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Introduccion

La hepatitis viral se conoce desde hace miles de afos. Las antiguas
civilizaciones de China y Babilonia describen la enfermedad como epidemias con
ictericia. La existencia de una forma de transmision parenteral ya aparece
documentada en 1885, en pacientes con sifilis tratados con agujas sin
esterilizar. En 1930 se establece la existencia clinica de hepatitis por transfusion
de sangre y plasma, confirmandose luego en 1942 al estudiar posteriormente
los sueros, en los cuales se encontrd el virus B. Con estos estudios se define el
concepto de la existencia de dos formas de hepatitis: La llamada infecciosa de
corto periodo de incubacion, trasmitida por via fecal-oral y la hepatitis
postransfusional, de largo periodo de incubacién [1].

En 1947 MacCallum las denomina hepatitis A y hepatitis B, respectivamente,
identificdndose posteriormente los respectivos virus en las heces y en el suero
de los infectados, donde también se hallaron los anticuerpos especificos.

En 1980 se descubre el virus delta en los portadores del virus B. Al persistir la
hepatitis postransfusional a pesar de aislar a los donantes, B negativos, se
establece la existencia de otros virus a los que se les llamo virus de la hepatitis
noA noB. Durante mas de 15 anos se tratd de identificar a este virus, hasta que
se descubre el virus de la hepatitis C, que ocasiona el 90% de las hepatitis
postransfusionales. La existencia de otro virus de transmisidn fecal-oral, noA, se
perfila a partir de 1956 cuando se describen epidemias de hepatitis en varias
regiones del mundo, con cuadro clinico y epidemioldgico semejante al de la
hepatitis A sin serlo por no presentar los anticuerpos anti A. En 1980 se
descubre al virus E en las heces, y en 1995 se identifica el virus G. En paises
desarrollados, aproximadamente del 4 al 5% de las hepatitis adquiridas no
tienen etiologia viral especifica y se presupone la existencia de otros agentes
productores. En la literatura médica se utilizan diversos nombres para sefialar a
estos virus, siendo uno de ellos hepatitis F. En resumen, hasta la fecha se
conocen hasta 6 tipos de virus causantes de hepatitis viral: los virus A, B, C, D,

E y G, cada uno con caracteristicas diferentes [2].
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Introduccion

1.1. Virus de la hepatitis G

La historia de la hepatitis G comienza en la década de los 60 cuando un
cirujano de Chicago con iniciales GB contrajo una hepatitis aguda de origen
desconocido [3], pero no fue hasta tres décadas mas tarde que el virus de la
hepatitis G fue descubierto simultdneamente por dos laboratorios distintos que
lo denominaron GB virus C (GBV-C) [4] y hepatitis G virus (HGV) [5],
respectivamente. Ambos laboratorios lo descubrieron procedente del plasma de
un paciente con hepatitis. El grupo que lo denominé GBV-C lo aislé después de
inocular el plasma de dicho paciente a tamarinos. En estos primates también se
descubrieron otros virus, denominados GBV-A y GBV-B, que infectan
Unicamente a esta especie. El virus GBV-C/HGV ha sido identificado tanto en
chimpancés como en humanos, aunque en cada especie las cepas son distintas
[6].

Estudios realizados en diferentes laboratorios de investigacion compararon los
virus GBV-C y HGV y observaron que poseen mas de un 95% de homologia en
la secuencia de aminoacidos, y aproximadamente un 85% de homologia en la
secuencia de nucledtidos, lo que permitié llegar a la conclusidon de que se trata
del mismo virus [7].

La organizacion del genoma del virus GBV-C/HGV es similar a la de GBV-A,
GBV-B y al virus de la hepatitis C, con el cual presenta una homologia del 25%
en la cadena nucleotidica.

La infeccién con GBV-C/HGV en humanos es frecuente y puede identificarse
mediante la detecciéon de ARN en el suero [8]. El virus puede permanecer
durante muchos afios sin ninguna evidencia de sintomas clinicos o enfermedad,
tanto en pacientes inmunodeprimidos como en la poblaciéon sana [9].

La via principal de transmisidén de este virus es a través de la sangre o de sus
derivados. La elevada exposicion a productos relacionados con la sangre, ya
sea en pacientes hemodializados [10], con trasplante de o6rganos [11] o en
personas drogadictas [12] plantea un gran riesgo de adquirir el virus de la
hepatitis G, siendo del 14-38% la presencia de GBV-C/ HGV o de un 50-70% la
presencia de anticuerpos anti-E2 [13, 14]. Otras posibles vias de infeccion

pueden ser mediante contacto sexual [15] o verticalmente de madre a hijo
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[16]. La prevalencia del virus en personas que no han estado en contacto con

patdgenos que puedan transmitirse a través de la sangre es del 1-4% [17, 18].

El GBV-C/HGV (figura 1) es un virus perteneciente a la familia Faviviridae de
tipo ARN de cadena sencilla y polaridad positiva. Su genoma consta
aproximadamente de 9400 nucledtidos que codifican para una Unica
poliproteina de alrededor de 2900 aminoacidos. En el extremo amino de esta
poliproteina se encuentran las proteinas de envoltura E1 y E2, mientras que las
no estructurales NS2, NS3, NS4 y NS5 se encuentran en el extremo carboxilo de

la poliproteina.

—— Proteina de envoltura E1

- Proteina de la
capside C

Acido ribonucleico
" (ARN)

- Membrana lipidica

- Glicoproteina de envoltura E2

Figura 1. Modelo de la estructura del virus GBV-C/HGV. Fuente: www.prn.org

Las personas con una infeccion activa de GBV-C/HGV normalmente no
presentan anticuerpos contra la proteina estructural E2 [19]. La presencia de
estos anticuerpos es indicativa de la eliminacion del virus en sangre, por lo
tanto, se puede determinar mediante la técnica del ELISA (ensayo
inmunoenzimatico) una infeccion pasada [20]. En donantes de sangre se ha
encontrado que entre un 10 y un 20 % de la poblacion tiene anticuerpos anti-
E2 [21]. Finalmente, tras un periodo de tiempo de unos 10 afios se van
eliminando los anticuerpos anti-E2 en sangre.

El virus en humanos parece ser asintomatico, aunque algunos autores lo han
relacionado con la hepatitis crénica e incluso con hepatitis fulminante [22, 23].

Se ha estudiado el posible efecto de una co-infeccion con el virus de la hepatitis
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C, pero la presencia de GBV-C/HGV no produce ningun cambio respecto a

pacientes Unicamente infectados con hepatitis C [24].

1.2. Virus de la inmunodeficiencia humana y sindrome de Ila

inmunodeficiencia adquirida

El SIDA, palabra procedente del acrénimo con que se hace referencia al
sindrome de inmunodeficiencia adquirida, representa la expresion patoldgica
final de la infeccién por VIH o virus de la inmunodeficiencia humana, cuya
capacidad para atacar los linfocitos CD4 supone la destruccion del sistema
inmunitario del paciente afectado, dejandolo expuesto a la agresion de
numerosas infecciones oportunistas que conllevan la muerte del enfermo.

El SIDA constituye la primera pandemia de la segunda mitad del siglo XX, pero
sus origenes hay que buscarlos en Africa central, donde probablemente se
produjo la primera infeccion de un ser humano. Un estudio retrospectivo,
realizado con sueros almacenados en distintas partes del mundo, nos muestra
que el primer caso de infeccion por VIH fue en Zaire en 1959. [25] Los
primeros casos constatados en Estados Unidos corresponden ya al afio 1968.
Segun parece, tras mantenerse localizado durante un tiempo en una pequeia
zona de Africa central, el virus comenzd a propagarse por el resto del
continente a principios de la década de los sesenta, pasé al Caribe, donde es
endémico, y desde alli pudo llegar a Europa y América.

En 1981 se describieron los primeros casos de SIDA, y en 1983 se identifico al
virus de la inmunodeficiencia humana como el agente etioldgico de dicha
enfermedad. En 1984, el virus adquirid su denominacion definitiva: Auman
immunodéeficiency virus (HIV), que en castellano se expresa como virus de la
inmunodeficiencia humana (VIH) [26]; hoy conocido como VIH-1. En 1986, se
identificd un segundo agente viral, parecido al VIH-1 en casi el 50% de su
genoma, que fue denominado VIH-2. [27, 28]

La inmensa mayoria de los casos de SIDA se deben a virus clasificados dentro

del tipo VIH-1, mientras que la casi totalidad de los casos de SIDA atribuibles al
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VIH-2 se han presentado en paises de la regidon occidental africana como
Senegal, Ghana, Nigeria, Guinea-Bissau, Zimbabue, Mali y Costa de Marfil.

Desde el inicio de la epidemia se estima que en todo el mundo se han
producido mas de 16 millones de muertes por sida. En la actualidad se calcula
que viven unos 33 millones de personas infectadas por el VIH, mas del 90% de
ellas en paises del Tercer Mundo. Espafa, con mas de 79.363 casos de SIDA

declarados, es uno de los paises europeos con mayor tasa de incidencia [29].

1.2.1. Composicion y estructura de los viriones maduros del VIH

El VIH pertenece a la familia Retroviridae, la cual se caracteriza por usar un
enzima, denominado transcriptasa inversa, para copiar su ARN en una doble
cadena de ADN y poder replicarse. [30, 31] Dentro de la familia Retroviridae, el
VIH esta clasificado como un lentivirus. Los lentivirus son retrovirus exégenos
no oncogénicos, generalmente causantes de infecciones crénicas del sistema
inmune y del sistema nervioso central. Todos los lentivirus exhiben una
morfologia y morfogénesis comun: los viriones presentan una forma esférica de
aproximadamente 110 nm de diametro y constan de una bicapa lipidica externa

que recubre un core nucleoproteico que contiene material genético viral.

Bicapa lipidica
€y
" gplz20
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Proteasa

Figura 2. Esquema corte transversal del virus de la inmunodeficiencia humana.
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El VIH (figura 2) es un retrovirus que, gracias a la interaccion de las
glicoproteinas gp120 y gp41 de su membrana con los receptores celulares CD4,
penetra en las células del organismo, sobre todo en los linfocitos T CD4. En el
interior de las células, la transcriptasa inversa del VIH transcribe el ARN viral a
ADN, que se integra en el ADN celular. En dichas células se forman nuevos
viriones, para cuya maduracion son fundamentales enzimas como las proteasas.
Finalmente, las células infectadas se destruyen como consecuencia de la accidn
patdgena del VIH. Dado que los linfocitos T CD4 juegan un papel fundamental
en el sistema inmunitario, su pérdida determina la aparicion de las infecciones

oportunistas y las neoplasias que caracterizan al SIDA [32].

1.2.2. Transmision del VIH, progresion y tratamiento de Ia

enfermedad

Las principales vias de transmision del VIH son la sexual, la parenteral y la
vertical.

« En la transmision sexual, la sangre, el semen o el fluido vaginal de una
persona VIH positiva entra en el torrente sanguineo de una persona VIH
negativa durante la relacidn sexual sin proteccion.

« En la transmisidén sanguinea, el virus de una persona VIH positiva entra
en el torrente sanguineo a través de desgarros de la piel o mucosas,
durante un accidente laboral, una transfusién o derivados, trasplantes de
organos (riesgo muy disminuido actualmente) o al compartir objetos
punzantes.

« En la transmision vertical el virus de una madre VIH positiva se transmite
al bebé durante el embarazo, el parto o la lactancia. La tasa de
transmision materno-infantil ha llegado a suponer entre el 14 y el 35%
de las nuevas infecciones. No obstante, a partir del afho 1994 se han
utilizado farmacos antirretrovirales como la Zidovudina® (AZT) como
profilaxis de transmisidon vertical, siendo la tasa actual de transmision

vertical en los paises desarrollados inferior al 1%.
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En la mayoria de los paises desarrollados la principal via de transmision del VIH
es la homosexual. Sin embargo, en Espaiia el mecanismo mas importante es la
adiccion a las drogas parenterales. En los paises del Tercer Mundo predomina la
transmision heterosexual. El diagndstico de la infeccién por el VIH se realiza
habitualmente mediante la deteccién de anticuerpos contra el virus: en primer
lugar se emplea un test ELISA, y si es positivo se efectlia un test confirmatorio,
generalmente el Western Blot. La infeccion por el VIH empieza a manifestarse
con un sindrome mononucledsico, que coincide con la aparicion de anticuerpos
contra el virus, pocas semanas después del contagio, aunque en muchos
pacientes este cuadro pasa totalmente inadvertido. Seguidamente, los sujetos
infectados quedan completamente asintomaticos durante unos 10 afios (aunque
puede haber grandes variaciones), hasta que la progresiva deplecién de
linfocitos T CD4 y el deterioro inmunolégico que se produce facilitan el
desarrollo de las infecciones oportunistas, las neoplasias y otras enfermedades
caracteristicas del SIDA, que finalmente pueden conducir a la muerte.

La profilaxis de determinadas infecciones oportunistas y el adecuado
diagndstico y tratamiento de las enfermedades asociadas, permiten mejorar la
calidad de vida y la supervivencia de los sujetos con infeccidon por el VIH. Pero
han sido los medicamentos antirretrovirales, activos contra el propio VIH, los
que han hecho que mejore sustancialmente el prondstico de la infeccion por el
VIH en los Ultimos afios.

Los farmacos antirretrovirales disponibles en la actualidad actian en varias

etapas del ciclo vital del VIH y pertenecen a cinco grupos principales:

Inhibidores Nucledsidos/Nucleétidos de Transcriptasa Inversa

El primer grupo de medicamentos antirretrovirales son los Inhibidores
Nucledsidos/Nucledtidos de la Transcriptasa Inversa (INTI o INTR).
Constituyeron el primer tipo de medicamento disponible para tratar la infeccion
del VIH en 1987. Los INTI (también conocidos como nucledsidos analogos)
interfieren con la accién de una proteina del VIH denominada transcriptasa
inversa necesaria para que el virus haga nuevas copias de si mismo. La mayoria

de los regimenes contienen al menos dos de estos medicamentos.
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Inhibidores No Nucleodsidos de la Transcriptasa Inversa

El segundo grupo de medicamentos antirretrovirales son los Inhibidores No
Nucledsidos de la Transcriptasa Inversa (INNTI o INNTR), que comenzaron a
aprobarse en 1997. Al igual que los INTI, los INNTI (también conocidos como
no nucledsidos) detienen la duplicacién del VIH dentro de las células inhibiendo

la transcriptasa inversa.

Inhibidores de la proteasa
El tercer tipo de antirretrovirales es el grupo de los inhibidores de la proteasa
que es otra proteina involucrada en el proceso de duplicacién del VIH. El primer

inhibidor de la proteasa fue aprobado en 1995.

Inhibidores de la Fusion e Inhibidores de la Entrada

El cuarto grupo de antirretrovirales estda compuesto por los inhibidores de la
entrada, que incluyen a los inhibidores de la fusion. Los inhibidores de la
entrada previenen el ingreso del VIH a las células inmunoldgicas humanas.

Un inhibidor de la fusién, cominmente denominado T-20, fue autorizado tanto
en los Estados Unidos como en Europa desde 2003, pero solo para ser utilizado
por personas que ya han probado otros tratamientos. El T-20 difiere de los
otros antirretrovirales en que necesita ser inyectado (de lo contrario es digerido
en el estdmago).

En agosto de 2007, un nuevo tipo de inhibidor de la entrada conocido como
Maraviroc® fue autorizado en los Estados Unidos. Este nuevo medicamento se
conoce como un inhibidor de CCR5 ya que bloquea al correceptor CCR5 en las
células inmunoldgicas humanas, previniendo que el VIH se adhiera a la

superficie de las células.

Inhibidores de la integrasa

El grupo final de antirretrovirales consiste en solamente una droga, el
Raltegravir®, que fue aprobado en los Estados Unidos en octubre de 2007.
Raltegravir® inhibe una enzima denominada integrasa, que el VIH necesita para

insertar su material genético en las células humanas.
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Para que sean realmente eficaces, estos medicamentos deben emplearse en
combinaciones, que se conocen con el nhombre de tratamiento antirretroviral de
gran actividad (TARGA). Hasta el dia de hoy, los mejores resultados se
publicaron en febrero de 2011 por un grupo de investigadores del Hospital
Clinic de Barcelona que han desarrollado una vacuna basada en técnicas de

terapia celular con células dendriticas de los propios pacientes [33].

1.2.3. Péptidos inhibidores del VIH-1

En los ultimos afos ha aumentado el uso de péptidos sintéticos como agentes
terapéuticos del VIH. La principal ventaja de los péptidos sintéticos como
agentes terapéuticos es su baja toxicidad y la versatilidad que presentan las
secuencias peptidicas a ser modificadas, pudiendo mejorar asi su distribucion
en el organismo y, por tanto, su eficacia.

En la actualidad, el Unico péptido inhibidor aprobado es el T20 o Enfurtivide®,
pero existe un gran numero de péptidos que se encuentran en fase preclinica,
fase I y fase II de desarrollo. El T20 es un péptido sintético de 36 aminoacidos,
derivado de un epitopo conservado de la regién HR2 de la glicoproteina gp41
(regién 127-162 del HR2 del gp41), que inhibe potentemente la entrada del VIH
a la célula mediante su unidn competitiva a la regiéon HR1 de la gp41 [34-36]
evitando que ésta se una a la region HR2 viral y, por tanto, no se forme la
estructura en horquilla trimérica necesaria para la fusion. A pesar de derivar de
una regidn conservada del virus, ya han aparecido mutantes resistentes.

Desde la aparicion del T20, han surgido nuevos péptidos inhibidores de la
glicoproteina gp41, el T-1249 o Tifuvirtide® y el T-649 [37, 38], analogos del
T20, y el péptido C34, que incorpora mas aminoacidos de la regién N-terminal
que el T20.

Todos ellos presentan una actividad antiviral mas elevada que la del T20 pero
su administracion sigue siendo subcutanea y eso trae consigo diferentes
reacciones adversas no deseadas que impiden su uso clinico.

Otro péptido derivado del T20 es el C46 pero también han aparecido mutantes

resistentes a este inhibidor. [39]
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Recientemente se ha demostrado que un péptido aislado de hemofiltrados
humanos, denominado VIRIP [40], inhibe la fusién del VIH-1. El VIRIP es un
péptido de 20 aminoacidos que inhibe la replicacién del VIH a concentraciones
inferiores a las del T20, lo que lo convierte en un agente terapéutico muy
atractivo. El VIRIP se une al péptido de fusidn del VIH-1 inhibiendo la insercidn
de este en la membrana celular. Ademas, se ha confirmado que no es tdxico a
concentraciones elevadas y que modificaciones de un par de aminoacidos de la

secuencia aumenta su actividad antiviral dos érdenes de magnitud.

1.3. GBV-Cy VIH

Debido a sus vias de transmision, GBV-C/HGV esta presente en elevada
proporcion en personas infectadas con el VIH. Hasta un 39% de los individuos
positivos para el VIH pueden presentar infeccion activa por GBV-C/HGV y otro
47% presenta anticuerpos anti-E2 [41].

La viremia del GBV-C/HGV en estos individuos esta asociada a una disminucion
de la mortalidad, una progresion mas lenta hacia el desarrollo del SIDA y a una
mayor supervivencia de los enfermos una vez que el SIDA se ha desarrollado
[42-44]. Por otro lado, la pérdida del GBV-C/HGV, especialmente sin desarrollar
anticuerpos anti-E2, conduce a un acelerado avance de la infeccién por VIH
[45, 46].

El primer estudio publicado que evalla el efecto del GBV-C/HGV en el curso de
la infeccién por VIH fue realizado sobre una cohorte japonesa de 41 pacientes
de hemofilia VIH positivos. [47] En este estudio se detectd el GBV-C/HGV en 11
de los 41 pacientes estudiados, esto es un 26.8%. Los pacientes co-infectados
tenian niveles de ARN de VIH inferiores y mostraron una progresion mas lenta
de la enfermedad, asi como una mayor supervivencia.

Poco después Heringlake y col. publicaron un estudio donde los pacientes
seropositivos co-infectados con GBV-C/HGV presentaban niveles mas altos de
células T CD4 que los pacientes seropositivos monoinfectados. [48, 49] En otros
casos, se ha demostrado que los pacientes co-infectados con una replicacion

activa del GBV-C/HGV ademas tienen una mayor calidad de vida y presentan
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una mejor respuesta inicial a la terapia antirretroviral. [50] Ademas, la carga
viral en estos pacientes es mas baja. [43, 44, 51] Por otro lado, se ha
demostrado que la desaparicion del GBV-C/HGV en individuos infectados por
VIH estaba asociada a una progresidn mas rapida de la enfermedad. [52]

Esto sugiere que es importante conocer el estado de la infeccion por GBV-
C/HGV en estos pacientes y si se han desarrollado o no anticuerpos contra
GBV-C/HGV. Los estudios realizados hasta el momento apuntan a que existe un
mecanismo multiple por el que la infeccién del GBV-C/HGV mejora la progresion
del VIH. Basado en un modelo de co-infeccion, GBV-C/HGV puede inhibir el VIH
induciendo a las quimiocinas, por una regulacion decreciente de los co-
receptores del VIH, influyendo a las citoquinas o teniendo otros efectos
indefinidos sobre los linfocitos huésped [44, 53]. Jung et al. [54] demostraron
que células transfectadas con ARN de tipo infeccioso o con un mutante que
expresaba el tercer N-terminal de la poliproteina (incluyendo las regiones de
codificacién E1 y E2) daban lugar a la inhibicién de la replicacién del VIH, al
aumento de la liberacion de quimiocinas, y a la disminucidon de la expresion de
CCR5. Esto indica que las proteinas de envoltura pueden estar implicadas en la
inhibicién de la replicacion del VIH.

El mecanismo por el cual se produce esta inhibicion todavia no es del todo
conocido, lo que si parece estar claro es la reduccidon de la progresion de la

enfermedad.

1.4. Interaccion virus-célula

El primer paso para que se produzca una infeccidon de un virus a una célula,
consiste en la unién de las proteinas estructurales del virus con los receptores
de membrana especificos de la célula, que pueden ser proteinas, lipidos o
carbohidratos. Una vez producida esta union, la entrada del virus a la célula
puede realizarse mediante endocitosis o bien, por fusion de la envoltura viral
con la membrana celular [55]. En este segundo mecanismo, la fusion se
produce mediante unas glicoproteinas especificas del virus que, al unirse a la
membrana celular, cambian su conformacion y se convierten en fusogénicas. La

regién de la proteina que directamente interacciona con la membrana se ha
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denominado “péptido de fusion”, y es esta region la que desencadena el
proceso de entrada en la célula [56]. Los péptidos de fusidon de los diferentes
virus, tienen caracteristicas comunes [57]. Ademas de los denominados
péptidos de fusidn, existen otras regiones en las glicoproteinas que también

intervienen en el proceso de fusion [58-60].

1.4.1. Glicoproteinas de fusion

Se han definido dos tipos de glicoproteinas de fusion:

-Clase I. las glicoproteinas de envoltura del virus se sintetizan como
precursores inactivos, los cuales una vez escindidos por proteasas de la célula
huésped son activos. La nueva regién N-terminal que se forma contiene el
péptido de fusidon. Las proteinas de envoltura que contienen los péptidos de
fusion amino terminales, generalmente presentan estructuras de tipo a-hélice.
Se ha descrito que la forma activa de la proteina de fusidon es un trimero [61],
el cual se coloca perpendicularmente a la membrana celular. La proteina de
fusion mas estudiada dentro de este grupo es la hemaglutinina del virus de la
gripe [62]. También encontramos virus de los géneros retrovirus como es el
caso del VIH [63, 64], paramixovirus [65] y filovirus [66].

-Clase II: las proteinas de fusidon de clase II, normalmente, no presentan una
estructura de a-hélice, teniendo habitualmente una conformacion de tipo
lamina B [67]. Generalmente, estas proteinas presentan secuencias de fusion
internas (péptidos de fusidn internos, PFI) que se caracterizan por tener en el
centro de la secuencia un residuo de prolina cuya funcién es importante para
que se produzca la fusién [68]. Dentro de este grupo, encontramos varios
géneros como el rhabdovirus [69], el flavivirus [70] y el alfavirus [71]. El virus
de la hepatitis G pertenece al género flavivirus, pero tiene una estructura
similar al virus de la hepatitis C del género hepacivirus, ya que existe una gran

homologia entre sus proteinas estructurales (E1 y E2) [72].

Los mecanismos de fusién de los dos tipos de proteinas (I y II) son similares a

pesar de las diferencias conformacionales que existen entre ellas, ya que en
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ambas proteinas la forma activa es un trimero dispuesto perpendicularmente a
la membrana lipidica [57].

Los péptidos de fusion suelen estar formados por una secuencia de unos 20
residuos. Los aminoacidos de pequefio tamafio como la alanina y la glicina se
encuentran en elevada proporcion, lo que confiere a los péptidos de fusion una
elevada plasticidad, facilitando de este modo la interaccion con las membranas
bioldgicas [73]. Ademas, contienen una proporcion elevada de aminoacidos
hidrofébicos [74]. Los péptidos de fusion se unen a la membrana celular y
deshidratan la bicapa externa, consiguiendo reducir la barrera energética al
formar un intermediario lipidico mas curvado que, finalmente, deriva en la
fusion de las dos membranas. Debido a la gran importancia de los péptidos de
fusion en la penetracién celular, se han realizado muchos estudios con péptidos
sintéticos, que corresponden al segmento de fusidon del virus, con membranas

celulares [75] o bien, con modelos de membrana como son los liposomas [76].

1.5. Membranas biolodgicas

El modelo de mosaico fluido que describe las membranas lipidicas fue
introducido en 1972 por Singer y Nicholson. En este modelo se muestra la
bicapa lipidica como un ambiente dinamico y de aspecto liquido que permite el
paso de moléculas a través de su estructura.

La membrana estd compuesta basicamente de lipidos (fosfolipidos y colesterol)
y proteinas. Los lipidos y las proteinas pueden estar conjugados con otros
grupos como los carbohidratos. Los fosfolipidos son los lipidos mas abundantes
en las membranas celulares. Son componentes esenciales dada su capacidad
para formar bicapas espontaneamente cuando son dispersados en agua. Este
comportamiento se debe a su estructura anfifilica, ya que su molécula consiste
en una cabeza polar con un grupo fosfato y una regiéon no polar hidrocarbonada
(figura 3). Los fosfolipidos estan constituidos por un grupo glicerol que actia de
puente uniendo dos cadenas hidrocarbonadas hidrofdbicas a un grupo hidrdfilo
conectado por un enlace éster fosfato, que forma la “cabeza polar”. Segun la

clasificacion de lipidos adoptada por Small (1986), los fosfolipidos pertenecen al
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grupo de anfifilicos de clase II, es decir, son insolubles pero capaces de

organizarse en agua para formar fases de cristal liquido.
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Figura 3. Estructura de algunos de fosfolipidos; A: Fosfatidilcolina, B:
fosfatidiletanolamina y C: Fosfatidilserina. D: Representacion esquematica de

un fosfolipido; 1: Cabeza hidrdfila, 2: Colas hidréfobas.

El fosfolipido mas utilizado en los estudios de interacciones de membranas es la
fosfatidilcolina (phosphatidylcholine, PC), que tiene caracter zwitteridnico y se
encuentra presente en las membranas bioldgicas en elevada proporcién. Otros
fosfolipidos ampliamente estudiados con carga negativa son el fosfatidilglicerol
(phosphatidylglicerol, PG) y la fosfatidilserina (phosphatidylserine, PS), que
también se encuentran presentes en la cara interna de las membranas
celulares, estando la PS presente en mayor porcentaje [77].

Existen diferentes fosfolipidos seglin la longitud de la cadena hidrocarbonada.
Los fosfolipidos utilizados en este trabajo son de origen sintético. Se ha
empleado dimiristoilfosfatidilcolina (DMPC C:14, C:14), zwitteridnico, vy
dimiristoilfosfatidilglicerol (DMPG C:14, C:14), 1-palmitoil-2-
oleoilfosfatidilglicerol (POPG C:16, C:18) y dipalmitoilfosfatidilglicerol (DPPG
C:16, C:16), cargados negativamente.

Para determinados estudios se han utilizado fosfolipidos modificados: con

bromo, 1,2-di-(9,10-dibromo)-estearoil-sn-glicero-3-fosfocolina y con sondas
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fluorescentes como NBD-PE (nitrobenzoxadiazolfosfatidiletanolamina) y Rho-PE

(rodamina-fosfatidiletanolamina).

1.5.1. Comportamiento de fase lipidico

Los cambios en las condiciones del medio, especialmente los relacionados con
la composicion de la mezcla (liotropismo) y la temperatura (termotropismo),
dan lugar a una gran variedad de fases en dispersiones de fosfolipidos. Estos
cambios afectan tanto a las interacciones entre particulas como a las fuerzas
intermoleculares de los agregados, lo que produce cambios de forma y tamano.
La estructura mas favorable es la bicapa lipidica, aunque también se forman
micelas y fases hexagonales invertidas.

En las membranas bioldgicas se pueden encontrar diversas fases, pero la fase
de cristal liquido fluido (La) es bioldgicamente la mas relevante [78]. A bajas
temperaturas, las bicapas lipidicas se presentan en fase gel (Lg). La transicion
de esta fase (moléculas estrechamente ordenadas) a la fase fluida (La) (mayor
libertad de movimiento de las moléculas) tiene lugar a la temperatura de
transicion (Trm) [79]. Dicha temperatura depende de las caracteristicas de los
constituyentes de la membrana (grado de insaturacion, longitud de las cadenas
hidrocarbonadas, grupo polar, etc.). Cuando la temperatura excede la Ty, se
produce un cierto desorden de las cadenas hidrocarbonadas en el interior de la
bicapa y una mayor libertad de movimiento de las moléculas, afectando tanto a
la fluidez y la microviscosidad de las bicapas fosfolipidicas, como a la
miscibilidad de las diferentes especies lipidicas.

Un adecuado conocimiento de las transiciones de fase y de la fluidez de las
membranas de fosfolipidos es importante para la elaboracién de agregados
fosfolipidicos, ya que determinan las propiedades como la permeabilidad de la
membrana, la capacidad de agregacion y fusion de las particulas, o la
capacidad para incorporar otro tipo de moléculas (tensioactivos, farmacos,
péptidos, proteinas, anticuerpos...). Dichas propiedades afectaran en gran
medida la estabilidad de los agregados y su comportamiento en los sistemas

bioldgicos.
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1.6. Modelos de membrana

1.6.1. Agregados fosfolipidicos

El estado de agregacion de los fosfolipidos en dispersién acuosa depende
basicamente de la longitud de la cadena de los acidos grasos que junto con el
volumen de la cabeza polar determinan la geometria de las moléculas. Los
fosfolipidos con cadenas hidrocarbonadas de 4 atomos de carbono o menos,
presentan un estado agregacién monomeérico; los fosfolipidos con cadenas de 6
a 8 atomos de carbono, y por encima de una concentracion determinada,
tienden a agregarse de forma micelar; y los fosfolipidos de cadenas mas largas
presentan un estado de agregacidon laminar. El estado laminar resulta de la
estructuracion de los fosfolipidos formando bicapas, de modo que los restos
hidroéfobos se orientan poniéndose en contacto entre si y protegidos de las
moléculas de agua, mientras que las partes hidrofilas estan en contacto con el
agua [80].

Figura 4. Diferentes estados de agregacion de los fosfolipidos en dispersion

acuosa.

La formacidon de esta estructura de bicapa (modelo simple de membrana) que
excluye el agua del nucleo hidrofébico se produce para alcanzar un nivel de
energia libre mas bajo y por consiguiente una mayor estabilidad para el

agregado. La maxima estabilidad se consigue cuando las bicapas se pliegan
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para formar vesiculas cerradas o liposomas. La figura 4 muestra distintos

estados de agregacién de los fosfolipidos.

1.6.1.1. Liposomas

Los liposomas son vesiculas compuestas principalmente por fosfolipidos
ordenados en bicapas. Estas vesiculas contienen una fase acuosa interna y
estan suspendidas en una fase acuosa externa. Se utilizan basicamente como
modelos de membrana y también para transportar principios activos.
Dependiendo del nimero de bicapas y del tamafio del liposoma se pueden

clasificar de la siguiente manera [77]:

-Liposomas multilamelares (multilamellar vesicles, MLVs): estan formados por
varias bicapas concéntricas (entre 7 y 10) y su tamafio es muy diverso (de 100
a 1000 nm). La obtencion es muy rapida y nos permite estudiar las
interacciones entre los fosfolipidos y los péptidos en estudio. En este trabajo se
han utilizado en los ensayos de dicroismo circular y de calorimetria diferencial
de barrido (DSC).

- Ljposomas unilamelares gigantes (giant unilamellar vesicles, GUVS): su
tamafo es mayor de 1 ym y son de gran utilidad porque pueden ser
observados mediante el microscopio ptico.

- Liposomas unilamelares grandes (large unilamellar vesicles, LUVs): su tamano
oscila entre 100 y 500 nm. Estos liposomas se caracterizan por tener una
tension superficial muy similar a la de las membranas celulares (30-32 mN/m).
Los liposomas unilamelares son los modelos de membrana mas estudiados para
intentar comprender las propiedades fisicas, quimicas y mecanisticas de las
membranas bioldgicas. En esta tesis se han empleado en los estudios de
fluorescencia, en ensayos de union de péptidos a los liposomas y en resonancia
de plasmén de superficie.

