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Summary 
 

The human immunodeficiency virus type 1 (HIV-1) is the etiologic agent of acquired 

immunodeficiency syndrome (AIDS). According to WHO, there are currently 34 million HIV 

positive people in the world and about 2 million AIDS deaths per year. 

The main treatment strategy is the combined use of antiretrovirals, these drugs prevent 

HIV replication, this helps reduce viral load in patients. However, low tolerance and side 

effects such as dyslipidemia, insulin resistance, hepatotoxicity and nephrotoxicity. Lead to 

finding new treatments or prevention strategies. In this regard, the use of nanoparticles 

can afford to develop preventive or therapeutic vaccines, by using dendritic cells ex vivo 

cultures, or by routes of administration that induces a cellular and humoral systemically 

and genital mucosa, as intranasal vaccines. 

In this project it was carried out the design and development of dendriplexes, which is a 

non-covalent complex formed by the dendrimer PAMAM G4 and peptide epitopes. The 

latter derived from the gp120 protein of HIV-1. Using bioinformatics tools allowed 

selecting peptide epitopes located in the region of interaction of gp120 with broadly 

neutralizing antibodies (bNAbs) and by using the predictors and crystallographic model of 

the gp120 protein obtained from heterotrimer (PDB: 3J5M ). The latter expresses epitopes 

recognized by broadly neutralizing antibodies, according to studies of binding and 

neutralization with pseudovirus and TZM-bl cells. Peptide epitopes were modeled and 3D 

models coupled to the dendrimer PAMAM G4 and MHC-I. 

The energy coupling and interactions that stabilize the complex, the hydrophobicity profile 

of the peptides and the level of conservation in multiple strains of HIV, dendriplexes select 

candidates allowed to be formed, under experimental conditions. Additionally cytotoxicity of 

peptide epitopes and G4 PAMAM dendrimer was determined by the MTT assay. This allowed 

selecting the best formulation to form dendriplexes. None of the peptide epitopes showed 

significant toxicity in TZM-bl cells (cell viability greater than 90%). Moreover by agarose 

electrophoresis, it was determined: encapsulation capacity and release of PAMAM G4. In 

general, PAMAM G4 dendrimers show high encapsulation capacity of peptide epitopes 

(approximately 70%) and low toxicity (viability of TZM-bl cells 80%). Additionally, 

dendriplexes can release peptide epitopes and protect it from proteases; this indicates that 

depending on the microenvironment dendrimer PAMAM G4 can act as nanoacarreador 

while releasing the peptide to 

  



Resumen 

 

El virus de inmunodeficiencia humana tipo 1 (VIH-1) es el agente etiológico del síndrome de 

inmunodeficiencia adquirida (SIDA). De acuerdo a la OMS actualmente existen 34 millones de 

seropositivos en el mundo y aproximadamente 2 millones de muertes por SIDA al año. 

La principal estrategia de tratamiento es el uso combinado de antirretrovirales, estos 

medicamentos evitan la replicación del VIH, esto permite disminuir la viremia en los pacientes. Sin 

embargo el bajo margen de tolerancia y los efectos secundarios, tales como dislipidemias, 

resistencia a la insulina, hepatotoxicidad y nefrotoxicidad. Conllevan a buscar nuevas estrategias 

de  tratamientos o prevención. En este sentido el uso de nanopartículas puede permitir desarrollar 

vacunas preventivas o terapéuticas. Mediante el uso de cultivos ex vivo de  células dendríticas o 

por vías de administración que induzcan una respuesta celular y humoral a nivel sistémico y en 

mucosa genital, como ocurre con las vacunas intranasales. 

 En el presente proyecto se llevó a cabo el diseño y desarrollo de dendriplexes, el cual consiste en 

un complejo no covalente formado por el dendrímero PAMAM G4 y epítopes peptídicos. Estos 

últimos, derivados de la proteína gp120 del VIH-1. Para ello se emplearon herramientas 

bioinformáticas. Que permitieron seleccionar los epítopes péptidicos situados en la región de 

interacción de gp120 con anticuerpos ampliamente neutralizantes (bNAbs), así como mediante el 

uso de predictores y el modelo cristalográfico de la proteína gp120 obtenida a partir del 

heterotrímero (PDB: 3J5M). El cual expresa epítopes reconocidos por anticuerpos ampliamente 

neutralizantes, de acuerdo a estudios de binding y neutralización con pseudovirus y células TZM-

bl. Los epítopes péptidos se modelaron y acoplaron a modelos 3D del dendrímero PAMAM G4 y el 

MHC-I. Los valores energía de acoplamientos y las interacciones que estabilizan a los complejos, el 

perfil de hidrofobicidad de los péptidos y el nivel de conservación en múltiples cepas del VIH, 

permitieron seleccionar a los dendriplexes candidatos  a ser formados en condiciones 

experimentales. Adicionalmente se determinó la citotoxicidad de los epítopes peptídicos y el 

dendrímero PAMAM G4 por el ensayo MTT. Permitiendo seleccionar la mejor formulación para 

elaborar los dendriplexes. Ninguno de los epítopes péptidicos mostró toxicidad significativa en las 

células TZM-bl (viabilidad celular mayor al 90%). Por otra parte mediante la electroforesis en 

agarosa al 7%, se determinó la capacidad de encapsulación y liberación de los dendrímeros 

PAMAM G4. En general los dendrímeros PAMAM-G4 muestran una alta capacidad de 

encapsulación de los epítopes péptidicos (aproximadamente el 70%) y baja toxicidad (viabilidad de 

células TZM-bl del 80%). Adicionalmente, los dendriplexes pueden liberar epítopes peptídico y 

protegerlo de proteasas, esto indica que dependiendo del microentorno el dendrímero PAMAM 

G4 puede actuar como nanoacarreador y al mismo tiempo liberar el péptido para que 

potencialmente sea procesado y presentado por células dendríticas o empleado como vacuna 

intranasal. 
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Introduction 

Definition of HIV / AIDS 
 

The human immunodeficiency virus type 1 (HIV-1) is a member of Lentiviridae 

family and it is one of the deadliest infectious agents in the world (WHO 2014) and 

is the etiological agent of acquired immunodeficiency syndrome (AIDS) in humans 

(Barre-Sinoussi, 1983). 

The HIV-1 infects primarily immune system cells, mainly CD4 + lymphocytes, 

caused a progressive deterioration of the immune system, this means reducing the 

body's ability to fight infections and common illnesses. In the most advanced 

stages of HIV-1 infection occurs AIDS, which lead to the development of more than 

twenty opportunistic diseases and neoplastic diseases (WHO Ten facts about HIV / 

AIDS, 2014), simultaneously (Gildenberg, et al., 1993). The term "opportunistic" 

refers to pathogenic microorganisms, taking advantage of the weakened immune 

system of the host to cause infections. 

The most common opportunistic infections in patients with HIV/AIDS are 

pneumonia, herpes, tuberculosis, salmonellosis, candidiasis, cervical cancer, 

Kaposi's sarcoma and non-Hodgkin lymphoma. In Africa, tuberculosis is the 

leading killer of HIV-positive patients and every year, killing nearly a quarter million 

people infected with HIV (WHO 2011). 

Additionally, opportunistic pathogens may also cause neurological illness  and 

other complications: AIDS dementia complex (encephalitis subacute / chronic HIV), 

acute HIV encephalitis, painful sensory polyneuropathy, primary lymphoma central 

nervous system, cerebrovascular disorders (mainly by non-bacterial endocarditis, 

cerebral bleeding associated with thrombocytopenia and vasculitis, Guillain Barre 

syndrome, cytomegalovirus encephalitis,  varicella zoster encephalitis, herpes 

simplex encephalitis, metabolic encephalopathy, cerebral toxoplasmosis, 
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cryptococcoma, brain abscess- tuberculosis,  neurosyphilis (vascular meningo), 

progressive multifocal leukoencephalopathy.                                        

The main pathogens involved in opportunistic infections in AIDS patients are 

shown:  

a) Bacteria: Mycobacterium avium complex, Streptococcus pneumoniae, 

Salmonella spp. The first two bacteria produce respiratory infections. Salmonella 

produces gastrointestinal infections. 

B) Virus: Cytomegalovirus (CMV), hepatitis virus, herpes simplex virus, human 

papillomavirus, polyomavirus JC. 

C) Yeast and fungi: candida and cryptococcus are major, respectively. 

D) Parasites: toxoplasma, Pneumocystis carinii, criptosporidum. 

The first parasite causes encephalitis, pneumonia second and third gastrointestinal 

infections with persistent diarrhea. 

HIV-1 and development of AIDS 
 

HIV-1 disease is an ongoing process that begins at the infection and ends in a 

state of severe immunodeficiency or AIDS. 

Eclipse phase is the time interval from infection to the first detection of viral RNA in 

plasma. This phase can also be understood as the time that HIV-1 requires 

replicate in the genital mucosa and transported through the lymph draining lymph 

nodes to establish reaching the systemic circulation. 

During the initial phase (primary infection) occurs, in until 60% of cases, a 

syndrome appearing from one to three weeks after exposure and resolves 

spontaneously five to fourteen days. The symptoms are fever, sore throat, 

headache, maculopapular rash, lymphadenopathy and less frequently a 

meningoencephalitis, myelopathy or polyneuropathy. In this phase there is a 
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decrease of CD4+ cell counts, which may facilitate the emergence of an 

opportunistic infection (e.g., esophageal candidiasis). In the primary infection, the 

patient has not yet developed anti-HIV antibodies. The diagnosis can be made by 

using p24 antigen detection, PCR or cell HIV-1 co-cultivation. In this phase the 

patient can already transmit HIV-1 (window period).  

After the phase, the viral load increases exponentially and observes antibody titers 

against HIV-1 to diagnosis. In addition, this indicates significant depletion of the 

CD4 + cells in mucosa sites. Later, there is a slow decline in viremia to reach a 

plateau. In the maximum viremia, HIV-1 patients may have symptoms and 

reservoirs of latent virus and titles of TRAIL, TNFR2 and FAS ligand, indicating the 

development of an apoptotic process in cells with the subsequent formation of 

apoptotic bodies. Before to maxim virema, occurs massive depletion of CD4+ cells, 

at this stage viral reservoirs and HIV-1 are set developed mechanisms to escape 

the immune response of the host is established, this is called a “no return point”.  

However, before reaching the maximum peak viremia, the time is crucial to avoid 

depletion of CD4+ cells and prevent possibly support the patient develops AIDS. It 

is at this stage where treatments must control the viral replication, especially by 

using preventive treatments such as vaccines. 

In over 95% of cases the seroconversion occurs early, during first six months of 

infection. With the appearance of HIV-1 antibodies in peripheral blood 

antigenaemia disappears, it is at this point when occurs a stage of viral latency. 

This latent stage can be asymptomatic, during 8-11 years (John P. Phair, 1999). 

During this period, the patient can still transmit HIV-1 to others (Vyas, 2014). 

However, the phase of latency may vary according to subtype of HIV-1 transmitted 

to the person. The latent stage could be five years, in the case of HIV-1 patients 

with subtype C, D or G (Baeten, et al., 2007), being the major subtypes of HIV-1 in 

Africa Subhariana. In addition, the latency phase can also be unusually long, as 

much as 20 years. This situation occurs in 8-15% of seropositives individuals 

(Muñoz, 1997). After the latency stage HIV-1 positive patients eventually develop 

different types of opportunistic diseases and AIDS  
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Routes of transmission of HIV-1 
 

HIV-1 can be found in blood, cerebrospinal fluid, tears, semen, pre-ejaculatory 

fluid, breast milk, saliva, and urine (Moss, 2013). According to reports from the 

WHO, there are three different modes of transmission of HIV-1; sexual, parenteral 

and vertical.  

a) Spread by vaginal or anal sex without protection with an HIV positive person. 

b) By orogenital contact with a seropositive unprotected. 

c) Transfusions of blood contaminated with HIV-1. 

d) By sharing needles, syringes or other sharp objects contaminated with HIV-1. 

e) Transmission from mother to child during pregnancy, birth or through 

breastfeeding. 

Overall, the risk of HIV-1 transmission following a single sexual exposure is low 

especially in comparison with other sexually transmitted infections; with estimates 

of the average probability of male to female HIV-1 transmission only 0.0005–

0.0026 per coital act (Foxa & Fidler, 2009). The risk of acquiring HIV-1 from a 

single contact varies enormously and is dependent upon the infectiousness of the 

HIV-1 positive individual and the susceptibility to HIV-1 of their sexual partner 

(Foxa & Fidler, 2009). 

The potential for transmission of HIV-1 by saliva is low, probably due to the low 

levels of infectious virus and potential HIV-1 inactivating agent(s) in saliva (Remez, 

2000). The unique combination of a thick epithelial layer, reduced numbers of CD4 

negative bearing target cells, antiviral antibodies and several endogenous 

inhibitors make the oral cavity a particularly resistant site for HIV-1 transmission 

(Saini, et al., 2010). 

Currently, HIV-1 transmission through blood transfusions is rare, because to admit 

blood for transfusions, donors are tested for HIV-1 infection. However, the 
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parenteral route of transmission is possible in people who inject drugs. By other 

hand, in vertical transmission; the treatment of HIV-1 pregnancy women with a 

combination of antiretrovirals allow reduces the viremia until undetectable levels 

and reestablish the CD4 T-lymphocytes at normal levels. It is avoiding the 

transmission risk to newborn significantly. 

Moreover certain subtypes of HIV-1 can be transmitted more efficiently under 

certain transmission routes. For example, the subtype B is mainly through 

homosexual contact and the use of intravenous drugs, while subtype C and A / E 

through heterosexual contact (through the genital mucosa). In transmission from 

mother to child, the most common is subtype D compared to subtype A. However, 

the existence of biological causes of differences in transmission routes of HIV-1 is 

still under discussion (Carr, 1999). 

Incidence and prevalence of HIV-AIDS  

Since the first case of HIV was discovered in 1981, there have been about 60 

million people infected, of which about 35 million have died from it. Currently the 

HIV-AIDS has become a pandemic (UNAIDS, 2008). In addition, the costs of care 

of this growing population will become unsustainable (UNAIDS, 2008). 

It is estimated that every day 6,000 people are infected, of which approximately 

half are women, although this proportion varies greatly by area Geographic. The 

estimated global number of infected individuals is over 10 million. The 90% are 

concentrated in developing countries, especially in sub-Saharan Africa and 

America. The United States remains the country that presents more cases, with 

37.7% of total, of which the transmission mechanism has been homosexual or 

bisexual in most cases, although it is producing a massive increase of individuals. 

Since 1989, AIDS is the second most common cause of death in men between 20 

and 45 years in the United States.  

The HIV-positives in Latin America have increased dramatically, particularly in 

Brazil, Mexico and Colombia. However, the highest incidence rates have occurred 
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in the small Caribbean islands (Bahamas, Bermuda, Barbados). In the most 

populous countries Latin America and the Caribbean, the AIDS epidemic continues 

to grow, mainly in heterosexual and intravenous drug users and populations. For 

example, Haiti has a prevalence of 5%, the highest outside Africa. The overall 

situation in Latin America is very complex and is evolving from a predominantly 

homosexual transmission to a predominant heterosexual transmission. 

In Asia they highlight the increase of HIV-positive in India (1,036 cases) and 

especially Thailand (19,095 cases). In these countries, the predominant pattern of 

transmission is heterosexual, favored by the increase in prostitution in these areas. 

In addition,, this is a heroin-producing area. In Europe, the country with the most 

seropositive is France with 39,310, although Italy and Spain also have figures 

above the 30,000 cases reported. The number of cases in women has increased. 

Countries in Oceania (Australia, New Zealand, etc.) have a similar situation to that 

which occurs in northern Europe, predominantly homosexual-bisexual 

transmission. In Africa, only 8% of the world populations, but 55-60% of HIV 

infected adults are found on this continent are concentrated. Approximately 75% of 

adults who have developed AIDS are African. There are about 7-9 million 

infections in Africa, with a similar proportion between sexes. In this environment 

the seroprevalence is higher in rural areas than in urban areas. However, there are 

major epidemiological differences depending on the territory. 

In late 2010, UNAIDS reported that 34 million people worldwide living with HIV -

AIDS. Of which 31.3 million are adults, 15.7 million are women (46.7% of total 

worldwide of people living with HIV / AIDS) and 2.1 million are children under 15 

years (epidemiological numeralia; 2011). Women over 15 make up 47.2% of cases 

of people with HIV / AIDS in the world. In 2012 the WHO reported 35.3 cases of 

people with HIV / AIDS, an increase of 5.3 million compared to 2010. 

Since 2001, annual HIV incidence has declined in 33 countries, 22 of them in sub-

Saharan Africa.  UNAIDS and the United Nations Organization United estimate that 
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in 7 African countries more than one person per 5 between 14 to 59 years old is 

infected with HIV-1.  

However despite the global number of AIDS-related deaths it is slowly decreasing 

from a peak of 2.2 million in 2005 to an estimated 1.8 million in 2010 (WHO 2011). 

Between 2001 and 2010, AIDS-related deaths have been multiplicity by 11 in 

Eastern Europe and Central Asia (about 7800 to 90.000 and doubled in East Asia 

(24 000 to 56.000) (WHO 2011). In addition AIDS-related mortality has also 

increased by 60% (from 22.000 to 35.000) in the Middle East and North Africa 

(WHO, November 2011). This indicates that HIV -AIDS, remains a disease globally 

relevant and should continue to make an effort to achieve eradication using new 

therapeutic or preventive strategies that substitute or complement cARV. 

HIV-1 in Mexico 

Mexico ranks second in Latin America in terms of number of HIV-1 infections after 

Brazil (CENSIDA 2014). At the end of the first quarter of 2014, there are reported 

115.869 people living with HIV-1 and AIDS, of which over 90% acquired HIV-1 

through sexual transmission (CENSIDA 2014). Additionally, in Mexico the 

prevalence of HIV-1 in homosexual men is higher than in South Africa (HIV / AIDS 

Program in Mexico City 2014).  

