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ABSTRACT
The development of human specific antibodies with broadly neutralizing properties is needed for preventing
of HIV-1 infection. The production of neutralizing antibodies against HIV-1envelop glycoproteinshave shown
effective neutralization of different strains of the virus. Due to several advantages of single chain antibodies
(scFvs), these antibodies have been introduced in anti-viral targeted therapy.In this investigation we describe
the selection of specific scFvs against RGPGRAFVTI sequence, conserved neutralizing epitope of gp120.After
four rounds of panning a specific clone was selected with the frequency of 65%. The selected scFv was tested
in ELISA. Results demonstrated the reactivity and specificity of the selected scFv. The ODobtained from
reaction of the antibody with the corresponding epitope was significantly higher than the negative control.
The iolation of such a specific anti-gp120 of HIV suggest further evaluation of the selected specific scFv for
its application in clinical use.
Introduction
Rapid increase in the number of human immunodeficiency virus(HIV)-infected individuals has become one
ofthe most serious challengesof worldwide health and decreasing or preventing the progression of this
pandemic disease has met little success (1). According to estimation of World Health Organization, more than
6800 people become infected with HIV and more than 5700 persons die from AIDS every day (2). The first
anti-HIV drug that licensedin 1987 for treatment of HIV infection was Zidovudine (AZT)which interferes
with viral replication (1). Currently five different groups of anti-HIV drug are used including
nucleoside/nucleotide reverse transcriptase inhibitors (NRTIs), non-nucleoside Reverse Transcriptase
inhibitors (NNRTIs), protease inhibitors (PIs), entry/fusion Inhibitors andintegrase Inhibitors (3). The virus is
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changing permanently due to high mutation rate and generates different HIV mutant strains that are resistant
to immune responses and anti-retroviral drugs. However, nowadays innovative strategies
includingimmunotherapy through neutralizing antibodies and vaccination have been developed as the best
hope for effective HIV therapy and prevention (4).Among these, some of neutralizing antibodies against
viral envelope proteins have showneffective neutralizationof differentstrains of the virusin vitro (5).
The glycoprotein spikes of HIV-1 envelope such as external glycoprotein 120(gp120) and trans-membrane
protein gp41 play main roles in virus entrance and initiation of infection (6).These glycoproteins have
conserved epitopes that are common among different HIV-1 strains. Although the presence ofvariable regions
on envelope gp120 enables the virus to escape from immune response, production of neutralizing antibodies
against conserved epitopes mediates prevention of different strains of entry into the cells and eradicate the
infection (7-9).
Recently, new monoclonal antibodies (mAbs) have been designed that target the gp 120. These mAbs include
the PG9/PG16 Ab that recognizes an epitope involving V2 and V3 loops created by the trimeric structure, the
PGT Abs against a glycan at position 332 in the C3 region of gp120, the VRC01 mAb that targets the CD4
binding site on gp120 and also the membrane proximal external region of gp41 (10). One of the basic
problems for the use of these neutralizing antibodiesis that themajority of them are largely strain-specific and
therefore would not create protective response against globally circulating viral variants (11). The conserved
epitopes of gp120 are poorly immunogenic and/or inaccessible to mAbs. In addition usually no crossneutralizing activity occurs and the antibodies typically bind to determinants that either varies from virus to
virus due to high mutation rate(12)
Single-chain variable fragment (scFv) antibodies which are composed of VH and VL domains linked by a
flexible linker offer several advantages over monoclonal antibodies. They can carry radioactive materials and
toxic drugs to the target cells, due to their small size they have greater penetration, low kidney uptake, rapid
blood clearance, and less immunogenicity. The high affinity and specificity of these recombinant antibodies
are additional advantage of scFvs that offer their clinical potential as new and effective agents (13,14). ScFv
fragmentscould gain access to neutralizing epitopes and provide highly virus neutralization effect (9).
In this study we selected specific scFvs against gp120 of HIV-1 using phage display technology and evaluated
the reactivity and specificity of the selected antibodies against the gp120 epitope by ELISA.