- Liposomas unilamelares peguernos (small unilamellar vesicles, SUVs): tal como
su nombre indica son liposomas de tamafio pequefno, entre 15-50 nm. Estos

liposomas tienen una mayor curvatura que los LUVs, lo que les confiere una
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menor estabilidad. En este trabajo han sido utilizados en técnicas

espectrofluorimétricas.

1.6.2. Capas lipidicas monomoleculares

Las capas lipidicas monomoleculares constituyen un modelo de membrana
sencillo, muy utilizado para el estudio del comportamiento de los lipidos entre si
o con otras moléculas bioldgicamente activas. En particular, los experimentos
de penetracion en monocapas permiten determinar las interacciones existentes
entre monocapas lipidicas y péptidos y/o proteinas, proporcionando informacion
que puede ser extrapolable a las interacciones que acontecerian entre estos
péptidos o proteinas con bicapas lipidicas, como los liposomas y las membranas
celulares.[81]

Las experiencias realizadas en la interfase aire-agua nos informan sobre la
flexibilidad y el caracter tensioactivo de las moléculas objeto del estudio. Este
modelo de membrana presenta una ventaja destacable sobre los otros
existentes, que radica en la posibilidad de controlar de forma sencilla la
ordenacién de las moléculas, cambiando el area molecular y la presion
superficial de la monocapa. Los datos obtenidos a partir de la variacién de estas
medidas dan una informacidon basica acerca de las interacciones lipido-lipido,

lipido-subfase o lipido-molécula activa. [82]

1.6.2.1. Monocapas de adsorcion

Los compuestos anfipaticos tienden a situarse en la interfase aire-agua cuando
se depositan en una subfase acuosa, formandose una monocapa de adsorcion.
Esto da lugar a un aumento en la presidon superficial o una disminucién en la
tensién superficial que proporciona la medida de la actividad superficial de la
sustancia. Las moléculas que se encuentran en la interfase estan en equilibrio
dinamico con las moléculas que se encuentran disueltas en la subfase. Segun
Langmuir [83], las moléculas adsorbidas en la interfase aire-agua se
comportan, de alguna manera, como las moléculas de los gases perfectos y

adquieren un cierto grado de orientacion.
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1.6.2.2. Monocapas de extension

Al extender sobre una solucién soporte una sustancia insoluble en él y no volatil
(bien depositandola en forma pura o en solucién diluida con un disolvente
volatil facilmente eliminable), se forma una pelicula superficial con un espesor
equivalente a una molécula, llamada monocapa de extension.

Para que se extienda bien una monocapa la sustancia tiene que ser anfifilica.
Asi, los grupos polares se dirigiran hacia la parte acuosa y los grupos apolares
se situaran hacia el aire e impediran que las moléculas difundan hacia la
subfase. Al extender un fosfolipido la cabeza polar se dirige hacia la fase acuosa
y las cadenas hidrocarbonadas hacia el aire.

La disposicion de estas peliculas monomoleculares es similar a la de las
membranas fosfolipidicas, por lo que se utilizan como modelos de membrana.
Una monocapa puede presentar varios estados asemejandose a los tres estados
de la materia: sdlido, liquido y gas. Al comprimir una monocapa se van
mostrando los diferentes estados de ordenacion: primero el estado gaseoso,
donde las moléculas se encuentran separadas aunque existan interacciones
entre ellas. Al comprimir mas la monocapa aumentan las fuerzas de Van der
Waals y las moléculas se encuentran en estado de liquido expandido (fase
fluida bastante compresible) seguido del estado de liquido condensado o
también conocido como sdlido expandido donde las interacciones atractivas
entre las cadenas alquilicas comienzan a ser importantes, induciendo un
apilamiento compacto entre ellas y teniendo una compresibilidad bastante baja.
Finalmente se llega al estado solido, donde las moléculas tienen una mayor
ordenacion molecular y ya no pueden moverse libremente [83]. Para una
temperatura constante, si representamos el cambio de la presion superficial
(mN/m) respecto al &rea molecular (nm?/molécula), obtendremos la isoterma
de compresidon n-A. En la Figura 5 se representa una isoterma de compresion

mostrando los diferentes estados de ordenacidn posibles.
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Figura 5. Isoterma de compresién donde se muestran todos los estados que se
pueden presentar: estado gaseoso (G), estado de liquido expandido (LE),

estado de liquido condensado (LC) y estado sdlido (S).

A medida que el area por molécula se reduce, aparece en la isoterma una
meseta (plateau), region de presion superficial constante, que corresponde a la
transicion de gas a liquido, en la que coexisten las dos fases. De la misma
forma, encontramos otra transicion de fase del estado liquido expandido a
liguido condensado que suele manifestarse a temperaturas altas y cuando la
molécula posee cadenas hidrocarbonadas cortas, desapareciendo a bajas
temperaturas y al aumentar la longitud de la cadena.[84]

La estabilidad de una capa monomolecular viene condicionada por la presion de
colapso [85] y por la disolucion de las moléculas que la constituyen.

Cuando comprimimos una monocapa mediante una barrera movil, llega un
momento en que se produce una expulsion considerable de las moléculas de la
misma. Se define la presion de colapso como la mayor presion a la que se
puede comprimir una monocapa sin que se produzca una expulsién manifiesta
de las moléculas que la componen. El colapso de la monocapa se produce

cuando se alcanzan valores de area por molécula muy pequefios, menores al
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area fisica real minima que ocupa la molécula. En este punto es donde
comienza a producirse la formacion de multicapas.

Esta clasificacion es general y no todas las isotermas de compresién muestran
todas las fases indicadas ya que la forma de la isoterma, las fases que se
observan y la estabilidad de la monocapa dependen mucho del sistema
estudiado y de las condiciones experimentales bajo las cuales se realiza la
isoterma, esto es, temperatura, pH de la subfase acuosa, existencia de iones,

velocidad de la barrera durante la compresion, etc. [86-89]

1.7. Introduccion a las técnicas utilizadas

1.7.1. Sintesis de péptidos en fase sélida

En la presente tesis doctoral se estudian varias secuencias peptidicas
pertenecientes a la proteina estructural E1 del virus de la hepatitis G con el fin
de seleccionar aquellos péptidos con potencial capacidad de inhibicion de la
replicacion del VIH-1.

Se realiza la sintesis multiple en paralelo de secuencias peptidicas lineales que
cubren la totalidad de la estructura primaria de la proteina E1 del virus GBV-
C/HGV (figura 6).

E1(D90600_japan)
ILAPATHACRANGQYFLTNCCAPEDIGFCLEGGCLVALGCTICTD
QCWPLYQAGLAVRPGKSAAQLVGELGSLYGPLSVSAYVAGILGL
GEVYSGVLTVGVALTRRVYPVPNLTCAVACELKWESEFWRWTE
QLASNYWILEYLWKVPFDFWRGVISLTPLLVCVAALLLLEQRIV
MVFLLVTMAGMSQG

Figura 6. Estructura primaria mas conservada de la proteina E1 del GBV-
C/HGV extraida de la base de d atos del Genbank.

La idea de la sintesis de péptidos en fase sélida (SPPS, del inglés solid-phase

peptide synthesis) fue descrita por primera vez por Merrifield en 1963 [90] y
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hoy en dia es la manera mas habitual y sencilla de obtener péptidos. Este
método se basa en la unién del aminoacido carboxiterminal (C-terminal) a un
soporte insoluble y la posterior elongacion secuencial, aminoacido tras
aminoacido, de la cadena peptidica. El crecimiento de la cadena peptidica tiene
lugar siempre por el extremo carboxilo mediante la adicion sucesiva de los
aminoacidos que tienen tanto el extremo o-amino como las cadenas laterales
de los aminoacidos convenientemente protegidos. En este trabajo se ha
utilizado la estrategia Fmoc/tBu que emplea el grupo 9-fluorometoxicarbonil
(Fmoc) como protector temporal del grupo a-amino y grupos del tipo tert-butil
(tBu) para proteger las cadenas laterales de los aminoacidos trifuncionales. Una
de las ventajas de la SPPS es la posibilidad de eliminar excesos de reactivos y
productos secundarios mediante la filtracion y el lavado del polimero que
contiene el péptido en crecimiento. Con la adicién de excesos de reactivos se
pueden obtener rendimientos practicamente cuantitativos.

Cada adicion de aminoacido presenta el mismo ciclo:

- desproteccion del grupo Fmoc mediante la adicién de una mezcla de
dimetilformamida (DMF) que contiene un 20% de piperidina.

- realizacion de un test de ninhidrina o test de Kaiser [91] para comprobar
la presencia de grupos amino libres.

- adicion del aminoacido protegido con el grupo Fmoc junto con los
reactivos de acoplamiento, 2-(7-aza-1H-benzotriazol-1-il)-1,1,3,3-
tetrametiluronio hexafluorofosfato/N,N’-diisopropiletilamina (HATU/DIEA)
o diisopropilcarbodiimida/1-hidroxibenzotriazol =~ (DIPCDI/HOBt), en
exceso de tres equivalentes.

- lavado y test de ninhidrina para comprobar la incorporacion del

aminoacido.

Finalizada la sintesis se procede al secado de la resina y al desanclaje del
péptido de ésta mediante un tratamiento acido: acido trifluoroacético (TFA) en
presencia de capturadores tales como agua, etanoditiol (EDT) vy
triisopropilsilano (TIS). En la Figura 7 se puede observar el esquema de sintesis

empleado con la estrategia de proteccion Fmoc/tBu.
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Una vez sintetizados los péptidos, los crudos peptidicos se purifican mediante
cromatografia liquida de alta resolucion (HPLC). Finalmente, son analizados

mediante espectrometria de masas y HPLC a escala analitica.

La sintesis multiple en paralelo de los péptidos se lleva a cabo utilizando un
sintetizador semiautomatico (Multisyntech GmbH). Este equipo dispone de un
blogue de reaccion compuesto de 24 reactores de 5 ml y una valvula de 8 vias
que permite la dispensacion de hasta 7 disolventes diferentes mediante una
jeringa conectada a una bomba. Gracias a una placa dosificadora, los reactivos
y los disolventes se distribuyen simultaneamente en los reactores. El equipo
dispone de agitacién permitiendo la mezcla homogénea de los reactivos asi
como de una bomba de vacio para la eliminacion del exceso de disolventes y
reactivos.

Al finalizar la sintesis los péptidos se purifican por cromatografia liquida de alta
resolucion a escala semipreparativa y se caracterizan por cromatografia liquida
de alta resolucién a escala analitica y espectrometria de masas para confirmar

la presencia del péptido deseado.
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1.7.2. Espectroscopia de fluorescencia

La espectroscopia de fluorescencia es una técnica que permite a caracterizar
una molécula con propiedades fluorescentes y conocer las interacciones de ésta
con los disolventes del medio, con otras moléculas o con modelos de
membrana. Los péptidos son moléculas que pueden contener grupos
cromoforos en su estructura, como el anillo aromatico del triptéfano, de la
fenilalanina o de la tirosina. En la presente tesis doctoral, aprovechando la
fluorescencia intrinseca de un péptido cuya secuencia contiene triptéfano, se
analizan los cambios producidos en el entorno de este grupo cromdéforo cuando
interacciona con modelos de membrana como los liposomas. Asimismo, se mide
la capacidad de los péptidos de permeabilizar las vesiculas que contienen
fluoréforos en su interior, la capacidad de fusionar membranas, o bien la

situacion de los péptidos en la membrana fosfolipidica.

1.7.2.1. Fluorescencia intrinseca

La fluorescencia intrinseca de los péptidos cambia segun el entorno del grupo
cromoforo, en nuestro caso el triptéfano. El péptido en solucion acuosa tiene un
espectro definido por la longitud de onda en el maximo del espectro de emision
(A) y por la intensidad de fluorescencia. [92] El estudio de los péptidos en
presencia de liposomas, nos aporta informacion acerca del cambio en el
entorno del triptéfano en cada péptido, de forma que si el péptido interacciona
con las vesiculas fosfolipidicas, el triptéfano se encuentra en un entorno mas
apolar. Este cambio se traduce en un desplazamiento del maximo de emisién a

longitudes de onda menores.[93]

1.7.2.2. Liberacion de contenidos vesiculares

La capacidad de los péptidos de desestabilizar las membranas fosfolipidicas se
puede observar mediante el ensayo de liberacion de marcadores fluorescentes.
Cuando en el interior de los liposomas se encapsula una sonda fluorescente,
Acido 8-aminonaftaleno-1,3,6-trisulfénico (ANTS), y un apantallador de ésta,
Bromuro de N,N’-p-xilenobis(piridinio) (DPX), no se produce emisién de

fluorescencia. Si el péptido es capaz de desestabilizar la membrana vy liberar las
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sondas, el efecto de la dilucidn produce que el apantallador no sea efectivo vy,
por tanto, incrementa la intensidad de emisién de fluorescencia del ANTS
(figura 8). [94]
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Figura 8. Esquema del ensayo de liberacién de contenidos vesiculares

1.7.2.3. Fusion de membranas

La capacidad de un péptido para fusionar membranas se puede medir
realizando el ensayo de transferencia de energia por resonancia (fuorescence
resonace energy transfer, FRET). [95]

En este ensayo se utilizan dos sondas fluorescentes: un donador (NBD-PE) y un
aceptor de energia (rodamina, Rho-PE), que forman parte de la composicion de
la bicapa lipidica (Figura 9). La sonda donadora es excitada y la energia
producida de la emision de fluorescencia sirve para excitar a la sonda aceptora.
La eficacia de la transferencia de energia es mayor cuando las sondas se
encuentran cercanas y es menor al aumentar la distancia. En el ensayo que se
realiza se trabaja con dos poblaciones distintas de liposomas; unos liposomas
sin marcar y otros marcados con las sondas fluorescentes. Si el péptido es
capaz de fusionar las membranas de las distintas poblaciones, la transferencia
de energia es menor y, por lo tanto, se observa un aumento en la emision de

fluorescencia de la sonda donadora.
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Figura 9. Esquema del ensayo de fusibn de membranas basado en la

transferencia de energia por resonancia de fluorescencia (FRET)

1.7.2.4. Ensayo de agregacion

En este ensayo se estudia la capacidad de los péptidos de agregar liposomas. El
efecto de agregacién se manifiesta como un aumento en la dispersion de la luz
si los dos monocromadores del fluorimetro estan a la misma longitud de
onda.[96]

1.7.2.5. Anisotropia de fluorescencia

La anisotropia o polarizacion de fluorescencia refleja la movilidad de las
moléculas fluorescentes dentro de la membrana [97] y puede relacionarse con
la fluidez del medio.

Al excitar un fluordforo con luz polarizada, si el fluoroéforo permanece inmovil en
el estado excitado, la emisidn de fluorescencia estara también altamente
polarizada; si por el contrario, el fluoréforo excitado se encuentra en
movimiento, la fluorescencia resultante estara menos polarizada. Los
fluoréforos empleados en este trabajo para el marcaje de los liposomas han
sido el difenilhexatrieno (DPH) y el trimetilamino-difenilhexatrieno (TMA-DPH).
El DPH, debido a su caracter hidrofdbico se sitla especificamente en la zona
apolar de los liposomas. [98] Los cambios en la polarizacion del DPH reflejan
cambios en la movilidad de las cadenas hidrocarbonadas de los acidos grasos

[99], permitiendo observar el comportamiento del cambio de fase, de gel a
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cristal liquido, y por lo tanto determinar la temperatura de transicion. Cuando la
bicapa se encuentra en estado gel hay menor movilidad de las bicapas y el DPH
tiene menor libertad de movimiento durante el estado excitado, por tanto la
polarizacion que emite es alta. A medida que la temperatura aumenta y se pasa
al estado cristal liquido, la movilidad de las bicapas asi como la oscilacion del
DPH también se incrementa, en consecuencia la polarizacion disminuye. Esta
disminucion es brusca alrededor de la temperatura de transicion. [100] El TMA-
DPH es un derivado del DPH con un grupo polar que orienta el fluoréforo
paralelo a las cadenas alquilicas de los fosfolipidos, colocandose en la interfase
agua/lipido.[101]

1.7.3. Estudios conformacionales

El estudio de la conformacion de los péptidos es importante para conocer mejor
las caracteristicas intrinsecas de éstos. Los péptidos de secuencia aminoacidica
corta, normalmente no presentan una conformacion definida. Sin embargo, si
éstos son capaces de unirse a los modelos de membrana en estudio pueden
adoptar una conformacion mas ordenada, probablemente similar a la que se
encuentra en la proteina nativa. En los péptidos de fusidon se ha descrito que, la
conformacion adoptada por éstos durante la union a la membrana celular es
muy importante para su actividad fusogénica.

La estructura secundaria, esta relacionada con el ordenamiento espacial de los
aminoacidos proximos entre si en la secuencia lineal. Cuando las relaciones
estéricas son de naturaleza regular originan una estructura periddica. La hélice
o, el giro B y la lamina B son elementos de estructura secundaria. Por el

contrario, cuando una proteina o un péptido no tienen una estructura definida
se dice que presentan una estructura desordenada o al azar.

1.7.3.1. Dicroismo circular (CD)

La técnica de dicroismo circular es una técnica espectroscdpica no destructiva
destinada al anélisis conformacional de moléculas dpticamente activas. Estas no
disponen de un plano de simetria o centro de inversidon, no siendo
superponibles con su imagen especular. EIl CD es una de las técnicas mas

sensibles para la determinacion de la conformacion de las biomoléculas y la
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monitorizacion de cambios estructurales de éstas. A pesar de que se trata de un
método empirico, permite interpretar directamente los cambios en la estructura
secundaria de un péptido o de una proteina.

En una proteina o péptido nos podemos encontrar con estructuras

desordenadas o “random coil”, a-hélice, lamina B o giro B (Figura 10).
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Figura 10. Espectros de dicroismo circular de las estructuras que se

encuentran en proteinas y péptidos.

1.7.4. Calorimetria diferencial de barrido (DSC)

Las bicapas lipidicas compuestas por fosfolipidos manifiestan una transicion
calorimétrica principal desde una fase en estado de ge/, a bajas temperaturas,
en la cual las cadenas lipidicas se encuentran rigidas y ordenadas, a una fase
en estado fluido o de cristal-liguido a elevada temperatura, donde las cadenas
tienen un mayor movimiento y el espesor de la bicapa es menor. La transicion
de fase es un proceso endotérmico que puede ser detectado mediante técnicas
fisicas al variar la temperatura. El estudio de estas transiciones de fase
proporciona un método valioso para caracterizar las propiedades del estado
fluido, el cual es el mas relevante en las membranas bioldgicas.

La calorimetria diferencial de barrido (differential scanning calorimetry, DSC) es
una herramienta fundamental para investigar la transicion de fase de los

fosfolipidos en modelos de membrana. El comportamiento termotrépico de los
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fosfolipidos se ha estudiado ampliamente, y éste determina propiedades tales
como la permeabilidad, la fusion, la agregacion e, incluso, la union a proteinas,
que afectan a la estabilidad de los liposomas y a su comportamiento en
sistemas bioldgicos. [102-104]

La temperatura de transicion (7,) para un fosfolipido puro tiene un valor
caracteristico que aumenta al incrementar la longitud de la cadena
hidrocarbonada, dado que las interacciones hidrofébicas que se producen son
mayores. Si la bicapa esta formada por fosfolipidos insaturados la temperatura
de transicion es menor, ya que los enlaces de tipo cis evitan un gran
empaquetamiento siendo las interacciones de tipo Van der Waals menores. En
las membranas bioldgicas esta transicion de fase es mucho mas amplia ya que
es mas compleja por estar formada por muchos componentes.

En el presente trabajo se estudian modelos de membrana constituidos por

fosfolipidos y el efecto producido por los péptidos al interaccionar con éstos.

1.7.5. Microscopia de angulo de Brewster (BAM)

El estudio de la morfologia de las monocapas puede realizarse mediante el
microscopio del angulo de Brewster (Brewster angle microscopy, BAM). Se trata
de una técnica Optica no invasiva muy utilizada para observar los cambios de
fases de las monocapas o la influencia de distintas subfases, entre otras
aplicaciones. El principio del angulo de Brewster se basa en lo siguiente: al
incidir un haz de luz no polarizada sobre una superficie transparente cuyo indice
de refraccién es mayor al del aire, parte de la luz se refracta y parte se refleja
con luz parcialmente polarizada.

Si la luz incidente es p-polarizada, con un angulo de incidencia correspondiente
al angulo de Brewster (¢ = 53° para el agua), no hay luz reflejada. Sin
embargo, cuando se deposita una monocapa en la interfase, se produce un
cambio en el indice de refraccién del medio asi como del angulo de Brewster,
aumentando la reflectancia (Figura 11). Este aumento en la reflectancia hace
que la monocapa pueda visualizarse como una imagen clara, sobre un fondo

oscuro que pertenece al agua. [105]
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Figura 11. Esquema del cambio en la reflectividad al incidir luz p-polarizada
con un angulo igual al de Brewster en presencia de una monocapa en la

interfase aire-agua.

Las monocapas pueden visualizarse /in situ, y por lo tanto, esta técnica permite
determinar mejor las interacciones y la morfologia de las moléculas en estudio.
La intensidad de cada punto de la imagen del microscopio depende del espesor
y de las propiedades dpticas de la monocapa.
En este trabajo se han utilizado dos microscopios: MiniBAM (NFT. Gottigen,
Alemania) y MicroBAM3 (NIMA Technology).

1.7.6. Calorimetria isotérmica de titulacion (ITC)

La calorimetria isotérmica de titulacion (Zsothermal Titration Calorimetry, ITC)
es una técnica analitica ampliamente utilizada en investigacion que permite
determinar cuantitativamente de manera directa la entalpia de unién de un
molécula o de un complejo molecular, en general sencillo, sin necesidad de
modelos o hipdtesis adicionales, mediante la medida del calor liberado o
absorbido a presion constante durante una reaccion determinada.[106] Si el
efecto térmico neto de la interaccibn es suficientemente grande, la
estequiometria, la entalpia de formacidén y la constante de unién de estos
complejos pueden determinarse, por lo que se puede calcular la energia de

Gibbs (AG) de formacién del complejo asi como la entropia (AS) del proceso.
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1.7.7. Microscopia confocal

La microscopia laser confocal es una técnica de observacion microscépica que
esta logrando excelentes resultados en diversas ramas de la ciencia (medicina,
biologia, materiales, geologia, etc.). Su éxito se debe a las indudables ventajas
que ofrece frente a la microscopia Optica tradicional (imagenes de mayor nitidez
y contraste, mayor resolucion vertical y horizontal, etc.) y, sobre todo, a la
posibilidad de obtener "secciones Opticas" de la muestra, lo que permite su
estudio tridimensional.

Aunque el principio de la microscopia confocal fue patentado hace varios afos
[107] y los primeros microscopios basados en esta técnica que demostraron su
validez fueron descritos en 1968 [108], su gran aceptacion y espectacular
desarrollo no ha tenido lugar hasta hace unos pocos afios con el desarrollo del
laser y de los ordenadores personales.

La mayor parte de las muestras observadas con microscopia Optica son
traslicidas o, en el caso de ser opacas, su superficie de reflexiébn no se
encuentra perfectamente pulida. En ambos casos la luz interacciona con la
muestra a varias profundidades por lo que la imagen que llega al observador
presenta areas borrosas debidas a la luz procedente de zonas fuera del plano
de enfoque, lo que produce una degradacién en el contraste y resolucion de la
imagen. El principio de la microscopia confocal se basa en eliminar la luz
reflejada o fluorescente procedente de los planos fuera de foco. Para ello se
ilumina una pequena zona de la muestra y se toma el haz luminoso que
proviene del plano focal, eliminandose los haces procedentes de los planos
inferiores y superiores. [109]

La microscopia confocal es muy util para el estudio de muchos problemas en
biologia, permitiendo un nuevo conocimiento de la estructura celular y sus
procesos. Entre otras aplicaciones la microscopia confocal se utiliza en: estudios
de estructura celular y citoesqueleto, medida de actividad intracelular (pH e
iones), produccion de reconstrucciones tridimensionales, etc. En este trabajo se
ha utilizado para visualizar el efecto de los péptidos sobre modelos de

membrana, en este caso, liposomas unilamelares gigantes.
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1.7.8. Resonancia de plasmon de superficie

La introduccidon a principios de los afios 90 de una nueva tecnologia de
biosensores basada en el fendmeno de resonancia de plasmén de superficie
(SPR, del inglés surface plasmon resonance) ha permitido la visualizacion en
tiempo real del proceso de interaccion entre biomoléculas. [110-112]

Uno de los instrumentos biosensores mas empleados es el modelo BIAcore™
desarrollado por BIACORE AB (Uppsala, Suecia). Se define como biosensor un
instrumento que combina, por un lado, un mecanismo bioldgico y, por el otro,
un transductor que genera una sehal reconocible en respuesta al proceso
bioldgico. [113] El BIAcore™ utiliza un biosensor basado en la resonancia del
plasmon de superficie y el sistema es capaz de monitorizar de forma precisa y
en tiempo real la interaccidn entre una especie unida a la superficie del sensor
(ligando) y otra que circula en disolucién (analito). [114]

En los ultimos afos la técnica de SPR se ha utilizado para el estudio de una
gran variedad de interacciones, entre las que destacan las interacciones
antigeno-anticuerpo y las interacciones de biomoléculas con modelos de
membrana, prueba de ello es el gran nimero de publicaciones aparecidas en
los Ultimos anos. [115-118]

El sistema de deteccién de un instrumento de SPR estd compuesto por un
sistema Optico y por el chip sensor, en el cual tiene lugar el fendmeno de
resonancia del plasmén de superficie y que esta formado por un sustrato de
vidrio en el que se deposita una lamina de oro de 50 nm de grosor sobre la cual
se encuentra una matriz hidréfoba de 100 nm con un 2-3% de dextrano. Esta
matriz constituye un medio compatible con las interacciones biomoleculares y
permite la inmovilizacién de gran nimero de ligandos con bajos niveles de
union especifica. El chip sensor forma parte de una unidad de microfluido por la
cual circulan las disoluciones que interaccionaran con el ligando unido al chip. El
fendmeno de resonancia de plasmoén de superficie se produce cuando un haz
de luz ilumina la interfase entre dos medios (en este caso vidrio y disolucion
acuosa) con distinto indice de refraccion, entre los que se ha insertado una
capa fina de metal (oro). La onda evanescente creada por la reflexion total

interna interacciona con los electrones oscilantes o plasmones del metal,
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causando una disminucion en la intensidad de la luz reflejada. El angulo de
resonancia al que se da este fendmeno es sensible al indice de refraccion de la
solucion proxima al metal. Como la longitud de onda de la luz incidente y el
indice de refraccion del vidrio y el oro se mantienen constantes, el angulo de
resonancia variara solamente con los cambios en el indice de refraccion de la
fase acuosa, y estos cambios son debidos a variaciones en la masa al

interaccionar las biomoléculas en este medio (figura 12).
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Figura 12. Esquema del modo de deteccidon de un instrumento de resonancia

de plasmén de superficie.

Entre las aplicaciones de la técnica de SPR destacan el estudio de identificacion
de epitopos, la determinacién de patrones de interaccion en la busqueda de
nuevas moléculas farmacoldgicamente activas, la determinacion de constantes
cinéticas de interaccion entre biomoléculas [111, 119], los estudios
conformacionales [120, 121] y de interacciébn con modelos de membrana.
[122, 123]

1.7.9. Microscopio electronico de barrido
El Microscopio Electronico de Barrido (Scanning Electron Microscope, SEM) fue
concebido en la década de 1930, y las primeras micrografias fueron obtenidas

en los afos cincuenta. Pero no fue hasta 1965 cuando el primer SEM comercial,
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el Stereoscan, fue puesto en el mercado por la Universidad de Cambridge, en
Inglaterra. Desde esa época hasta hoy, gracias a la continua investigacion y
desarrollo, la Optica Electrénica permite observar cualquier tipo de espécimen
con gran detalle y calidad de imagen, constituyéndose asi el SEM en una
herramienta de gran utilidad en el estudio de los materiales.

El SEM es un instrumento que emplea el bombardeo de un haz de electrones
acelerados hasta una longitud de onda cien mil veces menor a la de la luz
blanca (~500 nm), y condensados por lentes electromagnéticas. Asi, debido a
la generacion de sefales originadas por el impacto de electrones con la
muestra, se obtiene una imagen.

Las principales caracteristicas del SEM es su gran profundidad de campo, la cual
permite que se enfoque a la vez una gran parte de la muestra. También
produce imagenes de alta resolucidon. La preparacion de las muestras es
relativamente facil pues la mayoria de SEMs sélo requieren que estas sean

conductoras.

1.7.10.Microscopio de fuerzas atomicas

El microscopio de fuerzas atdmicas (Atomic Force Microscope, AFM) se ha
convertido en uno de los microscopios mas utilizados de manera rutinaria para
la obtencion de imagenes con resolucion atémica. [124]

La sonda del AFM detecta la topografia de la superficie por diferencias en la
fuerza atdmica (atraccion y repulsidon). Esta técnica se fundamenta en la
medida de las fuerzas de interaccion entre una punta muy afilada dispuesta en
el extremo de una palanca flexible y la superficie de la muestra, mediante
realizacidn de una serie de rastreos horizontales. La muestra se deposita en un
soporte sdlido, que debe tener una elevada afinidad por la muestra.

El estudio por AFM de las peliculas de Langmuir-Blodgett (peliculas formadas en
la interfase aire-agua y transferidas a un sustrato solido a una presion
superficial determinada) ha suscitado gran interés a causa de sus posibles
aplicaciones tecnoldgicas. [125] En particular, el hecho de ser utilizadas como
modelos de membrana y mediante el empleo del AFM ha permitido estudiar la

morfologia de las peliculas con una resolucién en el rango de nandmetros,
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ademas de poder observar el orden superficial de las peliculas y el limite de los
dominios existentes [126], asi como la separacién de fases en sistemas
multicomponentes. [127]

El modo de operacién conocido como Modo Tapping ( 7apping mode)[128] se
ha utilizado ampliamente para la observacion de muestras fragiles, blandas o
que se verian dafiadas de manera irreversible con otros modos de operacion del
AFM. En este modo de operacién la punta tiene un contacto intermitente con la
superficie de la muestra en cada ciclo, de manera que las fuerzas laterales que
pueden dafar la muestra son mucho menores que en el modo de contacto. Por
esto, el modo tapping es el mas utilizado actualmente en la microscopia de

fuerza atdmica de muestras bioldgicas. [129]

1.7.11.Ensayos de hemalisis

El efecto de una sustancia hemolitica en contacto con glébulos rojos produce un
aumento en la absorbancia debido a la liberacién de la hemoglobina. [130-132]
Dado que se ha descrito que los péptidos fusogénicos tienen la capacidad de
producir hemdlisis [76], mediante este ensayo se puede medir la capacidad

hemolitica de las secuencias sintetizadas.

1.7.12.Ensayos de citotoxicidad

El valor predictivo de las pruebas de citotoxicidad /n vitro se basa en la idea de
que productos quimicos toxicos afectan a funciones basicas de las células que
son comunes a todas ellas, y la toxicidad se mide mediante la evaluacion del
dano celular. El desarrollo de ensayos de citotoxicidad /n vitro ha
sido impulsado por la necesidad de evaluar rapidamente la toxicidad de un gran
numero de compuestos, para limitar la experimentacion con animales siempre
gue sea posible, y para poder llevar a cabo pruebas con pequenas cantidades
de compuesto. [133-135]

La evidente utilidad de los test de citotoxicidad ha llevado a muchas compaiias
farmacéuticas a examinar grandes bibliotecas de compuestos con el fin de
eliminar compuestos potencialmente toxicos en los inicios de los procesos de

drug discovery.
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Los ensayos de citotoxicidad se realizaron mediante el reactivo WST-1 (sales
de tetrazolium / formazan) que permite analizar de una forma directa la
viabilidad celular. Se trata de un ensayo colorimétrico, de cuantificacion
espectrofotométrica que se basa en la degradacién de las sales de tetrazolium
WST-1 a sales de formazan, mediante la accién de las deshidrogenadas
mitocondriales, que se producen de forma natural cuando las células son
viables. Esta técnica es sensible, rapida y sencilla cuando la comparamos con

otras técnicas de medida de la proliferacion celular.
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Obijetivos

La hipotesis de partida de este trabajo es la posible utilizacion de péptidos
sintéticos el GBV-C/HGV en el disefio de inhibidores de la entrada del VIH en la
célula huésped. Se pretende asi contribuir a un mejor conocimiento del efecto
del GBV-C/HGV en la progresion de la enfermedad causada por el VIH y de la

interaccion entre estos dos virus.

El objetivo principal de esta tesis doctoral consiste en disefiar y sintetizar
péptidos derivados de la proteina E1 del GBV-C/HGV con la finalidad de estudiar

la implicacién de esta proteina en la inhibicion de la infeccidn por el VIH.

Los objetivos concretos son los siguientes:

1. Sintetizar, purificar y caracterizar dominios peptidicos de la proteina E1 del
GBV-C/HGV.

2. Seleccionar péptidos del GBV-C/HGV capaces de inhibir la entrada del VIH-1
mediante:
2.1.algoritmos tedricos de prediccién.

2.2. métodos biofisicos.

