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Abstract. The human immunodeficiency virus (HIV) is a 
lentivirus that results in acquired immunodeficiency syndrome 
(AIDS). HIV treatment involving chemical therapeutic agents 
has improved the quality of life of HIV/AIDS patients. The 
present study demonstrates that a hydroxyproline‑containing 
marine collagen peptide (APHCP) derived from Alaska 
pollack inhibits HIV‑1 infection in the MT‑4 human T cell‑line. 
APHCP inhibited HIV‑1IIIB‑induced cell lysis, syncytia forma-
tion, reverse transcriptase activity and viral p24 production 
at non‑cytotoxic concentrations; however, APHCP did not 
inhibit HIV‑2ROD infection in MT‑4 cells. This suggests that the 
anti‑HIV activity of APHCP is specific to HIV‑1. In addition, 
substitution of hydroxyproline residues in APHCP with prolines 
impaired its anti‑HIV‑1 activity, suggesting that the hydroxyl 
group of hydroxyprolines is required for the anti‑HIV‑1 activity 
of APHCP. These results suggested that the marine peptide 
APHCP may be a novel drug candidate in the development 
of next‑generation therapeutic agents for the treatment of 
HIV/AIDS.

Introduction

The human immunodeficiency virus (HIV) is a lentivirus that 
results in acquired immune deficiency syndrome (AIDS). HIV 
infects critical cells of the human immune system, including 
T cells (specifically CD4+ T cells), macrophages and dendritic 
cells, and reduces the numbers of CD4+ T cells. Once the 
numbers of CD4+ T cells fall below a certain threshold, 
cell‑mediated immunity is lost, increasing susceptibility to 
life‑threatening opportunistic infections. Without treatment, the 
average survival time of patients following HIV infection is esti-
mated to be 9‑11 years. The first case of AIDS was observed in 
1981 in the USA. Two years later, Luc Montagnier and his group 

at Institute Pasteur and the group of Robert Gallo at the National 
Institutes of Health independently discovered the AIDS‑causing 
virus (1,2). This virus was identified and named as HIV (‑1) 
in 1986 (3). In the same year, Montagnier's group discovered 
a novel type of HIV in West Africa and named it HIV‑2 (4). 
HIV‑2 takes longer to cause AIDS and has a low prevalence 
rate. Following the first discovery, the number of AIDS cases 
has steadily increased with 35 million people infected world-
wide by 2013. In 2013, 2.1 million people were newly‑infected 
with HIV and 1.5 million patients lost their lives to AIDS (5).

With the increase in the incidence of AIDS, numerous 
research groups have attempted to discover and develop novel 
therapeutic agents for its treatment. Since the approval of 
zidovudine (trade name, azidothymidine) as an HIV drug by the 
USA government in 1987, numerous novel therapeutic agents 
have been developed. However, the use of these medicines has 
been terminated due to adverse effects, including a lack of oral 
availability, cardiac disturbances and drug‑resistance. Currently, 
to minimize resistance and delay the progression of HIV infec-
tion to AIDS, multiple drugs acting on different viral targets are 
typically used in combination. However, anti‑retroviral therapy 
has its caveats and access to such treatment remains a concern 
around the world, particularly in developing countries. In the 
developing world, treatment for opportunistic infections is not 
readily available and thus, low‑cost treatments are a necessity.

As a result of this, natural bioactive compounds have been 
investigated as sources of next‑generation anti‑HIV therapeutics, 
which should have greater effectiveness, fewer adverse effects 
and reduced costs. Marine life may become one of the leading 
sources of anti‑HIV natural products. Marine organisms produce 
numerous novel substances due to the unique, demanding and 
aggressive environment in which they exist. Recently, a there 
has been a focus on developing marine‑derived anti‑HIV agents. 
Various studies have reported that marine peptides may be used 
as anti‑HIV agents in functional foods or neutraceuticals and 
pharmaceuticals, due to their therapeutic potential for the treat-
ment or prevention of infectious diseases (6‑10).