Materials and method
Selection of specific scFv antibody against gp120
Phage rescue was performed on a library of phage transformed Ecoli scFv developed previously (15) clones
displayingscFv were selected from the library afterfour rounds of panning. Briefly, immunotube (Nunc,
Roskilde, Denmark) was coated with the gp 120 peptide as the epitope(amino acids 311-320 of gp120 of HIV)
at 4˚C overnight. The phage-rescued supernatant (1010PFU/mL) diluted with blocking solution (skimmed milk
2%), added to the tube and incubated for 1h at room temperature. Following washing log phase E. coli TG1
cells were added and incubated at RT for 1hr with occasional shaking. The tube was centrifuged and the pellet
was grown and rescued with helper phage M13KO7 (Amersham, Biosciences). Four roundsofpanningwere
performed to remove nonspecific scFvs and select the specific and high affinity binders.
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PCR and DNA Fingerprinting of the selected clones
The existence of VH-Linker-VL inserts of the selected clones obtained after panningwas tested by PCR on the
clones and the single chain fragments were amplified. DNA fingerprinting of the selectedclones were
determined by using MvaI restriction enzyme (Roche Diagnostic GmbH, Mannheim, Germany).The common
patterns were revealed by electrophoresis. One clone with the most frequent pattern was selected against the
epitope and phage-rescued for further evaluations.
Determination of phage-antibody concentration
Phage antibody supernatant was added to 1ml of log phase TG1 E. coliand incubated with shaking at 37°C for
1 h. Serial dilution of bacteria was cultured on 2TY Agar/Ampicillin medium at 30°C overnight. Number of
colonies per dilution was determined and phage concentration titer per milliliter was calculated.
Evaluation of reactivity of scFvs by phage ELISA
Specificity of the selected scFv was assessed by phage ELISA. The 96 well ELISA plate was coated with the
peptide (dilution: 100μg/ml in PBS) at 4˚C overnight. An unrelated peptide was used as a negative control.
The wells were blocked with 2% skimmed milk for 2 h at 37˚C.The plate was washed with PBS/Tween 20
and PBS, the phage-rescued supernatant of each clone containingthe selected scFvs was added to the wells.
M13KO7 helper phage was added to coated wells as a negative antibody control. After incubation and
washing, anti-fd bacteriophage antibody (Sigma, UK) was added and incubated for 1 hr at Rt. Following
washing, HRP-conjugated anti-Rabbit IgG (Sigma, UK) was added and left at room temperature for 1 h.The
plate was washed and 150µl of the substrate (1µl H2O2 with 0.5 mg/ml ABTS in citrate buffer) was added
and the optical density of each well was detected at 405 nm byan ELISA reader (BP-800, Biohit, USA).
Statistical analysis
To compare the mean ratio of the phage ELISA results using phage display scFvs against the peptide and of
the controls (unrelated peptide, M13KO7, Unrelated scFv and no peptide), Mann-Whitney test was used.
Results
Anti-gp 120 selected scFv
Figures1 and 2show PCR and DNA-Fingerprinting of 20 panned clones against gp 120 peptide respectively.
The presence of VH-Linker-VL are shown by 950 bp PCR product. Onecommon patternobtained against the
peptide, lanes 1, 3, 4, 5, 6, 7, 8, 9, 12, 13, 16, 17, 18 (Fig 2). The frequency of the common pattern was 65%
while the other patterns frequencies were 10% and 5%. One clone from the common pattern was used for
further evaluation.
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Fig 1. PCR of selected clones after panning. 950 bp shows the VH-Linker-VL insert.
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Fig2. Fingerprinting patterns of the selected scFvs. The frequent common patterns are shown in Lanes 1, 3, 4,
5, 6, 7, 8, 9, 12, 13, 16, 17, 18.

Phage ELISA
Phage ELISA assay demonstrated thebinding specificity of the selected scFv to the related peptide.