In Mexico there are reported 223,704 people that living with HIV-1, of which 59% 

still unaware of their health status (UNAIDS, 2011). This implies a potential risk for 

transmit HIV-1 to others. Additionally, because of ignorance of their health status 

these people have a higher risk of developing AIDS by taking into consideration 

that they are not receiving treatment for HIV-1. The Mexican states with the highest 

number of HIV-positive are the Federal District, State of Mexico, Veracruz, Jalisco 

and Puebla (CENSIDA 2012). 
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In the period 1983-2014, the cases of infection with HIV-1, 97% corresponding to 

sexual transmission, which makes the sexual transmission on the main route of 

HIV-1 transmission in our country (CENSIDA, 2014).  

More than 40,000 people live with HIV-1 or AIDS in the Federal District of Mexico 

(UNAIDS 2014). Since 2003, each year our city recorded about 2,100 new cases 

(Gonzalez., 2014). While in cities in other countries have managed to reverse the 

incidence, in Mexico City cases are increasing steadily.  

Homosexuals, mostly young, women and transgender are the population groups 

that have increased the number of HIV-1 infections (Mendoza 2014). 

Women and HIV/AIDS 
 

From: Fact sheet: Women, girls, gender equality and HIV - UNAIDS 2012. 

The main route of transmission of HIV-1 in the heterosexual population is through 

sexual contact. In 2010, women represented 50% of the adults living with HIV-1 

worldwide. Women are biologically more susceptible to HIV, in addition to suffering 

from gender inequalities, discrimination and violence that increase their 

vulnerability to HIV. As a consequence of HIV infection, women living with HIV are 

more likely to experience violations of their sexual and reproductive rights, for 

example forced sterilizations. In addition, violence against women and girls through 

physical and/or sexual violence, including by an intimate partner, reduces their 

ability to protect themselves from HIV infection. 

 In women, the main route of transmission of the HIV-1 is through heterosexual 

contact with seropositive men e.g. In Sub-Saharan Africa was women comprise 

59% of people living with HIV-1 (PLHIV), in 2010, young women accounted for 

71% of the young PLHIV in Sub-Saharan Africa. In Middle East and north of Africa, 

most of the women with HIV-1 in this region are infected by their 

husbands/partners who engage in high-risk behaviors (97% in Saudi Arabia, 76% 

in Iran). In Asia Pacific 35% of PLHIV are women and an estimated 50 million 
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women at least are at risk of acquiring HIV from their male intimate partner. In Latin 

America, more than 36% of adults living with HIV-1 are women. In Caribbean, 

women account for 53% of PLHIV. In North America, 85% of African American 

women living with HIV acquired HIV through heterosexual sex. 

In this population, women are the most vulnerable group because they can acquire 

and transmit HIV-1 by a larger number of routes than men as well as additional 

populations groups. In this sense, a seropositive woman can transmit the virus to 

homosexual women, heterosexual men, transgender women and newborn by 

nonsexual transmission (e.g. feeding breast milk and during childbirth).  Although 

women comprise nearly half of people living with HIV, they continue to be under-

represented in clinical studies (ARV, vaccines) (Curno, et al., 2015). Only 46% of 

all countries allocate resources for the specific needs of women and girls in their 

national response to HIV. In Sub-Saharan Africa, only one female condom is 

available for every 36 women. There is an urgent need to ensure that HIV clinical 

studies consider sex/gender dimensions (Curno, et al., 2015). 

Types, groups and subtypes of HIV 
 

The retrovirus family (Retroviridae) is a group of RNA viruses whose single 

stranded genetic relationships are established from the amino acid composition of 

the enzyme reverse transcriptase, sequencing the gag and env genes (Biberfeld G; 

1987). Seven subfamilies are known: The Alfaretrovirus, Betaretrovirus, 

Gammaretrovirus, Deltaretrovirus, Epsilonretrovirus, Lentivirus and 

Espumaretrovirus (Coombs R; 2003). The Deltaretrovirus and Lentivirus are the 

only reported to date retroviruses that cause disease in humans (Sierra, 2003). At 

Deltaretrovirus, also they called oncovirus, and are able to cause lymphocytic 

leukemia. While Lentivirus where this including HIV, cause AIDS. Until 1987, HIV 

was classified in the subfamily of the oncovirus. Until 1987 HIV was named HTLV-

3 (Martin, 1985).  
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According to the genotype of the strains of virus, they are two types of HIV: HIV-1 

and HIV-2. Both viruses can be transmitted in the same way, and cause AIDS. 

However the period in which manifests AIDS after infection with HIV-2 is greater 

than in HIV-1 infectivity suggesting a lower HIV-2, which is reflected in the 

incidence of HIV caused AIDS, where HIV-1 predominates in the world. HIV-2 is 

relatively uncommon. HIV-2 was discovered in 1986 and is concentrated in West 

Africa; it is unusual outside this region. However, there are reports of HIV-2 

infection in Portugal. Five subtypes of HIV-2 are known: A, B, C, D and E (Sierra; 

2003). HIV-2 causes SIV (simian immunodeficiency syndrome). 

 

The strains of HIV type 1 (HIV-1) are classified in 4 groups: The biggest group (M), 

the isolated group (O), group N and group P. The group O and its subtypes are 

restricted to the central and western Africa and the N group discovered in 1998 in 

Cameroon is extremely rare. The group M has nine subtypes; group O has 

nineteen subtypes and group N has three subtypes. Subtypes of HIV-1 group M 

are A, B, C, D, F, G, H, J and K. group M subtypes are interrelated 75 to 80%, 

representing a genomic diversity from 15 to 20% (Sierra, 2003). Over 90% of HIV-1 

infections in the world correspond to group M. Besides, for each subtype was 

identified multiple variants, for example, subtype B: 1,912 and subtype D: 182 (Hu 

DJ, 1996). 

 

The subtype B is more associated with the homosexual sex and injecting drug 

users. Subtypes C and E to heterosexual transmission are easily replicated 

Langerhans cells of the vaginal epithelium, cervical, foreskin and rectal epithelium 

(Sierra, 2003). The subtype E may decrease levels of CD4 + lymphocytes faster 

than subtype B (Mastro 1998). 

 

Sometimes two viruses of different subtypes can infect the same cell, occuring 

intersubtype recombination´s between genes gag and env, for example between 

subtypes: A-B, A-E, A-G, or even triple combinations A –G-I, A-G-H, whose 

genomic difference varies from 5 to 10% (Vann der Groen, 1998). These hybrid 
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viruses, result of this interaction, do not survive long; however, some ones survive 

and may spread it to more than one person. These hybrid viruses are called CRFs 

(circulating recombinant forms). An example of CRF is A-E, it is a hybrid of subtype 

A and E. 

 

Genetically divergent HIV-1 and its cousin, simian immunodeficiency virus (SIV), 

use host proteins CD4 and the chemokine receptor CCR5 as primary and 

secondary receptors (Zhang, et a.,l 1998). Moreover, HIV-1 and SIV both replicate 

optimally in activated memory CD4+ CCR5+ T cells, a cell type that is abundant in 

mucosal lymph tissues (Veazey & Lackner, 2003). It was first demonstrated in the 

SIV/macaque model system that the mucosal lymph tissues are the initial and 

predominant sites of SIV infection (Li, et al., 2009). At the acute stage of infection, 

not only was the high viral load detected in the intestinal mucosa, but SIV infection 

resulted in pathogenic effects as indicated by the depletion of a significant 

proportion of CD4+ T cells in the guts but not in peripheral blood (Veazey, et al 

1998). 

Structure of HIV-1 
 

HIV-1 is 100 nm in diameter, is spherical in shape and has a lipid bilayer making 

the host cell, in this bilayer 72 formed by the heterotrimeric complexes of envelope 

glycoproteins gp120 and gp41 are inserted.  

Under the lipid bilayer wall there is a p17 protein that forms a wall called matrix, 

which is located inside a conical hollow capsid, capsomeres consisting of gag 

protein. Inside the capsid is the virus genome, which contains two copies of single 

stranded ribonucleic acid (ssRNA) linearly, so as protease (PR); enzymes 

necessary for maturation and replication of virus, reverse transcriptase; to 

transcribe the viral ssRNA to dsDNA, the integrase; to integrate the double-

stranded DNA of the virus to the host cell genome and accessory enzymes to 

override mechanisms that prevent viral replication in cells infected with HIV-1. 
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The major HIV-1 genes are: the gag coding for the capsid proteins, p17 (matrix), 

env; to the envelope glycoproteins of viruses or surface (gp120 and gp41), pol; for 

the enzyme reverse transcriptase, protease and integrase and finally vif, vpr, rev, 

vpu, tat and nef; necessary for replication and evade the mechanisms of host cells 

put into brand to tackle the virus. For example; LTR and Rev, which antagonize the 

host cell proteins that prevent transcription of viral ssRNA to viral dsDNA. 

Envelope glycoprotein (Env) as the enzymes encoding the gag and pol gene is 

synthesized from a precursor polyprotein. Unlike the precursor gag and pol, which 

are cleaved by viral PR, the Env precursor, known as gp160, is processed by a 

protease of the host, the resulting two surface proteins: gp120 and gp41 

glycoprotein (Figure 1). 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Structure of HIV-1. HIV-1 consists of two compartments corresponding to the capsid and 

the lipid membrane. Between the capsid and the lipid membrane are proteases and accessory 

proteins. The p17 protein is located on the lipid membrane formed matrix. Inside the capsid are 

reverse transcriptase, viral single stranded RNA and double integrase. The genomic RNA has an 

additional envelope; nucleocapsid. In the lipid membrane is embedded gp41 protein while the 

gp120 protein is coupled to the gp41 protein and exposed on the virus surface, the monomers of 

gp120 are shown in blue and green) and the monomers of gp41 color red. 
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Replication cycle of HIV-1 
 

The replication cycle of HIV-1 consists of the following steps (Figure 2): 1.Binding 

of gp120 (envelope protein of HIV-1) to CD4 and co-receptors from host cell. 2. 

Fusion: HIV-1 with the cell membrane of the host cell mediated transmembrane 

protein gp41 of HIV-1 and release of the viral capsid into the cytoplasm of the host 

cell, nucleocapsid, viral RNA and viral proteins (uncoating), 3. Reverse 

transcription of ssRNA to dsDNA viral, 4. Pre-integration complex formation with 

viral DNA (PIC) and PIC, 5. Translocation to the nucleus, for integration into the 

genome of the host cell. 6. Subsequently carried out transcription of viral DNA to 

viral RNA by the host, RNA 7. Corresponding to HIV-1 mRNA is translocated to the 

cytoplasm of the host cell where it performs its translation 8. The corresponding 

proteins are assembled and translocated to the inner surface of the cell membrane 

and 9. Released of virion by exocytosis, 10. Finally in the immature virus; the 

proteolytic enzymes cleave the same structural viral capsid polyprotein resulting 

product as mature gag proteins, from which virus structures are formed, resulting in 

a mature virus. At this time the virus becomes infectious (Barre-Sinoussi et al., 

2013). The host cell has various ways of dealing with the virus, to prevent different 

stages of the viral replication cycle, however this effort is unsuccessful, the 

existence of viral proteins to evade the defense mechanisms of the cell, also 

shows action mechanism of antiretroviral drugs that act to inhibit viral entry, 

reverse transcription and integration, when these mechanisms are avoided, HIV.1 

successfully replicated and eventually results in death of the infected cell (Figure 

2). 
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Figure 2. Replication cycle of HIV-1. The figure shows the main steps of the replication cycle of 

HIV-1 and the main classes of antiretroviral drugs (NRTIs, NNRTIs, green), and 

pharmacodynamics, as well as factors that block HIV replication is produced by the immune system 

cells of the host (red): TRIM5α protein inhibits the "unbundling" of the viral capsid, APOBEC3G 

cytidine deaminase inhibits the replication of HIV-1, SAMHD1 and tetherin that acts as an inhibitor 

of output immature virions; the corresponding viral antagonists (blue); Vif, Vpx, Vpu (From: Zolla-

Pazner, 2004) 

Surface proteins of HIV-1  
 

The first stage of the replication cycle is the binding of HIV-1 to the host cell. For 

this, requires the coupling and mutual recognition of surface proteins of HIV-1 

gp120 and gp41 glycoproteins, and receptors and coreceptor target cell; CD4, 

CCR5 and CXCR4 (Figure 3), (Wu, 1996). 

 

T CD4+ lymphocytes are the primary target of HIV-1 and macrophages its main 

reservoir where HIV-1 remains dormant, these cells are also primarily responsible 

for the spread of the virus, acting as Trojan horses shedding virus to T CD4+ 

lymphocytes uninfected (CJ Duncan, 2013). 

 

To infect a lymphocyte glycoproteins gp120 and gp41 must be attached to the CD4 

receptor and co-receptor CXCR4, whereas for infecting a macrophage binding is 

performed with CCR3 and CCR5 (Trujillo JR et al; 2004) receptors. Viral replication 
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in infected cells causes cellular dysfunction, induced syncytium formation, cell 

death and apoptosis (Gelderblom HA 1999). 

 

 

 

 

 

 

 

 

Figure 3. Binding to the target cells of the virus is mediated by the interaction between the 

glycoprotein gp120 and the cellular receptor CD4 (1) and the co-receptor CCR5 or CXCR4 (2) 

molecules which are members of the family of receptors cytokines, after this union HIV-1 is fused to 

the host cell to subsequently release the viral capsid (3). The CD4 receptor induces a 

conformational change in the gp120 protein, this leads to a higher affinity of the coreceptor proteins 

CCR5 and CXCR4 by gp120, allowing gp41 is anchored to the cell membrane of the host, 

eventually capsid is released viral cell to the cytoplasm of the host immune system (Wu Nature; 

1996). 

Glycoprotein gp120 contains the key regions that interact with the receptor and 

coreceptor host cells, the other part besides gp41 fix the gp120 / gp41 complex in 

the viral lipid bilayer also it contains domains that are critical to catalyze the fusion 

reaction membrane between lipid bilayers viral and host for virus entry. 

 

However, the gp120 protein is first in contact with host target cells, specifically the 

CD4 receptor of cells is to eventually carry out an effective fusion of the virus to the 

host cell. This recognition is required for the virus to penetrate to the cell and 

continue the infection process; and the envelope glycoproteins of HIV-1 serve as 

white only for neutralizing antibodies (Wyatt and Sodroski, 1998), when these 

antibodies bind to the HIV-1 glycoproteins, achieve blocking the binding of virus to 

the target cells, this process is called neutralization, and opsonization for the virus 

that inducing virolisis (destruction activation of the complement system or antibody-

mediated cytotoxic cells (CTL) that engulf and destroy the complex virus-antibody. 
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This involves the induction of antibodies against surface proteins of HIV-1 infection 

can be prevented if one considers that these antibodies bind in the regions of the 

gp120 protein, that are required to establish an efficient binding of gp120-CD4.of 

antibody-virus) through a scavenging in his liver,  

 

Efficient binding of gp120 to CD4 protein depends on the amino acids of the 

conserved regions of gp120 C3 and C4 that are recognized by CD4; aspartic acid 

and glutamic acid 368 and C4 370: aspartic acid tryptophan 427 and 457, 

(Olshevsky, 1990) and amino acids of the V2 and V3 loop of gp120, which They 

are also the most exposed of the heterotrimer gp120 / gp41 of HIV-1 (Moore, 1994) 

elements. These loops have been identified as a target of neutralizing antibodies 

(McKeating, 1993). 

 

On the V2 and V3 loop are amino acids that are key to the binding of gp120 to CD4 

(CD4BS), it is inferred that by making site directed mutations in the V3 loop can 

affect the process of fusion of HIV-1 and mutations both loops can influence the 

tropism of HIV-1 to macrophage or T lines (Cheng-Mayer, 1990) lymphocytes. 

Additionally when protein gp120 to the CD4 receptor is coupled receptor induces a 

conformational change in gp120 which is determined by multiple structural 

elements including the gp120 protein; the variable region V1 / V2, and the 

interposing sheet primarily to V3 loop. The V3 loop also determines the affinity of 

HIV-1 or CCR5 + CXCR4 + cells. 

Strategies for the treatment of HIV-1 
 

60 mutations in the HIV genome are known which explains the resistance to 

different drugs over 15 and over 50% of therapeutic failures; why there is no cure 

for HIV infection. 

In general there are two approaches for the HIV treatment, prevention and 

treatment. 
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Some of these strategies include vaccination using microbicides, male 

circumcision, vaginal disinfection to prevent vertical transmission of HIV-1 infection, 

studies of condom effectiveness through heterosexual contact, prevention of 

vertical transmission of HIV-1 through cesarean delivery, interventions for 

preventing late postnatal transmission of HIV-1, nonoxynol-9 for preventing vaginal 

acquisition of HIV-1 from men to women, use of vaginal microbicide tenofovir 

disoproxil fumarate applied locally before and after intercourse (with a 54% 

reduction of HIV-1 infection, Abdool Karim, 2010), antiretroviral treatment to reduce 

the risk of vertical transmission of HIV-1, triple antiretroviral therapy (ARV), among 

others.  

The antiretrovirals (ARVs) are drugs that act as antimetabolites (nucleoside 

reverse transcriptase), inhibiting the conversion of viral RNA into functional viral 

DNA, ARVs also can act by blocking the entry of HIV-1 M-tropic to compete for the 

CCR5 on macrophages (figure 3) or reverse transcriptase inhibitors that prevent 

the formation of viral DNA (figure 4). 

 

 

 

 

 

 

 

Figure 4.  Antiretrovirals families. The NRTI azidothymidine and structural thymidine nucleoside 

analogue and the NNRTI efavirenz (right), arrows indicate the common mechanism of action in 

NNRTIs and NRTIs; inhibiting the reverse transcriptase. Inhibitors maraviroc and enfuvirtide fusion 

are also shown, the latter is a peptide of 37 amino acids (modified from: "New HIV medicines" 

Mauricio Lafolla; July 2004.). 
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Three drugs are using by combining two reverse transcriptase inhibitors and one 

protease inhibitor HIV-1 (Hammer, et al., 1997). However, not all combinations of 

drugs are effective because under certain combinations (eg azidothymidine and 

didanosine), there is negative synergism. While in other combinations synergism 

there positive (eg. Ritonavir and elvitegravir). 