3. Estudiar la capacidad de los péptidos sintetizados de inhibir la actividad del
péptido de fusion (PF) del VIH-1 en presencia de modelos de membrana
como monocapas de extensidon y liposomas. Utilizando con estos ultimos
técnicas como: DSC (Calorimetria diferencial de barrido), fluorescencia
(espectroscopia de fluorescencia o microscopia confocal) o resonancia de
plasmon de superficie.

4. Caracterizar la interacciéon entre el péptido de fusién del VIH-1 y aquellos
péptidos del GBV-C/HGV previamente seleccionados como potenciales
inhibidores mediante técnicas calorimétricas (ITC, Calorimetria Isotérmica de
Titulacidn), estudios conformacionales (dicroismo circular), o microscopia de

fuerza atdmica (AFM).
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Los objetivos propuestos en la presente tesis se han logrado mediante las
investigaciones publicadas en los articulos de la seccién 3 (Resultados). En los
articulos 1 y 2 se selecciond un epitopo de la proteina E1 del GBV-C/HGV
mediante algoritmos tedricos de prediccion y se estudi® su capacidad de
interaccionar con modelos de membrana, tanto con liposomas como con
monocapas de extension. A continuacidn se sintetizaron el resto de secuencias
pertenecientes a la proteina E1 y se seleccionaron aquellos posibles péptidos
capaces de inhibir la actividad del péptido de fusidon del VIH-1 mediante
métodos biofisicos (articulo 3) y se estudié la capacidad de inhibicién de dichos
péptidos utilizando liposomas como modelos de membrana, asi como el tipo de
interaccion entre estos péptidos y el péptido de fusion del VIH-1 y su capacidad
hemolitica y citotoxica (articulos 3 y 4). Finalmente se estudid su capacidad de
inhibicién utilizando monocapas de extension como modelos de membrana
(articulos 5 y 6).

A continuacion se exponen dichos articulos integros con un breve resumen en

castellano.
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Resultados

Los resultados de la presente tesis estan reflejados en los siguientes articulos
cientificos, los cuales se presentan a continuacion acompafados con un breve

resumen en castellano.

Articulo 1. M.J. Sanchez-Martin, I. Haro, M.A. Alsina, M.A. Busquets and M.
Pujol, A Langmuir Monolayer Study of the Interaction of E1(145-162) Hepatitis
G Virus Peptide with Phospholipid Membranes, T7he Journal of Physical
Chemistry B, 114 (2010) 448-456.

Articulo 2. M.]. Sanchez-Martin, J. Amigo, M. Pujol, I. Haro, M.A. Alsina and
M.A. Busquets, Fluorescence study of the dynamic interaction between E1(145-
162) sequence of hepatitis GB virus C and liposomes, Analytical and
bioanalytical chemistry, 394 (2009) 1003-1010.

Articulo 3. M.J. Sanchez-Martin, K. Hristova, M. Pujol, M.J. Gémara, I. Haro, M.
Asuncién Alsina, M. Antonia Busquets, Analysis of HIV-1 fusion peptide
inhibition by synthetic peptides from E1 protein of GB virus C, Journal of Colloid
and Interface Science 360 (2011) 124-131.

Articulo 4. M.]. Sanchez-Martin, P. Urban, M. Pujol, I. Haro, M.A. Alsina and
M.A. Busquets, Biophysical investigations of GBV-C E1 peptides as potential
inhibitors of HIV-FP, ChemPhysChem — en revision.

Articulo 5. M.J Sanchez-Martin, M.A. Busquets, V. Girona, I. Haro, M.A. Alsina
and M. Pujol, Effect of E1(64-81) hepatitis G peptide on the /in vitro interaction
of HIV-1 Fusion Peptide with membrane models, Biochimica et biophysica acta,

In Press, Accepted Manuscript.

Articulo 6. M.J Sanchez-Martin, M.A. Busquets, I. Haro, M.A. Alsina and M.
Pujol, Physicochemical characterization of GBV-C E1 peptides as potential
inhibitors of HIV-1 Fusion Peptide: Interaction with model membranes, Colloids

and surfaces B — en revision.
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Resultados

3.1. Articulo 1. A Langmuir Monolayer Study of the Interaction of
E1(145-162) Hepatitis G Virus Peptide with Phospholipid Membranes

Se selecciond un epitopo correspondiente a la proteina estructural E1 del virus
GBV-C/HGV situado en la regidon 145-162 a partir de los perfiles de hidrofilicidad
y accesibilidad de las proteinas de acuerdo con Janin, Hoop & Woods y Fraga
consideradas buenas escalas para predecir sitios antigénicos en proteinas. La
secuencia E1(145-162) mostrd unos perfiles adecuados como posible sitio
antigénico. Para profundizar en la interaccidon de este péptido con la membrana
lipidica, en este trabajo, se muestra un estudio detallado sobre las propiedades
superficiales del péptido, su miscibilidad y el comportamiento de monocapas
mixtas de E1(145-162) y tres fosfolipidos: dimiristoilfosfatidilglicerol (DMPG),
dimiristoilfosfatidilcolina (DMPC) y palmitoil-oleil-fosfatidilglicerol (POPG). Estos
estudios se llevaron a cabo usando la balanza de Langmuir mediante estudios
de adsorcion superficial, isotermas de compresion (n-A) y cinéticas de
penetracion. El microscopio de angulo de Brewster (BAM) se utilizd para
estudiar las propiedades morfoldgicas del péptido puro y de las monocapas
mixtas. El péptido muestra actividad superficial dependiente de la concentracidn
cuando se inyecta bajo un solucién tamponada (HEPES/NaCl, pH 7.4). Esta
tendencia a acumularse en la interfase aire/agua confirma su potencial
capacidad de interaccionar con membranas; la mayor penetracién del péptido
en fosfolipidos se obtiene cuando las monocapas se encuentran en estado
liguido expandido y los lipidos estan cargados negativamente, probablemente
debida a la interaccion de esta carga con la carga global positiva del péptido.
Los valores de area por molécula obtenidos sugieren que la principal estructura

del péptido E1(145-162) es hélice-a en la interfase aire/agua, lo cual corrobora

las predicciones mediante calculos computacionales. Los estudios de
miscibilidad indican que las mezclas estan termodinamicamente favorecidas a

bajas fracciones molares del péptido.
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E1(145—162), a peptide corresponding to the structural protein E1 of the GB virus C, has been shown earlier
to bind at pH 7.4 to vesicles containing 1,2-dimyiristoyl-sn-glycero-3-phospho-rac-(1-glycerol)] (DMPG) and
1,2-dimyiristoyl-sn-glycero-3-phosphocholine (DMPC) phospholipids. To deepen the understanding of the
interaction of E1(145—162) with the lipid membrane, in this paper, we report a detailed study of the surface
properties of peptide, miscibility properties, and behavior of mixed monomolecular films of it and three
phospholipids DMPG, DMPC, and 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPG). These studies
were performed using the Langmuir balance by means of surface adsorption studies, surface pressure—mean
molecular area compression isotherms, and penetration kinetics. The Brewster angle microscopy (BAM) was
used to study the morphological properties of pure peptide and the mixed monolayers. The results show us
that the peptide showed surface activity concentration dependent when injected beneath a buffered solution
(HEPES/NaCl, pH 7.4). This tendency to accumulate into the air/water interface confirms its potential capacity
to interact with membranes; the higher penetration of peptide into phospholipids is attained when the monolayers
are in the liquid expanded state and the lipids are charged negatively maybe due to its negative electric
charge that interacts with the positive global charge of the peptide sequence. The area per molecule values
obtained suggested that the main arrangement structure for E1(145—162) peptide is the a-helical at the
air—water interface that agreed with computational prediction calculations. Miscibility studies indicated that

mixtures become thermodynamically favored at low peptide molar fraction.

1. Introduction

Hepatitis G virus (HGV/GBV-C) has been investigated in
the context of Human Immunodeficiency Virus (HIV) infection,
since recent studies have suggested that HGV/GBV-C infection
in HIV-positive people is associated with prolonged survival!
and the patients often die from liver failure instead of AIDS.
Moreover, people coinfected with HIV and GBV-C/HGV have
delayed progression of HIV disease,’ indicating a beneficial
influence of GBV-C on HIV infection, but the definitive
mechanism of how GBV-C/HGV could inhibit the progression
to AIDS is at present unknown.?

HGV/GBV-C virus was initially thought to be another
hepatitis virus, but which has more recently been shown
incapable of replicating in hepatocytes or of causing acute or
chronic hepatic diseases, exerts beneficial effects on HIV
infection.* These properties make GB virus C attractive for
immunology studies. Given that GBV-HGV is an enveloped
RNA virus similar to HIV and Hepatitis B virus, we hypothesize
that, like those viruses, capside assembly is crucial for viral
infection.’ Thus, the study of peptides from capside proteins
may help us to understand the mechanism of viral infection
which takes place. We are currently examining the capacity of
GBV-C/HGV synthetic peptides to interact and induce fusion
in model membranes. The ability of E1(145—162) synthetic

* Corresponding author. E-mail: mjesus_sanchez@hotmail.com. Phone:
+34 93 402 45 58. Fax: +34 93 403 59 87.

 University of Barcelona.

#IQAC-CSIC.

peptide from the exposed E1 structural protein of GBV-C/HGV
to induce perturbations in a bilayer model was investigated in
a previous work.® In this paper, we investigate the surface
properties of E1(145—162) and computational prediction cal-
culations are made in order to predict the structure of the peptide
and to get an idea of its antigenicity. Moreover, the physico-
chemical characterization of the peptide sequence is done by
studying its interaction with model membranes; lipopeptide
interactions with lipid monolayers of the zwitterionic 1,2-
dimyiristoyl-sn-glycero-3-phosphocholine (DMPC) and the
negative 1,2-dimyiristoyl-sn-glycero-3-[phospho-rac-(1-glyc-
erol)] (DMPG) and 1-palmitoyl-2-oleoyl-sn-glycero-3-phospho-
choline (POPQG) are studied. As can be seen, phospholipids have
either choline (PC) or phosphatidylglycerol (PG) polar heads
and have hydrocarbon chains that differ in length and saturation
degree; these differences allowed the study of the lipid structure
influence on E1(145—162) membrane interaction. In addition,
Langmuir monolayers were examined by Brewster angle
microscopy (BAM).

The information obtained with monolayer studies is useful
to better understand the spontaneous mechanism by which
hepatitis G peptides interact with membrane lipids. Thus, the
structure of peptides and lipids, the penetration, and the
thermodynamic parameters of the peptide—lipid binary systems
are of great importance to know if E1(145—162) is a good
candidate to assay in the following studies to design immu-
nopeptides for antiviral therapies.

10.1021/jp906900k ~ © 2010 American Chemical Society
Published on Web 12/11/2009
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2. Experimental Section

2.1. Materials. Amino acids and Rink amide resin (Tentagel
R RAM, 0.19 mequiv/g) were obtained from Novabiochem
(Nottingham, U.K.). Dimethylformamide (DMF) was purchased
from Scharlau (Barcelona, Spain). Dichloromethane (DCM) and
piperidine were purchased from Fluka (Neu-Ulm, Germany).
Washing solvents such as acetic acid, diethyl ether, and
trifluoroacetic acid (TFA) were obtained from Merck (Poole,
Dorset, U.K.). N-Hydroxybenzotriazole (HOBt) and N,N’-
diisopropylcarbodiimide (DIPCDI) coupling reagents were
obtained from Fluka and Novabiochem, respectively. Other
coupling reagents such as O-(7-azabenzotriazole-1-yl)-N,N,N',N'-
tetramethyluronium hexafluorophosphate (HATU) and N,N’-
diisopropylethylenamine (DEIA) were obtained from GenScript
Corporation and Fluka, respectively. Scavengers such as
ethanedithiol (EDT) or triisopropylsilane (TIS) were from
Sigma-Aldrich. 1,2-Dimyiristoyl-sn-glycero-3-phosphocholine
(DMPC), 1,2-dimyiristoyl-sn-glycero-3-[phospho-rac-(1-glyc-
erol)] (DMPG), and 1-palmitoyl-2-oleoyl-sn-glycero-3-phos-
phocholine (POPG) were purchased from Avanti Polar Lipids.
Their purity was higher than 99%, and they were used without
further purification.

Chloroform and methanol were purchased from Merck. Water
was double distilled and deionized (Milli-Q system, Millipore)
(18.2 MQ cm, pH 5.8). The buffer in all experiments was 5
mM HEPES (from Sigma-Aldrich) and 20 mM NaCl (from
Merck), pH 7.4.

E1(145—162) was synthesized by solid phase methodology
and purified by reverse phase chromatography as described in
previous work.% The primary amino acid sequence is WKVPFD-
FWRGVISLTPLL.

2.2. Methods. Experimental measurements were recorded
with a NIMA Langmuir film balance equipped with a Wilhelmy
platinum plate (Nima Technology, Coventry) and a Teflon
trough that was rinsed with ethanol and distilled water before
use. All experiments were performed at room temperature.

2.2.1. Surface Activity of the Peptide. The surface activity
of peptide was first studied to determine the equilibrium
spreading pressure. Using a cylindrical PTFE trough (19.6 cm?,
27.2 cm®), increasing volumes of a 0.460 mM peptide solution
in acetonitrile/H,O were injected below the HEPES subphase
(pH 7.4) through a lateral hole and the adsorption of the peptide
at the air/water interface was therefore monitored by following
the increase in surface pressure as a function of time under
continuous stirring of the subphase.

2.2.2. Insertion of Peptide into Monolayers. The kinetics
of insertion of E1(145—162) into monolayers of DMPC, DMPG,
and POPG were measured using the same trough as for the
surface activity. For these experiments, a 0.5 mg/mL lipid stock
solution was prepared and added dropwise on the subphase until
the desired lipid pressure was achieved. After 10—20 min, the
equilibrium of the lipid monolayer was reached. Then, a 0.070
mM E1(145—162) solution was injected into the subphase
through the side hole of the trough. The subphase was
magnetically stirred during the measurements, and surface
pressure changes were monitored as a function of time until it
remained constant.

2.2.3. Surface Pressure—Mean Molecular Area Compres-
sion Isotherms. Compression isotherms were carried out on a
Nima (U.K.) Langmuir Teflon trough (surface area 595 cm?,
volume 297.5 cm?). By mixing appropriate volumes of chlo-
roform stock solutions of phospholipids (0.7 mM) and of the
peptide (0.7 mM), the lipid—peptide spreading solutions were
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obtained. Monolayers were formed by applying small drops of
the spreading solutions on the HEPES subphase (pH 7.4) with
a microsyringe (Hamilton Co., Reno, NV). After 15 min,
monolayers of the desired composition were continuously
compressed with an area reduction rate of 20 cm? min~!. The
films were compressed to their collapse pressure when possible.
Each run was repeated three times, and the reproducibility was
+1 A2 molecule™.

2.2.4. Brewster Angle Microscopy. Brewster angle micros-
copy images were obtained on a MiniBam instrument (NFT,
Gottigen, Germany) mounted on a Nima Langmuir balance
trough. The instrument was equipped with a 30 mW laser
emitting p-polarized light at 660 nm, which incises the air—
water interface at 53.1° (Brewster angle). The shutter speed used
was 1/50 s. All of the images were taken at room temperature.

2.2.5. Computational Calculations. Using the software
disposable at http://www.expasy.ch/tools/, computerized predic-
tion of antigenicity has been made after analyzing the hydro-
philicity and accessibility profiles of the proteins according to
Janin,” Hopp and Woods,? and Fraga.” Computational prediction
calculations of the peptide 3D structure are made using the Phyre
Prediction server.'?

3. Results and Discussion

3.1. Peptide Antigenicity Analysis. The hydrophilicity and
accessibility profiles of the proteins according to Janin,” Hopp
and Woods,? and Fraga’ have been considered as good predictors
for defining antigenic sites within proteins.

The sequence E1(145—162) showed theoretically suitable
antigenicity and accessibility profiles. Figure 1 shows the
hydrophilicity, accessibility, and recognition factor plots of E1
protein, indicating with a dotted line where the sequence
(145—162) is located.

3.2. Computational Prediction of Structure. The PDB code
of the template structure is 1LN6. Figure 2a shows the 3D model
of the peptide in tube representation and surface representation.
The tube representation is colored by the secondary structure
consensus represented in Figure 2b. According to multiple
predictions, the WKVP motif has another structure other than
the FDFWRGVISLTPLL part of the peptide. The second is
likely to have a helical structure. In Figure 2b, predictions of
the secondary structure are shown. Different methods where
used (DSC, HNNC, MLRC, PHD, Predator) in order to obtain
a consensus of the prediction (Sec.Cons.).!" The consensus
describes the majority of the peptide as a helix, but some
methods predict the peptide as a coil. These results match with
the 3D predicted structure that is a mixture between a coil and
a helix. Despite these results, one has to bear in mind that in
silico prediction methods were trained on available 3D protein
structures. It was hardly possible to find a homologue for this
small peptide in the PDB. Thus, the predictions made here have
to be handled with care and might only be used as indicators;
thus, the peptide might fold in a helical/coiled structure.

3.3. Peptide Surface Studies. 3.3.1. Adsorption Kinetics.
Figure 3a shows the kinetic adsorption process for the incor-
poration of E1(145—162) into the air/water interface at different
peptide concentration in the subphase. A small gradual adsorp-
tion of peptide was observed at low peptide concentration. The
higher the peptide concentration in the subphase, the faster the
incorporation process and the higher the surface pressure
attained. Figure 3b shows the adsorption isotherm profile for
E1(145—162); the equilibrium pressure was achieved around
0.5 uM of the peptide in the subphase. The shape of the surface
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Figure 1. Profiles for the El protein of the hepatitis G virus by three different scales: (a) corresponds to the accessibility scale by Janin; (b)
corresponds to the hydrophilicity scale by Hopp and Woods; (c) corresponds to the recognition factors analysis of Fraga. The dotted segment
corresponds to the region of residues 145—162.
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Figure 2. (a) 3D predicted model of E1(145—162). (b) Secondary structure prediction of E1(145—162).
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Figure 3. (a) Kinetic adsorption process for the incorporation of E1(145—162) into the air/water interface at different peptide concentrations. (b)

Surface activity curve of E1(145—162).

activity curve approached a rectangular hyperbola, and it was
fitted to eq 1 via nonlinear least-squares regression analysis.

Crn

K+ C M

where C is the concentration, 7Ty, iS the maximum pressure
that could be achieved, and K is a characteristic constant equal

J‘[:

to the peptide concentration that achieves /)7, Fitting the
data, the values obtained were 21.27 mN/m for 7,,,,, and 0.070
uM for K (R* = 0.893). This K value was chosen to further
penetration studies, as it corresponds to the suitable concentra-
tion of the peptide that should be used in the bulk subphase for
experiments of penetration kinetics, lower than the equilibrium
spreading pressure of the peptide.'”
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Figure 4. Surface pressure—mean molecular area isotherm of
E1(145—162) peptide spread on a HEPES subphase. Inset: Compress-
ibility modulus plot (C;!) versus surface pressure.

By applying the Gibbs adsorption equation in its simpler form
(eq 2), it is possible to calculate the peptide surface excess
concentration (I")

_ A
" RTAInC 2

where R is the gas constant (8.31 J K™! mol™!), T is the
temperature (298 K), Az is the pressure increase achieved 30
min after injection, and C is the peptide concentration.

The surface excess concentration has a value of 3.8 x 107°
mol m~2. It allows us to calculate the surface molecular area
by means of eq 3, where N is Avogadro’s constant.

A= 3)
I'N
The area per molecule obtained was 0.437 nm? molecule™',
which was very similar to that obtained at the surface molecular
packing obtained at the same surface pressure as achieved by
the adsorption process.

3.3.2. Surface Pressure—Mean Molecular Area Compres-
sion Isotherm of Peptide. Figure 4 shows the shape of the
E1(145—162) monolayer when spread at the air—water interface
on the HEPES subphase. The shape of the 7—A curve is very
similar to the peptides with lower molecular weight.'>!* It
exhibits three regions with different slopes. Upon compression,
the monolayer undergoes a transition at point A (see Figure 4)
which is seen as a pseudoplateau and spans from molecular areas
of 1.5 to 0.5 nm? molecule™'. The inset shows the plot of the
compressibility modulus versus surface pressure where the
beginning and the end of the transition region can be seen
clearly. Beyond this transition region, at low molecular areas,
the surface pressure rises due to the increase of molecular
packing but without altering the elasticity of the monolayer.
Finally, the monolayer reaches a more condensed state but
without a clear collapse point, not visible in the shape of the
surface pressure—mean molecular area isotherms.

However, BAM images clearly revealed the disruption of the
monolayer around 26 mN/m (Figure 5F), which was accepted
as the collapse pressure. Before the transition region, at surface
pressures below 5 mN/m, the pictures are homogeneous (see
Figure 5A). Once arriving to the plateau surface pressure,
circular white holes start to appear (Figure 5B—D), thus
demonstrating that the film is less homogeneous. When the
transition region is exceeded, these circular spots increase in
number and size as the compression proceeds (Figure SE). These
spots may be considered evidence of the nucleation of 3D

r

J. Phys. Chem. B, Vol. 114, No. 1, 2010 451

structures. Finally, the nuclei arrange themselves in lines (Figure
5F), leading to a kind of monolayer collapse. In previous work
on the E2(347—363) hepatitis G peptide sequence that exhibits
similar length but different hydrophilic/hydrophobic ratio, these
3D structures have been attributed to molecular aggregates.'

The molecular area limit (Ay) value, 1.25 nm? molecule™!,
calculated as the intersection of the steep part of the isotherm
with the area axis when lateral compression takes place,!S is in
the same order to those obtained for peptides of similar amino
acidic chain length and similar hydrophobic profiles based on
their primary sequence.!”!® According to the results obtained
by computational prediction of structure, this value, together
with the collapse pressure, is also compatible with an o-helical
conformation. The mean area occupied by each amino acid
residue (~7 A) proves that the peptide adopts a vertical
orientation at the air—water interface.'’

The surface compressibility modulus (C;~!) of the monolayer
was calculated from surface pressure and area per molecule data

applying eq 4.

“

S

-1 _ 8_,7'[
G = A[aA

where A is the area per molecule at the indicated surface pressure
and 7 is the corresponding surface pressure.

The surface compressibility modulus can be used to charac-
terize the phase state of the monolayer!® (for liquid expanded
films, elasticity ranges from 12.5 to 50 mN/m, while, for the
liquid condensed phase, it ranges from 100 to 250 mN/m).° In
the inset of Figure 4, it can be seen that the main arrangement
of a monolayer is an expanded state with a value of the
compressibility modulus below 50 mN/m. As indicated before,
upon compression, a plateau of high compressibility appeared
between points A and B. This fact has been explained in
different ways. It is possible that it was the result of the
formation of a bilayer?' or that was the result of the molecular
segments lifted from the water surface,”> or a change in
orientation of the molecules upon compression.?® In our case,
the last explanation could be accepted, taking into account that
the area value (2.5 nm*molecule) when extrapolating to surface
pressure zero the steep region before beginning the transition,
corresponding to a liquid expanded state, is compatible with a
side by side horizontal orientation of the helices; the limiting
area at the end of the transition (1.25 nm? molecule™!), when
the monolayer become incompressible, agrees with an orienta-
tion of E1(145—162) perpendicular to the interface, according
to Maget-Dana'® who reviewed the behavior of antimicrobial
peptides and their main structure at the interface. E1(145—162)
presents common features with some of these peptides. A small
molecular weight, positive net charge, the polar/nonpolar ratio
of the amphiphilic molecule between 0.5 and 1.2, and absence
of disulfide bonds are characteristics that allow the peptide to
adopt the o-helical conformation at the interface. On the other
hand, as indicated before, BAM images reveal, along the
transition region, 3D structures and its number increase with
compression (Figure 5). This fact, indicative of the peptide’s
aggregation at moderate compression pressures corresponding
to the liquid condensed phase, may also be compatible with an
o-helical structure.

3.4. Peptide—Lipid Interactions. The characterization of
membrane interactions with peptides or proteins is important
for a better understanding of their mode of action. In order to
determine some peptide—lipid binding properties, a monolayer
approach where the peptides were inserted into the lipid
monolayer is used.
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Figure 5. BAM images corresponding to E1(145—162) peptide monolayers spread on HEPES at different surface pressures.
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Figure 6. Surface pressure increase (Am) caused by E1(145—162) in
monolayers of different phospholipids in front of the lipid initial
pressure (77;). Black squares correspond to DMPG, gray triangles to
DMPC, and black circles to POPG.

3.4.1. Penetration Kinetics. The ability of E1(145—162)
peptide to penetrate into phospholipid monolayers was studied
using a 0.070 uM peptide concentration in the HEPES buffered
subphase, that corresponds to the K calculated from eq 1. Surface
pressure increases (Asr) caused by E1(145—162) in monolayers
of different phospholipids in front of the lipid initial pressure
(77;) are shown in Figure 6. For the three lipids, a general trend
was observed: the greater the 77;, the lower the incorporation of
peptide into the monolayer because of the greater packing of
lipids at higher initial pressures.

The monolayer exclusion pressure,?* that is, the surface
pressure above which the peptide does not penetrate into the
monolayer, was obtained by extrapolating the plot at Awr = 0
mN/m (Figure 6). It can be seen that the peptide interacts with
the three lipids tested (DMPC, DMPG, and POPG). However,
a more obvious interaction was observed when the monolayer
was composed of DMPG. In this case, the exclusion pressure
was 46.27 mN/m, clearly higher than those obtained when the
monolayer was of DMPC (33.43 mN/m) or POPG (24.97 mN/
m). These values show that the peptide could penetrate better
into monolayers where the lipid is in an expanded state, as is
the case of DMPG and DMPC for all of the pressures assayed
and of POPG at pressures below 10 mN/m. POPG and DMPG
differ in the hydrocarbonated chains and in the insaturations
present on them. For POPG, which is in a liquid condensed
state above 10 mN m™!, the exclusion pressure is lower than
that obtained for DMPG that is in an expanded state, corroborat-
ing that it is more difficult to penetrate into monolayers in liquid
condensed state (see the below miscibility study). Below 5 mN

m~!, POPG is in liquid expanded state like DMPG, and as can
be seen in Figure 6, for initial pressures below 10 mN m™!, the
peptide presents the same behavior. As happens with other
positive charged peptides, E1(145—162) probably could pen-
etrate into the biological membrane, characterized by a pressure
between 25 and 35 mN/m.>?’

It is possible to compare also the influence on the insertion
process of the polar head charge and the state of monolayers.
DMPG forms anionic monolayers, while monolayers of DMPC
are zwitterionic. The insertion of the peptide in the anionic
monolayers is higher than that in the zwitterionic ones probably
due to the positive charge of the peptide that interacts better
with a negative monolayer. For the three lipids, below 10 mN/m
of initial pressure, the incorporation of the peptide into the lipid
monolayer was higher than in the surface activity process when
0.070 uM is injected. According to Brockman,?® who has been
working with peptides of similar properties, this fact means the
process that takes place is the result of true peptide—lipid
interaction and it is not just a mere adsorption.

3.4.2. Lipid—Peptide Miscibility. To know the effect of the
E1(145—162) peptide on the state of phospholipid monolayers
and better understand the lipid—peptide interaction that takes
place, mixed monolayers of the peptide and the three phospho-
lipids were obtained and the compression modulus for all
systems was calculated according to eq 4. Figure 7 shows the
shape of w—A isotherms, and in the insets, the variation of
compressibility modulus in the front of the surface pressure is
shown.

For the three phospholipids, the presence of peptide produces
an expansion of the monolayer at any molar fractions assayed.
For pure DMPG monolayer (Figure 7b), the m—A isotherm
shows a phase transition from liquid expanded to liquid
condensed state around 20 mN m™~! pressure, which is signifi-
cantly modified when E1(145—162) peptide is further incor-
porated into the monolayers. The expansion observed for mixed
monolayers indicates that the distance between the lipid
hydrophobic chains increases due to the presence of peptide
molecules in the film.

The pseudoplateau observed in the pure peptide monolayer
slowly decreases with increasing lipid molar fraction in the
mixture monolayer until Xj,¢ = 0.8 when it disappears
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Figure 7. Surface pressure—mean molecular area (7—A) compression
isotherms for E1(145—162) and the lipids: (a) DMPC, (b) DMPG, and
(c) POPG spread on a HEPES subphase (pH 7.4) at different Xg;(14s—162):
orange line for Xgi(14s5-162) = 1, purple line for Xg145-162) = 0.2, pink
line for XE1(145*162) = 04, green line for XE1(145*162) = 06, blue line for
Xei(145-162) = 0.8, and red line for the lipid isotherm. Inset: Plots of
compression modulus (C;!) as a function of the surface pressure.

completely in the three cases studied. The compressibility
modulus (C; ') for all cases is shown in the insets of Figure 7.
Between 10 and 20 mN m™! approximately, the shape corre-
sponding to this transition region can be seen. Similarly to the
pure peptide, the monolayer is highly compressible at this region
so the C; ! decreases together with the area molecule™' values.
When the lipid monolayer is in the liquid expanded state, the
addition of peptide produces a slight increase in C; ! values in
the case of DMPG and POPG but not for DMPC which did not
modify the C;' shape with the peptide addition. This fact
suggests that the electric charge plays an additional role in the
lipid—peptide interaction when the monolayer is in the liquid
expanded state and correlates with the results obtained in
penetration kinetics which demonstrated the higher penetration
of peptide in DMPG and POPG instead of DMPC. At the liquid
condensed state, C; ' decreases with Xgj145-162); such a decrease
is specially marked for the monolayers of Xgj45-162) = 0.2.
Further additions of the peptide do not affect the value of Cyly.
Figure 8 shows the maximum C; ! values in function of peptide
concentration where it can be seen, as indicated above, that the
incorporation of E1(145—162) to phospholipid monolayers in
the liquid condensed state causes their change to a liquid
expanded state.
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Figure 8. Maximum compressibility modulus values as a function of
peptide concentration for the mixtures with the three phospholipids:
black circles and black line for DMPG, gray squares and gray line for
DMPC, and black triangles and black line for POPG. The lines represent
the quadratic nonlinear fitting of the data.

The analysis of the collapse pressures can be helpful to
examine the 2D behavior of the film components; the variation
of 7. with the molar ratio of the components indicates two-
dimensional miscibility. In the case of DMPC, the collapse
pressure of pure lipid (42.7 mN+m™!) barely changes upon
varying the DMPC/E1(145—162) molar ratio until Xg;145-162)
= 0.8 which presents a lower value (~34 mN/m). For mixtures
of E1(145—162) with DMPG and POPG, collapse pressure
varies with the monolayer composition that may be indicative
of the miscibility within the range of molar fractions assayed.
On the other hand, as it was observed for the pure peptide
surface pressure—mean molecular area isotherm, for all mixed
monolayers of DMPC and DMPG and for POPG above a molar
fraction of 0.2, a transition region is observed upon compression.
The extension of this region varies when the E1(145—162)
proportion decreases until Xg145-162) = 0.2 in which the plateau
disappeared.

The application of the additivity rule is very useful to evaluate
the extent of intermolecular interactions in monolayers compris-
ing two components. The additivity rule predicts that, in the
case of an ideal mixture, the mean molecular area (A;») at a
given surface pressure will be equal to the weighted average
(eq 5).

A, =XA, T+ XA, 5)

where A; and A, are the molecular areas of the single
components at the same surface pressure and X, and X, are the
mole fractions of components 1 and 2 in the mixed film. The
comparison of the experimental mean molecular area with the
expected values from the additivity rule application provides
us with an important clue on the extent of miscibility and
interactions in the binary monolayer. The linear dependence in
the area—composition plots (Figure 9) indicates an ideal mixing
or complete immiscibility of its components.?

Analysis of the plots reveals several situations depending on
the lipid—peptide combination. DMPC—peptide mixed mono-
layers present small positive deviations of ideality, at any
Xr1(145-162) molar fraction assayed and at different pressures (5,
10, 20, and 25 mN/m). In the cases of DMPG and POPG, a
similar pattern was observed. In both cases, the mixtures present
positive deviations at pressures of 20 and 25 mN/m; meanwhile,
at lower pressures (5 and 10 mN/m), they show an ideal
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Figure 9. Plots of A for E1(145—162) as a function of the lipid molar
fractions at different surface pressures for pure and mixed monolayers:
(a) DMPC; (b) DMPG; (c) POPG. Surface pressures: (&) 5 mN m™!,
@ 10mNm', (A)20mNm™, (O) 25 mN m™".

behavior. This seems to be a consequence of the electric charge
of DMPG and POPG contribution to the lipid—peptide interaction.

As indicated above, in all cases, the presence of peptide
modifies the compressibility of the monolayer to a liquid
expanded state. This expansion in the case of o-helical peptides
and lipids in the liquid expanded state has been reported.? It is
possible that the expansion reflects the formation of the
molecular aggregates of peptide at the air/water interface, as
has been described in the literature for similar peptides'> or a
change in the orientation of the peptide with respect to the
air—water interface from a parallel to a more vertical position
in the presence of lipid to satisfy the hydrophobic peptide—lipid
interactions. However, it is also compatible with the formation
of peptide—lipid complexes through hydrophobic interactions,
as seen in a previous work,® in which we demonstrated that a
new species appears when mixing liposomes (~30 mN/m
pressure membrane) of the same lipidic composition of the
monolayers of this study and at Xg;j45-162) of 0.2. It is probable
that the peptide molar fraction plays a role in the explanation
of the expansion observed in the different cases studied.