The present study revealed that an Alaska pollack hydroxy-
proline‑containing collagen peptide (APHCP) inhibited HIV‑1 
infection in an MT‑4 human T cell line.

Materials and methods

Materials. Alaska pollack skins were obtained from a local 
fisheries company and stored at ‑20˚C. Alaska pollack skin 
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gelatin was extracted in our laboratory. Alaska pollack skins 
were first washed in ice water containing 0.3 M Ca(OH)2 to 
remove flesh and other impurities and then washed again 
with water, neutralized with 0.15 M acetic acid. Gelatin was 
extracted with distilled water at 45˚C for 4 h at the skin/water 
ratio of 1:5 (w/v). The extract was filtered through two layers 
of cheese clothes and evaporated at 70˚C to remove ~70% of 
water. The filtrate was dried in a 50˚C hot‑air oven for 12 h. 
The resulting Alaska pollack gelatin was stored in desiccators 
for further use. APHCP peptide was prepared as described by 
Kim et al (11). Briefly, Alaska pollack skin gelatin (1% w/v) was 
hydrolyzed with Pronase E (enzyme to substrate ratio, 1:50) at 
pH 8.0 and 50˚C for 12 h. APHCP peptide was purified by 
consecutive chromatographic methods including gel filtration 
on a Sephadex G‑25 column, ion‑exchange chromatography 
on a SP‑Sephadex C‑25 column, and high‑performance liquid 
chromatography on an octadecyl‑silica column. The molecular 
mass and amino acid sequences of the purified peptides were 
determined using quadrupole time‑of‑flight (Q‑TOF) mass 
spectroscopy and N‑terminal Edman sequencing analysis, 
respectively. APHCP is composed of 10 amino acid residues 
containing a Gly residue at the C‑terminus and the repeating 
motif Gly‑Pro‑Hyp (787  Da). MTT was purchased from 
Sigma‑Aldrich; Merck Millipore (Darmstadt, Germany). 
Dimethyl sulfoxide (DMSO) was obtained from Amresco, 
LLC (Solon, OH, USA). Specific antibodies against p24 and 
β‑actin for western blot analysis were purchased from R&D 
Systems, Inc. (Minneapolis, MN, USA) and Merck Millipore 
(Darmstadt, Germany).

Cells and viruses. MT‑4, H9/HIV‑1IIIB and H9/HIV‑2ROD 
cell lines were obtained from the National Institutes of 
Health AIDS Reagent Program (Germantown, MD, USA). 
All cell lines were cultured in RPMI‑1640 (Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) supplemented with 10% 
heat‑inactivated fetal bovine serum (FBS; Thermo Fisher 
Scientific, Inc.), 50 µg/ml streptomycin and 50 U/ml penicillin 
in 5% CO2 at 37˚C. Cells were passaged every 2‑4 days and 
maintained at a cell density of 5x105‑1x106 cells/ml. HIV‑1IIIB 
and HIV‑2ROD viral particles were obtained from the superna-
tants of H9/HIV‑1IIIB and H9/HIV‑2ROD cell lines, respectively. 
The viruses were stored at ‑80˚C until use. Viral titer was 
determined by measuring p24 production on infection in 
MT‑4 cells, and expressed as 50% tissue culture infective dose 
(TCID50).

Cell viability assay. The 50% cytotoxic concentration of 
APHCP was determined by MTT assay. MT‑4 cells were 
seeded in a 96‑well plate at 2x104 cells/well in RPMI‑1640 
medium containing 10% FBS. A total of 24 h later, cells were 
treated with 0‑0.75 mg/ml APHCP and incubated for 24 h at 
37˚C. Fresh RPMI‑1640 medium containing 10% FBS was 
added to each well 24 h later. After 84 h, 20 µl MTT solution 
(final concentration, 0.5 mg/ml) was added to each well and the 
plate was incubated for 4 h at 37˚C. DMSO (200 µl) was added 
to dissolve the purple formazan. The quantity of formazan was 
determined by measuring the absorbance at a wavelength of 
595 nm using a FilterMax F5 microplate reader (Molecular 
Devices, LLC, Sunnyvale, CA, USA). Cell viability was deter-
mined and compared with untreated MT‑4 cells.