 

Genotypic resistance testing are used to determine phenotypic viral strains of HIV-

1 present in the patient and resistance to different ARVs: nucleoside reverse 

transcriptase inhibitors (NRTIs), nonnucleoside reverse transcriptase inhibitors 

(NNRTIs), protease inhibitors (PI), integrase inhibitors and fusion inhibitors. These 

tests allow one to select the ARV treatment regime most appropriate for the 

patient. 

 

The first step in therapy against HIV-1 was in 1987 when a clinical trial showed that 

the azidothymidine (AZT, Figure 1), a structural analog of thymidine antineoplastic 

drug, reduced mortality and opportunistic infections in patients with HIV / AIDS 

(Fischl, et al., 1987); AZT works by inhibiting reverse transcriptase of HIV (Mitsuya,  

et al., 1985). However, AZT has side effects such as the formation of lymphoma 

Hodging, teratogenic risk and the development of resistance to the virus, among 

others (Barre-Sinoussi et al, 2013). 

Mechanisms of action and resistance of ARVs 

Nonnucleoside reverse transcriptase 
 

NNRTIs, act inhibits reverse transcriptase activity by directly binding to this, in 

regions very close to the active site inducing conformational changes in the 

enzyme that prevents the coupling of the viral RNA. NNRTI causes resistance due 

to mutations at the site where the NNRTI binds to reverse transcriptase (for 

example, K103N and Y181C), which decrease the affinity of the NNRTI reverse 

transcriptase (Figure 5). 
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Figure 5. Mechanism of resistance of nonnucleoside reverse transcriptase inhibitors (NNRTIs). The 

reverse transcriptase is an enzyme similar to a human right, the viral RNA is seated in the back, 

held by four fingers and the thumb; these regions are the target of NNRTIs that steric hindrance, 

preventing the RNA to engage the reverse transcriptase. However, mutations in these regions of 

the reverse transcriptase, decrease the affinity of the enzyme for the NNRTI, preventing its binding 

to the enzyme allowing continued construction of the viral DNA (left). At the base of the index finger 

is where the desoxirribonucelótidos are added, depending on the mutations may also remove 

thumb deoxyribonucleotides or structural analogues from viral DNA chain in construction that last is 

the mechanism of resistance to NRTIs. 

Nucleoside reverse transcriptase inhibitors 
 

NRTIs inhibit reverse transcription by binding to the viral DNA, being incomplete 

viral DNA chain and avoiding the formation of provirus. Due to these drugs are 

active they must be phosphorylated intracellularly. Two mechanisms of resistance 

NRTs. Discrimination consists in mutations near the site of drug coupling gene 

reverse transcriptase (e.g. M184, K65R, Q151M), so that the translated protein. 

The NRTI has a low affinity for the active site of the enzyme or join another region 

of the protein without affecting its catalytic role. Excision, involves removal of the 

NRTIs linked to viral DNA and its replacement by a nucleotide of the host cell, this 

allows RNA transcription continue and eventually carried out the steps of the 

replication cycle (Figure 6). 
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Figure 6. Mechanism of resistance nucleoside reverse transcriptase inhibitors (NRTIs). Mutations in 

the reverse transcriptase confer endonuclease activity and remove the NRTI attached to viral DNA 

in construction (left). Mutations in reverse transcriptase differentiate deoxyribonucleotides of NRTIs, 

avoiding the use of NRTIs for the construction of viral DNA. 

 

Protease inhibitors (PIs) act by binding to HIV aspartyl protease, the enzyme 

responsible for processing of the viral proteins, this process is necessary for virus 

maturation. PIs prevent the formation of virus capable of infecting host cells by 

binding to the active site aspartyl protease (Adamson., 2012). PIs have synergism 

with protease inhibitors (Figure 7). 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 7. Mechanism of resistance of aspartyl protease inhibitors. The HIV-1 has two flexible 

regions that open or close, allowing access of the substrate (protein) the active site, when the 

flexible regions are "open" as scissors (right). PI originally blocks the active site of the protease 

preventing HIV proteins are cut into small fragments (e.g count in gp160 gp120 and gp41). 

Mutations in the IP binding site, prevent the IP block the active site of the enzyme (left). 
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Integrase inhibitors act inhibiting HIV integrase; enzyme necessary for the 

integration of HIV genetic material, DNA of host cells (Figure 8), the resistance of 

HIV-1 PIs are due to mutations that decrease the affinity for aspartyl protease IP. 

 

 
Figure 8. Integrase function and mechanism of action of integrase inhibitor, raltegravir The viral 

DNA integrase required to diffuse through the nuclear pores and reach the host chromosomal DNA, 

and catalyze the reaction that will integrate the DNA host viral DNA (left). The when integrase 

inhibitors are attached to the protein prevents the viral DNA is integrated into host DNA, however 

not prevent entry of viral DNA bound to integrase, the cell nucleus. 

 

Fusion inhibitors may act in two ways; joining envelope proteins of viruses (e.g. 

enfuvirtide that binds to gp41 protein of HIV-1) or protein of cells by the virus has 

tropism (eg maraviroc that binds to coreceptor input for M-tropic virus, the 

macrophage CCR5) protein. Enfuvirtide resistance mutations are due to the HR1 

region of gp41, this region is the docking site of enfuvirtide. Resistance to 

maraviroc is explained considering that carried out the HIV-1 fusion with host cells, 

the gp120 protein M-tropic HIV, binds to CCR5, the first mechanism of resistance 

are mutations in the V3 loop of the gp120 protein that allow it to bind to a different 

region of CCR5 that binds to maraviroc, which in this context enable a 

conformational change in the fusion of HIV-1 in the host cell (Figure 9). 
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Figure 9. Mechanism of resistance of maraviroc, by mutation in the V3 loop of maraviroc gp120.  

Maraviroc  binds to CCR5 avoiding interaction with gp120, however mutations in the gp120 binding 

site can decrease the affinity of gp120 to maraviroc, avoiding maraviroc that one (left), and 

therefore not prevent gp120-CCR5 binding, eventually lead to the fusion of M-tropic HIV in cell host 

CCR5 + (right). 

Advantages and disadvantages of ARV therapy 

ARV triple therapy has been used to treat and prevent HIV infection, or altering 

stopped virus replication in the body, decreasing viral load (OMS 2013), this slows 

the progression of the infection to almost stopping. With ARV treatment, more and 

more people infected with HIV, even in developed countries, they can remain in 

good condition and be productive for long periods (WHO 2013). It is therefore the 

development of ARV treatment has transformed HIV-1 disease from a fatal disease 

to a chronic degenerative disease, which seeks to preserve the quality of life 

(CENSIDA, IMSS, Department of Health & Human Services NIH). 

The disadvantage posed by the use of these drugs is that the transcriptase of HIV-

1 reverse transcription in charge does not have a repair system for the 

incorporation of the nucleotide bases, causing mutations and great genetic 

diversity. In the case of HIV-1 it has been estimated that the error rate in the 

incorporation of nucleotides is 1: 10,000 per cycle basis. This amounts to replacing 

a base for genome replication cycle. In a person without treatment it is estimated to 

have up to 300 cycles of replication per year, equivalent to 300 mutations per year. 

 Since this is the main reason why HIV-1 develops resistance to the drug by the 

mechanisms previously described for ARVs. These mutations are reported in the 
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online database "Resistance to HIV drugs" at the University of Stanford (Figure 

10). 

 

 

 

 

 

  

Figure 10. Some mutations of the reverse transcriptase of HIV-1 and the resistance profile of 

ARVs. The colors indicate the ARV resistance phenotype and its corresponding class, only an initial 

fragment of the table shown. 

According to the guidelines of 2013 (WHO-James Oatway 2009), should be 

consided that there are approximately 29 million people worldwide living with HIV / 

AIDS; they need access to antiretroviral drugs, implying large costs on the 

economy of nations; and also of ARV therapy, you should also invest in specific 

treatments for opportunistic infections (pneumonia, herpes infections, 

salmonellosis, candidiasis, tuberculosis, etc.), it remains to see the economic 

impact for hospitalization and value if the quality of life for patients really is 

excellent and allows you to be productive, whereas the triple ARV therapy must be 

maintained for life, which usually require several daily doses and has significant 

side effects; that they are greater even than that of antibiotics and that such 

therapy is costly in many countries. 
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In the context of the side effects of ARVs, the NNRTI efavirenz, has the following 

side effects: sore throat, cough, fever, chills or other signs of infection, rash (skin 

rash), itching, blisters or wounds skin, peeling skin, fainting, extreme fatigue, lack 

of energy, loss of appetite, pain in the upper right abdomen, unusual bleeding or 

bruising, hepatotoxicity, similar to flu symptoms, seizures, upset stomach, vomiting, 

stomach pain, diarrhea, indigestion, somnolence (sleepiness), dizziness, 

headache, difficulty concentrating, confusion, forgetfulness, nervousness, strange 

thoughts, abnormally happy state of mind, difficulty falling or staying asleep and 

dreams Strangers (National Library of Medicine, USA, 2014, Guidelines for the Use 

of Antiretroviral Agents in HIV-1-Infected Adults and Adolescents, 2013). Side 

effects, makes it difficult for many people with HIV can continue these antiretroviral 

treatments and dramatically impacting the quality of life of the person (Table 1). 

Table 1. ARVs therapy and its side effects. The most common side effects of ARVs are 

hepatotoxicity, weight loss, extreme tiredness, depression and anxiety. They compromise the 

quality of life of patients (From: AIDSinfo; 2014). 

 

Besides the stigma of developing resistance to antiretroviral treatment under 

chronic and possible drug interactions between ARVs and administered drugs for 

opportunistic infections, with which the patient must learn to live (Guidelines for the 

Use of remains antiretroviral Agents in HIV-1-Infected Adults and Adolescents; NIH 

2013). 

Vaccines against HIV-1 
 

Despite the controversy and obstacles to the search for HIV vaccine poses. In 

2011 the General Assembly of the UN adopted the political declaration on 

Drug name Family Major side effects Font

Azidothymidine NRTI Hepatotoxic, severe anemia, lactic acidosis Infosida NIH; junio 2014

Maraviroc Fusion inhibitor Hypersensitivities, hepatotoxic Infosida NIH; junio 2014

Ritonavir Protease inhibitor Hepatotoxic, CYP3A4 inhibitor Infosida NIH; junio 2014

Raltegravir Integrase inhibitor Extreme tiredness, hepatotoxic Infosida NIH; junio 2014

Enfuvirtide Fusion inhibitor Weight loss, weakness, fever, insomnia Medlineplus NIH; noviembre 2014

Efavirenz NNRTI Hallucinations, hepatotoxic, anxiety, depression Infosida NIH; junio 2014
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intensifying efforts to eradicate HIV-1 infections and AIDS, in this statement a 

commitment to invest in basic research to develop rapid methods for rapid 

diagnosis and a vaccine is made safe, affordable, effective, accessible and a cure 

for HIV-1. 

In addition, investment in research and development of vaccines against HIV-1 is 

the largest investment category in the US, Canada, France, United Kingdom and 

Switzerland. Regarding other prevention, such as microbicides, prevention, male 

circumcision and cultural strategies (campaigns on HIV-1) aimed at preventing 

(Figure 11). 

However, this still remains a challenge for high genetic variability of HIV-1. In this 

sense HIV-1 is much more variable than the flu virus. One of the main contributing 

factors is the genome of HIV-1 which is RNA type and that its replication is 

dependent on reverse transcriptase, an enzyme that uses the RNA as a template 

and deoxyribonucleotides as substrate, obtaining as a product viral DNA. 

Reverse transcriptase has a very high rate of errors, obtaining many variants of 

viral DNA (mainly in the gag and env genes, wherein the gene encodes env 

required for HIV fusion to the host cell proteins gp120 and gp41) that explains the 

existence of multiple subtypes of HIV-1, where each one has a very specific profile 

of drug resistance (Shafer., 2006). 

 

Figure 11. Investment in research and development in HIV treatments. The largest investment is in 

research of new vaccines (From Research To Realy Investing in HIV Prevention Research in a 

Challenging Landscape 2013).  

Vaccines are a group of substances that are a structural part of an infectious agent 

(proteins, peptides, and lysates), substances produced by the pathogen, or 
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attenuated infectious agent. Which when administered in small, safe doses, 

generate a deliberate stimulation of the adaptive immune response of the individual 

to whom it was given; in order to develop the mechanisms that in a second 

exposure to the infectious agent in a future moment of life of the individual may 

prevent the development of disease (ADAM 2013). 

Immunization is the inoculation of antigens specified by a route of may be oral, 

intraparenteral, intranasal and subcutaneous, among others. Through mass 

vaccination it has developed resistance to various microorganisms that cause 

diseases in humans and animals, and have been successfully eradicated high 

incidence of fatal diseases such as smallpox, diphtheria, polio and neonatal 

tetanus. 

Currently, vaccine production scale is carried out by genetic engineering tools; as 

the recombinant protein production scale, where once known primary sequence of 

an immunogenic protein region of the pathogen, or even entire proteins, the 

corresponding nucleotide sequence and is obtained by heterologous expression of 

proteins models obtained recombinant, which are used as vaccines, however the 

vaccine production methods depend of different types of vaccines types. 

The vaccines are commonly given to the most vulnerable populations (pediatric 

and geriatric population) to more frequent infections (most prevalent) in the country 

or geographical region (state, community, municipality, etc.); however given the 

prevalence of some diseases (e.g., influenza H1N1) have also begun to deliver 

vaccines to adults. What gives rise to that for diseases with high incidence in the 

adult population is seeking to develop vaccines. Such is the case of new prototype 

vaccines against cancer, Alzheimer and HIV-1. 

In general, there are four types of vaccines (ADAM, 2013), (figure 12): 

1. Live virus vaccines. Used to weaken (attenuate) viruses. Vaccines against 

measles, mumps and rubella (MMR) and varicella (chickenpox) are 

examples of this type of vaccine. 
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2. Inactivated virus vaccines: Marked by dead virus or bacteria; such as flu 

vaccine. 

 

3. Toxoid vaccines: They contain toxic substances under produced by the virus 

or bacteria. In such vaccines it generated immunity to substances produced 

by pathogen agent, such as the vaccine against tetanus and diphtheria. 

 

4. Biosynthetic vaccines: They contain proteins of the virus or bacteria 

obtained artificially; such as conjugate vaccines, Haemophilus influenzae 

type B. 

 
5. Peptide vaccines: Synthetic peptides as vaccines compared with 

conventional vaccines, which are based on attenuated or inactivated 

microorganisms, offer several advantages over other forms of vaccination 

(Pulcell, et al., 2007):  

 
A. Peptide-based vaccines can be designed to include multiple determinants 

from several pathogens, or multiple epitopes from the same pathogen. 

 

B. The absence of infectious material, which can compromise many live or 

attenuated vaccines. Furthermore, many pathogens can be difficult or 

impossible to culture by conventional methods.  

 

C. Peptides are easily characterized and analysed for purity using well-

established analytical techniques such as liquid chromatography and mass 

spectrometry.  

 

D. This facilitates quality control and ultimately approval by the regulatory 

authorities. The production of chemically defined peptides can be carried 

out economically on a large scale.  
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E. There is no risk of reversion or formation of adverse reassortants that can 

lead to virulence, which is a potential problem with live attenuated vaccine 

preparations. 

 

F.   There is no risk of genetic integration or recombination, which is a problem 

___facing regulatory authorities that are dealing with DNA vaccines. 

 

G. Peptide preparations can be stored freeze-dried, which avoids the need to 

maintain a ‘cold-chain’ facility in storage, transport and distribution. 

 

Figure 12.  Types of vaccines. The live-attenuated vaccines can stimulate both cellular and 

humoral immune responses, and induce prolonged immunity that closely resembles natural 

infection. However, there are safety concerns associated with the use of the live attenuated virus or 

bacterial vaccines as they may revert to disease causing forms. It is also difficult to target multiple 

viral subtypes or pathogens using live-attenuated vaccines. Inactivated and subunit vaccines are 

safer options as they cannot replicate and do not cause disease. They confer protection mainly 

through humoral immune responses with little or no cellular immunity. The induced immunity lasts 

for a shorter period of time; therefore, supplemental doses are always required (Xu, et al 2014). 

DNA vaccines are generally safe and well tolerated in human, but the immune response is often too 

low to offer sufficient protection (Kutzler, et al., 2008). 

 

Classical vaccines are designed to prevent a disease, an example is the polio 

vaccine, but considering the high variability in the genome of the infectious agent 

(eg,. HIV), get a classic vaccine becomes great challenge. Besides the existence 
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of a high prevalence of HIV-1 positive patients in the world it is one of the reasons 

by which multiple research groups in the world are in search of a therapeutic HIV 

vaccine as an alternative to triple therapy. The development of a vaccine against 

HIV-1 is affected by a variety of subtypes, as well as the variety of human 

populations In particular, the appearance of superinfection (multiple subtypes of 

the virus in a single patient) indicates that an immune response elicited by a 

vaccine to prevent infection by a strain of HIV-1 cannot protect against all other 

strains (Desrosiers., 2008). 

Besides the increasing variety of subtypes found within countries it suggests that 

the efficacy of a vaccine may vary between populations, unless a method to protect 

against many strains of the virus develop. 

Inevitably, different types of candidate vaccines will have to be tested against 

various viral strains in multiple trials, considering different scenarios for each 

country (the higher prevalence of subtype over other, the socioeconomic index, 

among others). 

After the preclinical evaluation, any potential vaccine against HIV-1 clinical trials 

should be performed to determine if it is safe and effective. The first phase 

generally lasts twelve to eighteen months, while the last phase can take three or 

four years to complete: Phase I consists of a small number of volunteers to test the 

safety of different doses. Phase II involves hundreds of volunteers to assess 

safety. Phase III includes thousands of volunteers to test the safety and efficacy 

(HPTN: HIV Prevention Trials Network, 2014). 