Sénchez-Martin et al.

Figure 10. MiniBam images of lipid monolayers at three different
pressures and their mixtures with E1(145—162) at a molar fraction of
Xe1(145-162) = 0.2: (a) DMPC; (b) DMPC with E1(145—162); (c) DMPG;
(d) DMPG with E1(145—162); (e) POPG,; (f) POPG with E1(145—162).

As indicated above, in all cases, the presence of peptide
modifies the compressibility of the monolayer to a liquid
expanded state. This expansion in the case of o-helical peptides
and lipids in the liquid expanded state has been reported.? It is
possible that the expansion reflects the formation of peptide—lipid
complexes through hydrophobic interactions or a change in the
orientation of the peptide with respect to the air—water interface
from a parallel to a more vertical position in the presence of
lipid to satisfy the hydrophobic peptide—lipid interactions.

The BAM images shown in Figure 10 were obtained from
monolayers of pure lipids (Figure 10a,c,e) and mixed mono-
layers of the three lipids and peptide at Xg;(j45-162) = 0.2 (Figure
10b,d,f). As we have indicated above, the lipid/peptide (08:
0.2) system is especially interesting because of its distinct
behavior. Pictures reveal that the 3D structures observed when
the peptide monolayer was compressed disappear in the presence
of lipid, and until pressures near 25 mN/m, the monolayer is
homogeneous in all cases, demonstrating the lipid—peptide
miscibility. Upon compression in mixed monolayers at high
pressures, when the collapse is reached, pictures show a clear
phase separation. It seems that a peptide—lipid complex arranges
itself and separates from the lipid matrix.

To getinsightinto the interactions established with E1(145—162)
and the three phospholipids of this study, a thermodynamic point
of view has been considered. The excess Gibbs energy of mixing
(AGE) is a useful parameter to investigate on the lipid—peptide
interactions. The examination of AGE values provides us further
information on the energy of the miscibility process and the
specific interactions of two components. The positive values
indicate that the process of mixing is not thermodynamically
favored so the mutual interactions between the two components
are weaker than interactions between the pure component
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TABLE 1: AG (in J mol™) for Different
Lipid—E1(145—162) Mixtures at Various Pressures

Xiipia x (mN m™) DMPC DMPG POPG
0.2 5 —150 —283 —-97
10 —175 —766 —229
20 —7463 —9820 —6670
25 —7993 —13451 —3687
0.4 5 404 —656 —34
10 852 —1108 —86
20 —963 —6218 —5852
25 2697 —6819 —5419
0.6 5 990 —739 —144
10 1954 —837 537
20 8005 —2282 —1385
25 13456 —365 —142
0.8 5 671 —608 —208
10 2172 —90 —328
20 13193 4475 —2229
25 23606 8456 —2766

molecules themselves. When IAGEY| < RT, the differences from
ideality are considered not statistically significant and the
mixture can be considered ideal.*® A deep and step minimum
in AGE{* indicates the formation of a complex between the two
components.'

AGEE has been calculated by eq 6,%! where A}, is the mean
area per molecule in the mixed film, A; and A, are the areas
per molecule in the pure films, X; and X, are the molar fractions,
and 7 is the surface pressure (mN m™1).

T T T
AGy = [T Apdr =X, [ Ajdr =X, [T A, dx
(0)

Table 1 shows the AGE values calculated for the lipid—peptide
mixtures assayed at different surface pressures. In general, at
low surface pressures, the mixtures have IAGE| < RT so they
can be considered ideal. From the dependence of AGES on
peptide concentration at a fixed film pressure, we could see that
the values of AGE( change from negative to positive with
increasing Xgj(145-162) for DMPC and DMPG with a minimum
value obtained at Xgj45-162) < 0.2 for both lipids. In the case
of the POPG monolayer, AGE presents a different pattern with
negative small values so the interactions are not significant
except for 0.2 = Xgj45-162) < 0.4 values at surface pressures
of 20 and 25 mN/m. These results allow us to corroborate the
lipid—peptide miscibility at Xgjas-162) = 0.2 at pressures
between 20 and 25 mN/m when the monolayers present a
transition zone compatible with the formation of a lipid/peptide
complex which separates when the collapse is achieved.

4. Conclusions

We have studied the behavior of Langmuir monolayers of a
synthetic peptide named E1(145—162), from the GB virus
C/Hepatitis G virus, in the presence of DMPC, DMPG, and
POPG. These results have proven that the peptide forms a stable
monolayer and interacts with these model membranes, showing
a higher interaction with negatively charged phospholipid, may
be due to the positive charge of the peptide and the electrostatic
interactions.

Moreover, the surface properties of E1(145—162) synthetic
peptide are consistent with an a-helical structure adopted at the
air—buffer saline interface with a main orientation perpendicular
to the interface at high lateral packing compatible with biomem-
branes. As observed for other a-helical peptides, E1(145—162)
produces the expansion of the surface pressure—mean molecular
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area compression isotherm of lipid showing a transition zone
around 20 mN/m compatible with the peptide/lipid complex at
Xe145-162) = 0.2, with these results being coherent with those
obtained in a previous work,® where a new species appears when
mixing liposomes of DMPC and DMPG with the peptide around
the same molar fraction and that could be attributed to the
binding and subsequent partial penetration of the peptide into
the hydrophobic core of the bilayer. However, the hypothesis
of peptide aggregation cannot be discarded considering the
positive deviations from additivity observed mainly both at high
mole fraction and surface pressure.

The interaction of E1(145—162) with phospholipid membrane
models described allows us to propose it for ulterior studies to
know the relationships between its orientation, structural proper-
ties, and physical properties of membranes in order to elucidate
the role in the mechanism that regulates the entry of the Hepatitis
G virus into the host cell and to consider its potential behavior
as HIV-1 inhibitor.
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Resultados

3.2. Articulo 2. Fluorescence study of the dynamic interaction

between E1(145-162) sequence of hepatitis GB virus C and liposomes

La caracterizacion fisico-quimica de la secuencia peptidica E1(145-162)
correspondiente a la proteina estructural E1 el virus de la hepatitis G se ha
hecho estudiando su interaccion con modelos de membrana. Vesiculas
unilamelares  pequehas  (SUVs, Small  Unilamellar ~ Vesicles) de
dimiristoilfosfatidilglicerol (DMPG) o dimiristoilfosfatidilcolina (DMPC) se han
escogido como modelos de membrana. La incorporacion y localizacion del
péptido en la bicapa fosfolipidica se investigd mediante medidas de anisotropia
de fluorescencia utilizando SUVs marcados con difenilhexatrieno (DPH) o
trimetilamonio-DPH (TMA-DPH). La adicién del péptido E1(145-162) mostro
cambios significativos en los valores de anisotropia de la sonda localizada en la
interfase lipido/agua. Estos resultados indican que el péptido E1(145-162)
interacciona preferiblemente con la superficie del lipido sin penetrar dentro de
la bicapa. Una serie de experimentos de fluorescencia basados en la
fluorescencia intrinseca del péptido por la presencia de triptéfano fueron
planteados; en ellos se realizd una titulacion del péptido con SUVs de DMPC y
DMPG a dos temperaturas (25 y 37°C) con el fin de evaluar si los cambios en la
fluorescencia del triptéfano podian ofrecer una evidencia directa de la
interaccion del péptido con las membranas. La adicion de las vesiculas de DMPC
y DMPG desplaz6 el maximo de absorcidn hacia longitudes de onda mas bajas y
redujeron la intensidad de fluorescencia. Ambos efectos sugieren una
interaccion y una penetracion parcial del péptido en la bicapa sin insertarse
completamente. Las series de espectros de fluorescencia obtenidos se
modelaron mediante el algoritmo MCR-ALS (Multivariate Curve Resolution-
Alternating least squares). Los resultados muestran como la disminucién de la
concentracion del péptido esta directamente relacionada con la aparicién de

una nueva especie, que se corresponde con la union lipido-péptido.
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Abstract The physicochemical characterization of the pep-
tide sequence E1(145-162) corresponding to the structural
protein E1 of the hepatitis G virus was done by studying its
interaction with model membranes. Small unilamellar
vesicles (SUVs) of dimyristoylphosphatidylglycerol or
dimyristoylphosphatidylcholine were chosen as mimetic
membranes. Peptide incorporation and location in the
phospholipid bilayer was investigated by fluorescence an-
isotropy with SUVs labeled with diphenylhexatriene (DPH)
or trimethylammonium—DPH. The addition of the peptide E1
(145-162) showed significant changes in the anisotropy
values of the probe located at the air/water interface. These
results indicate that the peptide E1(145-162) preferably
interacts with the lipid surface without penetrating inside
the bilayer. A series of fluorescence experiments based on
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tryptophan peptide fluorescence were modeled by means of
multivariate curve resolution-alternating least squares (MCR-
ALS) algorithm to further study the peptide interaction with
bilayers at different temperatures. The preliminary results
obtained with MCR-ALS showed how the peptide concen-
tration decay is directly linked to the appearance of a new
specie, which corresponds to the lipid-peptide binding. These
results provide useful information for the design of synthetic
immunopeptides that can be incorporated into a liposomal
system with potential to promote a direct delivery of the
membrane-incorporated immunogen to the immunocompe-
tent cells, thus increasing the immuno response from the host.

Keywords Hepatitis GB virus C - HGV/GBV-C -
MCR-ALS - Tryptophan fluorescence - Liposomes -
Synthetic peptides - Anisotropy

Introduction

Hepatitis G virus (HGV) and GB virus C (GBV-C) are two
isolates of the same virus independently and simultaneously
discovered by Simons [1] and Linnen [2] in 1996. The natural
history of hepatitis G virus (HGV/GBV-C) infection is, at
present, not fully understood, and its potential to cause hepatitis
in humans is questionable [3]. Epidemiological studies
indicate that it does not cause acute or chronic hepatitis.
Recently, HGV/GBV-C has been investigated in the
context of human immunodeficiency virus (HIV) infection.
Hepatitis virus infections are very frequent in patients
suffering from HIV due to similar transmission routes. The
impact of co-infection with hepatitis B (HBV) or C (HCV)
virus on the outcome of AIDS patients is associated with an
impaired survival, and these patients often die from liver
failure instead of AIDS [4]. On the contrary, previous
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studies have suggested that people co-infected with HIV
and HGV/GBV-C have delayed progression of HIV disease
indicating a beneficial influence of GBV-C on HIV
infection [5].

HGV/GBV-C virus is the most closely related human
virus to the HCV, both belonging to the small enveloped
viruses of the flaviviridae family. The envelope proteins (E)
of flaviviruses have been described as class II fusion
proteins [6], characterized by putative fusion sequences
known as fusion peptides. The ability of vesicle fusion and
cell lysis by these fragments seems to correlate with the
strong interaction of these peptides with membranes. The
fusion peptides of several viruses have been studied using
biophysical techniques in order to better understand the
entry mechanism of the virus into the host cell.

Bearing on mind the potential use of synthetic peptides
as antiviral therapies and in an attempt to better understand
the molecular interaction of envelop E1 protein of HGV/
GBV-C with lipid bilayers, an epitope of GBV-C located at
the (145-162) region of this structural protein has been
selected by means of theoretical algorithms prediction.

In the present work, the physicochemical characteriza-
tion of E1(145-162) peptide was done by studying its
interaction with model membranes. Its ability to induce
perturbations in model membranes has been analyzed by
fluorescence anisotropy and by monitoring the behavior of
the peptide in presence of different concentrations of lipid
at different temperatures. A series of experiments, based on
tryptophan fluorescence emission spectra, were developed
by measuring the emission spectrum depending on lipid
concentration. The fluorescence evolution of the peptide
was measured in presence of small unilamellar vesicles
(SUVs) composed of dimyristoylphosphatidylcholine
(DMPC), zwitterionic, or dimyristoylphosphatidylglycerol
(DMPQG), anionic, at 25 and 37 °C.

To extract information about the behavior of the interac-
tion between E1(145-162) and lipids, the fluorescence
patterns collected were modeled by means of multivariate
curve resolution-alternating least squares algorithm (MCR-
ALS) [7]. MCR-ALS is a very useful algorithm that has
widely demonstrated its usefulness in the modeling of
evolving reactions [8, 9]. The aim of MCR-ALS is to

Fig. 1 MCR-ALS decomposi-
tion of D (MxN) into the con-
centration C (M x F) and spectral
ST (FxN) profiles. E (MxN) is
the residual matrix. Comp.
components, prof. profiles

N wavelengths

Spectrum at m time

D

M times
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describe the evolution of the obtained fluorescence profiles
through their pure components contributions individually,
without assuming any previous kinetic model.

The aim of this work is to obtain information about the
molecular interaction between the peptide and a model of
lipid membrane in order to know if it may serve as an
internal fusion peptide. Fluorescence measurements and its
mathematical treatment provided insights into E1(142—
165)-membrane interaction.

Some outlines of multivariate curve resolution-
alternating least squares in evolving fluorescence
reactions

Main features of MCR-ALS

When the emission spectral profiles are collected at certain
excitation wavelength varying the lipid concentration, the
information obtained can be arranged into a bidimensional
matrix D (MxN), wherein spectra are sorted in rows as a
function of time (m rows). The n columns refer to the n
different emission wavelengths monitored (Fig. 1).

MCR-ALS iteratively decomposes D into two sub-
matrices, C (MxF) and S* (NxF), which contain the
concentration and spectral profiles, respectively [10]. F is
the number of absorbing chemical components. E (MXN) is
the matrix of residuals (Eq. 1; Fig. 1).

D=CS"+E (1)

In essence, by using the MCR-ALS algorithm, the evolution

of the relative concentration (C) of each compound in the
reaction (F) and their pure spectra (S") is obtained.

Elucidating the number of components

Before starting the MCR-ALS decomposition, the value of
F, i.e., the number of luminescence components, has to be
determined, taking into consideration that the idea of
luminescence component has to be understood as an entity
that makes the signal vary (in our case, the fluorescence
spectra collected with time) significantly from the noise of
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the data. If the signal-to-noise ratio is high enough, the
components will only refer to the number of analytes that
evolve in the reaction. Several methods have been
described to guess the number of evolving components
[11], but one of the most useful is evolving factor analysis
(EFA) [7, 12]. This algorithm is a PCA-based method that,
apart from a number of components, also offers an intuitive
idea of the zone in where each component is relevant.

Obtaining initial estimations to start the iterations

MCR-ALS requires good initial estimations of the spectral or
the concentration profiles for each component to start the
iterations to converge to a good solution avoiding local
minima. There are a lot of methodologies to obtain initial
estimates in an easy way, like the previously mentioned EFA
algorithm for the concentration profiles [13] or SIMPLISMA
for the spectral profiles [14]. One straightforward way to
obtain initial estimates of the spectral profiles is to choose
some of the spectra from the D data matrix.

Imposing constraints to the iterations

The resolution of the product CS™ is not so evident since
this product has no unique solution. This ambiguity
associated with the resolved profiles, which can affect the
quality of the derived information, can be highly minimized
by means of the addition of several soft-modeling con-
straints [15, 16]. Among the number of constraints that can
be imposed, the most useful in fluorescence are mainly
non-negativity, which imposes the concentration or spectral
profiles of the components that are supposed to be always
positive; unimodality, which can be assumed that the shape
of the profiles only have one minimum; and closure, which
is used when the mass balance in the reaction remains
constant.

Achieving the best solution

ALS is an iterative algorithm, so a stopping criterion has to
be imposed to stop the iterations. The most common is the
percentage of lack of fit (%LOF) that indicates the
difference between the input data D and the data repro-
duced from the CS" product for each iteration (Eq. 2) [10].
The optimization stops when the relative difference in lack
of fit (%LOF) values between consecutive iterations is
below than a threshold value (usually 0.1% [11]).

%LOF = 100 x

In this equation, e is each mnth element of the residual
matrix E, and d is each mnth element of the D matrix.

Materials and methods
Reagents

Amino acids and Rink amide resin (Tentagel R RAM,
0.19 meq/g) were obtained from Novabiochem (Notting-
ham, UK). Dimethylformamide was purchased from
Scharlau (Barcelona, Spain). Dichloromethane and piperi-
dine were purchased from Fluka (Neu-Ulm, Germany).
Washing solvents such as acetic acid, diethyl ether, and
trifluoroacetic acid (TFA) were obtained from Merck
(Poole, Dorset, UK). N-Hydroxybenzotriazole (HOBt)
and N,N'-diisopropylcarbodiimide coupling reagents were
obtained from Fluka and Novabiochem, respectively. Other
coupling reagents as O-(7-azabenzotriazole-1-yl)-N, N.N'N'-
tetramethyluronium hexafluorophosphate (HATU), and N,
N'-diisopropylethylenamine (DEIA) were obtained from
GenScript Corporation and Fluka, respectively. Scavengers
such as ethanedithiol (EDT) or triisopropylsilane (TIS)
were from Sigma-Aldrich. DMPG and DMPC were from
Avanti Polar Lipids and were used without further purifica-
tion. Chloroform and methanol were purchased from
Merck. Water was double-distilled and deionized (MilliQ
system, Millipore; 18.2 MQ cm, pH 5.8). Buffer in all
experiments was HEPES 5 mM, 20 mM NacCl, pH 7.4.

Peptide synthesis

The synthesis of the peptide E1(145-162), whose primary
amino acid sequence is Trp-Lys-Val-Pro-Phe-Asp-Phe-Trp-
Arg-Gly-Val-Ile-Ser-Leu-Thr-Pro-Leu-Leu, was carried out
manually on a Tentagel R RAM resin (0.19 meq/g) by a
solid phase methodology following an Fmoc/fert-butyl
(tBu) strategy by means of a DIPCD/HOBt activation
[17]. For difficult couplings, HATU and DEIA agents
were used. Side protection was effected by the following:
2,2,5,7,8-pentamethyl-chroman-6-sulfonyl for Arg; tBu
for Tyr, Ser, Thr, and Asp; and #-butyloxycarbonyl for
Lys and Trp.

Threefold molar excess of Fmoc-amino acids was used
throughout the synthesis. The stepwise addition of each
residue was assessed by the Kaiser’s (ninhydrin) test [18],
and repeated couplings were carried out when a positive
ninhydrin test was obtained.

The synthesized peptide was deprotected from the side-
chain groups and cleaved from the resin with a treatment of
TFA containing appropriate proportions of scavengers [19]
such as H,O, TIS, and EDT/94.5% TFA/2.5% H,0/2.5%
EDT/1% TIS.
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The peptide was characterized by analytical HPLC
Perkin Elmer with a LC-235 Diode Array Detector and a
Binary LC Pump 250; the column used was a KROMASIL
100 C18 5 um of 25%0.46 cm. The analysis was carried out
using a linear gradient of 95% H,O (0.05% TFA)/5%
acetonitrile (0.05% TFA) to 5% H,O (0.05% TFA)/95%
acetonitrile (0.05% TFA). The characterization by electro-
spray mass spectrometry was carried out by UPLC-MS
(AQUITY Ultra Performance LC™ from Waters using a
BEH C18 column of 1.7 um, 2.1x100 mm).

Preparation of lipid vesicles

DMPG or DMPC were dissolved in a chloroform/methanol
(2:1, v/v) mixture, and the solutions were evaporated to
dryness in vacuum with a rotary evaporator. The dried lipid
film was subjected to high vacuum overnight to remove
trace amounts of solvent. Then, the lipid films were
hydrated with Hepes buffer (5 mmol/L, pH 7.4) obtaining
multilamellar vesicles (MLVs). MLVs were further trans-
formed to SUVs by bath sonication [20].

Fluorescence anisotropy of membrane lipids

The dynamics of lipids in liposome membranes in the
presence of the peptide was determined by measuring the
degree of depolarization of the fluorescence emitted from
the probes diphenylhexatriene (DPH) and trimethylamino—
diphenylhexatriene (TMA-DPH). DPH or TMA-DPH in
THF was added to SUVs to achieve a final probe/lipid
molar ratio of 1:700. Liposomes were incubated at 60 °C
(i.e., above Tm) for at least 1 h before use to allow the
probe to be incorporated. The peptide was mixed with
SUVs having a peptide/lipid molar ratio of 1:790, and
samples were allowed to equilibrate for 15 min before the
measurements. Fluorescence polarization was measured in
an AB-2 spectrofluorimeter SLM-Aminco under stirring
(1 cm path-length quartz cuvettes) equipped with a Peltier
device connected to a temperature controller. The widths of
excitation and emission slits were 4 nm. The excitation and
emission wavelengths were 365 and 425 nm, respectively.
Samples were submitted at least to three heating and
cooling cycles from 15 to 35 °C and vice versa, with steps
of 1 °C. An equilibration time of 5 min was allowed after
each temperature change. Fluorescence anisotropy () was
calculated automatically by the software provided with the
instrument, according to Eq. 3.

Iyy — Glyy,

_ Glvn. 3
" Tve + 2GIys (3)

where G=Iy,/I, the g-factor used to correct the anisotro-
py values for the unequal transmission of differently

@ Springer

polarized light, and Iy, Iyn, Iy and Iy, are the various
fluorescence intensities with the excitation and emission
polarization filters, respectively, in vertical (v) and hori-
zontal (h) orientations.

Fluorescence studies of intrinsic tryptophan in E1(142—165)

The fluorescence of the Trp residue was recorded as a
function of the lipid/peptide molar ratio and corrected for
the contribution of light scattering in the presence of
vesicles. Emission fluorescence spectra were collected by
keeping constant the initial concentration of the peptide
(3.1 uM in HEPES 5 mM, pH 7.4) and incrementing the
concentration of DMPG or DMPC. For this purpose,
aliquots of 70 uM of DMPG or DMPC SUVs were
added. After each addition, the emission spectrum was
recorded in a range of 300 to 450 nm. The excitation and
emission bandwidths were set at 4 nm each and the
excitation wavelength was 280 nm. The interaction was
tested at two temperatures (25 and 37 °C). Cuvette
temperature was maintained with a peltier system piloted
by a computer program (Microbeam S.A., Barcelona,
Spain), and the temperature was registered with a
thermocouple inserted into the cuvette. The suspensions
were continuously stirred and left to equilibrate for 5 min
before recording the spectrum. Peptide—phospholipid
interactions were assessed by monitoring changes in the
fluorescence spectra. Blue shifts were calculated as the
differences in wavelength of the maxima in the emission
spectra of the peptide, recorded with and without lip-
osomes. Standard deviation for the blue shift was less
than 0.5 nm.

EFA and MCR-ALS application

Recorded spectra were converted into ASCII files for
further analysis by means of EFA and MCR-ALS software
supported with MatLab v. 2008a (MathWorks, MA, USA).
MCR-ALS software developed by Tauler et al. was used
(http://www.ub.es/gesq/mcr.htm).

Identical constraints were imposed to all the experi-
ments. Since the intensity in fluorescence is expected to
have positive values, non-negativity constraint was
imposed to both spectral and concentration profiles.
The unimodality constraint was imposed to the concen-
tration profiles. A %LOF value of 0.1% was imposed.
The number of absorbing components was elucidated
by using Evolving Factor Analysis implemented in
PLS-Toolbox v. 4.0 (Eigenverctor Research, WA,
USA) working under MatLab v. 2008a. The initial
estimation of spectral profiles was obtained by selecting
as many spectra as luminescence components for each
experiment.
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Results and discussion

The peptide E1(145-162) was successfully synthesized and
characterized by HPLC and mass spectrometry (see Figure
1_ESM). The molecular weight of the peptide is 2,173.62,
and the mass spectrum show the majoritary peaks of m/z
ratio for z=+2 and z=+3, both protonated.

Effect of E1(145-162) sequence on membrane lipid order

Changes in fluorescence anisotropy of two fluorescent
probes (TMA-DPH and DPH), incorporated in DMPC or
DMPG SUVs, were measured in order to investigate
peptide incorporation and location in different regions of
the phospholipid bilayer. TMA-DPH is a hydrophobic
molecule, which is anchored at the water/lipid interface due
to its charged trimethylammonium group; on the other
hand, DPH is anchored into the lipid membrane core and
gives information on the fluidity of the non-polar regions of
lipid structures. Since fluorescence anisotropy is highly
dependent upon the viscosity of the solution in which the
fluorophore is dissolved, it can be used to obtain informa-
tion on the microviscosity of lipid membranes of the
fluorophore partitions. r values are high at temperatures
below the main transition temperature of the lipids, from
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Fig. 2 Temperature transition profiles of DPH or TMA-DPH labeled
SUVs in the presence (filled dots) and absence (empty dots) of peptide.
a DMPG/DPH, b DMPG/TMA-DPH, ¢ DMPC/DPH, and d DMPC/

gel to liquid crystalline state, due to the highly restricted
rotation for the probe. Increasing the temperature resulted
in a decrease of anisotropy as a consequence of the
rotational depolarization concomitant with the decrease in
the microviscosity of the membrane. On the other hand,
differences in r are likely to reflect difference in the extent
of binding of the peptide to the lipids.

Values of » upon peptide addition to SUVs depend on
both lipid and probe (Fig. 2). In the case of DMPG/TMA—
DPH (Fig. 2b), r in presence of peptide is higher than in
absence, showing that the probe is in a more rigid environ-
ment. The heating and cooling cycle does not show a
significant hysteresis (figure not shown). On the contrary, for
SUVs of DMPC labeled with TMA-DPH (Fig. 2d), peptide
addition results in a dramatically decrease in r, indicating
that the probe is surrounded by a bilayer in a fluid state.
Considering that the probes chosen for the present assay
show intense fluorescence when they are bound to the lipid
but do not exhibit fluorescence in aqueous solution, the low
values of r are indicative of bilayer rupture.

On another hand, analyzing the peptide effect on a
deeper part of the bilayer, DMPG SUVs labeled with
DPH (Fig. 2a) show dispersed » values, probably as a con-
sequence of vesicle aggregation. In addition, the cooling
profile shows a remarkable hysteresis in the liquid crystal-
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Fig. 3 Blue shift in Trp emission maximum in the presence of
liposomes composed of DMPC or DMPG at 25 or 37 °C at different
molar ratios (X)

to-gel transition, indicating that the probe is free in solution
and therefore it is an irreversible process (figure not
shown). In the case of DPH embedded into DMPC SUVs
(Fig. 2c), the presence of peptide does not show a
remarkable effect on the bilayer order. However, the
dispersion of the values suggests vesicle aggregation.

Fig. 4 Fluorescence pattern col- DMPC at 25°C
lected for DMPC by varying the 1
molar ratio with lipid at two g i
temperatures
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400
wavelengths (nm.}
450 ©
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Intrinsic emission fluorescence

The characteristics of Trp fluorescence are sensitive to
changes caused by alterations in peptide conformation and
membrane association. Changes in the microenvironment
of the Trp of the E1(145-162) peptide upon binding to
zwitterionic DMPC or to negatively charged DMPG lipid
bilayers were monitored by measuring its Trp fluorescence.

Modifications in Trp fluorescence intensity are com-
monly observed when peripheral proteins interact with
membranes. Often, the emission intensity increases, and the
Amax undergoes a blue shift when a Trp-containing protein
moves from an aqueous solution to a membrane-bound
state [21]. Our goal was to evaluate whether changes in Trp
fluorescence could provide direct evidence of peptide
interaction with membranes.

The maximal emission wavelength (\,.x) of E1(145-162)
was 353 nm in buffer, thus indicating that the Trp is exposed
to the medium [22]. Addition of DMPC or DMPG vesicles to
E1(145-162) shifted the A\ to shorter wavelengths and
decreased the fluorescence intensity (Fig. 3). Both effects
suggest that the Trp residue is located in a less polar
environment, showing interaction and partial penetration of
the peptides into the hydrophobic tail of the bilayer without
being completely buried. On the other hand, as described for
other peptides, this effect could result from an extended lipid
conformation of the contact sites together with the intercala-
tion of the Trp residue into the bilayers [23].

EFA and MCR-ALS results

As an example, the fluorescence pattern collected for
DMPC at both temperatures is depicted in Fig. 4.
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04  lipid (%)
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Fig. 5 Evolving factor analysis for DMPC at two temperatures. Solid lines indicate the forward EFA analysis, whereas dotted lines indicate the

backward EFA analysis

At first sight, it could be thought that three components
would appear in the media (peptide, lipid and the
interaction between them). Nevertheless, previous analysis
of the number of components by using evolving factor
analysis denoted that there were two main components with
luminescence in the wavelength working range (Fig. 5).
This is because the lipid did not present luminescence by
itself during the reaction. Therefore, the two absorbing
components were the peptide and the interaction between
peptide and lipid. This observation is very important for the
further development of MCR-ALS models. The fact that
there are only two components obliged not to impose

Fig. 6 MCR-ALS results. Blue

d Concentration profiles of DMPC at 25°C

closure constraint since the mass balance depends on the
three components, but the change in the spectra is only due
to two of those components.

Results obtained with MCR-ALS are depicted in Fig. 6.
All the models obtained explained more than the 99.00% of
the explained variance in the data. Moreover, the residuals
did not reveal any systematic variation, and their values
remained randomly distributed throughout the molar frac-
tion. These observations supported the validity of the ob-
tained MCR-ALS models.

The first remarkable observation was that the obtained
spectral profiles were very similar within and between

b concentration profiles of DMPC at 37°C
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temperatures (Only results for DMPC at both temperatures
are shown in Fig. 6). This indicates that temperature
influences in the behavior (concentration profiles) and not
in the spectra of both peptide and lipid.

A new specie appears at a specific molar fraction depend-
ing on the temperature. This specie could be attributed to the
binding and subsequent partial penetration of the peptide into
the hydrophobic core of the bilayer, where the Trp residue
senses a less polar environment, giving a minor fluorescence
and shifting the maximum wavelength to the blue.

Conclusions

The use of synthetic peptides offers an effective approach for
designing chemically well-defined molecules of specific
activity. The experimental data obtained in this work
reinforce the hypothesis that the E1(142—165) peptide could
be an internal fusion peptide of HGV/GBV-C [24, 25]. This
fact is supported by means of anisotropy measurements.
Moreover, the known preference of Trp for the interfacial
regions of membranes [26] was assessed by Trp fluorescence
assays that show the shifting of the \,.x of the Trp residue to
shorter wavelengths in presence of bilayers.

These results indicate that membrane penetration as well
as cooperative interactions accompanies the bilayer associ-
ation of the peptide derivative.

The usefulness of EFA and MCR-ALS to extract
underlying information about the behavior of the peptides
exposed to the lipidic bilayer tested has also been
demonstrated, offering the possibility of further studies
mainly focused on modeling and fitting the temperature
effect to establish empirical functions to define the system.
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Resultados

3.3. Articulo 3. Analysis of HIV-1 fusion peptide inhibition by
synthetic peptides from E1 protein of GB virus C

El objetivo de este estudio es identificar péptidos que puedan inhibir la
actividad de la secuencia peptidica que representa el extremo N-terminal de la
proteina gp41 del VIH, correspondiente al péptido de fusion del virus (PF del
VIH-1). Se sintetizaron y estudiaron 58 péptidos solapados en 15 residuos
correspondientes a la proteina E1 del virus de la hepatitis G (GBV-C). Cinco de
los péptidos sintetizados: NCCAPEDIGFCLEGGCLV (P7), APEDIGFCLEGGCLVALG
(P8), FCLEGGCLVALGCTICTD (P10), QAGLAVRPGKSAAQLVGE (P18) 'y
AQLVGELGSLYGPLSVSA (P22), son capaces de inhibir la liberacion de
contenidos vesiculares causada por el PF VIH-1. Toda una serie de
experimentos se llevaron a cabo para intentar determinar cédmo estos péptidos
de la proteina E1 interaccionan con el PF del VIH-1. Se han analizado las
interacciones tanto en presencia como en ausencia de modelos de membrana.
La calorimetria isotérmica de titulacion (ITC) reveld que la unién de P7, P18 y
P22 al PF VIH-1 es fuertemente endotérmica. La energia de Gibbs del proceso
indica una unidn espontanea entre los péptidos de la proteina E1 y el PF VIH-1.
Por otro lado, el ensayo de microscopia confocal utilizando liposomas
unilamelares gigantes (GUVs) como modelos de membrana mostré que la
ruptura de la bicapa lipidica causada por el PF VIH-1 se inhibia por la presencia
de cualquiera de los cinco péptidos seleccionados. Los resultados destacan que
estos péptidos sintéticos de la proteina E1 pueden estar involucrados en la
prevencidon de la entrada del VIH-1 pero su interaccion con PF del VIH-1 es
diferente segun el caso. Los experimentos de dialisis muestran que los péptidos
interaccionan en disolucién, lo cual se corrobora para P7, P8 y P22 en los
estudios de ITC; sin embargo, no podemos confirmarlo para los otros dos
péptidos. Los diferentes comportamientos muestran que esta interaccion no es
tan simple y que los péptidos no interaccionan sélo en disolucién o sélo en la

membrana, sino mediante un mecanismo mas complejo.
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ABSTRACT

The aim of this study was to identify proteins that could inhibit the activity of the peptide sequence rep-
resenting the N-terminal of the surface protein gp41 of HIV, corresponding to the fusion peptide of the
virus (HIV-1 FP). To do this we synthesized and studied 58 peptides corresponding to the envelope pro-
tein E1 of the hepatitis G virus (GBV-C).