HIV‑1 lytic effect. To determine the anti‑HIV activity of 
APHCP on HIV‑infected MT‑4 cells, an MTT assay was 
performed. MT‑4 cells were washed and resuspended in fresh 
RPMI‑1640 medium, and seeded in duplicate in a 96‑well 
plate at a density of 2x104 cells/well. A total of 24 h later, stock 
virus of HIV‑1IIIB and HIV‑2ROD were added to each well at 
50 TCID50 with different dilutions of APHCP. The plate was 
incubated for 84 h at 37˚C with 5% CO2. Cell viability was 
determined by an MTT assay as described previously (12).

p24 antigen assay. MT‑4 cells at a density of 2x104 were 
seeded in a 96‑well plate. After 1 day, MT‑4 cells were treated 
with APHCP and infected with 50 TCID50 of HIV‑1IIIB and 
HIV‑2ROD. The plate was incubated for 84 h. The supernatant 
was harvested by centrifugation at 200 x g for 5 min at 4˚C. To 
determine the quantity of HIV, a Lenti‑X™ p24 Rapid Titer 
kit (Clontech Laboratories, Inc., Mountainview, CA, USA) was 
used according to the manufacturer's protocol.

Reverse transcriptase (RT) activity assay. The activity of 
HIV‑1 RT in the virus supernatant was determined using an RT 
assay kit (Roche Diagnostics GmbH, Mannheim, Germany) 
according to the manufacturer's protocol. Briefly, a reaction 
mixture containing poly(A)xoligo(dT)15 was added to the 
virus supernatant and incubated for 4 h at 37˚C. Subsequently, 
anti‑Digoxigenin‑POD and 2,7'‑azinobis[3‑ethylbenzothi-
azolone‑6‑sulfonic acid] diammonium salt (200  µl) were 
added stepwise. The virus supernatant was incubated at 
room temperature until the color development was sufficient 
for detection. The absorbance of the virus supernatant was 
measured at a wavelength of 405 nm using a microplate reader.

Syncytia formation analysis. The inhibitory effect of APHCH 
on syncytia formation was determined by visualization under 
a light microscope. MT‑4 cells were seeded in a 96‑well 
plate at a density of 2x104 cells/well. After 24 h, the cells 
were infected with 10 µl stock supernatant of HIV‑1IIIB virus 
diluted at 50 TCID50 in the absence or presence of APHCP. 
The plate was incubated for 3 days and the syncytia formation 
was observed by microscopy using an inverted light micro-
scope [Zeiss LSM 510 confocal imaging system (Carl Zeiss, 
Oberkochen, Germany)].

Western blot analysis. MT‑4 cells were seeded at a density of 
2x104 cells/well in 80 µl fresh medium and incubated for 1 day 
at 37˚C with 5% CO2. MT‑4 cells were infected with HIV‑1IIIB 
stock supernatant in the absence or presence of APHCP. After 
84 h, cells were pelleted at 200 x g for 5 min at 4˚C and sepa-
rated from the supernatant. MT‑4 cell pellets were harvested 
and solubilized in 2X SDS sample buffer containing 100 mM 
dithiothreitol, 100  mM Tris‑HCl, 0.4% bromophenol blue, 
and 20% glycerol. The virus lysates (25 µl) were loaded onto 
an 10% SDS‑PAGE gel. Separated proteins were transferred 
to a polyvinylidene difluoride membrane (EMD Millipore, 
Billerica, MA, USA). The membranes were blocked for 1 h with 
1% bovine serum albumin (Sigma‑Aldrich; Merck Millipore) 
in 10 mM Tris‑HCl, 150 mM NaCl (pH 7.5) containing 0.1% 
Tween‑20, and incubated with primary antibodies against 
p24 (cat. no. MAB7360; R&D Systems; dilution ratio 1:200) 
and β‑actin (cat. no. MAB1501; Merck Millipore; dilution 
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ratio 1:1,000) for 1 h. The membranes were then washed and 
incubated for 30 min with the goat anti‑mouse IgG secondary 
antibody conjugated to alkaline phosphatase (cat. no. sc‑2008; 
Santa Cruz Biotechnology, Inc., Dallas, TX, USA; dilution 
ratio 1:1,000). The protein bands were detected by colorimetric 
reaction using 5‑bromo‑4‑chloro‑3'‑indolyphosphate/nitro‑blue 
tetrazolium alkaline phosphatase substrate (Sigma‑Aldrich; 
Merck Millipore).

