 

https://doi.org/10.1128/iai.61.7.2912-2918.1993 

PMid:8514395 PMCid:PMC280939 

 

18. Skarin H, Segerman B. Plasmidome 

interchange between Clostridium botulinum, 

Clostridium novyi and Clostridium 

haemolyticum converts strains of independent 

lineages into distinctly different pathogens. 

PLoS One. 2014;9(9):e107777. 

https://doi.org/10.1371/journal.pone.0107777 

PMid:25254374 PMCid:PMC4177856 

 

19. Titball RW. Bacterial phospholipases C. 

Microbiol Rev. 1993;57(2):347-66. 

https://doi.org/10.1128/mr.57.2.347-366.1993 

PMid:8336671 PMCid:PMC372913 

 

20. Lennarz WJ, Lane MD. Encyclopedia of 

biological chemistry: Academic Press; 2013. 
 

21. Shahrooei M, Hira V, Stijlemans B, Merckx 

R, Hermans PW, Van Eldere J. Inhibition of 

Staphylococcus epidermidis biofilm formation 

by rabbit polyclonal antibodies against the SesC 

protein. Infect Immun. 2009;77(9):3670-8. 

https://doi.org/10.1128/IAI.01464-08 

PMid:19528208 PMCid:PMC2738011 

 

22. Yousefi F, Siadat SD, Saraji AA, Hesaraki S, 

Aslani MM, Mousavi SF, et al. Tagging 

staphylococcal enterotoxin B (SEB) with 

TGFaL3 for breast cancer therapy. Tumor 

Biology. 2016;37:5305-16. 

https://doi.org/10.1007/s13277-015-4334-x 

PMid:26561468  

 

  

23. Zarei M, Bagheri-Saweh MI, Rasolabadi M, 

Vakili R, Seidi J, Kalhor MM, et al. Breast 

cancer research in Iran: a scientometric analysis 

of publications output from 1991 to 2015 in 

Scopus. Electron Physician. 2017;9(2):3816. 

https://doi.org/10.19082/3816 

PMid:28465812 PMCid:PMC5410911 

 

24. Krick EL, Sorenmo KU, Rankin SC, Cheong 

I, Kobrin B, Thornton K, et al. Evaluation of 

Clostridium novyi-NT spores in dogs with 

naturally occurring tumors. Am J Vet Res. 

2012;73(1):112-8. 

https://doi.org/10.2460/ajvr.73.1.112 

PMid:22204296 PMCid:PMC4596235 

 

25. Goleij Z, Hosseini HM, Sedighian H, 

Behzadi E, Halabian R, Sorouri R, et al. Breast 
 

cancer targeted/therapeutic with double and 

triple fusion Immunotoxins. J Steroid Biochem 

Mol Biol. 2020;200:105651. 

https://doi.org/10.1016/j.jsbmb.2020.105651 

PMid:32147458  

26. Modi S, Saura C, Yamashita T, Park YH, 

Kim S-B, Tamura K, et al. Trastuzumab 

deruxtecan in previously treated HER2-positive 

breast cancer. N Engl J Med. 2020;382(7):610-

21. 

https://doi.org/10.1056/NEJMoa1914510 

PMid:31825192 PMCid:PMC7458671 

 

27. Jost C, Schilling J, Tamaskovic R, Schwill 

M, Honegger A, Plückthun A. Structural basis 

for eliciting a cytotoxic effect in HER2-

overexpressing cancer cells via binding to the 

extracellular domain of HER2. Structure. 

2013;21(11):1979-91. 

https://doi.org/10.1016/j.str.2013.08.020 

PMid:24095059  

 

28. Plückthun A. Designed ankyrin repeat 

proteins (DARPins): binding proteins for 

research, diagnostics, and therapy. Annu Rev 

Pharmacol Toxicol. 2015;55:489-511. 

https://doi.org/10.1146/annurev-pharmtox-

010611-134654 

PMid:25562645  

 

29. Eijkenboom L, Palacio-Castañeda V, 

Groenman F, Braat D, Beerendonk C, Brock R, 

et al. Assessing the use of tumor-specific 

DARPin-toxin fusion proteins for ex vivo 

purging of cancer metastases from human 

ovarian cortex before autotransplantation. F&S 

science. 2021;2(4):330-44. 

https://doi.org/10.1016/j.xfss.2021.09.004 

PMid:35559858  

 

30. Suh P-G, Park J-I, Manzoli L, Cocco L, Peak 

JC, Katan M, et al. Multiple roles of 

phosphoinositide-specific phospholipase C 

isozymes. BMB reports. 2008;41(6):415-34. 

https://doi.org/10.5483/BMBRep.2008.41.6.415 

PMid:18593525  

 

31. Kramer MG, Masner M, Ferreira FA, 

Hoffman RM. Bacterial therapy of cancer: 

promises, limitations, and insights for future 

directions. Front Microbiol. 2018;9:16. 

https://doi.org/10.3389/fmicb.2018.00016 

PMid:29472896 PMCid:PMC5810261 

 

32. Mengesha A, Dubois L, Chiu RK, Paesmans 

K, Wouters BG, Lambin P, et al. Potential and 

limitations of bacterial-mediated cancer therapy. 