A recent modification is the phase IIb, which is a phase II trial, provided evidence 

of efficacy larger form. In most cases the volunteers involved should not be 

seropositive. But is this some therapeutic vaccine candidates can be tested 

seropositive for determine if the candidate vaccine can slow the progression of the 

disease and reduce the time vaccine candidate evaluation phase (HPTN: HIV 

Prevention Trials Network, 2014). 
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Thai RV144 gp120 B-E vaccine has been developed against HIV-1 and it  has the 

highest percentage of efficacy (31.2% in clinical trials with heterosexual patients) 

compared to other vaccines developed against HIV-1; such as VAX004 and 

VAX003, the latter are designed against subtype B (VAX004), B-E (VAX003) using 

recombinant gp120 protein corresponding subtype. 

 

For the development of the Thai RV144 vaccine a large community trial was 

conducted in Thailand, the results showed that people with the RV144 vaccine 

administered had, after 42 months, 31.2% less likely to become infected with HIV 

than those who they participated in the trial and did not receive the vaccine (Rerks-

Ngarm, et al 2009). 

 

While this level of performance does not guarantee an immediate authorization for 

the vaccine is distributed in populations with HIV-1 and that this vaccine has a 

short-time protection. Thai RV144 vaccine was demonstrated, that it is feasible to 

create an HIV-1 vaccine (UNAIDS, 2011), despite the difficulties of the variability of 

the HIV-1. 

 

Currently, there are 256 vaccines against HIV-1 found in stages I, I / II, II and III. 

These vaccines are of different types, such as DNA vaccines, protein associated 

with viral particles and viral vectors such as alphavirus favivirus and smallpox 

(International AIDS Vaccine Initiative 2014), of 256, three are in Phase III (Table 2). 

Table 2. HIV-1 vaccines in phase III. RV144 vaccine corresponds to the gp120 protein 

CRF B / E, as VAX003. VAX004 while subtype B is directed to HIV-1. (From IAVI report 

2008) 

Phase ID Status Type Candidate Voluntaries Localization 

III RV 144 Completed Pox vector & 

envelope 

Protein from 

HIV-1 

ALVAC-HIV 
vCP1521 / 
AIDSVAX 
gp120 B/E 

16,403 Tailand 

III VAX 003 Completed gp120 
from VIH-1 

AIDSVAX 
B/E 

2,500 Tailand 

III VAX 004 Completed gp120 
from VIH-1 

AIDSVAX 
B/B 

5,400 Canada, 
Neerlands, 
Puerto Rico, 

USA 
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AIDSVAX vaccine 
 

The first vaccine candidate who underwent Phase III trials was AIDSVAX. Two 

separate studies were conducted. One had about 5,400 participants - mostly 

American homosexuals, while the second group consisted of 2,500 Thais 

intravenous drug users. The vaccine was made from a single HIV protein and was 

intended to stimulate a protective antibody response. The trials began in 1998 and 

1999 respectively and ended in 2003. No beneficial effect was found in any 

population group (Rerks-Ngarm., et al, 2009). 

RV144 vaccine 
 

In 2006 another phase III trial AIDSVAX combination with ALVAC was held. It was 

expected that in this context, AIDSVAX promote the production of antibodies 

against HIV-1 and ALVAC, stimulate a cellular response to the virus. This vaccine 

was officially called RV144, for testing were recruited 16,402 young adults in 

Thailand. The findings, published in late 2009, showed that 74 candidates who 

received a placebo were infected with HIV, compared with 51 who received the 

vaccine candidate. The analysis that the authors stated that it was more important 

was that the vaccine prevents HIV-1 infection in 31.2% statistically significant. 

Based on this result, the authors concluded that the trial showed a "modest 

protective effect of the vaccine." In 2011 they reported that individuals with IgG 

titers were shown to have a greater protective effect regarding those with IgA titers. 

MERCK vaccine 
 

Two Phase IIb trials of a vaccine candidate developed by the pharmaceutical 

company Merck were discontinued in September 2007. Known as STEP and 

Phambili studies had contemplated producing its first results for 2010. The trials 

were stopped when researchers found that people who received the vaccine were 

no less likely to become infected with HIV-1 compared to those who received 
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placebo, even likely to be infected were even greater. STEP testing the vaccine, 

began in 2007 in the United States, Canada, Australia, Peru and the Caribbean. 

Phambili tests vaccine in January 2007 in South Africa. 

 

Merk vaccine used as vehicle adenovirus (type 5), it has been suggested that the 

vaccine might have caused a different immune response among people who 

already have some immunity to the adenovirus strain, and that this made them 

more susceptible to infection by HIV-1. Also it found that uncircumcised men were 

four times more likely to become infected with HIV-1, whether they received the 

vaccine compared to placebo. 

HIV-1 vaccine research and broadly neutralizing antibodies 
 

There are special cases of untreated HIV-1 patients who never develop AIDS; 

these patients are called non-progressors, or elite controllers. The investigation of 

these particular cases of natural resistance to HIV-1 have aroused great interest in 

the scientific community, which has led to the discovery of the role that the CCR5 

correceptor and how these mutations give rise to phenotypes resistant to infection 

of HIV-1 and the discovery of antibodies that can neutralize multiple strains of HIV-

1 and prevent progression to AIDS, this last in crucial to understand key aspects to 

development for an HIV-1 effective vaccine, where the objective is to mimic the 

natural mechanisms of non-progressors and elite controllers avoiding HIV infection. 

Elite controllers are a group of seropositive patients, AIDS asymptomatic that not 

have prescription to antiretroviral treatment. These particular cases of natural 

resistance to HIV-1 can be attributed to the broadly neutralizing antibodies (bNAbs) 

present of these patients. The bNAbs are monoclonal antibodies having the ability 

to neutralize a broad spectrum of strains of HIV-1 (Eroshkin, et al., 2014).  Around 

20% of infected people generate bNAbs (Van Gils & Sanders, 2013); their 

emergence usually takes at least 2 years, but can sometimes occur within a year 

(Van den Kerkhof, et al., 2014). 
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Elite activity is defined as the ability to neutralize on average more than one 

pseudovirus HIV-1 with an IC50 = 300 mg / mL and at least four subtypes of HIV-1 

(Simek, 2009). In 2009 a search of neutralizing elite took place in different parts of 

the world as part of the international initiative to search for a vaccine against HIV-1 

(IAVI), 1798 samples subjected to four panels of selection, 18 correspond to 

drivers elite (Simek, 2009). 

The broadly neutralizing antibodies have the ability to bind to regions of the gp120 

protein blocking infection, therefore these regions of interaction of gp120 are 

epitopes, as such they are of great interest for the development of new vaccines 

against HIV-1. 

The discovery of broadly neutralizing antibodies (bNAbs) has provided an 

enormous impetus to the HIV vaccine research and to entire immunology 

(Eroshkin, et al., 2014). The HIV-1 neutralization is currently tested in the TZML-bl 

pseudovirus assay (Mascola, et al., 2005). This assay measures neutralization in 

TZML-bl cells as a function of a reduction in Tat-induced luciferase reporter gene 

expression after a single round of virus infection. There is no standard accepted 

percent cutoff used for bNAbs definition, but most of bNAbs described in literature 

neutralize at least 30% of HIV strains in large TZML-bl panels (more than 100 HIV-

1 strains). The neutralization breadth is defined as % of strains neutralized by this 

Ab. The median antibody concentrations required to inhibit HIV-1 activity by 50% 

(IC50) is referred to as neutralization ‘potency’ or ‘depth’ (Eroshkin, et al., 2014).  

BNAbs have characterized the X-ray crystallography, cryo-electron tomography, 

plasmon resonance, microcalorimetry, electron microscopy, ELISA, among other 

techniques (Julien, et al., 2013). Additionally, three recent developments have 

facilitated a thorough investigation of the antigenic structure of the Env trimmer: 1) 

the isolation of many bNAbs against multiple different epitopes; 2) the generation 

of a soluble trimmer mimic, BG505 SOSIP.664 gp140, which expresses most 

bNAb epitopes; 3) facile binding assays involving the oriented immobilization of 

tagged trimers (Eroshkin, et al., 2014). This has led to identify vulnerable regions of 

HIV-1 gp120 protein localized in and explain that not all anti-gp120 antibodies are 
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effective in neutralizing HIV-1 as well as because bNANbs can neutralize HIV-1 

Despite evasion mechanisms inherent immune response to HIV-1. 

Broadly neutralizing antibodies are able to reduce the infectivity of HIV-1 by 

interfering with one or more of the various stages in the replication cycle (Zolla-

Pazner, 2004). Whether avoiding the fusion of the virus to the target host cell, or 

the release of the capsid into the cytoplasm. 

Of different neutralizing antibodies of HIV-1 are those that prevent recognition of 

surface glycoproteins of the virus by receptor target cell of the host, because of its 

ability to bind to glycosylated regions of the gp120 protein (Scanlan., 2002), and 

specific key regions for binding gp120 with the CD4 receptor (Ugolini, et al., 1997), 

thus avoiding fusion of the virus to the host target cell. 

Other neutralizing antibodies prevent conformational changes in gp120 protein 

necessary for anchoring the virus, these antibodies correspond to exposed regions 

of the V2 and V3 loops, when the gp120-CD4 (Ugolini, et al., 1997),) complex is 

formed. Antibodies have also been reported to inhibit the release of the viral capsid 

to the cytoplasm, the assembly of the virus and the host cell output (Zolla-Pazner, 

2004). 

Other mechanisms in which neutralizing antibodies are involved are formation 

aggregates of viral particles where many viruses to be associated with antibody 

molecules, the complex is more susceptible to being swallowed up and eventually 

destroyed (Dimmock, 1993). There are also neutralizing antibodies to HIV-1 and 

infected cells; this is a feature of antibodies that induce cytotoxicity antibody 

labeled cells: ADCC (antibody-dependent cell-cytotoxicity Mediates) (Tyler, et al., 

1990) and finally antibodies that bind to the virus to induce virolisis mediated by 

proteins of the complement system (Zolla-Pazner, 2004).  

However, HIV-1 has evasion mechanisms of the humoral response, preventing the 

induction of neutralizing antibodies against HIV-1. This is one reason to develop 

vaccines against HIV-1 to be a challenge. Evasion mechanisms are relatively high 



 

35 
 

variability of the surface proteins (gp120 and gp41) and masking of binding sites 

for neutralizing antibodies to the gp120 protein glycosylations. 

Most bNAbs recognize epitopes in four well-defined clusters. They include PG9/16, 

PGT141-145, CH01-04 and VRC26 (gp120; quaternary structure-dependent V1V2-

glycan), b12, VRC01, VRC03, PGV04, HJ16, CH31, CH103-106, 3BNC60, 

3BNC117, 12A12, NIH45-46 (gp120; CD4 binding site; CD4bs), PGT121-123, 

PGT125-130, PGT135-137, 10–1074 (gp120; Asn332-centered oligomannose 

patch), and 2F5, 4E10, 10E8 (gp41; membrane-proximal external region; MPER)    

(Doria-Rose, et al., 2014). 

Broadly neutralizing antibodies PGT121 family 
 

The antibodies of the monoclonal antibody (Mab); PGT121 family were identified 

and isolated from African donors by IAVI protocol, and neutralize 65% to 70% of 

the circulating strains of HIV-1 with an IC50 of 0.03-0.05 g / mL (Julien, et al., 

2013). PGT128 along with the antibodies of the PGT121 family are the most potent 

broadly neutralizing antibodies known to date (Walker, et al., 2011). PGT 121 

neutralizes multiple HIV-1 strain of subtypes: A/G, A, B, C, D, F, G, CRF08_BC, 

CRF07_BC (bNAber DataBase, 2015). PGT122 neutralizes multiple strain of 

subtypes: A/G, A, A/E, A/C, B, C, D, F, G, CRF08_BC, CRF07_BC (bNAber 

DataBase, 2015). 

By comparing the crystallographic structure of PGT121 family members 

(resolution; 2.8 Å), PGT122 (resolution; 1.8 Å), PGT123 (resolution; 2.5 Å) are 

seen to be structurally very similar (RMSD of 0.7 Å to 1.2 Å). However their primary 

sequence varies significantly: The identity of the amino acid sequences of the 

heavy chain ranging from 74% to 78%, while the identity in the light chain ranging 

from 70% to 83%. There are also differences in the affinity of the family PGT121 

regions rich in mannose. For example although the members of the family are 

glycosylated PGT121 not exhibit affinity to highly glycosylated regions unlike 

PGT128 gp120. 
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Moreover, the antibodies of the family can inhibit PGT121 coupling the protein 

gp120 to the CD4 receptor by allosteric regulation mechanism, wherein the key 

elements of the interaction are the V3 loop, and glycosylated regions as N332 

(Figure 13) (Julien, et al., 2013). 

Broadly neutralizing antibody PGV04 
 

PGV04 (also known as VRC-PG04), a MAb with potency and breadth that rivals 

those of the prototypic VRC01 and 3BNC117. When screened on a large panel of 

viruses, the neutralizing profile of PGV04 was distinct from those of CD4, b12, and 

VRC01. PGV04 121 neutralices multiple strain of subtypes: A/G, A, A/E B, C, D, F, 

G, CRF08_BC, CRF07_BC (bNAber DataBase, 2015). Furthermore, the ability of 

PGV04 to neutralize pseudovirus containing single alanine substitutions exhibited a 

pattern distinct from those of the other CD4bs MAbs. In particular, substitutions 

D279A, I420A, and I423A were found to abrogate PGV04 neutralization. Is broad 

and potent in neutralization but does not induce conformational changes 

characteristic of CD4 (Falkowska, et al., 2012). 

Broadly neutralizing antibody PGT128 
 

PGT128 antibody neutralizes about 70% of HIV-1 strains by intimate interaction 

with glycans regions oligomannose N301 and N332 as well as the V3 loop (Figure 

13). PGV04 128 neutralices multiple strain of subtypes: A/G, A, A/E, A/C, B, C, D, 

F, G, CRF08_BC, CRF07_BC (bNAber, DataBase 2015). 
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Figure 13. PGT122 broadly neutralizing antibody. The PGT122 antibody interacts with the external 

domain of the gp120 protein. PGT121 inhibits coupling of gp120 to CD4, by binding to an allosteric 

regulation region. Moreover PGT 128 interacts with the V3 loop located in gp120 outer domain 

(From: Julien, et al., 2013). 

Mucosal vaccines 
 

The mucosae can be divided anatomically and functionally into organized lymphoid 

tissues where initial induction of immunity occurs and more diffuse sites where 

actual effector immune responses take place (Kiyono, et al., 2008). Both 

nasopharyngeal- and gut-associated lymphoid tissues (NALT and GALT) serve as 

major inductive sites for mucosal immunity in the upper respiratory (UR) and 

gastrointestinal (GI) tracts. NALT and GALT are covered by a lymphoepithelium 

containing microfold (M) cells which are most proficient in the uptake of luminal 

antigens (Ags) (Fujihashi, et al., 2013). The subepithelium is especially enriched in 

Ag-presenting cells (APCs) including dendritic cell (DC) subsets. Underneath this 

APC enriched subepithlium lies two distinct areas, a B cell zone with germinal 

centers enriched in surface IgA+ B cells and a separate but adjacent T cell area 

with both naïve and memory CD4+ and CD8+ T cell phenotypes (Kiyono, et al., 

2008). Thus, the GALT and NALT contain all of the necessary immunnocompetent 

cells for the initiation of Ag-specific T and B cell responses 
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Secretory IgA (SIgA) is the primary antibody (Ab) involved in protecting mucosal 

surfaces and is locally produced by plasma cells in mucosal effector sites such as 

the lamina propria of the GI, UR and reproductive tracts, originally induced in the 

distant organized inductive sites (e.g., GALT and NALT) (Fujihashi, et al., 2013). 

For the formation of SIgA, Ag-specific IgA Abs produced by cellular cooperation 

between IgA+ B cells and helper T (Th) cells interact with polymeric Ig receptor 

(pIgR) expressed by epithelial cells. Similarly, mucosal cytotoxic T cells are 

initiated at mucosal inductive tissues and exhibit their actual function at effector 

sites (Kiyono, et al., 2008). In this regard, the most of T and B cells in mucosal 

effector tissues are activated and express a memory phenotype (Fujihashi, et al., 

2013). 

 

Nasal vaccines 
 

Nasal vaccination is described for the prevention of viral infectious diseases such 

as hepatitis B (Makidon, et al., 2008), or influenza (Hagenaars, et al., 2009). 

Similar to other forms of mucosal immunization, nasal antigen application can 

stimulate antigen-specific responses locally and in the peripheral mucosal tissues 

(Kiyono & Fukuyama, 2004). Vaccination via the nasal mucosa might be preferred 

over oral vaccination given the low proteolytic activity in the nasal mucosa; this 

route of immunization requires a lower dose of antigen than that of oral 

immunization, which might also reduce the change of producing negative side-

effects (Davis, 2001). The immune response induced following mucosal antigen 

application depends on many factors, such as the nature of the antigen (soluble 

versus particulate), antigen dose, size and delivery to the mucosal tissues (Davis, 

2001).  

 

The nasal vaccination induces both mucosal (protection at site of infection) and 

systemic immunity. In contrast, intramuscular vaccination primarily induces 

systemic immune response (antibody formation). In addition, intranasal vaccination 
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may confer protection against infections at other mucosal sites, such as the lungs, 

intestines and genital tract, and provide cross-protection against variant strains 

through mucosal antibody (Birkhoff, et al., 2009). Intranasal is more effective than 

intragastric immunization at generating earlier and stronger mucosal immune 

response (Wu, et al., 1996). Nasal lymphoid tissue (NALT) and its local draining 

lymph nodes may retain long-term immune memory (Wu, et al., 1996). 

Vaccination to protect against infection of the female reproductive 

tract 
 

The female reproductive tract (FRT) is a unique immune compartment in the body. 

The tissue structure is continually changing, and the hormonal cycle also alters the 

immune profile of this tissue. This mucosal location has a distinct microbiome, and 

immunological and hormonal factors that can impact dramatically on the design of 

vaccines (Witkin, et al., 2007). The changes induced in the immunology of the FRT 

by fluctuating hormone levels present a challenge for vaccine development and 

delivery. Progestins and estrogens are the principle hormones acting on the FRT. 

Hormone levels fluctuate naturally during the menstrual cycle. These changes in 

hormone levels cause alterations to immune cell number and function, (Kawana, et 

al., 2005) and thus have the potential to profoundly influence the immunity of the 

host and the efficacy of any vaccination. 