Five of the E1 synthetic peptides: NCCAPEDIGFCLEGGCLV (P7), APEDIGFCLEGGCLVALG (P8), FCLEGGCL
VALGCTICTD (P10), QAGLAVRPGKSAAQLVGE (P18) and AQLVGELGSLYGPLSVSA (P22) were capable of
inhibiting the leakage of vesicular contents caused by HIV-1 FP. A series of experiments were carried
out to determine how these E1 peptides interact with HIV-1 FP. Our studies analyzed the interactions
with and without the presence of lipid membranes. Isothermal titration calorimetry revealed that the
binding of P7, P18 and P22 peptides to HIV-1 FP is strongly endothermic, and that binding is entropy-dri-
ven. Gibbs energy for the process indicates a spontaneous binding between E1 peptides and HIV-1 FP.
Moreover, confocal microscopy of Giant Unilamellar Vesicles revealed that the disruption of the lipid

bilayer by HIV-1 FP alone was inhibited by the presence of any of the five selected peptides.

Our results highlight that these E1 synthetic peptides could be involved in preventing the entry of HIV-
1 by binding to the HIV-1 FP. Therefore, the continued study into the interaction between GBV-C peptides
and HIV-1 FP could lead to the development of new therapeutic agents for the treatment of AIDS.

© 2011 Elsevier Inc. All rights reserved.

1. Introduction

In recent years, synthetic peptides have attracted a great deal of
attention in the multidisciplinary and emerging field of nanobio-
medicine [1-3] due to the chemical diversity which can be toler-
ated within these nanostructures, their ease of synthesis, their
high purity and their low production costs. The multiple applica-
tions of these compounds include their use in research, diagnosis
and the treatment of viral infections such as AIDS and hepatitis
[4-7].

Significant progress has been made in the treatment of human
immunodeficiency virus (HIV) infection, but we are still far from
the end of the battle against this disease. Current therapy consists
of complex treatments of nucleoside analogs, non-nucleoside re-
verse transcriptase inhibitors, and viral protease inhibitors aimed
at specific steps of the HIV replication cycle. These drugs target

* Corresponding author. Fax: +34 93 403 59 87.
E-mail address: mjsanchez@ub.edu (M.J. Sanchez-Martin).

0021-9797/$ - see front matter © 2011 Elsevier Inc. All rights reserved.
doi:10.1016/j.jcis.2011.04.053

with high specificity, but caution should be exercised because
rapid virus turnover in HIV infection can result in the emergence
of resistant mutations and subsequent treatment failure [8,9].
However, the natural history of hepatitis G virus (GBV-C) infection
is, at present, not fully understood and its potential to cause hep-
atitis in humans is questionable [10].

The GB virus C (GBV-C) was recently investigated in the context
of HIV infection, because hepatitis virus infections are very fre-
quent in patients suffering from HIV as they have similar transmis-
sion routes. Infection with the hepatitis B (HBV) or C (HCV) virus
on AIDS patients has been associated with an impaired survival,
and these patients often die from liver failure instead of AIDS
[11]. In contrast, previous studies have suggested that people co-
infected with HIV and GBV-C exhibit delayed progression of HIV,
indicating a beneficial influence of GBV-C on patients with HIV
infection [12]. Based on a co-infection model, GBV-C may inhibit
HIV by inducing chemokines, down-regulating HIV co-receptor(s),
influencing cytokine profiles, and having other as yet undefined ef-
fects on the host lymphocytes [12,13]. However, the mechanism
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responsible for the beneficial effect that the GBV-C virus exerts on
the course of infection caused by HIV has yet to be fully defined.

Jung et al. [14] demonstrated that cells transfected with either
infectious RNA or a deletion mutant that expressed the N-terminal
third of the polyprotein (including the E1 and E2 coding regions)
resulted in inhibition of HIV replication, increased the release of
chemokines, and decreased the surface expression of CCR5 com-
pared to cells transfected with antisense GBV-C RNA. This indicates
that the envelope proteins may be involved in the inhibition of HIV
replication.

Recently, we described certain E2 GBV-C domains that interfere
with the HIV-1 FP-vesicle interaction, decrease the cellular mem-
brane fusion, and interfere with the HIV-1 infectivity in a dose-
dependent manner [15].

Taking into account the attractive properties of synthetic pep-
tides and the possible relation between the envelope GBV-C pro-
teins and the inhibition of HIV replication, we studied the
capacity of GBV-C E1 peptide sequences to inhibit the interaction
and destabilization process of membranes induced by the fusion
peptide (FP) of HIV-1. To achieve this, 58 E1 peptides from GBV-
C were synthesized and characterized.

Recent studies have reported the importance of leakage exper-
iments or isothermal titration calorimetry studies [16-19] in
understanding the membrane interacting properties of synthetic
peptides. Thus, several biophysical techniques were used to cover
different aspects of GBV-C peptide/HIV-1 FP interaction in the
presence and absence of lipid vesicles. As a first indication of the
ability of GBV-C sequences to inhibit pore formation caused by
HIV-1 FP we chose the leakage of the vesicular content assay
[16,17,20]. From the results of this initial test, five sequences were
selected for further studies. Then, the binding of these selected
peptide sequences to large unilamellar vesicles was studied by
comparing two separation methods: centrifugation and equilib-
rium dialysis. The same experiment was used to study the E1 pep-
tides inhibition capacity towards HIV-1 FP binding. The
thermodynamics of peptide-peptide interaction in solution was
also analyzed by isothermal titration calorimetry. Finally, the inhi-
bition effect was observed using a confocal microscopy.

As far as the lipid composition is concerned, whenever possible
we chose negatively charged phospholipids because it was found
that HIV-1 FP binds stronger to negative phospholipids than to li-
pid devoid of charge. The exception was the preparation of giant
unilamellar vesicles where a zwitterionic lipid was used but la-
beled with a negative probe, therefore giving a global negative
charge.

Our results indicate the capacity of certain peptide sequences of
the GBV-C E1 protein to inhibit the fusion process of liposomes in-
duced by the FP of the HIV-1 glycoprotein gp41.

2. Experimental
2.1. Materials

Amino acids and Rink amide resin (Tentagel R RAM, 0.19 meq/g)
were obtained from Novabiochem (Nottingham, UK). Dimethyl-
formamide (DMF) was purchased from Scharlau (Barcelona, Spain).
Dichloromethane (DCM) and piperidine were purchased from Flu-
ka (Neu-Ulm, Germany). Acetic acid, diethyl ether, and trifluoro-
acetic acid (TFA) were obtained from Merck (Poole, Dorset, UK).
N-hydroxybenzotriazole (HOBt) and N,N'-diisopropylcarbodiimide
(DIPCDI) coupling reagents were obtained from Fluka and Novabio-
chem, respectively. Other coupling reagents such as O-(7-azaben-
zotriazole-1-yl)-N, N,N'N'-tetramethyluronium hexafluorophos
phate (HATU) and N,N'-diisopropylethylenamine (DEIA) were ob-
tained from GenScript Corporation and Fluka, respectively. Scaveng-

ers such as ethanedithiol (EDT) and triisopropylsilane (TIS) were
obtained from Sigma-Aldrich.

1,2-dimyristoyl-sn-glycero-3-phosphocholine (DMPC), 1-pal-
mitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPG), and 1,2-
di-(9,10-dibromo) stearoyl-sn-glycero-3-phosphocholine (Br-PC)
and Rho-PE [(1,2-dioleoyl-sn-glycero-3-phosphoethanolamine-N-
(lissamine rhodamine B sulfonyl) (ammonium salt) (18:1 lissamine
rhodamine PE)] were purchased from Avanti Polar Lipids. The
purity of these lipids was above 99% and they were used without
further purification.

Chloroform and methanol were purchased from Merck. Water
was double distilled and deionized (MilliQ system, Millipore)
(18.2 MQ cm, pH 5.8). The buffer used in all experiments was HEPES
(from Sigma-Aldrich) 5 mM and NaCl (from Merck) 20 mM, pH 7.4.

2.2. Peptides synthesis

A scan of the GBV-C E1 protein (Genbank D90600, Japan) was
carried out by the semiautomatic multiple syntheses of 18-mer
peptides overlapped by fifteen residues. The resulting 58 linear
peptides were synthesized on a Multisyntech synthesizer using a
Tentagel R RAM resin (0.19 meq/g). This resin enables carboxamide
peptides to be obtained at the C-terminal end, by a solid phase
methodology following an Fmoc/tBu strategy by means of HATU
and DEIA activation. Side protection was effected by the following:
2,2,5,7,8-pentamethyl-chroman-6-sulfonyl (Pmc) for Arg, tert-Bu-
tyl (tBu) for Tyr, Ser, Thr and Asp and t-butyloxycarbonyl (Boc)
for Lys and Trp. Threefold molar excess of Fmoc-amino acids was
used throughout the synthesis. In the manual synthesis, the step-
wise addition of each residue was assessed by the Kaiser’s (ninhy-
drin) test [21] and repeated couplings were carried out when a
positive ninhydrin test was obtained.

The synthesized peptides were deprotected from the side-chain
groups and cleaved from the resin with a treatment of trifluoroace-
tic acid (TFA) containing appropriate proportions of scavengers
[22] such as H,O, triisopropylsilane (TIS), and ethanedithiol
(EDT): 94% TFA: 2.5% H,0: 2.5% EDT: 1% TIS.

Peptides were characterized using an analytical HPLC Perkin El-
mer with an LC-235 Diode Array Detector and a Binary LC Pump
250; the column used was a KROMASIL 100 C18 5pum of
25 x 0.46 cm. The analysis was carried out using a linear gradient
of 95% H,0 (0.05% TFA)/5% acetonitrile (0.05% TFA) to 5% H,0
(0.05% TFA)/95% acetonitrile (0.05% TFA). The characterization by
electrospray mass spectrometry was carried out using UPLC-MS
(AQUITY Ultra Performance LC™ from Waters, using a BEH C18
column of 1.7 pm, 2.1 x 100 mm). The peptides were purified to
as much as 90% by analytical HPLC at 215 nm (for further details
see Supporting information, Table 1).

Peptides synthesized manually (P7, P8, P10, P18 and P22) were
purified by semi-preparative HPLC in a Kromasil-C8 column and
characterized by ES-MS, achieving a final purity of over 95%.

The fusion peptide of the HIV-1 glycoprotein gp41, HIV-1 FP/
AVGIGALFLGFLGAAGSTMGAAS, was also synthesized by manual
SPPS but using a 100% polyethylene glycol-based ChemMatrix re-
sin that proved to be a more effective support for the solid-phase
synthesis of hydrophobic and highly structured peptides. The final
purity of the peptides achieved using HPLC was higher than 95%.

2.3. Preparation of lipid vesicles

2.3.1. Large unilamellar vesicles

Phospholipids were dissolved in a chloroform:methanol (2:1, v/
v) mixture and the solutions were evaporated to dryness in a vac-
uum with a rotary evaporator. The dried lipid film was subjected to
a high vacuum overnight to remove trace amounts of solvent.
Then, the lipid films were hydrated with Hepes buffer (5 mmol/L,
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pH 7.4) containing NaCl 20 mM to obtain multilamellar vesicles
(MLVs). MLVs were further transformed to large unilamellar
vesicles (LUVs) by extrusion under moderate pressure through a
polycarbonate filter of 0.1 um pore size [23]. The lipid concentra-
tion of the stock solutions was 1.5 mM.

2.3.2. Giant unilamellar vesicles

Giant liposomes were made using the gentle hydration method
[24-26] of DMPC films doped with glucose [27] but with slight dif-
ferences in the preparation method.

Two solutions of (i) DMPC 10 mM in chloroform and (ii) glucose
20 mM in methanol were prepared. Solutions containing 50 pL of
DMPC and 250 pL of glucose were then mixed with 0.6% of Rho-
PE, which acted as a labeling probe to allow us to view the vesicles
during the confocal microscopy experiments. The mixture was
evaporated in the rotary evaporator to form the film and dried un-
der a nitrogen stream for 1 h. The dry lipid film was hydrated with
2 mL of distilled water and the liposomes left to grow at 40 °C for
24 h. The cloud of vesicles formed was then collected.

2.4. Leakage of vesicular contents: ANTS/DPX assay

For the ANTS (8-aminonaphtalene-1,3,6-trisulfonic acid)-DPX
(N,N'-p-xylene-bis(pyridinium bromide) leakage assay [28,29],
approximately 20 mg of POPG was dissolved in a mixture of chlo-
roform and methanol (2:1), which was subsequently removed un-
der a stream of nitrogen. Approximately 2 mL of buffer was added
to the dry lipid. The buffer contained 12.5 mM ANTS and 45 mM
DPX from Molecular Probes (Eugene, OR) and 20 mM NaCl and
5 mM Hepes. The osmolarity of the ANTS/DPX solution was ad-
justed so that it was equal to that of the buffer in a cryoscopic
osmometer (Fiske One-ten). The suspension was frozen and
thawed 10 times to ensure maximum entrapment prior to extru-
sion [30]. A stock solution of LUV of approximately 0.1 pm in diam-
eter was formed by extrusion pressure through Nucleopore
polycarbonate membranes. The vesicles were separated from
unencapsulated material on Sephadex G-75 (Pharmacia, Uppsala,
Sweden), and equilibrated with 100 mM NaCl/5 mM Hepes buffer
(pH 7.4). The final concentration of the lipid was 0.1 mM.

Fluorescence was measured in an Aminco Bowman AB2 (Micro-
beam, SA) spectrofluorimeter before and after detergent was added.
Before being added to the suspension of LUVs, each GBV-C peptide
sequence corresponding to the E1 protein was incubated for
30 min with the HIV-1 FP in dimethylsulfoxide (DMSO). Following
this, the fluorescence was measured again. The amount of DMSO,
with respect to the total volume of the assay, was always less than
5%. No significant differences in fluorescence were observed when
adding the equivalent volume of DMSO in the absence of a peptide.
The dequenching of co-encapsulated ANTS and DPX fluorescence
resulting from dilution was measured to assess the leakage of aque-
ous contents from vesicles. Leakage was monitored by measuring
the increase in the ANTS/DPX fluorescence intensity at 520 nm, with
an excitation of 355 nm and slits of 8 nm. HIV-1 FP/E1 peptide ratios
ranged from 1/1 to 1/20. The percentage of leakage was calculated
according to the equation below:

(F—Fo)
[s)
%leakage = Froo—Fo) x 100 (1)

where Fj is the initial fluorescence of LUVs, F is the fluorescence
intensity after adding the peptide, and Fiqp is the fluorescence
intensity after the addition of 10 pL of a 10% (v/v) Triton-100 solu-
tion (complete lysis of LUVs).

2.5. Peptide binding to lipid vesicles

HPLC has been previously used for the determination of peptide
concentrations in the presence of LUV [31]. The column used was a
VYDAC 218TP54 C18 of 5 um, 25 x 0.46 cm. The analysis was car-
ried out using a linear gradient of 95% H,0 (0.05% TFA)/5% acetoni-
trile (0.05% TFA) to 5% H,0 (0.05% TFA)/95% acetonitrile (0.05%
TFA) for 30 min and absorbance was monitored at 215 nm. Two
separation methods were used to determine the amount of peptide
bound to lipid vesicles.

2.5.1. Centrifugation method

The protocol developed by White et al. [32] was followed in this
study. Briefly, an aliquot of a mixture of peptide and liposomes is
centrifuged to separate peptides bound to the vesicles from those
that are unbound. Subsequently, the sediment holds the fraction
containing the peptide bound to the lipid vesicles, while the free
unbound peptide remains in the supernatant.

In order to facilitate vesicles sedimentation, we used LUVs made
with Br-PC, of which 20% was POPG. The brominated lipid is used
because it enables the liposomes in a centrifugal field to be sedi-
mented, and the negatively-charged lipid is required to facilitate
the highest interaction possible between the HIV-1 FP and the
liposomes.

Stock solutions of 1 mg ml~! of E1 peptides were used. Appro-
priate volumes of these peptides were selected to obtain a final
concentration of 0.2 mM in the final mixture with the brominated
liposomes. E1 peptides were incubated with the HIV-1 FP in DMSO
for a period of 30 min at a molar ratio HIV-1 FP:E1 peptide of 1:20.
The E1 peptides alone and the mixtures of both peptides were then
incubated with the brominated liposomes (0.565 mM) for a period
of 30 min; an aliquot of the lipid-peptide solution was withdrawn
for the HPLC analysis of total peptide and the samples were then
sedimented using a Microfuge® 18 Centrifuge of Beckman Coul-
ter™, The sedimentation was done progressively by spinning at
4500, 9000 and then 16,000g for 30 min each time so that the lip-
osomes were sedimented gently at first and then spun into a tight
pellet. Following this, the peptide concentration of the supernatant
was analyzed by HPLC as described before.

2.5.2. Equilibrium dialysis

The basic principle of equilibrium dialysis is that two half cells,
one containing a small volume of lipid solution and the other con-
taining buffer, are separated by a membrane that is permeable to
peptides but impermeable to lipid vesicles. We used the RED (rapid
equilibrium dialysis) Device Inserts from Thermo Scientific and a
Teflon® high-grade Reusable Base Plate. The sampling of total
and free peptide is done directly in an equilibrium dialysis, and
there is an explicit assumption that the free peptide has the same
concentration on both sides of the dialysis membrane [33].

To determine the incubation time necessary to achieve the
equilibrium, 200 pL of a solution of peptide 0.5 mg ml~! in DMSO
were added to the sample chamber and 350 pL of buffer were
added to the buffer sample. The device was then incubated at room
temperature at approximately 100 rpm on an orbital shaker. An
aliquot of each chamber was analyzed by HPLC after 4, 24 and 48 h.

To run the binding experiments, the E1 peptides were incubated
with HIV-1 FP, in a molar ratio of 1:20, and then with liposomes as
in the centrifugation assay, before adding them to the sample
chamber. After 48 h, the samples were analyzed by HPLC.

2.6. Isothermal titration calorimetry
Isothermal titration calorimetric (ITC) experiments were re-

corded on a VP-ITC micro-calorimeter (MicroCal, LLC, Northamp-
ton, MA). All the peptides were dissolved in DMSO. Briefly, a
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solution of 1 mg ml~' of E1 peptides was injected into the chamber
containing 25 pM HIV-1 FP. The calorimeter was first equilibrated
at 20 °C, and the baseline was monitored during equilibration. The
time between injections was 10 min, and the stirring speed was
300 rpm. The heats of dilution were determined in control experi-
ments by injecting E1 peptides into DMSO. They were then sub-
tracted from the heats produced in the corresponding peptide-
peptide binding experiments. Control experiments were also per-
formed by titrating DMSO into HIV-1 FP. The total observed heat
effects were corrected for these small contributions. All titration
data were subsequently analyzed using the Origin 7 software (Mic-
roCal, LLC).

2.7. Confocal microscopy

Confocal microscopy studies were run to visualize how HIV-1
FP affected liposomes and to assess whether the E1 peptides were
capable of inhibiting the activity of HIV-1 FP. Experiments were
performed in an Olympus Fluoview (FV500) with an Olympus
IX70 microscopy associated.

Firstly, the HIV-1 FP was incubated during 30 min with E1 syn-
thetic peptides at different molar ratios, which were 1:1, 1:10 and
1:20. As the results for 1:10 and 1:20 were similar, the lower molar
ratio (1:10) was selected to run all the experiments, moreover, this
molar ratio also gave good results in the leakage of vesicular con-
tents assay. Following this, 50 pL of liposomes were added to this
mixture (1:10), 50 pL were added to HIV-1 FP alone and 50 pL of
liposomes were used as a control. Subsequently, the mixtures were
subjected to fixation with 3.2% of p-formaldehyde [34] to avoid the
aggregation of the liposomes.

3. Results and discussion
3.1. Leakage of vesicular contents: ANTS/DPX assay

After synthesizing 58 overlapped peptides of the envelope pro-
tein E1 of GBV-C, the initial proposed work was the study of their
capacity to inhibit the interaction and destabilization processes of
membranes, induced by HIV-1 FP. This was carried out using the
vesicular content leakage assay, as previously described for the
E2 GBV-C sequences [15].

The biophysical assay on the vesicle contents release [16,17,20]
was used to select the appropriate E1 GBV-C peptide sequences.
Firstly, HIV-1 was tested for its ability to induce leakage from large
unilamellar phospholipid vesicles (LUVs) of a defined composition.
POPG LUVs were used as it was previously reported that HIV-1
binds to negative phospholipids more strongly than to lipids with
no net charge [35].
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For the assay, a stock solution of 1 mg ml~! of HIV-1 FP in DMSO
was used and E1 peptides were dissolved to a concentration of
0.2 mg ml~'. The volume of HIV-1 FP solution providing approxi-
mately half of the total vesicle contents release was selected and
each GBV-C peptide sequence corresponding to the E1 protein
was incubated for 30 min with this concentration of HIV-1 FP.
The molar ratio was 1:20 and each experiment was repeated three
times.

We found that 53 peptides destabilized the membranes in the
same way as the fusion peptide. Only five of the peptides were
capable of inhibiting the vesicle contents leakage caused by HIV-
1 FP (Fig. 1a) at a molar ratio of 1:20 (HIV-1 FP:E1 peptide). These
peptides were named P7, P8, P10, P18 and P22, which correspond
to regions the E1(19-36), E1(22-39), E1(28-45), E1(52-69) and
E1(64-81), respectively.

Several ratios of the HIV-1 fusion peptide and these 5 peptides
(1:1, 1:2, 1:5, 1:10 and 1:20) were tested in the leakage assay. As
shown in Fig. 1b, when the proportions of the E1 peptides were
low, inhibition did not occur. Taking into account that the amount
of HIV-1 FP used provides approximately half of the total vesicle
contents release (horizontal red line), we observed that for P8
and P22 we needed a minimum molar ratio of 1:10 to decrease
the percentage leakage to under 50%. For P7, P10 and P18 a molar
ratio of 1:5 was enough to decrease the % leakage. Below these mo-
lar ratios, the leakage obtained was equal to the sum of the leakage
caused by the HIV-1 FP and by the E1 peptides.

Results found in this experiment indicate a dual behavior of the
peptides. In general, at low E1 peptide concentrations, leakage
caused by the HIV-1 FP is not inhibited but rather it increases as
a consequence of a synergism between the HIV-1 FP and E1 se-
quences. Above a certain molar ratio, depending on the peptide,
leakage is not completely but highly inhibited. These five peptides
were selected for the subsequent studies to corroborate their
capacity of inhibition of the vesicle contents leakage caused by
HIV-1 FP.

3.2. Peptide binding to lipid vesicles

3.2.1. Centrifugation method

For this assay a brominated phosphocholine (Br-PC) was re-
quired to ensure the separation of the liposome-peptide(s) com-
plex. The first question proposed was whether HIV-1 FP would
interact with liposomes composed of zwitterionic phospholipids
such as Br-PC, because HIV-1 FP binds more effectively to nega-
tively charged phospholipids. Therefore, we needed to know the
minimal amount of POPG in Br-PC liposomes that yielded the max-
imal percentage of leakage in the presence of HIV-1 FP. Thus, the
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Fig. 1. (a) Inhibitory effect of E1 GBV-C peptides on HIV-1 FP induced leakage. The molar ratio of the HIV-1FP:E1 peptide is 1:20. (b) HIV-1 fusion peptide leakage in the
presence of P7,P8,P10,P18 and P22 at different molar ratios. E1 peptides were incubated with the HIV-1 FP amount that causes 50% of leakage (dotted line). Molar ratio POPG/

HIV-1 FP: 5/1. All experiments were repeated three times.
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first step was to repeat the leakage assay for the HIV-1 FP using lip-
osomes with different molar ratios of POPG and Br-PC.

The amount of HIV-1 FP that provided approximately half of the
total vesicle contents release of pure POPG vesicles was tested and
was used for all the phospholipid mixtures. The results are shown
in Fig. 2.

We found that the leakage of solutes from Br-PC vesicles was
low (approximately 15%), but increased more than 4-fold in the
presence of POPG. The leakage was similar for all POPG concentra-
tions, ranging from 20% to 100%. While this appears surprising
since charge interactions are believed to play a major role in the
peptide-lipid interactions that we have studied. However, the close
proximity of the POPG headgroups at high POPG concentrations
can shift the pKa of these headgroups, such that the fraction of
charged POPG lipids does not vary much above 20% POPG. Thus,
the mixture POPG:Br-PC 20:80 was selected for the binding exper-
iments, as it contains 20% POPG to ensure strong binding, as well as
80% Br-PC, to ensure the sedimentation of the liposomes upon cen-
trifugation. Liposomes were incubated with the peptides alone and
with mixtures of HIV-1 FP and E1 peptides.

The initial amount of peptide was analyzed by HPLC before cen-
trifugation. This value corresponded to the total concentration of
peptide added that can bind to LUVs. Free peptide or unbound pep-
tide concentration was measured under the same analytical condi-
tions from the supernatant after centrifugation. Each
determination was done in triplicate.

The results are shown in Table 1. For P7 and P18 when incu-
bated with HIV-1 FP, the percentage of E1 peptides bound in-
creased, while the percentage of bound HIV-1 FP decreased,
showing the inhibition of the interaction of HIV-1 FP with lipo-
somes. For P10 and P22 the percentage of bound E1 peptides de-
creased, as did the binding of HIV-1 FP to liposomes. The only
peptide that seemed to have no interaction with HIV-1 FP was
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Fig. 2. Percentage of leakage of vesicular contents (ANTS/DPX loaded LUVS) caused
by HIV-1 FP to liposomes with different molar ratios of POPG:Br-PC, expressed as
molar fraction of POPG. Each point is the average of at least three determinations.

Table 1
Percentage of bound E1 peptides in the presence and absence of HIV-1 FP bound to
POPG:Br-PC liposomes.

% Bound El peptide % Bound HIV-1 FP

HIV-1 FP 76.3+0.2
P7 —-0.4+0.1
P7 + HIV-1 FP 21.2+0.0 8.0+0.1
P8 22.8+0.5
P8 + HIV-1 FP 19.9+£0.5 76.1+0.4
P10 23.0+0.6
P10+ HIV-1 FP 43+04 38.+04
P18 1.7+0.1
P18 + HIV-1 FP 12.7£0.2 32+02

Table 2
Mole fraction partition coefficients of E1 synthetic peptides and HIV-1 FP separately
and when mixed.

Kx (El peptides) Kx (HIV-1 FP)

P7 No binding
P7 + HIV-1 FP 6.43 x 10° 2.04 x 10°
P8 8.67 x 10°
P8 + HIV-1 FP 5.75 x 10° 7.50 x 108
P10 8.65 x 10°
P10 + HIV-1 FP 6.45 x 10* 9.34 x 10°
P18 6.04 x 10*
P18 + HIV-1 FP 212 x 10° 4.89 x 10*
P22 9.19 x 10°
P22 + HIV-1 FP No binding 2.94 x 10°
HIV-1 FP 4.68 x 10° 4.68 x 10°

P8; as the activity of HIV-1 FP remained equal, it seems that P8
and HIV-1 FP act independently, in the same way as in the leakage
assay when a molar ratio of below 1:10 was used. Negative values
appeared when there was no binding (due to experimental errors).

The data obtained in this study allowed us to calculate the mole
fraction partition coefficient of the peptides following Equation 2:

- ([P]tutal - [P]free)/[[']
KX B [P ]free/ [W}

where [Pyt and [Plge. are the aqueous peptide concentrations
measured before and after the centrifugation, respectively, and [L]
and [W] are the molar concentrations of lipid and water [32].

The results are shown in Table 2. We observed that the partition
coefficients of HIV-1 FP decreased when mixed with peptides that
inhibit its activity.

)

3.2.2. Equilibrium dialysis

We measured the time required to reach the equilibrium as ex-
plained above and found it to be 48 h for all samples. We then car-
ried out two series of experiments: firstly, we added the liposomes
to the sample cell that was the one that will contain the peptides
and secondly we added the liposomes to the buffer cell. In both
cases, after 48 h, the E1 peptides were equilibrated between the
sample cell and the buffer cell, indicating that there is no interac-
tion with the liposomes, independently of whether they are alone
or mixed with the fusion peptide.

In all cases, however, the amount of HIV-1 FP remaining with
the peptides was higher than in the buffer cell. The results ob-
tained are shown in Table 3. The values correspond to the average
of three determinations. We found that when the liposomes were
in the same cell as HIV-1 FP alone, it was not equilibrated, which
could mean that there is an interaction between HIV-1 FP and
the liposomes, forming a complex that could not pass through
the membrane. Thus, when HIV-1 FP was mixed with the E1 pep-
tides we could not deduce whether there was an interaction be-
tween them or whether it was simply bound to the liposomes.
Although for P18, the amount of HIV-1 FP remaining in the sample
cell was higher. When the liposomes were added to the buffer cell,
HIV-1 FP was equilibrated between both cells, except when in the
presence of the E1 peptides. This could be evidence of an interac-
tion between E1 peptides and HIV-1 FP in solution.

3.3. Isothermal titration calorimetry

To asses this interaction further, thermodynamic parameters
associated with the binding of E1 peptides to HIV-1 FP were deter-
mined by isothermal titration calorimetry (ITC). A binding curve
was then obtained from a plot of the heats from each injection
against the ratio of ligand and binding partner in the cell. There-
fore, the results from an ITC can provide an insight into the
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Table 3

Percentage of HIV-1 FP incubated with E1 peptides in a molar ratio of 1:20 present
after 48 h of equilibrium dialysis. Experiments were carried out by adding the
liposomes to the same cell of HIV-1 FP (sample cell) and then adding them separately.

Liposomes in sample cell Liposomes in buffer cell

% HIV-1 FP %HIV-1 FP % HIV-1 FP % HIV-1 FP

sample cell buffer cell sample cell buffer cell
P7 83.7+04 16.3+0.1 62.5+0.6 34.8+0.3
P8 87.9+04 12.1+04 74.7 £0.4 253+0.1
P10 734+03 26.6+0.2 67.1+0.4 329+04
P18 92.5+0.1 7.5+0.2 81.2+0.5 18.8+04
P22 85.2+0.0 14.8+04 78.6+0.3 21.4+0.2
HIV-1 FP 82.5+0.1 17.5+0.3 50.6 + 0.4 49.4+0.3

Table 4

Physicochemical parameters corresponding to the reaction between HIV-1 FP and E1
synthetic peptides.

AH/kcal/ —TAS/kcal/ N Ko/M™! Kd/

mol mol uM
P7 321+034 -1046 0.47 £0.04 2.03+0.46 x 10°  4.93
P18 932:081 -15.646 0.73+0.05 4.33%0.30x 10* 23.1
P22 9.60+040 -16.09 0.88+0.03 6.12+031x10* 163

N = Stoichiometry; K, = association constant; K, = dissociation constant.
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dominant forces associated with binding [19,36]. Due to the insol-
ubility of the HIV-1 FP, a microcalorimetry titration experiment
was performed using DMSO as a solvent. For P8 and P10 the system
did not reach saturation, while for P7, P18 and P22 the heat signal
diminished until only heats of dilution were observed. The corre-
sponding binding curves are shown in Fig. 3. The binding of P7,
P18 and P22 to HIV-1 FP was endothermic, indicated by positive
peaks. The hyperbolic titration curve demonstrates that the bind-
ing site of HIV-1 FP was saturated with the corresponding peptide
(Fig. 3 top). The cumulative reaction enthalpy as a function of the
peptide molar ratio is shown in Fig. 3 (bottom). The solid line cor-
responds to the best theoretical fit to the experimental data. The
binding enthalpy (AH) of the GBV-C peptides to the HIV-1 FP and
the entropy change (AS) are shown in Table 4.

This information provides insight into the dominant forces driv-
ing the association between E1 peptides and HIV-1 FP. The binding
of these peptides is strongly endothermic (AH positive) and bind-
ing is entropy-driven. The negative Gibbs energy (AG), defined as
AG= AH — T AS, indicates that the binding of these two peptides
is spontaneous. The binding stoichiometry (N) of E1 peptides to
HIV-1 FP is approximately 1:1 for P18 and P22 and 2:1 for P7.
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Fig. 3. Isothermal titration calorimetry results for the E1 synthetic peptides/HIV-1 FP interaction. Each figure corresponds to a different E1 peptide: a=P7, b=P18 and

c=P22.
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Fig. 4. Confocal microscopy images of (a) DMPC GUVs, (b) DMPC GUVs mixed with HIV-1 FP, showing broken liposomes and (¢)DMPC GUVs mixed with HIV-1 FP, showing

the fusion between two vesicles.
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Fig. 5. Confocal microscopy images of DMPC GUVs mixed with HIV-1 FP, which was incubated with E1 synthetic peptides: P7 (a), ), P10 (

3.4. Confocal microscopy

Giant vesicles are often used in biological research not only be-
cause their properties are similar to those of cell membranes [27],
but also because of the size of the membrane model systems,
which enables visualization by optical microscopy and microma-
nipulation of individual vesicles [37].

Rodriguez et al. [37] proved that the charge has an important
influence on the vesicle formation, showing that the yield of clean
unilamellar vesicles decreases when the amount of charged lipid is
above 10%. Since Rhodamine-PE is negatively charged, DMPC was
chosen as a neutral phospholipid for preparing giant vesicles; PC,
however, is a chief component of the cell membrane. We obtained
vesicles from 10 to 50 pum. Firstly, HIV-1 FP was added to the ves-
icles. We then observed the appearance of elongated structures,
corresponding to broken liposomes (Fig 4b). In addition, we saw
that HIV-1 FP favored membrane fusion, shown in Fig. 4c.