Statistical analysis. Data were analyzed using InStat statistics 
software (GraphPad 6.0 Software, Inc., La Jolla, CA, USA). 
Statistical comparisons were performed using one‑way 
analysis of variance followed by Bonferroni post‑hoc test for 
multiple comparisons. P<0.05 was considered to indicate a 
statistically significant difference.

Results

A collagen peptide derived from Alaska pollack skin. A 
peptide derived from the skin of Alaska pollack was prepared 
and purified from protease E hydrolysates of Alaska pollack 
skin as described by Kim et al (11). The accurate molecular 
mass and amino acid sequence of the peptide as ascertained 
by Q‑TOF mass spectroscopy and N‑terminal Edman 
sequencing analysis was 787 Da and Gly‑Pro‑Hyp‑Gly‑Pr
o‑Hyp‑Gly‑Pro‑Hyp‑Gly, respectively (Fig. 1). The amino 
acid sequence of this peptide was similar to that reported 
by Kim et al (11), except for having three or six additional 
amino acid residues [Gly‑Pro‑Hyp(‑Gly‑Pro‑Hyp)] at the 
C‑terminus. A database search of non‑redundant protein 
sequences using the Basic Local Alignment Search Tool 
(blast.ncbi.nlm.nih.gov/Blast.cgi) revealed that the amino 
acid sequence of this peptide is the most typical sequence 
present in collagens. The present study named this peptide 
APHCP (Alaska pollack skin hydroxyproline‑containing 
collagen peptide).

Cytotoxicity and anti‑HIV‑1 activity of APHCP. The cyto-
toxicity of APHCP in MT‑4 human T cells was assessed. 
Cells were treated with 0‑0.75 mg/ml APHCP for 84 h and 
the viability of MT‑4 cells was measured by an MTT assay. 

APHCP did not affect the viability of MT‑4 cells at concen-
trations <0.75 mg/ml (954 µM; Fig. 2A).

The inhibitory effect of APHCP on HIV‑1 infection in 
MT‑4 cells was investigated. The protective effect of APHCP 
on HIV‑1IIIB‑induced cell lysis was examined using an MTT 
assay. Cell lysis by HIV‑1IIIB infection was decreased following 
treatment with APHCP (Fig. 2B). The half‑maximal effective 
concentration (EC50) of APHCP against anti‑HIV‑1IIIB infec-
tion was assessed to be 0.403 mg/ml (459 µM). In addition, 
the effect of APHCP on HIV‑1‑induced syncytia formation 
was examined. Syncytia formation between HIV‑infected 
cells and uninfected cells is a feature of HIV infection, and 
the fused cells are destroyed within a few days. Furthermore, 
the fusion of HIV‑infected cells and uninfected cells is a 
critical step during the entry stage of HIV. APHCP‑treated 
HIV‑1IIIB‑infected MT‑4 cells behaved similarly to uninfected 
control cells, whereas HIV‑1IIIB‑infected MT‑4 cells fused 
with adjacent cells and formed syncytia. This suggested that 
APHCP inhibits HIV‑1‑induced syncytia formation by inter-
fering with the fusion between HIV or HIV‑infected cells 
and target cells (Fig. 2C). The inhibitory activity of APHCP 
on HIV‑1IIIB infection was further studied by determining its 
effect on HIV‑1 RT activity. The RT activity in infected host 
cells converts viral RNA to DNA, a critical stage of HIV‑1 
replication. APHCP treatment inhibited HIV‑1IIIB‑induced 
RT activation in MT‑4 cells in a dose‑dependent manner 
(Fig. 2D). At a concentration of 0.5 mg/ml APHCP, the RT 
activity in HIV‑1IIIB infected cells was inhibited by ~97% 
compared with the untreated control. The EC50 was assessed to 
be 0.327 mg/ml (374 µM). In addition, the anti‑HIV‑1 activity 
of APHCP was examined by quantifying p24 protein produc-
tion. As p24 is a lentiviral capsid protein and is indispensable 
for subsequent reproduction of HIV in HIV‑infected cells, it 
is an important indicator of viral replication in infected cells. 
As presented in Fig. 2E, p24 production was suppressed by 
>90% in cells treated with 0.5 mg/ml APHCP compared with 
untreated cells. The EC50 of APHCP for HIV‑1IIIB‑induced p24 
production was calculated to be 0.356 mg/ml (405 µM). The 
inhibitory effect of APHCP on p24 production was confirmed 
by western blot analysis of cell lysates and culture superna-
tants using an anti‑p24 antibody. APHCP treatment of cells 