 

Fluctuations in the levels of sex hormones in the reproductive tract also affect the 

process of antigen presentation, a critical step in the initiation of a successful 

immune response. Both professional APCs (DCs and macrophages) and also 

nonconventional APCs (stromal and epithelial cells) are influenced by the presence 

of sex hormones (Wira, et al., 2000). Estrogen, or other estrogen receptor ligands, 

can directly activate DCs, which express estrogen receptors, (Hughes, et al., 2007) 

thereby indirectly regulating adaptive immune responses. In vitro, estrogen 

pretreatment of human monocyte derived DCs has been shown to cause increased 

ability to stimulate naive CD4+ T-cell responses (Bengtsson, et al., 2004). Human 
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macrophages have also been shown to express a variant estrogen receptor – 

meaning estrogen can also have direct effects on this cell type (Murphy, et al., 

2009). The presence of progesterone can effectively induce semi-mature 

tolerogenic DCs and reportedly inhibits mature DC activity – inhibiting the 

development of an immune response (Liang, et al., 2006). 

 

Furthermore, Wira and Fahey have identified a window of vulnerability to HIV 

infection during the normal menstrual cycle (Wira, et al., 2008). During this period 

(7–10 days following ovulation) multiple components of the innate, humoral and 

cell-mediated immune response are suppressed by sex hormones to optimize 

conditions for procreation, the side effect of which is deceased antiviral immunity 

and increased susceptibility to infection. 

 

Hormonal variation can also impact on the efficacy of vaccination, which is 

particularly dependent on the route of administration. Studies in mice found that 

nasal vaccine administration could induce neutralizing titers of HPV16 IgG and IgA 

throughout the estrus cycle, whereas parenteral immunization could only achieve 

neutralizing antibody titers when administered during diestrus (Nardelli-Haefliger, 

et al., 1999). In addition, sex hormones regulate IgA, IgG and the IgA transporter 

pIgR in both the human and rodent female reproductive tract (Ochiel, et al., 2008). 

These changes occur normally, as part of the adaptive immune system that 

protects the reproductive tract from potential pathogens. During the transport of 

dimeric IgA through the epithelial cell by pIgR, IgA can intercept and neutralize 

pathogens such as HIV-1 in epithelial cells (Huang, et al., 2005). 

 

Human studies have shown that vaginal vaccination elicits variable antibody 

responses, depending on the timing of vaccination within the menstrual cycle, with 

administration on days 10 and 24 of the menstrual cycle eliciting better protection 

and higher antibody titers than patients vaccinated independently of the timing of 

the menstrual cycle (Johansson, et al., 2001). Nasal vaccination has been shown 

to be superior to rectal or vaginal immunization in the production of cholera toxin B-
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specific antibodies after vaccination with cholera toxin B, irrespective of the 

influence of the menstrual cycle (Kozlowski, et al., 2002). Nasal delivery has 

proven to be efficient at inducing systemic and mucosal neutralizing antibody to 

prevent HPV infection. 

Adaptive immune response and vaccines 
 

The adaptive immune system comprises two arms, one that is responsible for the 

cytotoxic immune response and one for the humoral immune response. Cytotoxic T 

lymphocytes (CTLs; also referred to as CD8+ T cells) are generally activated by 

antigens that are derived from intracellular proteins, which are presented in a 

complex with MHC I on the surface of cells. Intracellular proteins (for example, viral 

proteins) are degraded to oligopeptides in the cytoplasm infected cells through 

direct cytotoxic action on these targets. B cells are the main players of the humoral 

immune response and generate antibodies towards pathogen-derived molecules. 

Both processes are further dependent on T-helper cells (TH cells; also referred to 

as CD4+ T cells). CTLs detect infected through the recognition of major 

histocompatibility complex class I (MHC class I) molecules that are bind to 

peptides derived from proteins expressed within the cell. TH cells recognize MHC 

class II molecules that are bind to peptides derived from predominantly exogenous 

proteins. All nucleated cells present peptides that are derived from intracellular 

proteins on their surface bound to MHC I, whereas peptides derived from 

extracellular proteins are mainly presented by MHC II on specialized antigen-

presenting cells (APCs), such as dendritic cells and macrophages. In both cases 

the T-cell receptor (TCR) on the surface of the CTL or TH-cell forms a complex 

with the MHC I/peptide-epitope complex or the MHC II/peptide-epitope complex, 

respectively; these interactions are aided by the CD8/CD4 co-receptors, 

respectively. The intricate interplay of these peptide-dependent recognition 

processes results in the propagation of immune responses that control infection in 

humans. The goal of vaccination is to induce immunity towards these states by 

selectively stimulating antigen-specific CTLs or B cells and TH cells. A vaccine 
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must therefore contain two antigenic epitopes: a TH-epitope and an epitope that 

will either induce specific B-cell or CTL responses. In some cases these can 

overlap substantially within the sequence of an antigen, and in others they might 

be present in discrete regions of the antigen or present in different antigens from 

the targeted pathogen (From: Purcell et al., 2007). 

 

The interplay of antigen-presenting cells, T and B cells in the immune response 

(figure 14). The first step in the generation of an antibody response is the uptake of 

an APCs. Antigens undergo proteolysis to form peptides, some of which are bound 

by MHC class II molecules that are then transported to the APC surface. T-helper 

cells (TH cells; also known as CD4+ T cells) that bear receptors capable of 

interacting with the peptide-MHC II complexes can then interact with the APC (a). 

Additional interactions occur through co-stimulatory molecules that are expressed 

on APCs and their ligands on the TH-cell. These recognition events result in the 

transmission of activation signals to the TH-cell, and the activated TH-cell is now 

poised to respond to those B cells that display the same peptide/MHC II complexes 

on their surfaces, acquired as a result of the internalization of the immunogen 

through specific surface-immunoglobulin receptors (for example, B-cell antigen 

receptors (BCRs) (b). It is this interaction between TH and B cells that is termed 

‘help,’ and results in the triggering of the B-cell to differentiate into a plasma cell 

that is capable of secreting antibody of the same specificity as that of the 

immunoglobulin receptor. The interaction of activated TH cells with certain subsets 

of APC can also bring these to a state capable of stimulating naive CD8+ T cells 

(c). Presentation of appropriate peptide epitopes to a naive CD8+ T cell by an 

activated APC results in the generation of cytotoxic T cells (CTLs) that are able to 

recognize and kill target cells that display a viral or tumor peptide in the context of 

MHC class I molecules (d). Cytokines are also produced by each cells type, which 

profoundly influence the type of immune response that is elicited (From: Purcell et 

al., 2007. 
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Figure 14. Antigen presentation, humoral response and activation of cytotoxic T-cell (explanation 

in body text) (From: Purcell et al., 2007). 

 

Peptide binding to MHC I. The CTLs are generally activated by antigens that are 

derived from intracellular proteins, which are presented in a complex with MHC I on 

the surface of cells. Intracellular proteins (for example viral proteins) are degraded 

to oligopeptides in the cytoplasm through the action of a multicatalytic protease 

structure known as the proteasome. These peptides are transported into the lumen 

of the endoplasmic reticulum where they assemble with MHC I and transit through 

the Golgi to the cell surface. The path that exogenously administered extracellular 

peptides follow post-immunization is poorly understood, although it appears that 

the extracellular environment is rich in proteases and peptides there are rapidly 

cleared from the body. However using peptide-carriers with protease protection, 

this it can avoid it. 

Therefore, peptide-based vaccination strategies must take into account the 

inherent instability of native peptides. Importantly, to design effective peptide-
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epitope-based vaccines, the requirements for their incorporation into the MHC 

I/peptide complex need to be better understood. 

Entry of peptide vaccines into the MHC I pathway 
 

The MHC class I pathway involves the processing of antigen that is synthesized in 

the cytoplasm or has made its way into the cytoplasm. Therefore, the introduction 

of vaccine components into the class I pathway, is different to the normal 

processing of endogenous antigen and requires the peptides that are included in 

the vaccine to be exposed to a different environment than that of their cellular or 

pathogen-encoded counterparts. Despite being a common practice in experimental 

systems and in human clinical trials the exact mechanism of peptide uptake during 

immunization remains unclear, and might vary depending on the peptide sequence 

and the MHC I allotype being targeted (Zernich, et al., 2004). 

High affinity peptides, or peptides that are capable of binding to alleles that express 

a high proportion of peptide-receptive molecules at their cell surface (that is, 

molecules with a cohort of low affinity endogenous ligands, for example, human 

leukocyte antigen-B27 (HLA-B27), B*4405), may load onto the MHC class I 

complex directly at the cell surface of antigen-presenting cells (APCs) (Purcell, et 

al.,2001) (figure 15) (a). The loading of exogenously administered peptides to MHC 

I is likely to mirror cross-presentation (Carbone, et al.,1998), a naturally occurring 

process whereby exogenous antigen is delivered into the APC for subsequent 

processing by the classical MHC I pathway. The extracellular administration of the 

peptide vaccine results in the exposure of the peptide to an array of extracellular 

proteases and cell-surface proteases that may result in differential trimming or 

destruction of the epitope compared with the processing of their cellular or 

pathogen encoded counterpart. Cellular uptake of many peptides may be a 

prerequisite for MHC I loading. It is unclear how this process occurs but most 

probably results from macropinocytosis of peptides from the extracellular milieu by 

the highly phagocytic APC) (O'Connell, et al.,2007) (b). A role for heat-shock 
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proteins (HSPs) in chaperoning these peptides or assisting in this process has 

been demonstrated in several studies (Murphey, et al., 2006). At this point peptides 

may intersect the secretory pathway through fusion of endosomal compartments 

(c), or may escape from the endosomal/lysosomal system and enter the cytosol 

(d), where they are transported to the endoplasmic reticulum (ER). This may 

involve additional processing by the proteasome (multiple forms of the proteasome 

exist and can result in tissue or cell-specific processing of antigen and peptide-

vaccine components) (e), or direct trafficking to the ER. Peptides are then actively 

transported. Cytosolic and ER-resident peptidases may further trim (or destroy) 

peptide epitopes during these processes (g). Translocated peptides are rapidly 

loaded into the antigen-binding cleft of class I molecules aided by several 

chaperones (Williamson, et al., 2005) (h). An alternative source of peptides, and 

perhaps the majority of endogenous MHC I ligands, come from defective ribosomal 

initiation products (Yewdell, et al 1996). Once MHC I molecules are loaded with 

peptide, the epitopes are protected from further proteolysis and the complexes 

traverse the Golgi apparatus on their way to the cell surface where they are 

scrutinized by cytotoxic T lymphocytes (also referred to as CD8+ T cells) (i). d into 

the ER by the transporter associated with antigen processing (TAP) (f).  

 

Figure 15. Peptide vaccine entry by MHC I pathway (explanation in body tex) (from: Purcell et al., 

2007). 
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Entry of peptide vaccines into the MHC II pathway 
 

The MHC II pathway processing of intact exogenous antigen and peptide vaccines 

is similar (figure 16), and both are loaded onto the MHC class II molecules. Similar 

to MHC-I-targeted epitopes, peptide antigens can access surface MHC II 

molecules and replace existing peptides by a surface exchange mechanism (Falk, 

et al., 2002) (a). Peptide that is administered outside the context of the native 

antigen will be subjected to an array of cell-surface and extracellular proteases 

during this process. Exogenous antigen and peptide vaccines are taken up into the 

endosomal pathway by macropinocytosis or by receptor-mediated events, such as 

B-cell-surface-immunoglobulin uptake of antigen or Fc-receptor-mediated uptake of 

immune complexes (b). Once the intact antigen or peptide enters the endocytic 

compartment they are exposed to various proteases, notably the cathepsin family, 

which is responsible for antigen degradation (c). Therefore, peptide vaccines need 

to survive this environment as they are transported to a compartment known as 

MIIC (a MHC-II-rich endosomal compartment). Here peptides are loaded into MHC 

II molecules, a process that is facilitated by the chaperone human leukocyte 

antigen-DM (HLA-DM) that is responsible for removing the invariant (Ii) chain. 

Another molecule, HLA-DO, also modulates this process in B cells (d). 

 

Figure 16. Peptide vaccine entry by MHC II pathway (from: Purcell. et al., 2007). 
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Nanotechnology and vaccines 
 

Nanotechnology is defined as the direct manipulation of materials at the nanoscale 

(Kong, 2000). It is anticipated that nanotechnology will give humanity the ability to 

manipulate atoms and eventually will have an effective and complete control of 

matter (Mansoori, 2005). Nanotechnology applied in medicine has the goal to 

develop novel strategies to the treatment of human diseases at molecular level 

(Seetharam, 2006). In this regard, the most interesting nanotechnology 

developments, involving the design, manufacture and administration of 

nanodevices in the human body cells (Freitas, 2005). 

A nanometer is a billionth of a meter, equivalent to about five aligned atoms wide, 

or half the width of a strand of DNA (Navalakhe & Nandedkar; 2007). 

Nanotechnology allows the creation of particles that exploit the inherent ability of 

the human immune system to recognize small particles such as viruses and toxins. 

In combination with minimal protective epitope design, this permits the creation of 

immunogenic nanoparticles that stimulate a response against the targeted 

pathogen (Skwarczynski & Toth, 2014). Moreover, the nanoparticles can be using 

to encapsulate antigens and induce an enhancer of immune response against 

antigen that is poorly immunogenic itself. In this regard, the poly (amidoamine) 

dendrimers (PAMAM dendrimers), a micelar nanoparticle has demonstrated 

adjuvant effect. According, patent: Adjuvant properties of poly (amidoamine) 

dendrimers (Wrigh 1998 USA patent 5795582). The PAMAM dendrimers can be 

used as adjuvant of trivalent influenza vaccine in vivo, without toxic effects in mice 

strain C3H by intramuscular route of administration (Saroja, et al., 2011). In recent 

years, several in vivo studies have been conducted to investigate nanoparticle-

mediated delivery of antigen at mucosal sites. The antigen nanovaccines anchored 

nanoparticles, which in order of magnitude can diffuse easily into the cells, this 

entails the use of new routes of administration of vaccines including oral and nasal.  

Nanoparticles are available as non-toxic delivery systems with promise for nasal 

vaccination (Slütter, et al 2009).   
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Nanoparticle-based delivery platforms have been found to stimulate better antigen 

uptake by APCs, protect the peptide (antigen) from degradation and elimination, 

induce antigen cross-presentation to cytotoxic T lymphocytes, and could be 

engineered to contain multiple peptide epitopes and self-adjuvanting or targeting 

moieties (Skwarczynski & Toth, 2014). 

Definition of dendrimers 
 

Dendrimers are arborescent synthetic nanoparticles (1-100 nm), that form highly 

branched (Zhou, et al., 2011), polymeric micelle-like structures, are globular, has 

internal hydrophobic regions, and hydrophilic external. They have multiple internal 

cavities and also highly concentrated surface functional groups. The first family of 

dendrimers was synthesized by Donald. A Tomalia in 1985 and dendrimer 

chemistry was introduced by Fritz Vogtle et al in 1978. Currently they are 

synthesized inexpensively at an industrial scale under two synthesis methods: 

convergent or divergent. Dendrimers have a large surface area, forming 

monodisperse solutions (uniform structures, the same size and shape), have a 

high capacity (encapsulation), tunable solubility, respond to external stimuli (such 

as magnetic) fields, and thermostability (Tomalia, 2010). 

These molecules are particularly interesting for their capacity to encapsulate 

various substances (ligands), biocompatibility and low toxicity. Dendrimers can be 

used as carriers for different kinds of molecules and have high transfection 

efficiency in a wide range of cells in the presence of serum, giving them an 

advantage over other nanoparticles such as liposomes, in which their solubility 

serum is a limiting factor for cell transfection efficiency.  These nanoparticles can 

be used for transport and release of drugs, nucleic acids and peptides. Polymers 

which bear cationic primary amine groups on their spherical surface and are able 

to form stable and uniform nano-scale complexes with negatively charged nucleic 

acids via electrostatic interactions (Zhou, et al., 2011). The dendrimers can be 

used like non-viral vectors for vaccination in immunotherapy of DC (Vacas-
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Córdoba, et al., 2014). This advantages allow that dendrimers have potential uses 

in nanomedicine, e.g., in oral chemotherapy, DNA vaccines, peptide vaccines and 

biosensors.  

Chemical structure of dendrimers 
 

Generally dendrimers size ranges from 1 to 100 nm, and is given by the number of 

generations of the same. In a dendrimer generation number is the number of focal 

points (nodes) from which emerge two or more branches. There are dendrimers 

generations 0 to 10, where zero corresponds only generation to the dendrimer 

core. In dendrimers the core is the central unit from which the first generation (first 

branches) arises, the cores may be different types of metals such as gold, 

palladium or iron or an organic molecule only as ethylenediamide, or methyl 

acrylate in the case of the PAMAM dendrimers (poly-amidoamine). There are ten 

different types of nuclei to dendrimers. However the dendrimer region makes a 

nanoparticle with the ability to retain different molecules is the surface which is rich 

in functional groups (amino, carboxyl, quaternary amines, glycolic acid, etc.) which 

are arranged in the ramifications. 

 

Figure 17. Chemical structure of PAMAM G4 dendrimer with etilendiamine core. 
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Binding ligand-dendrimer 
 

In general, a molecule can be associated with dendrimer in two ways: covalently 

(eg, a linker between the ligand and the dendrimer, e.g., glycolic acid, maleimides) 

or electrostatically (using PAMAM dendrimers as positively charged-NH2 (+) or 

sulfur (-)). The dendrimer-ligand complex is called dendriplex, dendrimer-ligand 

complexes covalently conjugated called. 