HIV-1 FP was incubated with E1 synthetic peptides before add-
ing them to the liposomes solution. The images in Fig. 5 show that
GUV:s are intact and therefore stable in the presence of the peptides
mixture.

Confocal microscopy revealed what happens to the membranes
when mixed with HIV-1 FP, providing additional evidence of the
inhibiting activity of these five peptides, which correspond to the
structural protein E1 of GBV-C.

4. Conclusions

We found five GBV-C related peptides with the ability to inhibit
the interaction of the HIV-1 fusion peptide with model
membranes.

When E1 peptides were mixed with HIV-1 FP, we observed dif-
ferent behaviors. On the one hand, some E1 peptides such as P7
and P18 increased their binding with liposomes in the presence
of HIV-1 FP. We also found that less HIV-1 FP was bound to lipo-
somes than when it was not mixed with peptides. In contrast,
P10 and P22 decreased their binding to liposomes also reducing
the percentage of HIV-1 FP bound to liposomes; P8 did not inhibit
HIV-1 FP binding to liposomes, but the leakage assay revealed an
inhibition of the pore formation caused by HIV-1 FP. Moreover,
the dialysis experiments revealed that the percentage of HIV-1 FP

), P18 (d), and P22 (e).

remaining with E1 peptides was higher than the percentage
remaining with the liposomes. Confocal microscopy revealed sim-
ilar inhibition activity for all of E1 peptides.

Each peptide has a different behavior in the presence of HIV-1
FP. Equilibrium dialysis experiments indicate that the peptides
interact in solution, which was corroborated by ITC experiments
for P7, P18 and P22. However, we could not confirm the same for
the other peptides. Additional assays for P8 and P10 should be car-
ried out to understand how they interact with HIV-1 FP.

The different results obtained could indicate that HIV-1 FP and
these peptides interact in different ways. The different methods
that we used provide different glimpses of their behavior. There
is evidence that the interactions are complex. It appears that the
peptides are not interacting on the membrane only or in solution.
Thus, the exact mechanism behind the interaction needs to be
investigated further.

Thus, these peptides could be involved in the prevention of HIV-
1 entry by binding to the HIV-1 FP. In order to test the use of this
peptide as an antiviral therapeutic agent, other assays are currently
being performed.
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Resultados

3.4. Articulo 4. Biophysical investigations of GBV-C E1 peptides as
potential inhibitors of HIV-FP

Cinco secuencias peptidicas correspondientes a la proteina E1 del GBV-C:
NCCAPEDIGFCLEGGCLV (P7), APEDIGFCLEGGCLVALG (P8),
FCLEGGCLVALGCTICTD  (P10),  QAGLAVRPGKSAAQLVGE  (P18) vy
AQLVGELGSLYGPLSVSA (P22), se estudiaron ya que eran capaces de interferir
en la interaccion del péptido de fusion del VIH-1 (PF del VIH-1) con vesiculas.
En este trabajo, se estudiaron las interacciones de estos péptidos de la proteina
El con el PF del VIH-1, asi como con modelos de membrana, con el fin de
corroborar su capacidad de inhibicién y de entender si la interaccion con el
péptido de fusidn tiene lugar en disolucién o a nivel de membrana. Se llevaron
a cabo estudios de agregacion y fusibn de membranas, de resonancia de
plasmon de superficie y analisis conformacionales mediante dicroismo circular.
Ademas, se realizaron ensayos de toxicidad /n vitro que incluyeron estudios de
citotoxicidad en fibroblastos 3T3 y ensayos de hemdlisis en sangre con el fin de
evaluar si estos péptidos podrian ser utilizados en futuras terapias anti-VIH-1.

Los resultados mostraron que el P10 no es capaz de inhibir la fusion de
membranas causada por el PF del VIH-1 y ademas provoca la agregacion de
liposomas y la fusidbn de membranas, por lo que se decidid descartarlo para
futuros ensayos. El P18 y el P22 no inhiben la fusién de membranas pero si la
capacidad del PF del VIH-1 de formar poros en las bicapas, por la tanto no han
sido descartados todavia. P7 y P8 se seleccionaron como los mejores
candidatos para futuros estudios ya que son capaces de inhibir tanto la fusion
de membranas como la interaccidon del PF del VIH-1 con las bicapas, siendo asi

candidatos potenciales para ser usados en futuras investigaciones anti-VIH-1.
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ABSTRACT
Five peptide sequences corresponding to the E1 eiprotof GBV-C:
NCCAPEDIGFCLEGGCLV (P7), APEDIGFCLEGGCLVALG (P8),

FCLEGGCLVALGCTICTD (P10), QAGLAVRPGKSAAQLVGE (P18) and
AQLVGELGSLYGPLSVSA (P22) were synthesized as thegrev capable of
interfering with the HIV-1 fusion peptide (HIV-1 [HResicle interaction. In this work,
the analysis of the interaction of these peptidies the HIV-1 FP was done, as well as
with membrane models, in order to corroborate timiibition ability and to understand
if the interaction with the fusion peptide takeagd in solution or at membrane level.
Several studies were carried out as aggregationreerdbrane fusion, surface Plasmon
resonance and the conformational analysis by @rcdichroism. Moreovernn vitro
toxicity assays, including citotoxicity studies3m3 fibroblasts and hemolysis assays in
human red blood cells, were performed in ordervi@uate if these peptides could be
potentially used in the future as an anti-HIV-1rtpsy.

Results showed that P10 is not capable to inhgitime membrane fusion caused by
HIV-1 and it aggregates liposomes and fuse membrahas we decided to discard it
for futures studies. P18 and P22 do not inhibit tme&me fusion but they inhibit the
ability of HIV-1 FP to form pores into bilayers,ut we have not discarded them yet.
P7 and P8 were selected as the best candidatkgfor studies as they were capable of
inhibiting the membrane fusion and the interactioh HIV-1 FP with bilayers.
Therefore, these peptides could be potentially urséature anti-HIV-1 research.

Keywords: Liposomes, synthetic peptides, hepatitis G viNili-1, fusion peptide,

model membranes
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1. INTRODUCTION

Hepatitis G virus (HGV), also known as GB virusi€a member of th&laviviridae
family and is therefore distantly related to hegmtC virus (HCV):! Researchers
looking for a HGV-related disease have suggestatigbrsons infected with both HIV
and HGV progress to AIDS more slowly than thosedtéd only with HIV?¥ Based
on a co-infection model, GBV-C may influence HI\6ease inhibiting HIV by inducing
chemokines, down-regulating HIV co-receptor(s)luahcing cytokine profiles, and
other as yet undefined effects on the host lymptesty ® However, the mechanism
responsible for the beneficial effect that the GBW4rus has on the course of infection
caused by HIV has not still completely been defined

Jung et al”! demonstrated that cells transfected with eithferctious RNA or a deletion
mutant that expressed the N-terminal third of tblymrotein (including the E1 and E2
coding regions) resulted in inhibition of HIV regdition, increased release of
chemokines, and decreased surface expression ob@GRpared to cells transfected
with antisense GBV-C RNA, indicating that the emmgs proteins may be involved in
the inhibition of HIV replication.

The use of synthetic peptides offers an effectigpraach for designing chemically
well-defined molecules of specific activity. Redgntve described certain E2 GBV-C
domains that interfere with the HIV-1 fusion peptiFP)-vesicle interaction, decrease
the cellular membrane fusion, and interfere witle tHIV-1 infectivity in a dose-
dependent manné,

The interaction of certain GBV-C peptide sequenoéshe E1 envelope protein,
obtained by solid-phase peptide synthesis (SPP#), the HIV-1 fusion peptide has
been proven through the use of several biophysmehniques such as isothermal
titration calorimetry, confocal microscopy, bindiragsays and fluorescence studies,
among others. Results have shown that five pemetpiences corresponding to the
envelope protein E1 of GBV-C were capable of irtenly with the HIV-1 FP-vesicle
interaction’” Consequently, the aim of this work was to anaipzeepth the interaction
of these peptides with the HIV-1 FP, as well ashwitembrane models, in order to
corroborate their inhibition ability and to undewsd if the interaction with the fusion
peptide takes place in solution or at membranel.l@Vais, several studies were carried
out as aggregation and membrane fusion, surfacem®la resonance and the

conformational analysis by circular dichroism. Mwver, in vitro toxicity assays,
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including citotoxicity studies in 3T3 fibroblastsica hemolysis assays in human red
blood cells, were performed in order to evaluatthé@se peptides could be potentially

used in the future as an anti-HIV-1 therapy.

2. RESULTS AND DISCUSSION

E1l GBV-C peptides and HIV-1 FP were synthesizedrter to study the interaction
between them and with model membranes. The ainheofassays carried out in this
work is to demonstrate the capacity of the E1 jgtifor inhibiting the effect that the
HIV-1 FP has on model membranes. Moreover, thiskvattempts to explain the type

of interaction that occurs, since the mechanisrwhigh inhibition occurs is unknown.

2.1. Aggregation measurements
In order to know if E1 peptides interact with modetmbranes, liposome aggregation
measurements were carried out by measuring thegekan light scattering of POPG
(0.1mM) LUVs upon peptide addition
Moreover, aggregation was confirmed by dynamic tligkattering at 90° with a
Zetasizer Nano as an increase in both turbidity avelage particle size (Figure 1).
Bigger particles with wider size distribution théor the liposomes alone (fig. 1a)
appearedafter peptide addition to the cuvette containingMsU (fig. 1b). The
polidispersion also increased and the error imtieasure is high as the accuracy of the

instrument when measuring big particles is low.

a) :

Volume (%)

el —rtrtrril—
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~

Volume (%)

Size (d.nm)

Figure 1. Distribution of hydrodynamic diameters expresasa-diameters at 298 K of
a) POPG LUVs and b) POPG LUVs after the additioR D®.
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Results show that only P10 is capable to induaesbme aggregation. By this fact, P10
shows its affinity for acidic phospholipids, sinttee liposomes used were prepared by
hydration of POPG. At least two main processes raastr for liposome aggregation;
first, peptide molecules have to establish intingsgociations with the membrane of the
liposomes, and second, liposome-associated pephdes to interact with other
liposome-associated peptidéd! Moreover, the rate of liposome aggregation induced

by P10 is concentration dependent.

The propensity of P10 to bind lipid bilayers mayscalbe facilitated by its
hydrophobicity and aggregation tendency. To conftins hypothesis, we used the
Aggrescan softwaré€® to screen the E1 sequences for the presence obptyabic
patches that can favor aggregation. One such segqugriound at the P10 N-terminus
(residues 7-16), and it is not present in the osleguences. An exposed hydrophobic
patch may promote both protein—protein and alsteprelipid bilayer interactions. The
fact that P10 has lipid aggregation ability, wher¢lae other sequences do not, also
supports the presence of a potential ‘aggregatiompting’ domain at the P10 N-
terminus®? Table 1 shows the results obtained from Aggresodtnvare. In the present
work, we have selected the following parameters:niimber of hot spots in a sequence
(NnHS) that are the regions of proteins with thghkist aggregation propensity, the
Total Hot Spot Area per residue (THSAr) and thebglgrotein aggregation propensity
(Na4vSS). We choose this particular set of valleEsbse, in Aggrescan, all of them are
normalized relative to the number of amino acidshie sequence, allowing the direct

comparison of peptides with different sizes.

Table 1. Number of hot spots in a sequence (NnHS), totad afethese aggregation-
prone regions (THSAr) and global protein aggregatoopensity (Na4vSS) provided
by Aggrescan software for P7, P8, P10, P18, P22\l FP sequences.

Seguence Name P7 P8 P10 P18 P22 HIV-1 FP
Number of Hot Spots (nHS): 0 1 1 0 1 1
THSA per residue (THSAr): 0 0.19 031 0 0.11 038

Normalized adv Sequence Sum for
100 residues (NadvSS):
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Data show that P10 has similar values to HIV-1 ®Rjch also promotes vesicle
aggregation and membrane destabilizaidnP7 and P18 do not present a hot spot
region and the other peptides, P8 and P22, preseagion of very low aggregation

propensity.
2.2.Fusion measurements.

Membrane fusion plays an essential role in celldativities such as exocytosis,
endocytosis, and vesicle transport of various tllarganelles. It is also an essential
step of infection by enveloped viruses. Becauseub®n of biological membranes is
so important, studies on the mechanism of membfasien have been performed.
Lipid mixing assays were carried out to see if Eptles promoted liposomes fusion.
Moreover, E1 peptides were incubated with HIV-1 HRV-1FP:E1 peptide 1:10)

before adding them to the liposomes solution ineor check if E1 peptides were

capable of inhibiting the ability of HIV-1 FP fousing membranes.

E1 peptides alone do not seem to cause membraioa fegcept for P10 that presents a
low percentage of fusion. This fact is coherenthwiihie results obtained from the
aggregation assays as fusion of phospholipid memelras thought to involve three
steps, vesicle aggregation, membrane destabilizagiod merging of membranB&2°
and P10 was the only one that showed the abiligggregate liposomes. On the other
hand, the selected concentration of HIV-1 FP preduge 9.3% of fusion that seems to
be reduced when it was incubated with P7 and P8ulBeshow that P7 and P8 inhibit
the membrane fusion caused by HIV-1 FP in 21.7 20:d%, respectively (table 2).
Thus, they interfere with the HIV-1 fusion peptidesicle interaction producing a

notable decrease in the membrane fusion.

Table 2. Percentage of membrane fusion caused by E1 pepaide HIV-1 FP alone
and after incubating them together. Percentagenbibition of the fusion by E1

peptides.
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% Fusion
Peptide El Petide + HIV-1 FP % Inhibition
HIV-1 FP 93 - -
P7 -0.1 73 217
P8 -0.1 6.5 297
P10 13 o8 -54
P18 02 192 -106.7
P22 04 11.2 -213

P10, P18 and P22 instead of reducing the percemfifigsion caused by the fusit
peptide, they made it higher. Thus, these peptidezot inhibit the membrane fusic

2.3. Surface Plasmon Resonance stud

In order to know if the inhibition took place atettmembrane level, surface plasn
resonance studies were carried out. Firstly, POGp&&dmes were deposited on the
chip surface. SEM and AFM images of the L1 chipe recorded to test the stal

immobilization of the lipid vesicles (figure :

1
oo 2 Daflaction Enor 20pm

Figure 2. SEM (left) and AFM (right) images of POPG liposonteposited on a L
chip.

After attachment, the lipid bilayer structure istaieed, facilitating the study

interactions in membranée environments
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Afterwards, the interaction of the peptides withosomes was evaluated. Firstly, E1
peptides and HIV-1 FP separately were injected dd@ahip. Then, E1 peptides were
incubated with HIV-1 FP at a molar ratio 10:1 ahd mixtures were injected into the
chip; on the other hand, HIV-1 FP, at the same eoitmation that in the mixtures, was

also injected. Results are shown in figure 3.

1004

P7
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P10
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P22
HIV-1FP

RU

504

T T T T
140 160 180 200 220 240
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60- r
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— P8:HIV-1FP

- P10:HIV-1 FP
— PI18:HIV-1FP
— P22:HIV-1 FP
— HIV-1FP

40-
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20+

T T T T 1
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Figure 3. Sensograms for the direct binding of E1 synthpéptides, HIV-1 FP (top)
and their mixtures at a molar ratio 10:1 (bottom)nhmobilized POPG liposomes on a
L1 Chip.

HIV-1 FP and E1 peptides interact separately withrhembranes, as the analytes bind
the liposomes, an increase in RU (Response Ungspbserved (figure 3 top), being
HIV-1 FP that gave the highest binding. After tlssaciation time, the dissociation step
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is observed as a decrease in SPR signal. AfterwHresnixtures of HIV-1 FP and E1
peptides were injected (figure 3 bottom) and sinlieofiles were obtained but we can
observe that the response is lower than when thedes were alone. Moreover, P7 and
P8 mixed with HIV-1 FP gave a lower response thévt+HFP alone, showing again a
partial inhibition of the interaction of HIV-1 FPithr the membranes. P10, P18 and P22
mixed with HIV-1 FP gave more RU than the fusiomptme alone, maybe due to the
sum of both interactions. On the other hand, dutiregdissociation step of P7 and P8
mixed with HIV-1 FP, we could not observe a decegasSPR signal, showing a strong

bond between the peptides and the membrane.
2.4. Circular dichroism

In order to gain insights into the differences besw peptides and the reason why their
behavior is different, a conformational study waaried out. Circular dichroism
experiments and the corresponding quantitativeyarsabf the experimental data using
a deconvolution computer program were done. In iggnshort synthetic peptides do
not have a preferential conformation in solutionf ban sometimes adopt moderately
stabilized secondary structufé8.Initial CD experiments were carried out in water.
this medium the peptide spectra showed a negatimd bhear 195 nm that is typical of
random coil conformation. However, when the CD exkpents were carried out in
presence of an halogenated alcohol as TFE, thatdes repeatedly demonstrated to be
helicogenic, secondary structures were induced. Gi@racteristic negative bands
located at 205 and 222 nm and the positive banginard95 nm appeared showing the
spectra like those of am-helix structure. CD spectra of P10 showed a negdiand
with a peak between 215 and 220 nm which could thébated to ap-structure
contribution probably due to peptide aggregatiagufe 4).
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& (deg-cem?*- dmol')*10°

wavelength (nm)

——HIV-1 FP/ TFE
—P7/TFE
— P8/ TFE

—P10/
—pP13/

P22/

TFE
TFE
TFE

Figure 4. CD spectra of E1 synthetic peptides and HIV-1 iFFKFE recorded at 298 K

and at a peptide concentration of 0.037mg/ml

A guantitative analysis of the CD experimental tsswas performed using Contin as it

iIs a good program for the analysis of the conforomabf polypeptides or short protein

fragmentd!” Table 3 shows the estimation, from the CD spectfdhe content of:-

helical conformation of the peptides according wanellipticity at 222 nm (calculated

from equation 3) and to Contin’s deconvolution peog.

Table 3. Estimation, from the CD spectra, of the content-tfelical conformation of

the HIV-1 FP and E1 peptides according to molaptidity at 222 nm and to Contin.

% o -helix in TFE
[6 1222 Contin

HIV-1FP /' TFE 23.6 369
P7 /TFE 153 18.1

P&/ TEFE 37.9 52.5
P10/ TFE 59 3.9
P18 /' TFE 11.5 184
P22/ TFE 17.9 256
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The low percentage ef-helix and the band attributed t@atructure of P10 have been
corroborated using Chou and Fasman secondary wteugtediction server obtaining a
secondary structure for P10 of 11.18hkelix and 88.9% sheet. On the other hand, these
results are consistent with the results obtainetthénaggregation and membrane fusion
experiments, as the ability to form higher ordegainhers may be correlated with the
induction of vesicle aggregation and fusioh.

2.5.WST Cytotoxicity and hemolysis assays

In order to study the effect of these peptidesantact with cell membranes, toxicity
experiments in 3T3 mouse fibroblasts and hemobssays with human red blood cells

(RBCs) were performed.

Results obtained in WST-1 citotoxicity assays @aldl) indicate that after 48h-
incubation of peptides with 3T3 fibroblasts, caltew viability greater than 90% for all
the peptides and concentrations tested. The pagerf cell viability was calculated
using PBS diluted in culture media as a control.

Table 4. Percentage of cell viability of 3T3 fibroblastsutbated with P7, P8, P10, P18,
P22 and HIV-1 FP peptides.

Concentration
w 250 125 62.5 31.25 15.63 7.81 3.90 1.95 0.98 0.49
Peptide
P7 0490+28 956+23 928 £23 931 £1.7 922 =16 919 =12 902 =23 950=+13 914 =358 917 =18
P38 045 =36 936 =45 911 =06 920 =14 926 =09 959 £15 933 =30 952+28 945 =34 041 =4 4
P10 96,134 944=16 942234 038235 040227 95344 036221 4241 4216 970244
P18 04004 024=11 924=20 022+12 021=13 031=20 032=106 948=12 050=435 076=36
P22 1008 +38 1008 27 101 4+43 100238 100412 1019+11 999+31 990+01 100009 1008=035
HIV-1FP 047+43 100305 100222101127 101311 100624 98728 101,824 101509 100211

In order to have more information about the behagfadhese peptides once in contact
with cell membranes, hemolysis assays were perfibriztter 90 minutes incubation of
peptides with human RBCs, the absorbance of thersafant was measured in order to
determine if hemoglobin was present due to RBCis.lyEhe percentage of hemolysis
was calculated using 1% Triton X-100 final concatin as 100% hemolysis. As

shown in table 5 none of the peptides tested etduilliemolytic activity.

Table 5. Percentage of hemolysis induced by P7, P8, P10, P28 and HIV-1 FP
peptides.
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Concentration
Peptide (pg/mL) 250 125 62.5 3125 15.6 7.8 3.9 1.95 0.98 0.49
P7 05=+01 0602 06 =04 08 =11 0,7 =03 11 +£05 09 =03 0302 0.7 04 1£02
P3 07 =06 12 £03 14 +£07 23205 1,7 £03 205 2104 1905 1.8 £05 19 =05
P10 0.0=01 0,002 0201 00=01 0202 0506 0201 04=04 0,102 0.8=04
P18 0403 0503 0503 0606 0904 1+05 1201 1501 1402 1402
P22 1,704 1711 1404 1,704 26+07 19=03 1,106 1606 1,7+05 1603
HIV-1FP 2102 1502 1201 08=01 0902 1,809 1.1+02 12+02 1,102 1303

3. EXPERIMENTAL

3.1. Materials
Amino acids and Rink amide resin (Tentagel R RAM90meq/g) were obtained from
Novabiochem(Nottingham, U.K.). Dimethylformamide (DMF) was nghased from
Scharlau(Barcelona, Spain). Dichloromethane (DCM) and piee were purchased
from Fluka (Neu-Ulm, Germany). Acetic acid, diethyl etherdatnifluoroacetic acid
(TFA) were obtained fronvierck (Poole, Dorset, UK). N-hydroxybenzotriazole (HOBt)
and N,N’-diisopropylcarbodiimide (DIPCDI) coupling reagentgere obtained from
Fluka and Novabiochem respectively. Other coupling reagents as O-(7-
Azabenzotriazole-1-yl)-N, N,N’N’-tetramethyluroniurhexafluorophosphate (HATU)
and N,N’-diisopropylethylenamine (DEIA) were obtained fr@denScript Corporation
and Fluka, respectively. Scavengers such as ethanedith@T)Eor triisopropylsilane
(TIS) were from Sigma-Aldrich.
1-Palmitoyl-2-Oleoyl-sn-Glycero-3-Phosphocholine Of®G) was purchased from
Avanti Polar Lipids. Its purity was higher than 99%d it was used without further
purification.
Dimethyl sulfoxide was purchased from Sigma-Aldrexd chloroform and methanol
were purchased from Merck. Water was double destiind deionized (MilliQ system,
Millipore) (18.2 MQ cm, pH 5.8). Buffer in all experiments was HEPES Sigma-
Aldrich) 5mM and NaCl (from Merck) 20 mM, pH 7.4.
Dulbecco’s modified Eagle’s medium (DMEM) and péliiv'streptomycin were
purchased from Biological Industries, Israel. Fdtaline serum (FBS) was obtained
from PAA Laboratories, Germany. Glutamine was pasgd from Invitrogen and
Glutamine from Sigma (St. Louis, MO, USA). 96- wellates were obtained from
Thermo Fisher Scientific Inc and4-[3-(4-iodophenyl)-2-(4-nitrophenyl)-2H-5-
tetrazolio]-1,3-benzene disulfonate labeling reag®ST-1) from Roche Diagnostics
GmbH.
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Human blood group B, collected in citrate-phospitetrose (CPD) buffer, was
provided by the Banc de Sang i Teixits at the Hasp¥all d’'Hebron in Barcelona
(www.bancsang.net/§aPBS and Triton X-100 were purchased from Sig8ta Louis,
MO, USA).

3.2. Methods
3.2.1. Peptides Synthesis

The synthesis of the peptides: NCCAPEDIGFCLEGGCLV P7)(
APEDIGFCLEGGCLVALG (P8), FCLEGGCLVALGCTICTD (P10),
QAGLAVRPGKSAAQLVGE (P18) and AQLVGELGSLYGPLSVSA (R2 were
obtained by solid-phase methodologies and purifigcpreparative high performance
liquid chromatography, as previously describedJ8f fusion peptide of the HIV-1
glycoprotein gp4l, HIV-1 FP/AVGIGALFLGFLGAAGSTMGAAS was also
synthesized manually.

3.2.2. Peptides Bioinformatic analysis tools for peptide ltaracterization
Sequences with aggregation propensity were pretliesing the Aggrescan serV&}.
Secondary structure was predicted using Chou arsin&a Secondary Structure
Prediction Server (http://www.biogem.org/tool/chiasman/)** 2

3.2.3. Preparation of Large Unilamellar Vesicles
Phospholipids were dissolved in a chloroform:methai2:1, v/v) mixture and the
solutions were evaporated to dryness in vacuum witiotary evaporator. The dried
lipid film was subjected to a high vacuum overnigghtemove trace amounts of solvent.
Then, the lipid films were hydrated with Hepes buffsmmol/L, pH 7.4) containing
NaCl (20mM) to obtain multilamellar vesicles (MLV§ILVs were further transformed
to large unilamellar vesicles (LUVS) by extrusionder moderate pressure through a
polycarbonate filter of 0.1pum pore siZ&.

3.2.4. Aggregation measurements
Liposome aggregation was estimated as an increasight scattering after peptide
addition, with both monochromators set at 4561hFluorescence was measured in a
QM4 spectrofluorimeter from PTI (Photon Technololgyernacional) under stirring
(1cm path-length quartz cuvettes). The widths afitakon and emission slits were 1
nm. The aggregation experiments were carried ouhéyaddition of 10 ul aliquots of
E1 peptides (1mg rif) on a 0.1 mM POPG LUVs solution.
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The hydrodynamic diameter of the POPG liposomes dedsrmined by dynamic light
scattering at 90° with a Zetasizer Nano (Malverkl) Eat 25°C. The particle size
distribution was designated by the polydispersityex (PI), which ranged from 0.0 for
an entirely monodisperse sample to 1.0 for a pspglise sample.

3.2.5. Fusion measurements
Lipid mixing of LUVs of POPG was measured using tlesonance energy transfer
assay of Struck et &F! Lipid vesicles containing 0.6 mol% each of NBD-Rhergy
donor) and Rho-PE (energy acceptor) and unlabe#sicles were prepared at a 1:5
mixture of labelled and unlabelled vesicles (100 total phospholipid concentration)
and were suspended in HEPES buffer, pH 7.4, anthal syolume of peptide was
added. The increase at 535 nm was monitdtgg 466 nm). The fluorescence intensity
of the lipid vesicles without peptide was the z@ercent of lipid mixing and the
fluorescence upon the addition of Triton X-100 0.%/v) was referred to a 100% of
lipid mixing.

% fusion=[(F - F, )/(F,s — F, )] X100 (1)

whereF is the initial fluorescence of LUVS; is the fluorescence intensity after adding
the peptide, andFiqo is fluorescence intensity after addition of (I0 of a 10% (v/v)
Triton-100 solution (complete lysis of LUVS).

3.2.6. Surface Plasmon Resonance Studies
A Biacore T100 instrument (GE, Helthcare) equippéth an L1 chip was used for
surface plasmon resonance (SPR) measurements &C2&sing vesicle buffer
(HBSN+5%DMSO). The buffer solution was always fiéé through a 0.22 um filter
and degassed thoroughly. POPG liposomes were attdohthe surface of the L1 chip
to study the interactions of the HIV-1 FP and Elptjmkes in a membrane-like
environment.
Firstly, the capture of the liposomes was carried @uring 600 s at a flow rate of
5ul/min. A second capture step was done addingntydml bovine serum albumin
(BSA) during 60s at a flow rate of 10pl/min to btdbie L1 chip was uself!
Peptides were dissolved in HBSN+5% DMSO to 130uM iajected at a flow rate of
30ul/min during 60s. After the peptide injectionetllissociation stage was 120s.
Regeneration of the sensor chip was achieved viith\2 of CHAPS (60s, 30ul/min).
All analyses were performed using BlAevaluationsafe (Biacore).
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3.2.7. SEM
SEM analyses were performed by the Electronic Micopy Unit, from the Technical
Scientific Services of the University of Barceloaé,room temperature on a Hitachi S-
4100 Field-Emission apparatus. Sample was prewotiged with 3.2% of p-
formaldehyde, dehydrated with ethanol and finalied using a critical point dryer (E-
3100 Jumbo, Polaron). Afterwards, sample was maluniea microscope holder with a
conductor adhesive (Agar Scientific) and covereith &ithin carbon layer.

3.2.8. Atomic Force Microscopy imaging
AFM experiments were performed with a Multimode rmoscope (Veeco, Santa
Barbara, CA) controlled by Nanoscope V electroni¢eeco, Santa Barbara, CA).
Images were acquired in tapping mode (TM-AFM) atnimum vertical force,
maximizing the amplitude set point value and mammg the vibration amplitude as
low as possible.

3.2.9. Circular dichroism
CD spectra were recorded on a Jasco J-810 spelktriopeter (Japan Spectroscopic
Company, Tokyo). All measurements were done in watal trifluoroethanol (TFE)
and peptide concentration in the cell was 0.037rhdd@lls 1 cm in diameter were used
and the spectra were measured between 190 and268ing a spectral bandwidth of 1
nm and a scan speed of 10 nm/min.
All measurements were performed at 25 °C and tha dare expressed in terms of
mean residue ellipticitiesd] (deg-cmi-dmol®). Three scans were accumulated to
improve the signal to noise ratio. Before readimg peptide spectra, a spectrum of the
blank solution was subtracted and the data convéotenean residue ellipticity units’
Moreover, Contin by the Dichroweb server at
http://dichroweb.cryst.bbk.ac.uk/hntml/home.shtml ognam was used to treat
experimental CD resulf§ **!
The percentage o#-helix conformation in the peptides was estimateihg the
formalism of Chen et &% This approach assumes that the maximum theoretical
ellipticity for a given peptide or protein at 22thrmay be derived from the number of
amino acid residues, and the ellipticity at 222 nm of a helix of infi@ length
described by Eq. (3).

% a - helix = 161 (3)

i 7]

117



ChemPhysChem — en revision

3.2.10WST Cytotoxicity assays
3T3 fibroblasts were cultured in Dulbecco’s modifi€agle’s medium (DMEM)
supplemented with 10% heat-inactivated fetal boviserum (FBS), 1% each
penicillin/streptomycin, and 1% glutamine plus 1é6ism pyruvate.
5,000 cells/well were plated in 96-well plates aafter 24 h at 37 °C in 5% GO
atmosphere the medium was substituted by eachdgeptiution in culture medium
without FBS, and incubation was resumed for 48 H3-#-iodophenyl)-2-(4-
nitrophenyl)-2H-5-tetrazolio]-1,3-benzene disulphten labeling reagent (WST-1) was
added to each well, and the plate was incubateébdarsame conditions for 3 h. After
thoroughly mixing on a shaker, the absorbance efstmples was measured at 440 nm
using a Benchmark Plus microplate reader (Bio-Raldokatories Inc.). Samples were
prepared in triplicate for each experiment.

3.2.11.Hemolysis assay
Human blood group B, collected in citrate-phospiuetrose (CPD) buffer in 50-ml
centrifuge tubes, was spun for 5 min at 1,200 gl plasma and buffy coat were
removed. The resulting RBC pellet was resuspendd®BiS. After two other washing
steps, the RBC pellet was diluted in PBS to yietlaition of 6% hematrocrit.
RBCs suspension and each sample were added tovalBplate (3% final hematocrit).
Each sample was performed by triplicate and pasifi¥o Triton X-100) and negative
(PBS) controls were included. After incubating iy minutes at 37°C samples were
collected, spun at 16000 g for 5 minutes and tipeatant absorbance was measured
at 541nm using a Benchmark Plus microplate redierRad Laboratories Inc.)

4. CONCLUSIONS

The use of synthetic peptides offers an effectigpr@ach for designing chemically
well-defined molecules of specific activity. Themaiof this work is to evaluate the
possibility of using synthetic peptides correspogdio the envelop protein E1 of GBV-
C in future anti-HIV research. Five E1 regions haeen analyzed in depth in order to
demonstrate if there are capable or not of inmpitthe interaction between HIV-1
fusion peptide and model membranes.

Results show that one of the peptides behavedytatdferent to the others. P10 is
capable of aggregating liposomes and fusing menalrdnut it does not inhibit the
membrane fusion caused by HIV-1 FP nor its intésactwith bilayers as showed
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surface Plasmon resonance experiments. After théocuoational study we observed
that P10 is the only one that presents a low péagenofa-helix and a high percentage
of g-structure. The envelope proteins (E) of flavivesdave been described as class Il
fusion proteind®®, characterized by putative fusion sequences kraswviusion peptides
that do not present ahelix structure but usually adoptfasheet conformatiolk”!
Therefore, the fact that P10 could be an interasioh peptide of GBV-C is supported
by means of the results obtained in this work. @ndther hand, its capability of fusing
membranes and the fact that it does not inhibitnieenbrane fusion caused by HIV-1
FP, allow us to discard P10 as a possible candidatehibiting HIV-1 FP activity.
Regarding P18 and P22, they didn’t inhibit membraiséon caused by HIV-1 FP either
but they don’t fuse membranes and they are cadlitdibit the ability of HIV-1 FP to
form pores as seen in previous studies based &adeaof vesicular contents assays.
Thus, probably these two peptides are not thedagstidates as possible HIV inhibitors
but their behavior in some aspects against HIV-Eigests us not to discard them yet.
Finally, results highlight P7 and P8 as the bestdmiates as HIV-1 FP inhibitors.
Bothare capable of inhibiting membrane fusion amal interaction of HIV-1 FP with
bilayers. Moreover, previous results showed théilitg to inhibit the leakage of
vesicular contents caused by HIV-1 FP.