Front Biosci (Landmark Ed). 2007;12(10):3880-

91. 

https://doi.org/10.2741/2357 

PMid:17485344  

 

33. Patyar S, Joshi R, Byrav D, Prakash A, Medhi 

B, Das B. Bacteria in cancer therapy: a novel 

experimental strategy. J Biomed Sci. 

2010;17(1):1-9. 

 

https://doi.org/10.1016/j.jmb.2008.07.085
https://doi.org/10.1074/jbc.M602547200
https://doi.org/10.1128/iai.61.7.2912-2918.1993
https://doi.org/10.1371/journal.pone.0107777
https://doi.org/10.1128/mr.57.2.347-366.1993
https://doi.org/10.1128/IAI.01464-08
https://doi.org/10.1007/s13277-015-4334-x
https://doi.org/10.19082/3816
https://doi.org/10.2460/ajvr.73.1.112
https://doi.org/10.1016/j.jsbmb.2020.105651
https://doi.org/10.1056/NEJMoa1914510
https://doi.org/10.1016/j.str.2013.08.020
https://doi.org/10.1146/annurev-pharmtox-010611-134654
https://doi.org/10.1146/annurev-pharmtox-010611-134654
https://doi.org/10.1016/j.xfss.2021.09.004
https://doi.org/10.5483/BMBRep.2008.41.6.415
https://doi.org/10.3389/fmicb.2018.00016
https://doi.org/10.2741/2357


488  Design and expression of PLC-Darpin fusion protein as a targeted immunotoxin 

       Volume 32 November-December 2024       Journal of Advances in Medical and Biomedical Research 

https://doi.org/10.1186/1423-0127-17-21 

PMid:20331869 PMCid:PMC2854109 

34. Roberts NJ, Zhang L, Janku F, Collins A, Bai 

R-Y, Staedtke V, et al. Intratumoral injection of 

clostridium novyi-NT spores induces antitumor 

responses. Sci Transl Med. 

2014;6(249):249ra111-249. 

https://doi.org/10.1126/scitranslmed.3008982 

PMid:25122639 PMCid:PMC4399712 

 

35. Gilbert L, Oaknin A, Matulonis UA, Mantia-

Smaldone GM, Lim PC, Castro CM, et al. Safety 

and efficacy of mirvetuximab soravtansine, a 

folate receptor alpha (FRα)-targeting antibody-

drug conjugate (ADC), in combination with 

bevacizumab in patients with platinum-resistant 

ovarian cancer. Gynecol Oncol. 2023;170:241-7. 

https://doi.org/10.1016/j.ygyno.2023.01.020 

PMid:36736157  

 

 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

How to Cite This Article:  

Mirzaei B, Shamsi S , Mahdei Nasirmahalleh N, Shirmohammadpour M, Afshar D. Design, cloning, and 

expression of PLC-Darpin fusion protein as putative immunotoxin in a prokaryotic host, J Adv Med Biomed Res. 

2024; 32(155): 477-488.  

Download citation:  

BibTeX | RIS | EndNote | Medlars | ProCite | Reference Manager | RefWorks 

 

Send citation to:  

 Mendeley      Zotero    RefWorks 

 

 

 

RefWorks 

  

 

 

 

 

https://doi.org/10.1186/1423-0127-17-21
https://doi.org/10.1126/scitranslmed.3008982
https://doi.org/10.1016/j.ygyno.2023.01.020
https://zums.ac.ir/journal/web2export.php?a_code=A-10-6083-1&sid=1&slc_lang=en&type=BibTeX
https://zums.ac.ir/journal/web2export.php?a_code=A-10-6083-1&sid=1&slc_lang=en&type=ris
https://zums.ac.ir/journal/web2export.php?a_code=A-10-6083-1&sid=1&slc_lang=en&type=EndNote
https://zums.ac.ir/journal/web2export.php?a_code=A-10-6083-1&sid=1&slc_lang=en&type=Medlars
https://zums.ac.ir/journal/web2export.php?a_code=A-10-6083-1&sid=1&slc_lang=en&type=ProCite
https://zums.ac.ir/journal/web2export.php?a_code=A-10-6083-1&sid=1&slc_lang=en&type=Reference_Manager
https://zums.ac.ir/journal/web2export.php?a_code=A-10-6083-1&sid=1&slc_lang=en&type=RefWorks
http://www.mendeley.com/import/?url=https://zums.ac.ir/journal/article-1-6661-en.html
http://www.mendeley.com/import/?url=https://zums.ac.ir/journal/article-1-6661-en.html
http://www.mendeley.com/import/?url=http://zums.ac.ir/journal/article-1-6123-en.html
http://www.mendeley.com/import/?url=http://zums.ac.ir/journal/article-1-6123-en.html
http://www.mendeley.com/import/?url=http://zums.ac.ir/journal/article-1-6123-en.html
http://www.mendeley.com/import/?url=http://zums.ac.ir/journal/article-1-6123-en.html
https://zums.ac.ir/journal/web2export.php?a_code=A-10-6083-1&sid=1&slc_lang=en&type=ris
https://zums.ac.ir/journal/web2export.php?a_code=A-10-6083-1&sid=1&slc_lang=en&type=ris
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-6661-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-6661-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-4781-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-4781-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-4781-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-4781-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-4781-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-4781-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-4781-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-4781-en.html