The obtained OD showed that the scFv antibody reacted with related peptide significantly higher than the
wells with no peptide, OD= 1.126 versus OD= 0.208,(Pvalue<0.05). Also the M13KO7 helper phage,
unrelated peptide and unrelated scFv showed no reactivity to the peptide (Fig 3).

Fig3. ELISA results of the selected scFv against gp120 peptide, unrelated peptide and no peptide control.
M13kO7 and unrelated scFv as negative antibody controls showed no reactivity with gp120 peptide.
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Discussion
Current anti HIV treatments prevent cellular entry, viral transcription, and maturation of newly formed
virus (16) but, these agents fail to full protection and also are limited by side effects, toxicities and emergence
of resistant virus strains (17, 18)
Nowadays novel therapeutic approaches are being tested and shown the potential to improve the immune
system against the virus. Immunotherapeutic approaches are one of the exciting areas in this regard.
Immunotherapy aims to assist the natural immune system in achieving control over viral infection (19).
Various immunotherapy formats have been evaluated in either therapy-naive or therapy-experienced HIVinfected patients over the last 20 years. These formats include non-antigen specific strategies such as
cytokines that stimulate immunity or suppress the viral replication, as well as antibodies that block viral entry
and infection (20).
In this study we used a conserved neutralizing epitope of HIV-1 gp120 V3loop (RGPGRAFVTI) to select
specific scFvs against HIV virus.It has been reported that this epitope contributes to both eliciting neutralizing
antibodies and CD8+ T lymphocytes responses (21). Nino et al (22) reported that this epitope is capable to
induce broad HIV-1 neutralizing antibody responsewhen compared with other 12 gp120 V3 loop-derived
epitope sequences and introduced as an effective immunogen for vaccine design against HIV. However, the
difficulty in eliciting broadly neutralizing monoclonal Abs to gp120 has been attributed to either the lack of
immunogenicity of conserved epitopes, or the inaccessibility of these epitopes to antibodies (23) but after
introducing the conserved sequences of viral glycoproteins the possibility for producing highly effective
antibodies is provided. In the current study after panning against a conserved sequence of gp120, one
dominant common pattern with the frequency 65% was detected which represented the selection of a specific
scFv against gp120. It has been shown that the specific scFvs are high effective antibodies and can be
contribute in clinical applications for better immune-targeting results in comparison with mAbs (14, 15). In
addition, mAbs have some disadvantages including high cost, time consuming preparation and inducing of
immune reactions which reduce or eliminate their therapeutic efficiency and/or evoke allergic or
hypersensitivity reactions in patients (24, 25).
In order to test the reactivity and specificity of the selected scFv, ELISA was done. The results demonstrated a
significant higher OD for reaction of the scFv with the corresponding epitope in comparison with the no
peptide well. Also the other negative controls showed significant lower OD than the related peptide (p< 0.05).
The negative reactivity of the selected scFv with the unrelated peptide in comparison with high reactivity with
the gp120 antigen represents the specificity of the antibody.The main frequent immunogenic targets of the
mAbs include structurally conserved or functionally important epitopes, such as CD4 and chemokine coreceptor binding sites on gp120 and proximal external region of gp41 (26). Current approaches for design
vaccine against HIV, mainly is based on conserved sequences because these sequences are supposed as a
promising effective immunogenic targets. The V3 loop of gp120 is a component of the chemokine receptor
binding region. This region despite possess of highly variable sequences also have about 20% of the amino
acid conserved parts and is a target for both mAbsin vivo (27, 28) We selected scFv against 10 amino acids
located in crown of the V3 loop of the most of HIV-1 strains which has a major role in binding to cell-surface
coreceptors CCR5 or CXCR4 which are involved in viral entry (29, 30). The results suggest further evaluation
of the selected specific scFv for its application in clinical use.The absence of complete cure under current
treatment underscores the great need for continued efforts in seeking innovative approaches for treatment of
HIV/AIDS (31). Considering the well- known advantages of specific scFvs in anti-viral therapies, the
neutralizing effects of the selected scFv should be investigated in vivo to provide information for their use in
anti- HIV approaches.
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