Citotoxicity experiments performed on 3T3 fibrolilashowed no significant toxicity
for tested peptides. All concentrations used leadviability greater than 90%,
determined using the WST-1 colorimetric assay. s€heesults were confirmed by
hemolysis assays on human RBCs, were none of tpgdpe at the concentrations
tested presented hemolytic activity.

Finally, our findings allow us to propose P7 andf@8further studiesn vitro, in order

to test their activity against HIV-1 FP once inctdoh with cells and to explore a
possible inhibition of HIV-1 invasion. Therefordhese peptides could be potentially
used in future anti-HIV-1 therapies.
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Resultados

3.5. Articulo 5. Effect of E1(64-81) hepatitis G peptide on the in vitro

interaction of HIV-1 Fusion Peptide with membrane models

Una forma de obtener informacién sobre el potencial fusogénico de los péptidos
sintéticos derivados de un virus es examinar sus propiedades interfaciales y
estudiarlas en monocapas y bicapas. En este trabajo se estudian las
propiedades superficiales del péptido E1(64-81), al que hasta ahora hemos
llamado P22, y cuya secuencia es AQLVGELGSLYGPLSVSA. Este péptido se
deriva de la proteina estructural E1 del virus de la hepatitis G y se observd
previamente que era capaz de inhibir la liberacidn de contenidos vesiculares
causada por el péptido de fusién del VIH-1 (PF del VIH-1). Las isotermas mixtas
del P22 y el PF del VIH-1 se obtuvieron asi como sus imagenes mediante
microscopia de angulo de Brewster (BAM) y microscopia de fuerza atdmica
(AFM). Las imagenes mostraron que el péptido P22 y el PF del VIH-1 cuando
estan juntos forman una estructura que no se puede observar en las imagenes
de los péptidos por separado. Los estudios con las monocapas fosfolipidicas de
dimiristoilfosfatidilglicerol (DMPG) y difosfatidilglicerol (DPPG) mostraron que
ambos péptidos interaccionan con los dos lipidos ensayados pero que el efecto
que el PF del VIH-1 tiene sobre las monocapas se reduce en presencia del P22.
Ademas, los experimentos de calorimetria diferencial de barrido (DSC)
muestran como el PF del VIH-1 es capaz de modificar las propiedades de la
estructura de la bicapa y la capacidad del P22 de inhibir estas modificaciones.
Los resultados indican que el P22 interacciona con el PF del VIH-1 formando
una nueva estructura y ésta puede ser la via por la que inhibe la actividad del
PF del VIH-1.
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ABSTRACT

One way to gain information about the fusogenicepbél of virus-derived synthetic
peptides is to examine their interfacial properéesl subsequently to study them in
monolayers and bilayers. Here, we characterizepktysicochemical surface properties
of the peptide E1(64-81), whose sequence is AQLVGELYGPLSVSA. This peptide
is derived from the E1 structural protein of GBMHGYV which was previously shown
to inhibit leakage of vesicular contents causedhieyHIV-1 fusion peptide (HIV-1 FP).
Mixed isotherms of E1(64-81) and HIV-1 FP were oked and their BAM and AFM
images showed that the peptide mixture forms awfft structure that is not present in
the pure peptides images. Studies with lipid moyeis (DMPG and DPPG) show that
both peptides interact with all the lipids assalpatithe effect that HIV-1 FP has on the
monolayers is reduced in the presence of E1(64Ma&jeover, DSC experiments show
the capacity of HIV-1 FP to modify the propertiestbe bilayer structure and the
capacity of E1(64-81) to inhibit these modificago®ur results indicate that E1(64-81)
interacts with HIV-1 FP to form a new structureddhat this may be the cause of the
previously observed inhibition of the activity of\H1 FP by E1(64-81).

Keywords: Hepatitis GB virus C; synthetic peptide; lipid nodsyer, compression
isotherms, HIV-1 FP, bilayer
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1. INTRODUCTION

The independently discovered human viruses GB \w{&BV-C) [1] and hepatitis
G virus (HGV) [2] are two isolates of the same &rgtfranded RNA virus. GBV-
C/HGV shows characteristics oflavivirus-like genome, closely related to the hepatitis
C virus (HCV).

GBV-C/HGV is widely spread as a result of bloodnsfusions and sexual
transmission. The virus infects lymphocytes, but hepatocytes and there is no
conclusive evidence of a causal link between GBM@&Y and either acute or chronic
liver disease. Recently, GBV-C/HGV has been studiedthe context of human
immunodeficiency virus (HIV) infection and thereeareports that co-infection
prolonged survival of patients and therefore iepbtally an effective treatment. [3-5]

Based on a co-infection model, GBV-C/HGV may influe HIV disease via
inhibition of HIV by inducing chemokines, down-rdgting the HIV co-receptor(s),
influencing cytokine profiles, or having other —gst undefined— effects on the host
lymphocytes [4, 5]. However, the mechanism respmador the beneficial effect that
the GBV-C/HGV virus has on the course of diseassed by HIV infection has not yet
been identified.

The envelope proteins (E) of flaviviruses have beéescribed as class Il fusion
proteins [6], characterized by putative fusion ssmes known as fusion peptides. The
capacity of these fragments for vesicle fusion egltllysis seems to correlate with the
strong interaction these peptides have with mendstan

Bearing in mind the potential use of synthetic mbgst as antiviral therapies, our
group is currently examining the capacity of GBVHGV synthetic peptides to interact
with and induce fusion in model membranes. [7, B¢ Tapacity, observad vitro, to
inhibit the leakage of vesicular contents causethbyHIV-1 fusion peptide (HIV-1 FP)
[9] is the property that allows us to select thgqusmces of the envelop protein E1 of
GBV-C/HGV in order to study their interaction withodel membranes and with HIV-1
FP.

In this work, an epitope of GBV-C/HGV located inetl{64-81) region of the E1
structural protein is selected as a possible ittnlof the activity of HIV-1 FP. This
epitope has also been demonstrated not to be gytoito vivo and is therefore an
interesting sequence to study. The aim of this wero study the effect of the E1(64-
81) peptide on the activity of the peptide sequethed represents the 23 N-terminal
residues of the surface protein gp4l of HIV whidrresponds to HIV-1 FP. Both
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peptide sequences are physicochemically charaetetiyy studying their interaction
with model membranes; lipopeptide interactions withid monolayers of 1,2-
dimyiristoyl-sn-glycero-3-[phosphaac-(1-glycerol)] (DMPG) and 1,2-dipalmitoydn
glycero-3-phosphwoac-(1-glycerol) (DPPG) are studied. In addition, gamir
monolayers are examined by Brewster angle microgsd®®M) and atomic force
microscopy (AFM). We also study the capacity of BiH64-81) peptide sequence to
inhibit the interaction with and destabilizationrobmbranes induced by the HIV-1 FP
glycoprotein. Moreover, peptide—peptide interacticare characterized by means of
Langmuir monolayers and the thermotropic behaviamir DMPG and DPPG
multilamellar vesicles (MLV) is studied by differggl scanning calorimetry (DSC), in
the absence and in the presence of E1(64-81) aWellHiP, in view of the fact that
lipid membranes are characterized by one main pinassition between an ordered gel
state and a disordered liquid-crystalline phase, that they could be affected by the
interaction of the peptides with the bilayer.

2. EXPERIMENTAL
2.1. Materials

Amino acids and Rink amide resin (Tentagel R RAM,90meq ) were obtained
from NovabiochenfNottingham, UK). Dimethylformamide (DMF) was pbhased from
Scharlau(Barcelona, Spain). Dichloromethane (DCM) and piee were purchased
from Fluka (Neu-Ulm, Germany). The washing solvents acetid,atiethyl ether, and
trifluoroacetic acid (TFA) were obtained fromMerck (Poole, UK). N-
hydroxybenzotriazole (HOBt) andll,N’-diisopropylcarbodiimide (DIPCDI) coupling
reagents were obtained fradaluka andNovabiochemrespectively. The other coupling
reagents, O-(7-Azabenzotriazole-1-yl)-N, N,N’N’snethyluronium
hexafluorophosphate (HATU) and\,N’-diisopropylethylenamine (DEIA), were
obtained from GenScript Corporationand Fluka, respectively. The scavengers
ethanedithiol (EDT) and triisopropylsilane (TIS)drom Sigma-Aldrich.

1,2-dimyristoyl-sn-glycero-3-[phospho-rac-(1-glyoBf  (DMPG) and 1,2-
dipalmitoyl-sn-glycero-3-phosphaoac-(1-glycerol) (DPPG) were purchased from
Avanti Polar Lipids. Their purity was more than 9%nd they were used without
further purification.

Chloroform and methanol were purchased from MeWlater was double distilled
and deionised (MilliQ system, Millipore) (18.2 ™ cm, pH 5.8). The buffer in all
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experiments was HEPES (from Sigma-Aldrich) 5 mM &laCl (from Merck) 20 mM,
pH 7.4.
2.2.Methods
2.2.1. Peptide synthesis

Synthesis of the peptide E1(64-81), whose primanyina acid sequence is:
AQLVGELGSLYGPLSVSA, was carried out on a TentageRRM resin (0.19 meq'g
Y, by a solid phase methodology following an Fnia/tstrategy by means of
DIPCD/HOBt activation [10]. For difficult couplingHATU and DEIA agents were
used. Side protection was effected by: 2,2,5,7r8gmethyl-chroman-6-sulfonyl (Pmc)
for Arg; tert-Butyl (tBu) for Tyr, Ser, Thr and Aspand t-butyloxycarbonyl (Boc) for
Lys and Trp.

A threefold molar excess of Fmoc-amino acids wasdukroughout the synthesis.
The stepwise addition of each residue was asségsiédiser’s (ninhydrin) test [11] and
couplings were repeated when the test result wsisiyem

The synthesized peptide was deprotected from tleechain groups and cleaved from
the resin with a treatment of trifluoroacetic acf@iFA) containing appropriate
proportions of the scavengers [12L@4 triisopropylsilane (TIS), and ethanedithiol
(EDT): 94.0% TFA,; 2.5% bD; 2.5% EDT; 1% TIS.

The peptide was characterized by Perkin Elmer &inalyHPLC with an LC-235
Diode Array Detector and a Binary LC Pump 250; ¢bumn used was a 25x0.46-cm
KROMASIL 100 C18 5um. The analysis was carried out using a linearigraaf 95%
H,O (0.05% TFA)/5% acetonitrile (0.05% TFA) to 5%,® (0.05% TFA)/95%
acetonitrile (0.05% TFA). Characterization by elespray mass spectrometry was
carried out by UPLC-MS (Waters ACQUITY Ultra Perftance LCY, using a
2.1x100-mm BEH C18 1.{4m column,).

HIV-1 FP/AVGIGALFLGFLGAAGSTMGAAS was synthesized the same way but
using a ChemMatrix 100% polyethylenglycol-basedires

2.2.2. Surface activity of E1(64-81)

Experimental measurements were recorded with a NIMAgmuir Film Balance
equipped with a Wilhelmy platinum plate (NIMA Tedllagy, Coventry, UK) and a
Teflon trough that was rinsed with ethanol and ikkkst water before use. All
experiments were performed at room temperature.

The surface activity of the peptide was first stadio determine the equilibrium

spreading pressure. Using a cylindrical PTFE tro(Igh6 cni, 27.2 cni), increasing
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volumes of 0.28 mM peptide solution in acetonitklgO (1:1, v/v) were injected below
the HEPES subphase (pH 7.4) through a lateraldadethe adsorption of the peptide at
the air/water interface was monitored by obsertirgincrease in surface pressure as a
function of time under continuous stirring of théophase.
2.2.3. Insertion of peptide into monolayers
The kinetics of insertion of E1(64-81) into monaeay of DMPG and DPPG were
measured using the same trough as for the surfasatyy which was cleaned in the
same way with ethanol and distilled water before. Uor these experiments, a lipid
stock solution in chloroform/methanol (2:1, v/v) syarepared and added dropwise onto
the subphase until the desired lipid pressure wagaed. After 10-20 min, the lipid
monolayer reached equilibrium. Then, 0.28 mM E18@#-solution in acetonitrile/sD
(1:1, v/v) was injected into the subphase through s$ide hole of the trough. The
subphase was magnetically stirred during the measemts and surface pressure
changes were monitored as a function of time timéilpressure remained constant.
2.2.4. Compression isotherms
Compression isotherms were established in a NIMAgoauir Teflon trough (surface
area 595 cff) volume 297.5 cf) with two moving Teflon barriers, which was also
rinsed with ethanol and distilled water before g depositing appropriate volumes of
chloroform/methanol (2:1, v/v) stock solutions diggpholipids (0.28 mM) and of
peptides (0.28 mM), lipid—peptide spreading sohgiavere obtained. Monolayers were
formed by applying small drops of the spreadingusohs onto the HEPES subphase
(pH 7.4) with a micro syringe (Hamilton Co., Rendy, USA). After 15 min,
monolayers of the desired composition were contislyocompressed with a rate of
area reduction of 15 dmmin; the area reduction rate ranges from 4.45 to 8.89
AZ.moleculé-min* depending on the volume injected for each samptessary to
achieve the collapse. The films were compressedhéir collapse pressure when
possible. Each run was repeated three times andrepeducibility was +1A2
moleculé™.
2.2.5. Brewster Angle Microscopy
BAM images were obtained on a MicroBAM3 instrumgiMIMA Technology)
mounted on a NIMA Langmuir balance trough. Therunsient was equipped with a 30-
mW laser emitting p-polarized light at 659 nm, whiacises the air—-water interface at
53.1° (Brewster angle). All the images were taketo@am temperature.
2.2.6. DSC Experiments
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Multilamellar lipid vesicles of DMPG and DPPG wengrepared for DSC
measurements in a VP-DSC Microcalorimeter (MicroC&IC, Northampton, MA,
USA). The lipids and the peptides were dissolved iohloroform/methanol mixture
(2:1, v/v). Mixtures of different lipid and peptid®mpositions were prepared and they
were evaporated to dryness in vacuum. Then, thesfivere hydrated with HEPES
buffer (5 mM, pH 7.4) to obtain MLVs [13].

2.2.7. AFM imaging

AFM experiments were performed with a multimode nmécope controlled by
Nanoscope llla electronics (Digital Instrumentsnt@aBarbara, CA, USA). Images
were acquired in tapping mode (TM-AFM) at minimuertical force, maximizing the
amplitude set point value and maintaining the \tibreamplitude as low as possible.

A KSV5000 Langmuir film balance with a Wilhelmy fileum plate and a Tefl6h
trough with a surface of 185 énfmaximum opened barriers) and two moving Tetlon
barriers were used. Deposition of monolayers wde anfresh mica substrate (Green
Muscovite Mica discs: Metafix, Montdidier, Fran@)constant surface pressure for the
AFM study. During the film transfer to mica, therfeice pressure was kept constant by
the use of a feedback system. Before taking thesumements, the mica discs were
glued onto a steel disc using a water-insolublexgpand they were then set on the
piezoelectric scanner.

2.2.8. Circular dichroism

Circular dichroism (CD) spectra were recorded alasco J-810 spectropolarimeter
(Japan Spectroscopic Company, Tokyo, Japan). Afilstirements were taken in water
and trifluoroethanol (TFE). Cells 1 cm in diameteere used and the spectra were
measured between 190 and 260 nm using a spectrdiizith of 1 nm and a scan speed
of 10 nm/min.

All measurements were performed at 25°C and tha date expressed in terms of
mean residue ellipticitie®)] (deg cnf dmolY). Three scans were performed to improve
the signal to noise ratio. E1(64-81) was incubatdth POPG liposomes before the
peptide spectrum was observed. Finally, a spectofinthe blank solution (POPG
liposomes) was subtracted from the peptide specandthe data converted to mean
residue ellipticity units. [14] The Contin prografrom the Dichroweb server at
http://dichroweb.cryst.bbk.ac.uk/html/home.shtmlswased to treat experimental CD
results. [15, 16]

3. RESULTSAND DISCUSSION
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3.1. Peptide-Peptide interaction
3.1.1. Adsorption kinetic of E1(64-81)
A small gradual adsorption of E1(64-81) was obsgtlow peptide concentrations.
The higher the peptide concentration in the subgh#ise faster the incorporation
process and the higher the surface pressure attaixperiments were carried out for
more than an hour in all cases but after 30 mintitegressure remained constant and
we considered that at this time equilibrium hadrbeeached. Figure 1 shows the
adsorption isotherm profile for E1(64-81). The shag the surface activity curve
approximates a rectangular hyperbola and it wasdfito equation (1) via non-linear
least squares regression analysis.

Where C is the concentrationrmax is the maximum pressure achieved dhds a

(1)

characteristic constant equal to the peptide cdretgon that y|eld$2 Tmax Fitting the

data, the values obtained for E1(64-81) were 1#h0bm™ for zmax and 0.20uM for K
(R? = 0.982) Peptide concentrations corresponding to tisalue were chosen for
further penetration studies, as it correspondsh& doncentration of the peptide that
should be used in the bulk subphase for penetratiatics experiments, lower than the
equilibrium spreading pressure of the peptide [17].

By applying the Gibbs adsorption equation in i)y@e form (equation (2)) it is
possible to calculate the peptide surface excassecdration [):

F:L
RTAInC

(2)

WhereR is the gas constant (8.31 J'ihol™), T is the temperature (298 K\ 7 is the

pressure increase achieved 30 min after injectnmCais the peptide concentration.
The surface excess concentration of E1(64-81) tata#on (may deduced from the

slope of theAr — In C curve (equation (2)) was 1.34%1@ol mi?. This value allows us

to calculate the surface molecular area by meaegdtion (3), wherhl is Avogadro’s

constant.

1
I' .« N

©)

The molecular area obtained was 1.24 moleculé'. This value is compatible with

an a-helical conformation of the peptide and with veati orientation at the air—water
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interface [8, 18, 19], which was corroborated byanse of CD experiments (section
3.1.2).

3.1.2. Circular dichroism of E1(64-81)

CD experiments and the corresponding quantitatnadyais of the experimental data
using a deconvolution computer program were peréarnmn general, short synthetic
peptides do not have a preferential conformatiosdtution, but they can sometimes
adopt moderately stable secondary structures [P®§. CD experiments were carried
out in the presence of POPG liposomes and thetmgggpectrum is shown in Figure 2.
The negative bands located at 205 and 222 nm a&nplasitive band around 195 nm are
characteristic of an-helix structure.

3.1.3. Miscibility studies of E1(64-81) and HIV-1 FP

To study the miscibility of the peptides E1(64-&k)d HIV-1 FP, the compression
isotherms of each of them and those of their médwrere recorded (Fig. 3).

Firstly, studying the E1(64-81) isotherm, we carsee that at 17 mN T when
lateral compression takes place [21], the molecailea was 1.25 rfimoleculé' (Fig.

3). This value, obtained from a dynamic systemthess same as that obtained from
equation (3). The value is of the same order asethabtained by other authors for
peptides of similar amino acid chain length andilsimhydrophobic profiles based on
their primary sequence; Ambroggio et al. [18] foumdnolecular area of 1.80 Am
moleculé' for citropin, a 16-amino-acid antibiotic peptideoMover, it is similar to the
molecular area of am-helix perpendicular to the interface, as repotigdConn et al.,
which was 1.30 nf [22]. Furthermore, the limiting areaAd calculated by
extrapolation of the steep part of the isothermhiite area axis [21], agrees with the
published theoretical values and a plateau caneem svhere the collapse of the
monolayer takes place. Ambroggio et al. [18] otedirl.75 nrhas the theoretical,
value for anz-helix peptide oriented perpendicular to the irgeef 1.80 nfhas been
published for an ideal HIV-1 Fe-helix secondary structure, as calculated by mddecu
modelling [23]. In our case, the extrapolated v4lL&5 nni moleculé') is greater than
the value of 1.25 nffound at 17 mN i, very close to the pressure that we postulated
as the monolayer collapse (17.6 mN)based on BAM images recorded at this point.
However, collapse does not disrupt the monolayéithr compressibility does change

at the plateau (see below). This fact allows higredues of pressure to be achieved in
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the steep part of the isotherm where the partiadeénsion of polar groups of the peptide
or folding of the hydrophobic part are also possibl

From z-A, at low surface pressures (0~10 mNY)mit can be observed that the
addition of HIV-1 FP to the E1(64-81) monolayer guoes higher values of the mean
molecular area as the proportion increases, indganteractions between the two
peptides. Large positive deviations observed a6&8() mole fraction values in the
range 0.4 Xg1e4-81)2 0.2, suggest that the E1(64-81)/HIV-1 FP comptexk clusters
in the monolayer.

As can be seen, at a surface pressure of 17 mMNtme isotherms of both peptides
present a transition represented by a plateau. hidsseen explained in different ways.
It is possible that it was the result of the forimatof a bilayer [24] or of the molecular
segments being lifted from the water surface [25]pf a change in orientation of the
molecules upon compression [26], or it could cqoesl to a rearrangement of the
molecules as described in the literature for ofegrtides with similar characteristics
(area per moleculed, and the absence of clear collapse pressure imprassion
isotherm register) [27, 28]. The inset in Figurestdows the values of the surface
compressibility modulus@s?) corresponding to each isotherm. These values were

calculated by applying equation (4).
=) or
=—A 4
C. [OAL @

Where A is the area per molecule at the indicated surfaessure andr is the

corresponding surface pressure.

The surface compressibility modulus can be usath&oacterize the phase state of the
monolayer [29] (for liquid expanded films it ranglesm 12.5 to 50 mNn™, while for
the liquid condensed phase it ranges from 100 Gon2& m™) [30].

In our case, the values 6£™ indicate that the monolayers are in the liquidaaqed
state before and after the transition plateau. &tension of this plateau decreases as
the HIV-1 FP mole fraction increases, as can be sethe inset in Figure 3.

To study what happens, the phase behaviour of 1(@4E81)/HIV-1 FP system was
morphologically examined using BAM and AFM. Figuesand 5 show the BAM and
AFM images respectively, corresponding to both ioestseparately and to the mixture,
whereXg1e4-81= 0.6, at a pressure of 10 mN'when the monolayers are in the liquid

expanded state.
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As can be seen in the BAM images, each peptideviohaally presents the
coexistence of two phases: gas and liquid. Howarneahe mixture, we observe a new
liquid phase, indicating an interaction betweenghptides. This interaction can also be
observed in the AFM images where the pure pepti8dilins are quite different from
the LB film of the mixture, corroborating that tegucture of the peptides separately is
different from that of the mixture at the same pugs. Firstly, E1(64-81) and HIV-1 FP
(Fig. 5a and 5b) both present round particles énatordered differently depending on
the peptide.

The E1(64-81) LB film (Fig. 5a and 5d) shows a nmiform extension of the peptide
on the mica surface. The LB film presents largeoweced regions while the monolayer
surface had a granular roughness with small rowbelsh The monolayer thickness was
determined as the step height from the uncoverea surface (the darkest regions in
Figures 5a and 5d) and the layer, to give a maighhef 1.8+0.2 nm. Meanwhile, for
HIV-1 FP, and its mixture with E1(64-81), (Fig. Blend 5c/f, respectively), the peptide
monolayers are more uniform and the mica surfanenoabe observed. Furthermore, in
the LB mixed film, we can observe curly filamentsacsimilar shape and size covering
the surface that were not present in the LB filmthahe pure peptides. This suggests
similar peptide behaviour to that observed in thdvBmages.

To gain insight into the interactions establishetineen E1(64-81) and HIV-1 FP, a

thermodynamic point of view was considered andekeess Gibbs energy of mixing
(AG') was calculated. ThAG R values provide us with further information on the

energy of the mixing process and the specific atgons of the two components.
Positive values indicate that the process of mixsngot thermodynamically favourable,
so the mutual interactions between the two compsree weaker than the interactions

between the pure component molecules themselvegatiNe values indicate that the
process is thermodynamically favourable. It musbdie noted that Whe‘AGﬁx‘<RT,

the differences from ideality are not consideredistically significant and the mixture
can be considered ideal [31].
AGE was calculated using equation (5) [32] whileis Avogadro’s number;, is

the mean area per molecule in the mixed fikmand A, are the areas per molecule in

the pure filmsX; andX,are the molar fractions, ands the surface pressure (mNn

AGY =N, [" Adr-X,[" Adz-X,[" Adr  (5)
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Table 1 shows thaGF* values calculated for the peptide—peptide mixtassayed
at different surface pressures. In all casesntheseen th%ﬁGﬁX‘ values increase with
the HIV-1 FP mole fraction. At surface pressured®imN m' or lower andXg;(ss.815>
0.6, the mixtures havbGﬁxk RT so they can be considered ideal and the interectio

between the two components and between each comipdself are the same. In

contrast, for pressures higher than 10 mNand when the concentration of HIV-1 FP
is higher than the E1(64-81) concentratidxmeﬁx‘ values are greater thaRT and

positive in all cases.

3.2. Peptide—lipid interactions

The characterization of membrane interactions wéptides or proteins is important
for a better understanding of their mode of actiororder to determine some peptide—
lipid binding properties, a monolayer approach sediwhere the peptides are inserted
into the lipid monolayer.

3.2.1. Penetration kinetics

The capacity of the peptide E1(64-81) to peneiratephospholipid monolayers was
studied using a 0.200 uM peptide solution in thePHB-buffered subphase, which
corresponds to th& calculated from equation (1). Figure 6 shows s@fpressure
increases Ax) due to the introduction of E1(64-81) in monolayensf different
phospholipids, over the initial lipid pressurg)( For both lipids, the general trend
observed is that the greaterthe lower the degree of incorporation of the pipinto
the monolayer because of the closer packing olipias at higher initial pressures.

The monolayer exclusion pressure (that is, theasarfpressure above which the
peptide does not penetrate into the monolayer)oltaned by extrapolating the plot to
Az = 0 mN m' (Fig. 6) [33]. It can be seen that the peptideratts with the two lipids
tested; however, a stronger interaction was obdemwhen the monolayer was
composed of DMPG. In this case, the exclusion preswas 20.06 mN th clearly
higher than that obtained when the monolayer wa3R®G (11.18 mN ). DPPG and
DMPG differ in theirhydrocarbonated chains. For DPPG, which presehtgher Cs*
value, the exclusion pressure is lower than th&inbd for DMPG in a liquid expanded

state, which with its lowe€s™ value is a less rigid monolayer and, thereforsjegao
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penetrate than a liquid condensed monolayer (ssectibn 2.2.2 the miscibility study).
This corroborates observations in other studie. [2

3.2.2. Lipid—peptide miscibility

To determine the effect of the peptide E1(64-81)tba state of phospholipid
monolayers and better understand the lipid—peptitkraction that takes place, mixed
monolayers of E1(64-81) and the two phospholipiderew obtained and the
compressibility modulus for all these systems walsuwlated according to equation (4).

Figure 7 shows the shape of theA isotherms obtained and, in the insets, the
variation of the compressibility modulus comparedhe surface pressure.

For both phospholipids, the presence of E1(64-8%lts in higher mean molecular
areas of the monolayer than for the pure phospidoliponolayer at all the molar
fractions assayedror the DPPG monolayer (Fig. 7a) thé\ isotherm shows a phase
transition at a pressure of around 10 mN for pure DPPG, which is significantly
modified when E1(64-81) is further incorporatedoirthe monolayers. This phase
transition shows as a minimum in the compressyhitibdulus. The same behaviour can
be observed for DMPG monolayers, where the phasesition of pure DMPG that
occurs around 30 mN T disappears when E1(64-81) is incorporated into the
monolayer, and a minimum started to appear aronu m’,

To further examine the miscibility of the film compents, analysis of the collapse
pressures can be helpful; the variationzgfwith the molar ratio of the components
indicates two-dimensional miscibilityn our case, the collapse pressure of DPPG at 63
mN m* barely change when 20% E1(64-81) is added. HowéweDMPG, adding the
same percentage of peptide causes the collapssupze® decrease to 55 mN'm
When the concentration of peptide is increased,bfith phospholipids the collapse
pressure decreases. The variation in the collapsssyre is indicative of miscibility:
thus, in both cases we could see that the peptidehee phospholipids are miscible, but
for DMPG, the earlier variation of the collapse gmere corroborates the results
obtained in the exclusion pressure calculation @lvee observed that penetration into
DMPG monolayers is easier than into DPPG monolayers

To verify the effect of E1(64-81) on the state dfoppholipid monolayers, the
maximum compressibility modulus were calculatedguFé 8 shows the values in
function of peptide concentration. As indicated \aahe incorporation of E1(64-81)

into phospholipid monolayers causes a decreaseeifdn., in all cases, hence, they
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are less condensed. This decrease is especialkethéor DPPG monolayers ofexea-
g1y = 0.4. Further additions of the peptide do nogetfthe value 0€smax -

Evaluating the extent of intermolecular interacion monolayers comprised of two
components is aided by the application of the adtitrule. The additivity rule predicts
that, in the case of an ideal mixture, the meanemwér areaAi») at a given surface
pressure will be equal to the weighted average:

App=X1 A+ X2 A (7)
whereA; andA; are the molecular areas of the single componentseatame surface
pressure an; andX; are the mole fractions of components 1 and 2enntixed film.
Comparison of the experimental mean molecular artrathe expected values from the
additivity rule, provides us with an important cleegarding the extent of miscibility
and interactions in the binary monolayer. The Ilineependence in the area—
composition plots (Fig. 9) indicates ideal mixing complete immiscibility of the
components [34].

Analysis of the plots reveals small negative deerest from ideality at alXgqea-s1)
molar fractions assayed and at different press@ek0, 15 and 20 mN 1), suggesting
that the peptide interacts with both phospholigii®ugh attractive interactions [34,
35].

The excess free energy of mixing for the E1(64#&1j DMPG or DPPG systems was
calculated (Table 2).

A positive AG“reveals that peptide—lipid interactions are lesstdigable, while

negative values show a more favourable interadtian between the pure components
themselves. In general, the mixtures h%ﬂ@ﬁx‘ < RT, so they can be considered ideal

systems.

Figure 10 shows miniBAM images of monolayers of@@@MPG (Fig. 10a), pure
peptide (Fig. 10c) and a mixed monolayer of DMP@ é#me peptide aKg1es-89=0.2
(Fig. 10b). The pictures reveal that at pressums 15 mN rit, the monolayer is
homogeneous for pure DMPG and E1(64-81), whereathéomixture, we can observe
two different phases. This pressure correspondsetdeginning of the plateau where a
change in the compressibility was observed; theeefee could say that two different
phases co-exist in a liquid expanded state. Atessure of 17.6 mN T peptide
collapse could be observed (fig. 10c); while thieesl not appear in the mixture (not

shown). This demonstrates the lipid—peptide miitybiOn the other hand, the phase
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transition observed for DMPG (fig 10a, at= 25.5mN n) is clearly modified when
DMPG is mixed with the peptide (fig 10b, at 24.6 mN rit). Moreover, the collapse
observed for the mixture is very different fromttiod the pure components, showing a
clear phase separation. In previous work, wherentieeaction of E1(145-162) hepatitis
G virus peptide and DMPC, DMPG and POPG was studiesl reported similar
behaviour compatible with the formation of a peetilibid complex through
hydrophobic interactions, which was corroboratecemvithe interaction of the same
peptide was studied in a bilayer system. [8] Henloe, higher mean molecular areas
observed in monolayers due to E1(64-81) can beaegd by the formation of the
lipid—peptide complexes compatible with the BAM pgea and the phase separation
observed when collapse is reached. This fact doeileixplained by the arrangement of a

peptide—lipid complex and its separation from tp&llmatrix.

3.2.3. E1(64-81)-HIV-1 FP-lipid miscibility

Figure 11a shows theA compression isotherms for the HIV-1 FP and DPP¢&enhi
system. HIV-1 FP addition shifts the isotherm tgher mean molecular areas at all the
molar fractions assayed. Although the amino aangtle is similar to that of E1(64-81),
and both peptides present surface activity witkx ranging from 17 to 20 mN M their
miscibility pattern is quite different (Fig. 7a ahda).

To examine the effect of E1(64-81) on the inteacof HIV-1 FP and phospholipids,
mixed monolayers of both peptides and DPPG werdiexiu The proportion of E1(64-
81):HIV-1 FP was 10:1 as in this proportion E1(64-8as found to inhibit the
percentage of leakage caused by HIV-1 FP. [9] Eidub reveals the inhibition effect
of E1(64-81) on the interaction of HIV-1 FP wittD#PG monolayer. The shape of the
7-A compression isotherms in Figure 11b is very sinttathat showed in Figure 7a,
corresponding to the E1(64-81)/DPPG mixed monokyEherefore, in the presence of
E1(64-81)in vitro, HIV-1 FP cannot interact with DPPG.