 The presence of a large number of ionizable groups on the surface of dendrimers 

(e.g., PAMAM, which is rich in amino groups), make them soluble in water and 

allow the electrostatic binding of numerous ionizable drugs. This allows drugs, 

peptides or nucleic acids are encapsulated in the internal cavities of the dendrimer 

capacity to retain or release a substance depends on pH of the environment. A 

neutral pH increased amount of positive charges at pH acid, also the conformation 

of the dendrimer is more lax allowing the uptake or release of the ligand, compared 

to the basic pH where conformation is compact decreasing accessibility linked to 

cavities internal dendrimer. The electrostatic interaction can occur between the 

carboxyl groups of ibuprofen tertiary and primary amino groups, and NH2 PAMAM-

dendrimers. Additionally, it has been estimated that approximately 40 molecules 

interact with ibuprofen G4 PAMAM dendrimer at pH = 10.5 causing a considerable 

improvement in the solubility of ibuprofen in an aqueous medium. Dendrimers 

PAMAM G4-OH With high ibuprofen payload improves the drug's efficacy by 

enhanced cellular delivery, and may produce a rapid pharmacological response 

(Kolhe, et al., 2006). 

Problem statement and justification 
 

The cases of HIV / AIDS through heterosexual transmission are increasing in the 

women. They constitute 50% of people living with HIV-1 in the world, and are the 

main vulnerable population group affected by HIV-1 worldwide and the second 

most vulnerable group in Mexico. Despite of combined therapy with ARV is 
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effectively; it has serious side effects affecting the quality of life of patients and has 

a low tolerance profile. ARV therapy, in women can conduce to obstetric 

complications. Moreover, In order to avoid the additional obstacles inherent to 

female sex hormones, the clinical research of new HIV-1 treatments is for male 

people. Due to this, it is need to research new therapies to stop the advance of 

HIV-1 heterosexual transmission in women. In these context, a vaccine could be 

designed specifically for women, where the mucosal response can be used to 

potentially  produce  a protection on female genital tract and systemic level, by 

intranasal administration of antigen, using female mice in estrous phase as model,  

where the use of adjuvant nanoparticles (dendrimers) can be used as nanocarriers 

of epitope peptides. These last, can be identificated by in silico assisted methods, 

on crystallographic models of envelope proteins of HIV-1 and synthetized by 

classic chemical/biological methods.  

Hypothesis 
 

The dendrimers PAMAM G4 are capable to form reversible complexes with epitope 

peptides derivate for gp120 from HIV-1, in aqueous conditions and protect them for 

proteases. 

Main objective 
 

Determine by in silico and experimental methods the most promissory dendriplexes 

to carry, protect and release epitope peptides from gp120 envelope protein for HIV-

1.  

Specific objectives 
 

I. Determine potentially peptide epitopes by sequential dissociation of BG505 

SOSIP.664 gp120 joined to bNAbs and in silico predictors. 
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II. Determine the capability to peptide epitopes to form a complex with PAMAM G4 

dendrimer by in silico methods. 

 
III. Determine the capability to peptide epitopes to form a complex with PAMAM G4 

dendrimer by electrophoresis. 

 
IV. Determine the capability of dendriplexes to liberate the peptide epitope and 

protect it for proteases. 

 

V. Determine the toxicity of dendriplexes in TZM-bl cells 

 

 

Material and methods 
 

In silico procedures 

Obtain a consensus sequence of the gp120 surface glycoprotein of 46 

HIV-1 strains. 
 

From UniProt database, amino acid sequences of the gp120 protein were obtained 

corresponding to 46 strains of HIV-1 group M, These sequences were submit to 

multiple alignments studies in the T-Coffee server.  The alignments were analyzed 

in the JALVIEW server, to obtain a consensus sequence for gp120. The consensus 

sequence was saving in FASTA format. 
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Alignment of the amino acid sequence from gp120 monomeric 

derivate of heterotrimer SOSIP.BG505.gp41 with gp120 consensus 

sequence from 46 strains of HIV-1. 
 

The crystal heterotrimer SOSIP.BG505.gp41 was obtained from the Protein Data 

Bank (PDB: 3J5M). The corresponding chains to gp120 monomeric were selected 

generating a pdb file by using PYMOL. Later, for gp120 monomer pdb file was 

submitted to SEBASTIAN RASCHKA server to obtain the amino acid sequence in 

FASTA format. Posteriorly, consensus gp120 sequence and gp120 monomeric 

sequence from crystal SOSIP.BG505.gp41 were alignment in T-Coffee server and 

was obtained the percent of conservation in both sequences in same server.  

Obtaining the amino acid sequence of the interface interaction 

complex 3D models bNAbs-gp120 cleavage by in silico 
 

A searching of pdb files (bNAbs-gp120 complex), was conducted in the Protein 

Data Bank. By other hand, using CHIMERA v1.9, the regions corresponding to one 

monomer of gp120 and bNAb were located and identified by letters, A, B, C, etc. 

and a corresponding numerical identifier # 0.1, # 0.2, # 0.3, etc. Posteriorly, bNAbs 

chains and gp120 monomer were selected, and was conducted an in silico 

dissociation for the bNAb-gp120 complex, considering a cutoff of 2.5 Å, between 

surfaces of recognition. Using commands CHIMERA in menu for the program, the 

interaction site for gp120 was considered an epitope peptide. Only the sequential 

epitopes were obtained, the gaps between interaction amino acids in the 

interaction site from gp120 were too considered, in order to build complete loops or 

complete epitope peptides with more of ten amino acids and a minimum of two 

negative charged amino acids in epitope peptide. The epitope peptides were 

selected and obtained a pdb file each one, in order to posterior screening steps. 

  

1_Command: ~longbond 

2_Command: preset apply int 2  

3_Command: del solvent 

https://www.cgl.ucsf.edu/chimera/docs/UsersGuide/midas/longbond.html
https://www.cgl.ucsf.edu/chimera/docs/UsersGuide/midas/preset.html
https://www.cgl.ucsf.edu/chimera/docs/UsersGuide/midas/delete.html
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4_Command: split  

5_Command: color sea green #0.1  

6_Command: color medium purple #0.2 

7_Command: findclash  #0.1  test #0.2  intersub true  overlap -

1  hb 0  make false  select true  

8_Command: namesel contacts  

9_Command: ~select  

10_Command: color yellow contacts & #0.1  

11_Command: color hot pink contacts & #0.2 

12_Command: surface 

 

 

 

In silico epitope prediction by using the ABCprep and NetMHCII 

servers 
 

One monomer of gp120 protein from heterotrimer SOSIP.BG505 was selected and 

stored in pdb archive. The file was submitted to ABCprep server and NetMHCII 

server. Only the predicted peptide epitopes that show a highest score, minimum 

then amino acids, two negative charged amino acids and that are not hidden in 

gp120/gp41 monomer interfaces were considered to posterior screening steps.  

 

Alignment for epitope peptides with gp120 amino acid sequence 

derivate from heterotrimer SOSIP.BG505.gp41 and consensus 

sequence 
 

The amino acid sequences for epitope peptides predicted by ABCprep server and 

in silico dissociation for gp120-bNAb complex, were alignment to monomeric 

gp120 from heterotrimer SOSIP.BG505.gp41 and gp120 consensus sequence in 

T-COFFEE server, only the peptides with maximum three no-conserved amino 

acids were selected to posterior steps.  

 

https://www.cgl.ucsf.edu/chimera/docs/UsersGuide/midas/split.html
https://www.cgl.ucsf.edu/chimera/docs/UsersGuide/midas/color.html
https://www.cgl.ucsf.edu/chimera/docs/UsersGuide/midas/color.html
https://www.cgl.ucsf.edu/chimera/docs/UsersGuide/midas/findclash.html
https://www.cgl.ucsf.edu/chimera/docs/UsersGuide/midas/namesel.html
https://www.cgl.ucsf.edu/chimera/docs/UsersGuide/midas/select.html#newer
https://www.cgl.ucsf.edu/chimera/docs/UsersGuide/midas/color.html
https://www.cgl.ucsf.edu/chimera/docs/UsersGuide/midas/color.html
https://www.cgl.ucsf.edu/chimera/docs/UsersGuide/midas/surface.html
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Molecular modeling of epitope peptides from in silico dissociation of 

bNAbs-gp120 complex and by the predictive ABCprep and NetMHCII 

servers 
 

The molecular modeling of the epitope peptides was performed in the program 

LEAP AMBER v12. The peptides were neutralized with counterions (Na +), 

solvated in a water box TIP3BOX 12.0, parameterized (obtaining a file with the 

topology and one with the coordinates) and minimized. Posteriorly were submitted 

to 50 ns for molecular dynamics in AMBER 12 by using the force field FF99SB. 

Prior to the molecular dynamics, equilibrium calculations were performed using 

SANDER program. The molecular dynamics of the peptide was carried out with the 

PMEMD program; the coordinates of the conformers generated at the time of the 

molecular dynamics were calculated with PTRAJ and RMSD. 

tleap 

source leaprc.ff99SB 

pep = sequence { NILE ASP GLU GLU HYS GLY CVAL } 

charge pep 

addions pep Na +1       

solvatebox pep TIP3BOX 12.0 

savepdb pep complex-solvated.pdb 

saveamberparm pep complex-solvated.prmtop complex-solvated.inpcrd 

nohup ./first-equilibration.sh & 

 

Physicochemical properties prediction and toxicity of epitope 

peptides predicted 
  

Innovagen server was used to predict the iso-electric point, net charge, and 

hydrophilicity profile and water solubility. Meanwhile TOXINPRED server was used 

to predict the toxicity of peptides.  

Docking of epitope peptides predicted with MHC-I  
 

CLUSPRO server was used to achieve docking study of epitope peptides and 

MHC-I 3D model. The PDB: 2BVQ crystal of MHC-I and HIV-1 peptide was used, 
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the crystal is formed by a HIV-1 peptide bound to the HLA * 5703 corresponding to 

MHC-I. The complex is formed and the model experimentally by X-ray diffraction 

with a resolution of 2.0 Å. Thus, we determined the binding sites of the epitope 

peptides and compared with the reference peptides binding site, analyzing the 

lower energy complexes peptide-MHC-I. 

Docking of PAMAM G4 dendrimer and peptides in AUTODOCK VINA  
 

The peptides were minimized and subjected to 50 ns for molecular dynamics in 

AMBER 12.0 program, they were docked on PAMAM G4 dendrimer in 

AUTODOCK VINA., using a script (conf.txt). This file has the center coordinates for 

PAMAM G4 dendrimer and exploration region comprising a virtual box 126 x 126 x 

126 Å and the name of receptor and ligand that correspond to pdbqt file for epitope 

peptides and PAMAM G4 dendrimer. The pdbqt PAMAM G4 dendrimer file, was 

build assigning the polar hydrogens and charges of Gasteiger as force field. For 

the peptide pdbqt file were used the charges of Kollman and rotational bonds. The 

pdbqt and script files (conf.txt) were stored in the bin directory AUTODOK vina. 

AUTODOCK vina runs from the terminal Windows / Linux, using the following path: 

(./vina --config conf.txt --ligand alb1.pdbqt --out all.pdbqt --log log.txt). Finally, for 

the ten docking dendriplexes only the dendriplex with lower energy was selected. 

 
´script conf.txt 

 

receptor = dendi.pdbqt 

ligand = alb.pdbqt 

 

out = out.pdbqt 

 

center_x = 61.75 

center_y = 19.202 

center_z = 53.876 

 

size_x = 126 

size_y = 126 

size_z = 126 
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Dendriplexes molecular dynamics and calculation of the energy 

coupling 
 

The high energy dendriplex obtained in AUTODOCK VINA were subjected to 100 

ns for molecular dynamics in AMBER 12.0 program, and was calculated the mean 

Poisson Boltzmann energy for the complex using the mmpbsa.py script. 

Selection of epitope peptides to experimental formation of 

dendriplexes  
 

In order to define the peptides for experimental formation of dendriplexes, the 

selection of peptides obtained from in silico dissociation of bNAbs-gp120 complex 

and by the predictive ABCprep/NetMHCII servers were done according this 

features: two negative partial charges, minimum of ten amino acids, lineal 

epitopes, conserved in the sequence of monomeric gp120 consensus sequence 

and monomeric gp120 from  heterotrimer BG505 SOSIP.664 of gp120s, epitopes 

exposed on gp120 surface and not exposed at the interfaces of the gp120/gp41 

monomers for heterotrimer BG505 SOSIP.664, soluble in water according to 

predictors of in silico solubility, high affinity to in MHC-I, binds in most of MHC-1 

clusters, high affinity to PAMAM G4 dendrimer in silico, nontoxic peptides, 

isoelectric point minor to 8.0, non-positive net charge. 

Experimental procedures 

Preparation of dendriplexes 
 

Dendriplex solutions (100 µM, 1000 µM) were prepared from dry PAMAM G4 

dendrimer (Centro de Química da Madeira, Portugal); the stock was dissolved in 

water and stored at 4°C. Peptide fluorescent labeled solutions (100 µM) were 

prepared in water using dry peptides labeled, were stored at -15°C. Carbosilane 

dendrimer was used as negative control of dendriplex formation. Different molar 
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ratio peptide/dendrimer solutions were prepared, in all solutions 1 µM of peptide 

was used, the maximum PAMAM G4 dendrimer concentration used is 32 µM, and 

to carbosilano dendrimer 4 µM. These concentrations produce TZM-bl cell viability 

minor to 80%. The molar ratio of peptide- PAMAM dendrimer reactions are: 1/0, 

1/1, 1/4, 1/8, 1/16, 1/32, 1/64, and 1/0, 1/0.5, 1/1, 1/1.5, 1/2, 1/3, 1/4, 1/5, 1/8. All 

reaction were done at same time, volume (80 µL) and incubated at room 

temperature in the dark for 24 h. 

Agarose electrophoresis peptide-fluorescein labeled, dendrimer, 

dendriplex, liberation assay and protease protection 
 

In order to obtain a best resolution image, were used 1 µM of peptides, and only 

three ratios corresponding to three highest concentration ratios of PAMAM G4 

dendrimer (1/8, 1/32 and 1/64). 

 In the protease assay were used proteinase K (Thermo scientific #E00491), this 

enzyme cleaves peptide bonds at the carboxylic sides of aliphatic, aromatic, or 

hydrophobic amino acids. The proteinase K is classified as a serine protease, 

because the serine 195 from the catalytic site of enzyme is essential to covalent 

union with substrate to be hydrolyzed. The smallest peptide that can be hydrolyzed 

by this enzyme is a tetrapeptide. Therefore proteinase K can be used to 

decapeptides hydrolysis. The vials were incubated (75° C, 15 min), with 2.5 µL of 

Proteinase K (stock 20 mg/mL) and dendriplexes ratios 1/8, 1/32 and 1/64. Later 

enzyme was inactivated at 95 °C by 15 min. Finally, samples were loaded on 

agarose gel. 

The high stability of dendriplexes is necessary to transport the peptide. However 

the dendrimer must be able to release the peptide in cell conditions. In this sense, 

more negative molecules than peptides PGT128 and ABC can compete by the 

active sites in dendrimer displacing the peptide. We follow the release assays done 

by other authors with dendrimer-siRNA complex and heparin (Guerra, et al., 2012). 

In this case the siRNA has lower negative chargers than heparin is a more 
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negative than siRNA. In release assay were used 2 U of heparin for each reaction 

vial (dendriplexes ratios 1/8, 1/32 and 1/64) and incubation of 20 min at 37 °C.  

Finally, samples were loaded on agarose gel. From each vial was taken 15 µL and 

was mixed with 7 µL of Blue/Orange leading buffer 5X (PROMEGA). This mixed 

was injected into the wells of agarose gel 7%. The running conditions are 50 V for 

35 min in TAE buffer 1X (Tris-acetate-EDTA at room temperature.  

The gel was stained for 30 min, with GelRed 10,000 X (BIOTIUM CAT:41003); 

using 2 µL by each 10 mL of TAE buffer (Cat: 41003). The gel was revealed in a 

team Biorad Gel Doc XR Molecular Imager System (Hercules, CA, USA). 

Cytotoxicity assays of dendriplexes, dendrimer PAMAM G4 and 

epítope peptides on TZM-bl 
 

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) cell viability 

assay was carried out. The MTT method was selected to analyze the cytotoxicity 

which can be defined it as a detrimental intracellular effects on mitochondria and 

metabolic activity. The colorimetric MTT test, based on the selective ability of 

viable cells to reduce MTT to purple formazan, relies on intact metabolic activity 

and is frequently used for cytotoxicity screening (Bermejo, et al., 2007). MTT was 

performing adding aliquots for 20 µL from reactions (dendriplexes, dendrimer and 

peptides) in flat wells with 15,000 TZM-bl cell per well. Removing the supernatant 

and replace with 200 mL of Opti-MEM® (medium without serum and phenol red) 

and 20 μL -well of MTT (Blue Thiazolyl, 5mg / mL final concentration in well of 0.5 

mg MTT mL-1 incubate for 4 h and centrifuged at 2000 rpm for 10 min. the 

formazan crystals were dissolved in 200 mL of DMSO (Sigma-Aldrich, St Louis, 

Mo). to determine the concentration of formazan by spectrophotometry using a 

plate reader (plate Multilector Synergy 4, Biotek Instruments, USA) at a wavelength 

of 570 nm. 
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Results 

Alignment for consensus sequence and gp120 monomeric from 

BG505.SOSIP.664 
 

The gp120 monomeric from BG505.SOSIP.664 was taken as reference because 

according with Julien et al 2013, the monomeric gp120 express neutralizing 

epitopes for bNAbs. However the alignment with a gp120 consensus sequence 

from 46 sequences was realized to identify the epitopes conserved in this 46 

sequences. 

 

In the gp120, 46 sequence alignment in T-COFEE server, was obtained with 80% 

identity (figure 18), the consensus sequence was selected, to make and alignment 

with the gp120 monomeric from BG505.SOSIP.664, obtaining a  98% identity, this 

indicated that the most epitopes for the gp120 monomeric from BG505.SOSIP.664 

there are presents in almost 46 gp120 sequences of HIV-1 (figure 20) . 

 
 

Figure 18. Sequence alignment and sequence conservation (red), and non-conserved regions 

(green and white). 
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Most of the gp120 sequences correspond to HIV-1 M group, and their different 

clades, these have a similar amino acid structure of gp120 (identity 80%), the 

consensus sequence are the common amino acids between 46 strains of HIV-1. In 

order to obtain a multi-strain vaccine, the epitope peptide selected most be 

conserved in multiple HIV-1 strains, in the cladogram (figure 19) was obtained that 

50% of the strains have a common ancestor, this means that 50% they are same 

clade. Moreover the rest although be different have common amino acids from 

gp120. So the epitopes from consensus sequence could be conserved in different 

clades. 