Figure 1. Peptide derived from the skin of Alaska pollack. (A) Amino acid sequence and (B) chemical structure of Alaska pollack skin hydroxyproline‑containing 
collagen peptide.
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decreased the HIV‑1‑induced p24 protein expression levels 
markedly in cells and supernatant (Fig. 2F). This inhibitory 
effect of APHCP on p24 protein production was similar to the 
results of HIV‑1IIIB‑induced RT activity assay, indicating that 
the inhibition of HIV RT activity correlates well with that of 
subsequent HIV‑1 replication activity. These results indicated 
that APHCP inhibits HIV‑1‑induced cytopathic effects by 

suppressing the fusion between HIV‑infected and target cells, 
as well as HIV‑1 RT activity and p24 production.

Specificity of APHCP for anti‑HIV‑1 activity. The specificity 
of the inhibitory effect of APHCP on HIV‑1 infection was 
examined. As presented in Fig. 3A, APHCP did not inhibit 
HIV‑2ROD‑infected MT‑4 cell lysis. This result suggested 

Figure 2. Cytotoxity and anti‑HIV‑1 activity of APHCP. (A) Effect of APHCP on the viability of MT‑4 cells, as measured by an MTT assay. APHCP did not 
affect the viability of MT‑4 cells at concentrations less than 0.75 mg/ml. Data are presented as the mean ± standard deviation (n=3). (B) Effect of APHCP on 
HIV‑1IIIB‑induced cell lysis, as measured by an MTT assay. Data are expressed as the percentage inhibition compared with HIV‑1IIIB‑infected untreated control 
cells. Data are presented as the mean ± standard deviation (n=3). *P<0.05 compared with HIV‑1IIIB‑infected untreated cells. (C) Images of HIV‑1IIIB‑infected 
MT‑4 cells. Syncytia formation was detected using an inverted light microscope (original magnification, x100). Representative images from 3 independent 
experiments are presented. (a) Uninfected cell control, (b) HIV‑1IIIB‑infected cells, (c) HIV‑1IIIB virus and APHCP, and (d) HIV‑1IIIB infected cells with APHCP. 
(d) has less syncytia formation than in (b) or was similar to the uninfected in (a). (D) Effect of APHCP on RT activity. Data are expressed as the percentage 
inhibition compared with HIV‑1IIIB‑infected untreated control cells. Data are presented as the mean ± standard deviation (n=3). *P<0.05 compared with 
HIV‑1IIIB‑infected untreated cells. (E) Effect of APHCP on p24 production by HIV‑1IIIB‑infected MT‑4 cells. Data are expressed as the percentage inhibition 
compared with HIV‑1IIIB‑infected untreated control cells. Data are presented as the mean ± standard deviation (n=3). *P<0.05 compared with HIV‑1 IIIB‑infected 
untreated cells. (F) Intracellular and secreted p24 protein expression levels were detected by western blot analysis. Data are presented as the mean ± standard 
deviation (n=3). *P<0.05 compared with HIV‑1IIIB‑infected untreated control cells. †P<0.05 compared with HIV‑1IIIB. APCHP treatment inhibited the lytic 
effects, syncytia formation, RT activity and p24 production of HIV‑1 IIIB‑infected MT‑4 cells, in a dose‑dependent manner. HIV, human immunodeficiency 
virus; APHCP, Alaska pollack skin hydroxyproline‑containing collagen peptide; RT, reverse transcriptase.
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that the anti‑HIV activity of APHCP is specific to HIV‑1. To 
examine the essential residues responsible for the anti‑HIV‑1 
activity of APHCP, an Alaska pollack skin proline‑containing 
collagen peptide (APPCP) was synthesized in which the 
hydroxyproline residues in APHCP were replaced by prolines. 
APHCP is composed of ten amino acid residues: Gly‑Pro‑Hyp‑
Gly‑Pro‑Hyp‑Gly‑Pro‑Hyp‑Gly. Various studies have reported 
that the tripeptide (Gly‑Pro‑Hyp)n repeat is the primary 
component of collagen degradation products and that it adopts 
a triple‑helical structure (13‑16). The hydroxyproline residues 
in the peptide contribute to the stability and biological activity 
of the collagen triple helix (13‑16). The anti‑HIV‑1 activity 
of APPCP was examined by measuring HIV‑1IIIB‑induced 
lytic effects. APPCP did not demonstrate anti‑HIV‑1 activity 
(Fig. 3B), indicating that that hydroxyl group of hydroxypro-
lines is required for the anti‑HIV‑1 activity of APHCP.

Discussion

Currently, no cure or preventive vaccine is available for 
HIV/AIDS. A primary anti‑HIV therapy combines the use of at 
least three antiretroviral drugs to achieve maximum suppres-
sion of the HIV virus and prevent the progression of HIV. 
Combination antiretroviral therapy has improved treatment; 
however, this treatment is lifelong, has serious adverse effects 
and causes viral resistance. Therefore, the identification of 
novel antiretroviral drugs with unique underlying mechanisms 
of action is required. In the present study, the marine peptide 
APHCP was assessed for its potential to provide effective 
treatment and prevention of HIV.

HIV infection has been demonstrated to cause collagen 
deposition (17‑19). The virus induces an imbalance between 
matrix metalloproteinases (MMPs) and endogenous tissue 
inhibitors of MMPs, leading to remodeling of the extracel-
lular matrix and HIV‑associated pathology (20). The collagen 
triple peptide of Gly‑Pro‑Hyp may interfere with the binding 
of proMMP2 to fibrillar collagen, promoting the release and 
reducing activation of collagen‑sequestered proMMP‑2, which 

is associated with the resolution of liver fibrosis via fibrotic 
matrix‑sequestered gelatinases (21,22). Therefore, HIV infec-
tion‑induced activation of collagen‑sequestered proMMP2 may 
result in accelerated collagen resolution, tissue damage and the 
collapse of immune system. Hydroxyproline‑containing triple 
collagen peptides, including APHCP, may prevent binding 
of proMMP2 to native collagen and promote the release of 
proMMP2 bound to fibrillar collagen, resulting in reduced 
MMP2 activation, collagen stabilization and immune cell 
homeostasis consistent with anti‑HIV activity. Therefore, the 
structural and functional role of the collagen triple peptide 
may be important for the anti‑HIV activity of APHCP in MT‑4 
cells. Further studies on the effect of APHCP on collagen 
remodeling are required to fully elucidate the underlying 
mechanisms of the anti‑HIV activity of APHCP. This may 
provide a basis for further investigation into the use of the 
marine peptide APHCP as a potential therapeutic agent for the 
treatment of HIV/AIDS.

In conclusion, the results of the present study revealed 
that APHCP is non‑cytotoxic at concentrations that inhibit 
HIV‑1‑induced cell lysis, syncytia formation, RT activity 
and viral p24 antigen production. APHCP is a novel, natural 
peptide with potent HIV‑1 inhibitory activity and may be a 
potential therapeutic agent for the treatment of HIV‑1.
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