 

 
 

Figure 19. Cladogram of 46 strains of HIV-1. From these strains 23 (purple), are similar, the rest 

are different, in a vaccine this variability need be considered. 
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Figure 20. Conservation of consensus sequence and gp120 derivate for BG505.SOSIP.664.  

Sequence of the interface interaction complex 3D models bNAbs-

gp120 cleavage by in silico 
 

Four high resolution BNAbs crystals complexes with gp120 (from heterotrimers, 

monomers and fragments), was found in the Protein Data Bank (figure 21). 

 

 

 

 

 

 

 

 

 

 
Figure 21. BNAbs-gp120 complex. Crystals used higher resolution available in the Protein Data 

Bank, amino acid sequences of complex A, C and D are compared to the amino acid sequence 

shown heterotrimer SOSIP.664 has bNAbs express epitopes. 
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In BNANb-gp120 interface the heavy and light bNAbs was obtained with 

CHIMERA, in the same program chain display mode is changed to identify the 

secondary structure and identify continuous and discontinuous epitopes (figure 22).  

 

 

 

Figure 22. Obtaining the contact interface PGV04 gp120. The chains bNAbs were dissociated each 

one. 

 

Once obtained the sequence of epitopes peptide, were colored in the secondary 

structure mode, identifying the loop composed by β-sheets and the gaps. 

 

The areas marked in yellow of the two chains (heavy and light) of bNAbs using 

CHIMERA program were find handles with continuous and discontinuous epitopes 

in folded sheets. 
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Figure 28. In silico dissociation of PGV04-gp12. Obtaining of the sequence from the contact 

interface (yellow) of gp120 with PGV04. 

 

Using the sequence of each peptide, the isoelectric point is minor to 8.0 (figure 29) 

and in general peptides has a half of hydrophilicity amino acids, the hydrophobic 

amino acids are important to MHC-I/II interaction (figure 30. According to 

Innovagen predictor, all peptides are soluble in water, have null or negative net 

charge at neutral conditions (Table 3). At last, according to TOXINPRED server; all 

peptides are non-toxic (negative SVM score). 

 

Table 3. Sequence of peptides from gp120 contact interfaces for different bNAbs-gp120 complex in 

green amino acids is indicated. Peptides with an isoelectric point less than 7.0 are acidic peptides; 

this implies that at neutral pH are negatively charged. When the isoelectric point is near 7, the net 

charge at neutral pH is void. For example gp120-ALB-PGV04 will negatively charge (-2) at neutral 

pH. 
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Figure 29. The net charge at neutral pH, were calculated using the ecuation for this figure, where 

Ni are the number, and pKai the pKa values, of the N-terminus and the side chains of Arginine, 

Lysine, and Histidine. The j-index pertains to the C-terminus and the Aspartic Acid, Glutamic Acid, 

Cysteine, Tyrosine amino acids.  

 

 
Figure 30. Hydrophobic profile of peptides. The epitope-peptides are constituted by hydrophobic 

and hydrophilic amino acids. The numbers of hydrophobic amino acids are within the parentheses:  

gp120-PGV04 (5 of 12), gp120-PGT122 (5 of 12), gp120-PGT128 (4 for 10), gp120-VRC03 (3 of 

13) and gp120-ABC (6 of 16). The  

hydrophobic amino acids are necessary to interact with MHC-1 or MHC-2. Meanwhile, hydrophilic 

amino acids are necessary to water solubility and to dendrimer interactions. 

In silico epitope prediction and using the ABCprep servers NetMHCII 

 

ABCpred one predicted epitope which is exposed on the surface of gp120, V3 in 

an area near or CD4 binding domain region is found. While the rest of the internal 

gp120-PGV04 

gp120-ABCpred 
gp120-VCR03 gp120-PGT128 gp120-PGT122 
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peptides are part of gp120, being hidden. All epitopes predicted by NetMHCII are 

hidden in the gp120-gp41 interfaces (figure 31). 

 
 

Figure 31. The gp120 and epitopes by ABCpred. The gp120 monomer (green), three monomers of 

gp41 (white), predicted epitopes (red and yellow) for ABCpred server epitopes NetMHCII 3.0 server. 

Epitopes in yellow and white are hidden; the red epitope is on the surface of gp120 

SOSIP.BG505.664. This epitope has a secondary structure (beta pleated sheet and alpha helix), 

this peptide was selected to coupling with dendriplexes. 

Alignment of the epitope peptides predicted by dissociation in silico 

and ABCpred predictor with SOSIP.BG505.gp41 with gp120 

consensus sequence  
 
All epitope peptides are conserver in heterotrimer SOSIP.BG505.664  and in 

consensus sequence, only VRC03 is not conserved (figure 32). 

 

 
Figure 32. Alignment of the consensus sequence from gp120 (blue) and SOSIP.BG505.664 

heterotrimer (green). 
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Molecular modeling and molecular dynamics of epitope peptides 
 

Only peptide PGV04 get to equilibrium stages at 25 ns. Although, the other 

peptides not reach an equilibrium, this can be used to docking assay (figure 33),it  

is because in docking new generated rotamers shall generated. The objective of 

docking is determining of the energy coupling (figure 34) negatives values 

indicated the formation of the complex, meanwhile null or positive values indicate 

that the complex cannot be formed, the ABC epitope peptide were modeled in 

PEPFOLD and not were submit to molecular dynamics. 

 

 

 
Figure 33. Molecular dynamics of epitope complex. The graphs are de RMSD values (left) of each 

peptide 3D model (right). 

Docking PAMAM dendrimer G4-vina and peptides in AUTODOCK and 

calculation of the energy coupling (ΔG). 
 

Five complexes were formed and their respective coupling constant was calculated 

(figure 34). All dendriplexes have a negative energy coupling. The highest affinity 

complexes are VCR03-DND and PGV04-DND (figure 34). However the selected 

complex to molecular dynamic studies is PGV04-DND, because VCR03-DND, is 

not well conserved in gp120 consensus (figure 32) and cannot bind completely to 

MHC-1. 
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The lowest affinity complex is PGT122-DND indicate the possible non-formation of 

the complex at experimental assays, so this is discarded to the experimental 

assays. 

 

All peptides were encapsulated in the dendrimer and bind is a branch near to core 

(figure 34), establishing hydrophobic interactions with the core close to 

etillendiamine methylene groups adjacent to tertiary amines. Peptide 

conformations allowed occasionally interact with two branches of the dendrimer, 

but close to the surface of the dendrimer output methylene peptide prevented. 

Peptides bind to different parts of the dendrimer. 

 

 

Figure 34. Dendriplexes formed by epitope peptides and PAMAM G4 dendrimer, with coupling 

energy values. The lowest energy values and in consequence the most affinity complex are VCR03, 

PGV04, ABC, PGT128, PGT122. 
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Docking epitopes peptide with MHC-I and clustering analysis 
 

 

All epitopes peptide binds to MHC-I, and fits in the indent of MHC-I, except VRC03, 

because a peptide fragment is located outside of indent, the complex MHC-1 and 

VRC03 peptide is the highest energy in consequence, the minor affinity complex 

(figure 35). By the clustering analysis this peptide shows the minor affinity to MHC-

1 because cannot bind correctly, in the MHC-I lowest energy representative 

cluster. The rest of epitope peptides conformers (rotamers) bind correctly to indent 

from MHC-I, of their respective cluster (figure 35). 

 

 
Figure 35. Docking of epitope peptides and MHC-I. The co-crystalize peptide (red) and epitope 

peptides most bind in the same site. However VRC03 can bind it correctely. 
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Figure 36. Docking in the representative conformers of MCH-1 highest energy cluster. The green 

arrows represents union to indent and the red arrows represents union in a different place of MHC-I. 

Only VRC03 shows low affinity to representative conformers of MHC-1, in almost conformers of 

VRC03 it not binds in indent from MHC-I. 

Molecular dynamics of PAMAM dendrimer, G4-vina and PGV04 and new 

calculation of the energy coupling (ΔG) in virtual water. 
 

The highest affinity dendriplex, constituted by a peptide that binds correctly to 

MHC-I (PGV04-DND), according to molecular dynamics simulations (100 ns). And 

was determined the non-covalent interactions in presence of virtual water (figures 

35 and 36), and determining the corresponding energy coupling of the energy 

values by using MMPBSA method. A more negative coupling highest affinity and 

therefore greatest stability of the complex is presented in water dendriplex. The 

more stable are dendriplexes MDΔG = -22 kcal/mol vs. Docking vaccum ΔG = - 4.5 

kcal/mol. The peptide contracts and relaxes along time dynamics (figure 35), 

allowing hydrogen bonds formation between the amide group from peptide and the 

dendrimer amides (figure 36), which contribute to more complex stability.  
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Figure 35. Molecular dynamics of the dendriplex PGV04-DND. The environment is exposed to the 

peptide PGV04 in molecular dynamics, induces conformational changes that provoke helix-α 

formation in peptide at 75ns and100 ns. Cycles of relaxing (0 and 75 ns) and contracting (5, 10 and 

100 ns) peptide occur in the molecular dynamics (blue arrows). At 0 ns, the peptide is holding to a 

branch of dendrimer, like a “hug”. 

 

 

 

 

 

 

 

Figure 36. Molecular dynamics dendriplex PGV04-DND. The environment is exposed to the peptide 

in the 0 ns at vacuum, induces the formation of hydrogen bridges in the internal peptide, causing 

the peptide to fold upon itself. The interactions are mayor in amides and amines for PAMAM G4 

dendrimer and amide bonds of PGV04 peptide. 
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Selection of best epitopes peptide to experimental dendriplex assay 

The selected epitopes peptides to experimental dendriplex formation are: PGV04, 

PGT128, ABC. The VRC03 was not considered because it did not present correct 

bind to MHC-I, and was not conserved in consensus 46 gp120. The PGT122 was 

not considered because have low affinity to PAMAM G4 dendrimer in docking 

assay. PGV04 was considered despite of it medium water solubility in experimental 

conditions (Table 3). 

 

 

 

 

 

 

Table 3. Selection of best epitopes peptides to experimental formation of dendriplexes. This table 

summarizes the results in silico of epitopes evaluations. 

Dendriplexes of PGV04, PTG128 and ABC were formed in aqueous 

medium. 
 

The dendrimer-peptide complexes were formed at different molar ratios and 

incubated by 24 h at room temperature; with 0.5 µM of peptide, most trapped 

peptide is in 1/32 and 1/64 ratios, corresponding to 16 and 32 µM PAMAM 

dendrimer, respectively. In the gels, the peptide is down displaced. Moreover, the 

complex PAMAM G4 is up displaced. In complexes with carbosilane dendrimer, the 

dendrimer is fixed in the well and peptide moves down. In PAMAM G4 assay the 

complex formation is measured by peptide band formation in the wells with the 

dendrimer forming a stairway (left, figure 37). However in carbosilane dendrimer 

the complex formation was measured by disappearance of the peptide band (right, 

figure 37). PGVO4 is labeled with rhodamine; the intensity fluorescence in agarose 

gel was low. The PGT128 and ABC, were labeled with fluorescein and had good 

Epitope peptide PGV04 VRC03 PGT128 PGT122 ABC

Parameter Observation Observation Observation Observation Observation

Two negative partial charges YES YES YES YES YES

Minimum ten amino acids YES YES YES YES YES

Lineal epitope YES YES YES YES YES

Conserved in consensus 46 gp120 YES NO YES YES YES

conserved in consensus  gp120 BG505.SOSIP.664 YES YES YES YES YES

Exposed on gp120 surface YES YES YES YES YES

Non-toxic YES YES YES YES YES

Soluble in water in sillico YES YES YES YES YES

Soluble in water experimental Medium YES YES YES YES

Isoelectric point minor to 8.0 YES YES YES YES YES

Non-positive net charge YES YES YES YES YES

Correct bind to MHC-I YES NO YES YES YES

High affinity to PAMAM G4 dendrimer YES YES YES NO YES

Approved to experimental dendriplex formation YES NO YES NO YES
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intensity fluorescence in agarose gel. Therefore, in posterior assays with agarose 

gel only PGT128 and ABC were considered. 

 

 

Figure 37. Dendriplex formation in agarose gel. All peptides can be trapped in PAMAM G4 

dendrimer, but not the carbosilane dendrimers. Dendriplex assay PGVO4-PAMAM (green), ABC-

PAMAM (blue) and PGT128 (orange). Left correspond to PAMAM G4 dendrimer assay and right 

correspond to carbosilane dendrimer assay. 

Dendriplexes of PTG128 and ABC is resistant to protease and can 

release peptide in heparin assay. 
 

In agarose gels loaded with the dendriplexes in the presence or absence of 

heparin and protease (Figure 39), it can be seen that the dendriplexes (1/64) retain 

and do not release peptide in the presence of heparin. However they avoid 

hydrolysis of the peptide by the protease. The dendriplexes (1/16 and 1/32) are 

capable of retaining the peptide and also to release in the presence of heparin. 

Moreover dendriplexes (1/16 and 1/32), avoid hydrolysis of the peptide by the 
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protease. However dendriplex (1/32) retains peptide more than dendriplex (1/16). 

Besides, the dendriplex (1/32) can also release peptide and prevent it hydrolysis by 

protease. 

Through the quantification of bands it can estimate the percentage of bound 

peptide (Figure 40).  In the dendriplexes (1/16), peptide binding ABC is better  

peptide PGT128. The release of both peptides is the same (45%) in the presence 

of heparin, as the peptide retained on the dendrimer under the presence of 

protease. The percentage of peptide bound in dendriplexes (1/32), the release in 

the presence of heparin and protease protection is similar to dendriplexes (1/16). 

However despite joining more than 90% of peptide in dendriplexes (1/64), and be 

protected from proteases, the peptide cannot be released. 

 

Figure 38. Dendriplex formation ABC-PAMAM.  Lanes 1 and 2 correspond to peptide (ABC) alone 

and peptide (ABC) protease, respectively. Lanes 4, 8 and 12 correspond to the dendriplexes 1/16, 

1/32 and 1/64, respectively. Lanes 5, 9 and 13 to the dendriplexes 1/16, 1/32 and 1/64, incubated 

with heparin, respectively. Lanes 6, 10 and 14 to the dendriplexes 1/16, 1/32 and 1/64, incubated 

with protease, respectively. Finally lanes 7, 11 and 15 to the dendriplexes 1/16, 1/32 and 1 / 64, 

incubated with heparin and protease together, respectively.  
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Figure 39. Formation of Dendriplex PGT128-PAMAM. Lanes 1 and 2 correspond to peptide 

(PGT128) alone and peptide (PGT128) protease, respectively. Lanes 4, 8 and 12 correspond to the 

dendriplexes 1/16, 1/32 and 1/64, respectively. Lanes 5, 9 and 13 to the dendriplexes 1/16, 1/32 

and 1/64, incubated with heparin, respectively. Lanes 6, 10 and 14 to the dendriplexes 1/16, 1/32 

and 1/64, incubated with protease, respectively. Finally lanes 7, 11 and 15 to the dendriplexes 1/16, 

1/32 and 1 / 64, incubated with heparin and protease together, respectively. 

 

 

 

 

 

 

 

 

 

 

Figure 40. Relative quantification of peptides bound to the dendrimer PAMAM G4. In general, 

1/18 and 1/32 display dendriplexes retain 70% of peptide; protect it from proteases and to release 

PGT128

ABC
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the peptide. Although the dendriplex 1/64 over 90% is encapsulated and protected from 

proteases, which cannot be released peptide is a limitation for use as a vaccine. 

Cytotoxicity assays 
 

The dendriplex (1/64) with PGT128 or ABC is toxic for TZM-bl cells (cell viability < 

40 %). However the dendriplex (1/16 and 1/32) with PGT128 or ABC are low toxic 

(cell viability > 80 %). The control PAMAM G4 dendrimer concentration is equal to 

dendriplex 1/64 and is also toxic (cell viability < 40 %).  Dextran control is not toxic 

(cell viability > 90 %). Finally, the peptides are not toxic (cell viability > 90 %).   

 

 

 

 

 

 

 

 

 

Figure 41. Cytotoxicity of dendriplexes and peptides. The dendriplexes (1/1, 1/4, 1/8, 1/16 and 

1/32) are low toxic (cell viability > 80 %), only the dendriplex (1/64) is toxic (cell viability <40 %). 
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Discussion 
 

Sequence alignment with gp120 consensus and BG505.SOSIP.664 

Broadly neutralizing antibodies (bNAbs) are not induced by current vaccines, but 

are found in plasma in ∼20% of HIV-1-infected individuals after several years of 

infection. One strategy for induction of unfavored antibody responses is to produce 

homogeneous immunogens that selectively express bNAbs epitopes but minimally 

express dominant strain-specific epitopes (Alam SM, et al., 2013). Current HIV-1 

envelope glycoprotein vaccines are unable to induce a cross-reactive neutralizing 

antibody; witch is capable of neutralizing HIV-1 variants from different subtypes 

(Van den Kerkhof, et al., 2013). In this regard was consider a consensus sequence 

consisting of the alignment of 46 primary sequences of the glycoprotein gp120 of 

HIV-1, derived from 46 HIV-1 strains and that correspond to different subtypes of 

HIV-1. This sequence contains amino acids common to all these strains of HIV-1. 

The alignment of these 46 sequences indicates that over time which amino acids 

remain unchanged. With this consensus sequence were located different epitopes 

from broadly neutralizing antibodies. Additionally identify conserved and invariant 

amino acids recognized by broadly neutralizing antibodies are, could lead to finding 

epitopes induce antibodies that neutralize different clades of HIV-1 and prevent the 

transition from HIV to AIDS. 

In this work, the consensus sequence was compared with monomeric gp120 

BG505.SOSIP.664 heterotrimer. The latter is a heterotrimer obtained 

recombinantly which has been joined by different non-neutralizing antibodies and 

broadly neutralizing antibodies that have been shown in seropositive patients avoid 

the transition from HIV to AIDS. Also only neutralizing and broadly neutralizing 

antibodies may bind with high affinity to the monomeric gp120 derivate from 

BG505.SOSIP.664 heterotrimer preventing further infection on TZM-bl cells by 

pseudovirus (Sanders, et al., 2013). 
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The heterotrimer BG505.SOSIP.664 obtained by heterologous expression, has an 

amino acid sequence corresponding to subtype A HIV-1. Latter was isolated from a 

human patient autologous. The heterotrimer was used for binding assays with 

neutralizing, broadly neutralizing and non-neutralizing monoclonal antibodies using 

the techniques: indirect ELISA, electron microscopy and plasmon resonance 

(Rogier, et al., 2013). It allows measuring the affinity of the various antibodies by 

the heterotrimer indirectly monomeric gp120. 

In addition, it was determined whether the multimers (consisting of the heterotrimer 

BG505.SOSIP.664) and neutralizing or broadly neutralizing antibodies that prevent 

HIV-1 infection in host cells. 

In neutralization experiments; pseudovirus are used, these consisting of HEK293 

cells expressing BG505.SOSIP.664 heterotrimer. In this sense, this cell mimics 

HIV-1 to be able to enter TZM-bl cells, which express the CD4 receptor and 

coreceptor necessary for HIV-1 to replicate in host cells. Furthermore, TZM-bl cells 

express luciferase gene when infected with HIV-1 or the pseudovirus, producing 

photons that can be quantified on a luminometer (Sanders, et al., 2013). In 

summary the monomeric gp120 derived BG505.SOSIP.664 expresses only 

epitopes that can neutralize HIV-1 infection. 

In this work it was found that the consensus sequence is homologous to the 

monomeric gp120 BG505.SOSIP.664, this means it is likely to find broadly 

neutralizing epitopes for the 46 strains of HIV-1 antibodies. The sequence of the 

monomeric gp120 derived from the consensus sequence BG505.SOSIP.664 and 

46 strains of HIV-1 are used as reference in the selection of peptide epitopes. 

 

In silico dissociation of the complex bNAb-gp120 for epitope 

prediction and gp120 from BG505.SOSIP.664 

Despite over two decades of research, a protective vaccine against HIV-1 remains 

elusive. It is widely accepted that such a vaccine will require the elicitation of both 
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T-cell mediated immunity and a broadly neutralizing antibody response (Walker & 

Burton, 2009). Around the world (Thailand, Australia, the United Kingdom, the 

United States, and several sub-Saharan African countries) it has become a search 

for patients who can keep HIV under control by preventing HIV-1 to AIDS transition 

(Simek, 2009). In this regard, it was found called broadly neutralizing antibodies 

(bNAbs), Broad and Potent Neutralizing Antibodies from an African donor reveal a 

new HIV-1 vaccine target they allow in vitro neutralize the infection and prevent the 

transition from HIV infection to AIDS and provide protection in best available 

primate models by passive transfer of bNAbs, it develop over time in some HIV-1 

infected individuals at chronic HIV-1 infection. The bNAbs define critical epitopes 

for HIV vaccine design (Walker, et al., 2009) Therefore, elucidating the structure of 

bNAbs-gp120 complex, they have become important and explain that in recent 

years there have been studies of cryo-electron tomography and X-ray 

crystallography order to identify key areas to prevent the union HIV-1 into the cells 

of the host, using in crystals bNAbs-gp120. In this regard the quaternary 

conformation of envelope proteins (gp120-gp41) plays a crucial role in the 

antigenic exposed regions to bNAbs. Furthermore, the structure of SOSIP.664 is a 

soluble mimic native HIV-1 envelope glycoprotein derivate of HIV-1 subtype A. 

Displaying a well-ordered quaternary structure allowing an excellent antigenic 

profile, discriminating recognition by broadly neutralizing antibodies from non-

broadly neutralizing antibodies (Guenaga, et al., 2015). Currently, the isolation of 

bNAbs in the form of monoclonal antibodies has revealed common structural 

trends useful for guiding the rational design of immunogens eliciting protective 

antibodies (Kwong & Mascola, 2009).  

In this work, were used crystals of bNAbs-gp120 higher resolution, obtained by 

cryo-electron tomography and X-ray crystallography, found in the database Protein 

Data Bank (PDB). Additionally, neutralizing antibodies of bNAbs-gp120 complexes 

used in this study correspond to the bNAbs with higher affinity for gp120 monomer 

of heterotrimer BG505.SOSIP.664 in binding assays and neutralization of 

pseudovirus reported by Rogier, et al., 2013. The bNAbs are: PGV04, PGT122, 

PGT128 and VRC03. In the in silico crystals bNAbs-gp120 dissociation, were 
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identified primary and secondary sequence regions of interaction of the gp120 on 

the bNAbs, to the region of gp120 which interacts with the bNAbs is called epitope. 

Subsequently sequences epitopes were modeled generating 3D models, these 

models can carry out experiments of molecular coupling (docking) with MHC-I and 

the adjuvant (PAMAM G4 dendrimer). 

To determine if the epitope identified in the bNAbs-gp120 interface, it is conserved 

in the gp120 of multiple strains of HIV-1 (46 strains), the sequence of the different 

epitopes was compared by sequence alignment with consensus sequence (gp120, 

46 strains). Only one of these epitopes was not found conserved (pepVRC03). 

Moreover, considering that not all epitopes derived from gp120 crystals which form 

part of a heterotrimer (e.g., a monomer or a fragment of gp120) and consequently 

the conformation of the gp120 (monomeric gp120 fragment), can hide epitopes in 

gp120 BG505.SOSIP.664 heterotrimer. 

The primary sequence of all epitopes was compared with the primary sequence of 

the monomeric gp120 BG505.SOSIP.664 heterotrimer, which expresses only 

neutralizing antibody epitopes and broadly neutralizing. For this experiment all 

epitopes (pepPGV04, pepPGT122, pepPGT128, and pepVRC03) are preserved. 

Moreover, the monomeric gp120 BG505.SOSIP.664 heterotrimer was submitted to 

epitopes predictors ABCpred and NETMHCII. Only with the predictor ABCpred it 

was found an epitope of monomeric gp120 BG505.SOSIP.664 heterotrimer 

exposed in no- interfaces heterotrimer regions (gp120-gp120 or gp120-gp41). It 

last according with the broad neutralization is attained by antibodies that bind to a 

handful of invariable but accessible regions of gp120 and gp41 (Serrano, et al., 

2009). The primary sequence pepABC epitope was also subjected to an alignment 

with the gp120 of 46 strains. The pepABC epitope is preserved in the consensus 

sequence (gp120, 46 strains). Subsequently, a 3D model of this peptide epitope 

was obtained.  

 



 

81 
 

Molecular modeling of peptide epitopes, physicochemical properties 

and molecular docking with the dendrimer PAMAM G4 and MHC-1 

 

Macromolecular structures are not rigid entities. Rather, they are characterized by 

their flexibility, which is the result of the interaction and collective motion of their 

constituent atoms. This conformational diversity has a significant impact on their 

physicochemical and biological properties. Among these are macromolecular 

docking, binding energy, and rational epitope design (Paquet, & Viktor., 2015). 

Molecular dynamics studies the temporal evolution of the coordinates and the 

momenta (the state) of a given macromolecular structure. Such an evolution is 

called a trajectory. A typical trajectory is obtained by solving Newton's equations. 

The trajectory is important in assessing numerous time-dependent observables 

(Lindorff-Larsen, et al., 2012). Such as parátope-epitope interaction and small 

molecule (peptides) binding to MHC or nanocarriers like dendrimers. 

All 3D models of the peptides were subjected to molecular dynamics in order to 

allow adopting a conformation similar to that found in nature. The epitope peptide 

3D model is contacted with water molecules virtual and virtual ions. The movement 

of the molecules (peptides, water, ions), is a function of potential energy equations, 

where considered physical forces such as twisting and elongation of the covalent 

bonds of the molecules, using the model of the harmonic oscillator, the forces 

attraction and repulsion using Coulomb's law, and no electrostatic attractive forces 

such as hydrogen bonds and Van deer Waals forces. 

By other part, to increase the entry of peptide epitopes, protect against 

extracellular proteases, transport them to immunocompetent tissues and induce an 

immune response. Nanoparticles can be used to protect peptide epitopes 

(antigens) of proteases, carrying the peptide epitopes and act as adjuvants. These 

nanoparticles are dendrimers; which they have globular shape and ramifications 

that allow multiple internal cavities form which can bind different ligands. The 

surface of the dendrimers consists of positively charged groups, water-soluble by 

the dendrimer, while internal functional groups (amides and aliphatic chains), allow 
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the dendrimer to be amphipathic, hydrophobic ligands can result in the dendrimer 

encapsulated and amides can form hydrogen bonds with acceptor or donor groups 

are protons on the ligand. 

Ligands are encapsulated within the dendrimer (this complex is called dendriplex), 

it is stable for polar interactions and hydrophobic contacts, the attachment may be 

reversible allowing sustained release of the drug. Low pH conditions, allow the 

tertiary amines that are part of the internal branches are protonated, accordingly 

multiple internal repulsion forces allow the dendrimer acquire an open 

conformation ligands allowing release. To determine whether peptide-dendrimer 

can be formed, was carried out an in silico experiment where the 3D model of the 

peptide epitope is coupled to a 3D model of the dendrimer, the binding energy or 

Gibbs free energy indicates the affinity between two molecules and if the reaction 

may be spontaneously. Thus, more negative values indicate higher affinity. The 

dendriplex lower affinity (peptPGT122-dendrimer) was discarded for further studies 

as well as the little preserved dendriplex epitope (peptVRC03-dendrimer). To 

determine the stability of the complex of higher energy, the dendriplex peptPGV04-

dendrimer, was Submitted to 100 ns molecular dynamics. The average value of 

Gibbs energy was calculated (using the Poisson-Boltzmann equations) along the 

long molecular dynamics as the sum of the average strength of noncovalent 

interaction. The value obtained was negative and none of the conformers of 

dendriplex the peptide was released, this indicates that the complex is stable under 

the simulation time. In this sense if dendriplex dissociates into this simulation time 

probably not a stable complex is formed under experimental conditions. 

The interactions that allow stabilize the dendriplex higher affinity (peptPGV04-

dendrimer). They are mainly hydrogen bonds with the carbonyl groups of the 

dendrimer or secondary amines with carbonyl groups and secondary amines to 

form the peptide bond of the peptide epitopes. Throughout the simulation time the 

diameter of the dendrimer remains variable encapsulate allowing the peptide and 

performing compression-decompression cycles where the peptide can form super-
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curls are stabilized by the formation of hydrogen bridges internal or conformations 

where the peptide forms a hairpin that is intertwined with an internal branch. 

Moreover, the MHC-I is a protein that is actively involved in the presentation of 

antigenic peptides 8-10 amino acids in the context of viral diseases the MHC-I 

plays a major role compared to MHC-II. Amino acids that form the slit where the 

antigen peptide is bound forming folded sheets, interactions between the folded 

sheets of MHC-I are primarily hydrophobic. However peptide antigens consisting of 

hydrophobic amino acids are often insoluble in water, accordingly a dual character; 

where there are hydrophobic and hydrophilic amino acids allows interaction with 

the folded sheets MHC-I while the antigen peptide is water soluble. In this sense 

the hydrophobicity profile of the subject peptides epitopes shown generally 50% of 

other hydrophobic amino acids are hydrophilic, an isoelectric point pH = 7.0 and 

show that the net charge of the peptide epitopes in question are water soluble and 

having at least a negative or neutral charge. This is required to be carried out 

peptide binding to dendrimer, considering that reported in the literature for small 

molecules with negative charge where the first contact with the dendrimer prior to 

encapsulation is with negatively charged peptide functional groups and the 

positively charged surface groups of the dendrimer. Additionally, in order to form 

the dendriplexes experimental conditions necessary that the peptide is marked with 

a fluorescent probe, it might also influence their solubility in this sense 1 mg of 

fluorescein-labeled peptide or rhodamine was dissolved in 1 mL of water, using a 

sonicator and incubation at room temperature. All peptides proved to be soluble in 

water, without however the PGV04 shows a medium solubility, this may influence 

the time of performing the developing of the agarose gel used to determine if the 

dendriplex is formed, since the fluorescent label of PGV04 may have a lower 

resolution. 
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Toxicity of PAMAM G4, peptide epitopes and carbosilane dendrimer 

NN+16. 

Peptide epitopes may also be toxic if they have similarity in their primary structure 

with protein toxins domains. Toxicity prediction in silico and experimental (MTT) to 

1 μM peptide was performed. According to these experiments the peptides are not 

toxic (cell viability of TZM-bl above 90%). Moreover dendrimers may be toxic 

depending on the concentration used in in vitro studies; toxicity is higher in older 

generation. The fourth-generation dendrimer (PAMAM G4) employee shows low 

toxicity as compared with the same type dendrimers and later generations (G5-10). 

However to carry out the training of dendriplexes under experimental conditions 

and cells for future applications (therapeutic vaccines based on dendritic cells). 

The concentration was determined from which the cell viability is below 80%. In 

this regard 32 uM (ratio 1/64; peptide / dendrimer uM), exhibit less than 80% 

viability in TZM-bl. Other cationic dendrimers NN+16 as the second generation 

carbosilane show a higher toxicity (5 uM indicates a low cell viability to 80% in 

PBMC and TZM-bl) and a smaller number of active sites for ligands encapsulate. 

However the carbosilane dendrimer can be used for the transport of siRNA HIV 

accessory proteins (eg: Tat protein) in CD8) and application in the lining of the 

lower female genital tract in humanized mice, where the carbosilane dendrimers 

NN + 16 are used as microbicides. However at concentrations of 16 mM and under 

the dendrimer PAMAM G4 cell viability of TZM-bl it is equal to or greater than 80%, 

giving rise to continue the study. 

Dendriplexes experimental formation and characterization by 

electrophoresis 

 

Only peptide epitopes that met all the criteria for the in silico, aqueous solubility 

and resolution in the gel experiments were considered for this last stage 

(peptPGV04, peptPGT128 and peptABC). Originally agarose electrophoresis 

experiments, is to nucleic acids. However the use of peptides labeled with 
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fluorescent probes and using intercalating fluorescent labels can obtain good 

resolution. However it considering the molecular weight of the peptides in question 

(<5 kDa), requires a gel with a high concentration agarose gels compared to 

commonly used for experiments with nucleic acids. This allows reducing the pore 

size allowing electrophoretic run where the peptide is properly retained in the gel. 

Moreover the use of polyacrylamide gels commonly used for experiments with 

proteins has the disadvantage of being cumbersome to prepare compared with 

agarose gel. A major disadvantage of agarose gels is the low resolution of the 

peptides by staining techniques where the polyacrylamide gel revealed where 

white markings (peptide) are observed on a black background Coomassie blue is 

used, moreover, it requires further the transfer of the peptides to a nitrocellulose 

membrane and must be disposed of α-peptide antibodies purified latter involves 

much time and a high cost when animals required and separation columns. 

Furthermore the experience in using polyacrylamide gels to observe 16% of 

peptides (<10 kDa), proved to have drawbacks when performing the 

electrophoretic run, such as the dehydration of the gel and time to complete.  

The PAMAM G4 has more positive charges than carbosilane dendrimers. PAMAM 

dendrimers G4 move from the well towards the cathode (negative pole). Also it is 

seen as a dark bar. However the dendriplexes are observed as a white bar and 

also move from the well toward the cathode, indicating that dendrimer positive 

charges are not neutralized with the negative partial loads of the peptide and the 

peptide it can be observed in this encapsulated lanes dendriplex dendrimer ratio 

control and 1/64, where both bars have the same height. It confirms the results of 

docking and molecular dynamics. Depending on the concentration of dendrimer it 

may be encapsulated as many peptides, maintaining a direct proportional 

relationship. The ratio 1/32 (16 uM G4 PAMAM dendrimer) allows 70% 

encapsulation of the peptide (0.7 uM peptide), these dendriplexes being capable of 

releasing the peptide by a competition assay with a polyanion (heparin) that mimics 

conditions where the peptide will be liberated. However, depending on the 

mechanism to enter the cell to use the dendriplexes; endocytosis or transcytosis 

peptide could be released in the endosome or cytoplasm, this implies also MHC-II 
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pathway. Moreover, the dendrimer is resistant to serine proteases preventing the 

encapsulated peptide is hydrolyzed. This is important when considering proteases 

present in the nasal epithelium. Moreover, although the ratio 1/64 that in all 

encapsulated and protects the peptide of the protease (peptPGT128 and 

peptABC), the peptide cannot be released, this is negative whereas the dendrimer 

should only be a transporter peptide that protects the external factors inherent 

ADME (absorption, distribution, metabolism and elimination). The release of the 

peptide is also necessary for the peptide binds to MHC-I / II and the process of 

antigen presentation take. The ratio 1/64 proved to be toxic to TZM-bl cells.  

Therefore the best ratios for peptides of higher resolution in the gel (peptPGT128 

and peptABC) are 1/32, being very toxic, allowing encapsulate 70% of the peptide, 

protect proteases and to release the peptide. Finally, the complexes 0.5 mM of all 

peptides (PGV04, PGT128 and ABC), demonstrate be stable for 24 h. This after 

having loaded agarose gels vials ratios (0.5/n; peptide / dendrimer, μM), incubated 

for 24 h, the stability of these complexes is long up to 72 h for dendriplexes: 

PGV04-DND, PGT122-ABC-DND and DND. 

Conclusions 
 

The PAMAM G4 dendrimer allows encapsulated peptide epitopes (70%), release 

them and protecting them from proteases (ratio 1/32), this formulation also has a 

low toxicity (viability of TZM-bl cells 80%). Using the ratio of dendriplexes 1/32, it 

can made experiments in female mice by intranasal administration (experiments in 

progress) and uptake in monocyte-derived dendritic cells (prospective). 

The results of molecular dynamics and agarose gel indicate that the peptide is 

encapsulated in a dendrimer. Hydrogen bonds being the main forces of interaction 

that allow stabilize the dendriplex. In addition High concentrations of dendrimer 

(1/64 ratio), allow to form more stable complexes. However also it involves 

increased toxicity and a low release ability of the peptide epitope.  
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