The most significant difference can be seen byystigdthe compressibility modulus.
We observe that the presence of HIV-1 FP makesttbeolayer drastically change
from a liquid condensed state to a liquid exparstate, while with E1(64-81) (Fig. 7a)
or with the mixture of both peptides (Fig. 11b) wleserve a transition between the
phases when the peptide concentration is increddads, the presence of E1(64-81)

inhibits the capacity of HIV-1 FP to alter the camegsibility of the monolayer.
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This inhibition capacity was also studied with D&%periments and can be attributed
to the new species formed when both peptides gegther, as can be seen in the BAM
and AFM images (Fig. 4 and 5).

On the other hand, Figure 12 shows the plots ofrtban molecular area calculated
from equation (7) against the composition. Analysfs Figure 12a reveals small
negative deviations from ideality Xiyv-1 r=0.2 and at different pressures (5, 10, 15
and 20 mN rit), suggesting that the peptide interacts with thespholipid through
attractive interactions [34, 35]. However, theseialgons become positive at HIV-1 FP
molar ratios higher than 0.2, although they arg/ wenall. The deviations become more
positive for X=0.2 andX =0.6 when HIV-1 FP is mixed with E1(64-81), andrmo
negative forXeg1ea-81)+Hiv-1 rp=0.4 showing a change in the behaviour, but tiveatiens
from ideality are too small to be considered sigatit.

an increase of the repulsion interactions betweBftHFP and DPPG when E1(64-
81) is present.hi ha un canvi de comportament, wagsa positives i alters cap a
negatives, Les desviacions de la iealitat son piltes i sObn menyspreables.

The excess free energy of mixing for HIV-1 FP arfi FP+E1(64-81) with DPPG

was calculated (Table 3). All the mixtures h#&ém < RT, so they can be considered

ideal systems.

3.2.4. DSC Experiments

To study the modifications in the phase diagrandpeed by the insertion of the
peptides into the bilayers, the binary DMPG/DPPGtay was considered. The
DMPG/DPPG phase diagram was constructed from DSfngethermographs (scans
were recorded between 10°C and 60°C) of the lipesantubated with and without the
peptide. In the heating thermographs (not showngavgd see how HIV-1 FP modifies
the transition temperaturel{) of the DPPG and DMPG liposomes, and how this
temperature is again close to thgof pure phospholipids when HIV-1 FP is incubated
with E1(64-81); this is clearly reflected in thegge diagrams.

The heat capacity curve of pure DMPG shows two @hieensitions. The so-called
pre-transition {,~20.7°C for DMPG at pH=7.4 in 5 mM HEPES + 20 mMIWastands
for a transition between two gel phasdsy-6Pp). The main phase transition
(Tm~23.8°C) represents the transition frég gel to the liquid crystallingé, phase. The
phase diagram is constructed considering only thie phase transition [36].
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The phase diagram is constructed by the followirec@dure: Thensetand edset
temperatures for the gel to liquid crystalline phdasansition are determined as the
temperatures corresponding to the intersection dxtvithe tangent of the leading edge
and the baseline of the DSC curves [36-38]. Far ttantribution to the total transition
widths, these temperatures need to be as foll&®: [

T1= Tonsett (XaAT1a + XgAT1p) (8)
T2= Tendser— XaAT2a + XgAT2p) 9)
Where,
AT1a = T — Tonsetfor Xpppe= 1
ATig = T — Tonsetfor Xpppg= 0
AToa = Tendser— Tm fOr Xpppc= 1

ATog = Tendser— Tm fOr Xpppe=0

Xa andXg correspond to the molar fractions of lipids A (PRnd B (DMPG).

The temperatures calculated by equations (8) ahdar@® those represented in the
phase diagram for each DPPG molar fraction (Fig. 13

The shape of a phase diagram depends mainly anigieg behaviour of the lipids in
both phases. For ideal miscibility of two lipidsafdd B, thesolidusandliquidus curves
enclose a cigar-shaped coexistence region of theam® liquid crystalline phases.
Below thesoliduscurve, only the gel phase exists; and abovditiuedus line, only a
liquid crystalline phase appears [38]. The phasegrdim confirms ideal mixing of
DMPG and DPPG in both phases.

Heat capacity curves were obtained for pure ligidd their mixtures, as well as for
the same phospholipid mixtures with HIV-1 FP andhwiHIV-1 FP incubated with
E1(64-81), and their phase diagrams were also xarst.

We observed the capacity of HIV-1 FP to modify theperties of the bilayer
structure, changing the transition temperature, taedcapacity of E1(64-81) to inhibit
these modifications. The resulting lipid phase dhagis modified when HIV-1 FP is
inserted into the bilayer. However, no differensebserved in theoliduscurve when
HIV-1 FP and E1(64-81) are incubated togetherh&liquidus curve, small differences
could be observed but its shape is more simildhéopure phospholipid curves than to
the curve of the phospholipids incubated HIV-1 Hie higher Xpppg the more
dramatic the effect is.
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4. CONCLUSIONS

E1(64-81), a synthetic peptide of the E1 structural protein of GBV-C/HGV, shows
similar behaviour to that observed for other peptide sequences from Hepatitis G
structural proteins. E1(64-81) has moderate surface activity that allows it to adept an
helix structure at the air—water interface. Its interaction with HIV-1 FP was also studied
together with how the presence of E1(64-81) influences the interaction of HIV-1 FP
with monolayers and bilayers.

In a dynamic system, HIV-1 FP shows an interaction pattern that is different from that
observed for E1(64-81) on phospholipid monolayers and bilayers. The interaction of
both peptide mixtures with the same phospholipid systems demonstrated that the
presence of E1(64-81) reduces or inhibits the action of HIV-1 FP. This is observed in
the lipid—peptide miscibility studies as well as in DSC measurements. Moreoveén, this
vitro inhibition of the activity of HIV-1 FP could be explained by the AFM and BAM
images which allow us to conclude that the peptide E1(64-81) interacts with HIV-1 FP
to form a new structure. These findings could be one more piece of evidence of the
inhibition capacity of the E1(64-81) peptide, as observed in other assays (fluorescence
spectroscopy), corroborating the hypothesis that synthetic peptides of GBV-C/HGV
could inhibit HIV infection. Thus, our results lead us to propose further study of E1(64-
81) to explore the correlation between its inhibition capanityitro and its biological
activity in vivo. We have therefore started the pertinent studies to establish whether the
main trend observedh vitro can be related with the biological activity vivo.
Furthermore, a more comprehensive analysis of the specific peptide—peptide interaction

is in progress.
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Figure 1. Surface activity curve of E1(64-81).
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Figure 2. CD spectra of E1(¢-81) in the presence of POPG liposor
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Figure 3. Surface presur—mean area per molecule-A) compression isotherms
E1(64-81), HIVA FP and their mixtures spread on a HEPES sub. Inset: Plot of

compressibility modulusds?) as a function of the surface pressure.

FIGURE 4

Figure 4. 4.1x3.6 mmBAM images corresponding to the moncers of: a) E1(6-81);
b)HIV-1 FP; and c) E1(681):HIV-1 FP at a molar ratio of 0.6:0.4, spread on HE

at a surface pressure of 10 mr.
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Figure 5. LB films of 2x2um (top) and 508500 nm (bottom) at an extraction surf:
pressure of 10 mN th a) and d) E1(€-81); b) and e) HIVE FP; and c) and f) E1(-
81):HIV-1 FP at a molar ratio of 0.6:C
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Figure 6. Surface pressure increasAn) caused by E1(681) in monolayers c
different phospholipids in front of the initial Igp presure ¢). Black square
correspond to DPPG and grey triangles to DNV
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Figure 7. Surface pressu—mean area per molecule-A) compression isotherms f
E1(6481) and the lipids: (a) DPPG and (b) DMPG spread HEPES subphas
(pH=7.4) at different X%;.s81). Insets: Plots of compressibility moduluCs?) as a
function of the surface presst
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Figure 8. Maximum compressibility modulus values in functioof peptide
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Figure 9. Plots of Anoiec for E1(64-81) as a function of the peptide molar fraction
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FIGURE 10
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Figure 10. 4.1x3.6 mrA MiniBAM Images of DMPG and 1(64-81) monolayers ¢
three different pressures, and of their mixtureDB)PG, b) DMPG:E1(6-81) atXg1ss-
81=0.2 and c) E1(64-81).
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Figure 12. Plots of Amoec for HIV-1 FP and E1(6481) as a function of the pepti
molar fractions at different surface pressureptoe and mixed monolayers of: a) k-
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FIGURE 13
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Figure 13. Phasediagram of DPPG:DMPG liposomes (solid lines) in gresence ¢
HIV-1 FP (dashed grey lines) and in the presence o-1 FP with E1(6-81) (dotted
lines). G: Gel phase, L: Liquid crystalline phi
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TABLES

Table 1. AGE*(J molY) for different HIV-1 FP-E1(6481) mixtures at variou

pressures.

XE1(6481) 7 (mN-m™) AG*™ (J-mol ™)
0.2 5 4494
10 8073
20 23766
25 31990
04 5 2146
10 3352
20 8727
25 10980
0.6 5 814
10 1360
20 3861
25 5515
08 5 294
10 701
20 3894
25 5909
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Table 2.AGE* (J mol®) for different Lipic-E1(6481) mixtures at various pressu

AG** (J'mol™)
Xnigssyy m(mNm?) DMPG DPPG
0.2 5 -753 -737
10 -780 -791
15 618 486
20 -238 -326
04 5 -504 334
10 -533 -111
15 -470 2188
20 721 590
0.6 5 -133 -257
10 -196 55
15 -523 1687
20 -1694 -630
0.8 5 -317 -248
10 -391 56
15 -491 51
20 -29 -235
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Table 3. AGEX(J mol?) for different DPPHIV-1 FP mixtures and DPF-HIV-1

FP+E1(6481) mixtures at various presst

AG®™ (J-mol™)
Xpepres 7@ (mN-m')  HIV-1 FP:DPPG  HIV-1 FP+E1(64-81):DPPG

0.2 5 77 -65
10 -42 121
15 -71 -121
20 -98 -418

0.4 5 11 -2
10 122 196
15 246 -54
20 347 -150

0.6 5 -89 113
10 28 134
15 335 -107
20 475 -601
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Resultados

3.6. Articulo 6. Physicochemical characterization of GBV-C E1
peptides as potential inhibitors of HIV-1 Fusion Peptide: Interaction

with model membranes

Cuatro secuencias peptidicas correspondientes a la proteina E1 del virus de la
hepatitis G: NCCAPEDIGFCLEGGCLV (P7), APEDIGFCLEGGCLVALG (P8),
FCLEGGCLVALGCTICTD (P10) and QAGLAVRPGKSAAQLVGE (P18) se han
estudiado, ya que son capaces de interaccionar con el péptido de fusion del
VIH-1 (PF del VIH-1). En este trabajo se estudian las propiedades superficiales
de estas secuencias correspondientes a la proteina E1 y se caracterizan
fisicoquimicamente estudiando su interaccion con modelos de membrana;
ademas, se estudian las mezclas de estos péptidos con el PF del VIH-1 con el
fin de observar si son capaces de modificar la interaccion del PF del VIH-1 con
modelos de membrana como liposomas o monocapas. Algunas propiedades
fisicoquimicas de los péptidos como el punto isoeléctrico (pI) o la carga neta se
predijeron utilizando algoritmos informaticos y observamos que existen
similitudes entre los péptidos P7 y P8, y entre P10 y el PF del VIH-1; mientras
que el P18 parece ser bastante diferente al resto. Lo mismos pudimos observar
en los graficos obtenidos segun la escala de hidrofobicidad de Hopp-Woods, los
cuales muestran que P10 y el PF del VIH-1 tienen un perfil altamente
hidrofébicos, mientras que P18 es el menos hidréfobo, y P7 y P8 tienen un
perfil de hidrofobicidad parecido. Los estudios conformacionales mediante
dicroismo circular mostraron un incremento del porcentaje del hélice-a de P7 y
P8 al mezclarlos con el PF del VIH-1 mostrando un cambio conformacional que
puede ser la causa de su capacidad de inhibicidon. Los experimentos de
penetracion mostraron que todos los péptidos se insertan espontaneamente en
las membranas fosfolipidicas. Mediante el analisis de las isotermas de
compresion podemos ver que los péptidos interaccionan con los fosfolipidos y
que los péptidos correspondientes a la proteina E1 son capaces de modificar las
isotermas de compresion del PF del VIH-1; sin embargo, hay uno de los

péptidos, el P7, que destaca como el mejor candidato para inhibir la actividad
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del PF del VIH-1, y por lo tanto, que puede ser un candidato potencial para ser

utilizado en futuras investigaciones anti-VIH-1.
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ABSTRACT

Four peptide sequences corresponding to the E1 eiprotof GBV-C:
NCCAPEDIGFCLEGGCLV (P7), APEDIGFCLEGGCLVALG (P8),
FCLEGGCLVALGCTICTD (P10) and QAGLAVRPGKSAAQLVGE (B} were
studied as they were capable of interfering with V-1 fusion peptide (HIV-1 FP).
In this work, the surface properties of the E1 pkptsequences are investigated and
their physicochemical characterization is done togy@ng their interaction with model
membranes; moreover, their mixtures with HIV-1 FBrevalso studied in order to
observe whether they are capable to modify the HI¥P interaction with model
membranes as liposomes or monolayers. Physicochepmnaperties of peptides (pl and
net charge) were predicted showing similaritiesR@rand P8, and P10 and HIV-1 FP,
whereas P18 appears to be very different fromebke Circular dichroism experiments
showed an increase of the percentage-bélix of P7 and P8 when mixed with HIV-1
FP indicating a conformational change that couldhgecause of their inhibition ability.
Penetration experiments show that all the peptid®s spontaneously insert into
phospholipid membranes. Analysis of compressiothesms indicates that the peptides
interact with phospholipids and the E1 peptides ifgdthe compression isotherms of
HIV-1 FP, but there is one of the peptides thategd as the best candidate for
inhibiting the activity of HIV-1 FP, P7, and theoe¢, that could be potentially used in

future anti-HIV-1 research.

Keywords: Hepatitis GB virus C; synthetic peptide; lipid nobeyer, compression

isotherms, HIV-1 FP, bilayer, circular dichroism.
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1. INTRODUCTION

The independently discovered human viruses GB \r&BV-C) [1] and hepatitis G
virus (HGV)[2] are two isolates of the same singlended RNA virus. GBV-C shows
characteristics of dlavivirus-like genome, closely related to the hepatitis QUi
(HCV). The virus infects lymphocytes, but not heggtes and there is no conclusive
evidence of a causal link between GBV-C and eit@rte or chronic liver disease.
GBV-C has been investigated in the context of humamunodeficiency virus (HIV)
infection and there are some reports finding thaingection prolonged survival of
patients and served as a potentially effectivetineat.[3-5] Based on a co-infection
model, GBV-C may influence HIV disease via inhibiti of HIV by inducing
chemokines, down-regulating the HIV co-receptorifsjuencing cytokine profiles, or
having other —as yet undefined— effects on the hwmsphocytes.[4, 5] However, the
mechanism responsible for the beneficial effect tha GBV-C virus has on the course
of disease caused by HIV has not yet been idedtifie

We are currently examining the capacity of GBV-@thegtic peptides to interact and to
induce fusion in model membranes. [6, 7] The capacbservedn vitro, to inhibit the
leakage of vesicular contents caused by the HIVWsioh peptide (HIV-1 FP) is the
property that allows us to select the sequencethefenvelop protein E1 of GBV-
C/HGV in order to study their interaction with mbdeembranes and with HIV-1 FP.

In this work, four peptides corresponding to the E1 protein oM3B are selected as
possible inhibitors of the activity of HIV-1 FP.][8

The aim of this work is to study the effect of th& peptides on the activity of the
peptide sequence that represents the 23 N-termasi@ues of the surface protein gp41
of HIV which corresponds to HIV-1 FP.

Surface properties are among the most importartues of biomaterials. Surface
functional groups and their arrangement in the seale topology of the material
surface have dramatic effects on amount, oriemtatemd conformation of adsorbed
proteins. For these reasons, adsorption and coatmnal change of proteins on
biomaterial surfaces are widely considered to ke afrthe most important mechanisms

controlling interactions between biomaterials amelsurrounding biological system.

Small variations in primary structure strongly atféhe local predisposition toward

secondary structure in smaller peptideshelix[9], f-sheet[10], and a variety of
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turns[11] have been reported for short peptidegesé&hare consistently found to depend
strongly on the primary structure. For examplemiadel o-helical peptides, favorable
intramolecular electrostatic interactions arisingni charged side chains are frequently
used to stabilizea-helicity[12]. In contrast, polypeptides lacking cbu specific
interactions follow the entropic bias toward a ‘tam coil” conformation, in which the
average dihedral angles follow local torsional geé&c, independent of surrounding

residues[13].

As a continuation of a previous work carried oubur group[8], the surface properties
of the E1 peptide sequences are investigated amndpihysicochemical characterization
iIs done by studying their interaction with modelmianes; lipopeptide interactions
with lipid monolayers of 1,2-dimyiristoydn-Glycero-3-[Phosphoac-(1-glycerol)]
(DMPG) and 1,2-Dipalmitoybnglycero-3-phosphoac-(1-glycerol) (DPPG) are
studied, in order to observe the influence of adyhin lengths differing by two

methylene units.

In addition, conformational analysis by circulachtioism was carried out in presence
of liposomes as model membranes. Moreover, we aterested in study the

conformational changes when HIV-1 FP is in preseidel peptides in order to know

if it is one of the reason for inhibiting its adti

2. EXPERIMENTAL
2.1. Materials

1,2-dimyiristoyl-sn-glycero-3-[phospho-rac-(1-glyog] (DMPG) and 1,2-dipalmitoyl-
snglycero-3-phosphoac-(1-glycerol) (DPPG) and 1-palmitoyl-2-oleoyl-stycero-3-
phosphocholine (POPG) were purchased from AvantarPldpids. Their purity was
higher than 99% and they were used without furtheification.

Chloroform and methanol were purchased from Mevikter was double distilled and
deionised (MilliQ system, Millipore) (18.2 ™ cm, pH 5.8). Buffer in all experiments
was HEPES (from Sigma-Aldrich) 5mM and NaCl (froneitdk) 20 mM, pH 7.4.

2.2.Methods
2.2.1. Peptides Synthesis

The peptides corresponding to E1 protein of GBVNECAPEDIGFCLEGGCLV
(P7), APEDIGFCLEGGCLVALG (P8), FCLEGGCLVALGCTICTD P@0) and
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QAGLAVRPGKSAAQLVGE (P18), and the HIV-1 FP,
AVGIGALFLGFLGAAGSTMGAAS, were obtained by solid-pba methodologies and
purified by preparative high performance liquid aimatography, as previously
described.[8]

2.2.2. Preparation of Multilamellar Vesicles

1-Palmitoyl-2-Oleoyl-sn-Glycero-3-Phosphocholine OfRG) and peptides were
dissolved in a chloroform:methanol (2:1, v/v) miduDifferent mixtures of POPG and
E1 peptides with or without HIV-1 FP were done dinel solutions were evaporated to
dryness in vacuum with a rotary evaporator. Thedllipid film was subjected to a high
vacuum overnight to remove trace amounts of solvéhen, the lipid films were
hydrated with double distilled and deionised wat@robtain multilamellar vesicles
(MLVSs).

2.2.3. Bioinformatic analysis tools for peptide characiation

Physicochemical properties of peptides (pl and ametrge) were predicted using the
Isoelectric Plot calculation program at

http://www.bioinformatics.org/JaMBW//3/1/6/indexchkt. Hydrophobicity profiles were

obtained by means of a calculation program at
http://www.vivo.colostate.edu/molkit/hydropathy/edhtm| using the Hopps and

Woods scale with a window size of 6.
2.2.4. Circular dichroism

CD spectra were recorded on a Jasco J-810 spelariopeter (Japan Spectroscopic
Company, Tokyo). All measurements were done in wé&tells 1 cm in diameter were
used and the spectra were measured between 17@%hchm using a spectral

bandwidth of 1 nm and a scan speed of 10 nm/min.

All measurements were performed at 25 °C and tha dare expressed in terms of
mean residue ellipticitiesd] (deg-cmi-dmol®). Three scans were accumulated to
improve the signal to noise ratio. Before readimg peptide spectra, a spectrum of the
blank solution was subtracted and the data corvette mean residue ellipticity
units.[14] Moreover, Contin by the Dichroweb server at
http://dichroweb.cryst.bbk.ac.uk/ntml/home.shtml ognam was used to treat
experimental CD results. [15, 16]
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The percentage o#-helix conformation in the peptides was estimateihg the
formalism of Chen et al. [17] This approach assuthes the maximum theoretical
ellipticity for a given peptide or protein at 22thrmay be derived from the number of
amino acid residues, and the ellipticity at 222 nm of a helix of infi@ length
described by Eq. (3).

% a - helix = 61 (3)

e

2.2.5. Adsorption at the air-water interface

Adsorption studies at the air-water interface weagied out using a NIMA Langmuir
Film Balance equipped with a Wilhelmy platinum plgNima Technology, Coventry)
and a Teflon trough that was rinsed with ethanal distilled water before use. All

experiments were performed at room temperature.

The surface activity of peptides was first studiedietermine the equilibrium spreading
pressure. Using a cylindrical PTFE trough (19.6,c27.2 cni), increasing volumes of

a 0.28mM peptide solution were injected below HEREBphase (pH 7.4) through a
lateral hole and the adsorption of the peptidehatdir/water interface was therefore
monitored by following the increase in surface pugs as a function of time under

continuous stirring of the subphase.
2.2.6. Insertion of peptides into monolayers

The kinetics of insertion of the peptides into mlayers of DMPG and DPPG were
measured using the same trough as for the surfetoatya For these experiments, a
lipid stock solution was prepared and added draggewn the subphase until the desired
lipid pressure was achieved. After 10-20 min theildarium of the lipid monolayer was
reached. Then, a 0.28 mM peptide solution was tegemto the subphase through the
side hole of the trough. The subphase was magsttied during the measurements
and surface pressure changes were monitored asiciurf time until it remained

constant.
2.2.7. Compression isotherms

Compression isotherms were carried out on a Nimid) (Uangmuir Teflon trough
(surface area 595 dmvolume 280 crf). By depositing appropriate volumes of

chloroform stock solutions of phospholipids (0.28in&md of peptides (0.28 mM), the
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lipid—peptide spreading solutions were obtainedndayers were formed by applying
small drops of the spreading solutions on the HEB&$phase (pH 7.4) with a micro
syringe (Hamilton Co., Reno, NV). After 15 min, noteyers of the desired
composition were continuously compressed with @a aeduction rate of 15 émin™.
The films were compressed to their collapse pressiten possible. Each run was
repeated three times and the reproducibility wat*tholecule™.

3. RESULTS AND DISCUSSION

3.1.Bioinformatic analysis tools for peptide characterzation
Physical properties such as the isoelectric pqhtdr the net charge at pH 7.4 (pH of
the study) of the peptides were predicted in otdeknow whether the behavior of the

different sequences is related to these propeRiesults are shown in Table 1.

Table 1.Prediction of the Isoelectric point and the netrgbaat pH = 7.4 for HIV-1 FP
and E1 synthetic peptides

Isoelectric point Netcharge atpH =7.4

HIV-1 FP 6 -0.1
P7 2.88 -3.5
P8 2.88 -3.2
P10 3.18 -1.5
P18 11.38 +2

P7 and P8 present similar values of both propertidnereas the pl and the charge of
P10 are the most close to those of HIV-1 FP. Inctiv@rary, P18 differs much from the
rest.

3.2. Circular dichroism

In order to gain insights into the differences kesw peptides and their interaction with
HIV-1 FP, a conformational study was carried outc@ar dichroism experiments and
the corresponding quantitative analysis of the grpental data using a deconvolution
computer program were done. In general, short syiathpeptides do not have a

preferential conformation in solution, but can stimes adopt moderately stabilized
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secondary structures.[18] CD experiments were edrout in presence of POPG
vesicles as it was found that HIV-1 bound to negaphospholipids stronger than to
lipids devoid of a net charge [19]. Firstly, CD spa of the peptides separately were
recorded. Afterwards, E1 peptides were incubatetth WilV-1 FP and added to the

liposomes solution.

We used CD to analyze if the ability of the E1 g to bind HIV-1 FP induces a
conformational change in its secondary structurehis sense, CD spectra of the HIV-1
FP in presence of POPG liposomes showed a nedsinve with a peak around 215nm
which could be attributed to @&-structure contribution probably due to peptide
aggregation (figure 1). In this medium, the peptspectrum also showed a negative

band near 195 nm that is typical of random coilfoonation.

On the other hand, in P7, P8 and P18 spectra,htiacteristic positive band around
195 nm appeared showing the spectra like thosen affeelix structure, and they also

show a negative band with a peak between 215 adah@22which could be attributed to

af-structure contribution. CD spectra of P10 alsonsttba negative band near 195 nm,
typical of random coil conformation.

The experimental CD spectrum of the mixture of Eptmles and HIV-1 FP in aqueous
solution is different from the theoretical spectrofntained by summing experimental
spectra of equivalent amounts of the peptides aldoked spectra in figure 1); thus, the
results suggest that the E1 peptides interact Mith1l FP. The mixture demonstrated

that the addition of E1 peptides to the HIV-1 FRréased significantly the mean

residue ellipticity at 195 nm, thus increasing pleecentage aof-helix.
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Figure 1. CD spectra of E1 synthetic peptides and HIV-1Presence of POPG

liposomes recorded at 298 K.

Table 2 shows the estimation, from the CD speabfathe content ofa-helical
conformation of the peptides according to molaipedity at 222 nm (calculated from

equation 3).

Table 2. Estimation, from the CD spectra, of the conteni-bklical conformation of

the HIV-1 FP and E1 peptides according to molaptadity at 222 nm.

% a -helix in presence of POPG liposomes

[0]222

HIV-1 FP 5.2
P7 7.7

P7 + HIV-1 FP 9.3
P8 6.1

P8 + HIV-1 FP 6.4
P10 5.2

P10 + HIV-1 FP 7.2
P18 11.6

P18 + HIV-1 FP 6.4

First, results show that P18 has a high percenégehelix compared to the rest and
the percentage obtained for P10 is equal to thiairedd for HIV-1 FP; these results are
coherent with those obtained in table 1, showirag B10 and P18 behave different from
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P7 and P8, and that P10 has some similarities MitR1 FP. This similarity obtained
here are coherent with the results obtained iresipus work where P10 was found that
could be an internal fusion peptide of GBV-C, a¥HlIFP, and it was discarded as a
possible inhibitor of HIV-1 FP. P18 is the peptitiat presents the highest change in the
conformation when mixed with the HIV-1 FP, showmglear interaction between both

peptides.

3.3. Adsorption at the air-water interface

Figure 2 shows the adsorption isotherm profiletfa E1 synthetic peptides. A small
gradual adsorption of peptide was observed at leptige concentration. The higher the
peptide concentration in the subphase the fastenttorporation process and, therefore,
the higher the surface pressure attained. The sbégbe surface activity curves
approximates a rectangular hyperbola and it wasdfito equation (1) via non-linear
least squares regression analysis.

Where C is the concentrationrmax is the maximum pressure achieved dhds a

(1)

characteristic constant equal to the peptide cdretgmn that yleldsi Tmax Fitting the

data, the values obtained are shown in TablEh&seK values were chosen to further
penetration studies, d§ corresponds to the suitable concentration of #atige that
should be used in the bulk subphase for experim@nienetration kinetics, lower than

the equilibrium spreading pressure of the peptidie[2

301

e P7
P8
P10

201 + P18

r (MN/m)

104 .V-—"“"_'_'_'_F"_'_'_.
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Figure 2. Surface activity curve of E1 synthetic peptides
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By applying the Gibbs adsorption equation in itsyger form (equation 2) it is
possible to calculate the peptide surface excassecdration {)

r:i )
RT Alnc

WhereR is the gas constant (8.31 J'Inol), T is the temperature (298 K\7 is the
maximum pressure increase achieved for each pepbadeentration andC is the
peptide concentration.

The surface excess concentration of the E1 sywotlpsptides at saturatiod (s
deduced from the slope of ter — In C curve (equation (2)) allows us to calculdte
surface molecular area by means of equation (3grevN is Avogadro’s constant.

Results are shown in Table 3.

A= 3)

Table 3. Analysis of the adsorption isotherms of the E1 Bgtit peptideszmax IS the
maximum pressure achieved aKdis a characteristic constant equal to the peptide

. N . . .
concentration that yleld% Tmax I max IS the surface excess concentration at saturation

andA is the molecular area.

Rmax (MN MY K (uM) r2 Tmax(10%res m?) A (A%res?
P7 17.22 0.55 0.953 1.85 5.40
P8 12.14 0.21 0.993 1.20 8.34
P10 28.49 0.62 0.966 2.79 3.59
P18 9.20 0.46 0.947 0.83 12.05

Clearly, the four peptides decrease the surfacsidenof the air-water interface.
However, their hydrophobic profiles based on tipeimary sequence are very different
and this fact induces different behaviours; themifference is the grater decrease in
tension induced by P10, this suggests that P10 lgevestronger hydrophobic
interactions than the others when engaged in awatier interface most likely because
they adopt different structural states. This factarroborated with the hydrophobicity
plot of P10 obtained using Hopp-Woods scale thas wlasigned for predicting

potentially antigenic regions of polypeptides. histtype of plots, values greater than 0
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are hydrophilic and thus likely to be exposed anghrface of a folded protein. For P10
all the values in the plot are negative, showirlggh hydrophobicity profile, as HIV-1
FP also presenting negative values in the ploafVP8 have negative values from the
residues 8 to 15 and 4 to 15, respectively, and $H@Bvs negative values for the
residues 3 to 5 and 14 to 15, being the less hydtap peptide and corroborating the
low mmax Value obtained at the adsorption isotherm.

3.4.E1 synthetic peptides insertion into phospholipid ranolayers

The ability of the E1 peptides to insert into phudpid monolayers spread at the air-
water interface was monitored by measuring vamatio surface tension using different
initial pressures, and by injecting a given peptd@centration in the subphase. The
selected concentration corresponds to Khealues calculated in section 3.3. Various
penetration experiments were carried out usingdifferent phospholipids, DMPC and
DMPG, where the nature of the headgroups (zwittéci@nd negatively charged) is
different. For both lipids, the general trend olbseris that the greater the lower the
degree of incorporation of the peptide into the olayer because of the closer packing

of the lipids at higher initial pressures (Figuje 3

-3
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Figure 3. Surface pressure increasdx) caused by E1 synthetic peptides in
monolayers of different phospholipids in front dietlipid initial pressurex). Grey
squares correspond to DMPG and black circles to DMPP7, b) P8, c) P10 and d)
P18
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The monolayer exclusion pressutg(that is, the surface pressure above which the
peptide does not penetrate into the monolayer)olésned by extrapolating the plot to
Az = 0 mN m* [21]. It can be seen that the peptide interacth thie two lipids tested;
the nature of the headgroups has influence on ioet for all peptides except for
P18. DMPG form anionic monolayers while monolay#r®MPC are zwitterionic. The
insertion of the peptides in the anionic monolayisréower than in the zwitterionic,
probably due to the negative charge of the peptidesever, P18, that is positively
charged, interacts in the same way with both pholgpts. Thez. is similar for all the
peptides except for P10 that hastafor DMPC higher than the others peptides,
indicating a better uptake by this zwitterionic ppbolipid.

3.5. Spreading at the Air-Water Interface: Compression sotherms

Figure 4 shows the compression isotherms obtaioedhfe E1 peptides and their
mixtures with HIV-1 FP when mixed with DMPC (colunay and DMPG (column b).
We could observe how the shape of the isothermbllgfl FP and phospholipids
changes drastically when HIV-1 FP is mixed with afythe other E1 peptides. The
isotherms were analyzed by examining the variadiotne mean molecular area (that of
the contributions of both the peptide and the )igisl a function of the peptide/lipid ratio
at a given and constant surface pressure. Thegdioas are reported on figure 5 and
correspond to a pressure of 10 mN/m, although f@&05and 30 mN/m the same trends
are observed for all the peptides. Analysis offiluts reveals several similar situations
in both lipid-peptide combinations. First, they sha nonlinear behavior for all the
peptides and their mixtures, indicating that al {heptides are miscible and interact
with the phospholipids assayed[22]. The mixturegsent positive deviations of
ideality, at any peptide molar fraction assayedepx when HIV-1 FP is mixed with P7,
suggesting that the peptides interact with phospiasl through repulsive
interactions[23]. Although all the E1 peptides @&=se the deviations caused by HIV-1
FP, P7 is the only one that make these deviatiensrhe negative and, at loweégy.1
rp+p3 they show an ideal behavior. The contraction oiegkin the case of P7 indicates
that peptide-lipid interactions are attractive andy reflect the formation of peptide-
lipid complexes through hydrophobic interactiong[Zlhe deviations from ideality of

the mixed monolayers of P18 with DMPG are smaltantfor the other peptides, this
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behavior is related with the positive charge of Rifl, therefore, the electrostatic
attraction towards DMPG.
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Figure 4.Surface pressure-mean molecular ared)(compression isotherms for: from
top to bottom HIV-FP, P7+HIV-1 FP, P8+HIV-1 FP, RFHIV-1 FP and P18+HIV-1
FP and the lipids: (a) DMPC, (b) DMPG spread on BERBubphase (pH=7.4). Black
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line for Xpeptidesy1, red line forXyeptides0.2, green line foKey145-16270.4, blue line for
Xe1(145-16270.6, violet line forXg1(145-16270.8 and grey line for the lipid isotherm.
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Figure 5. Plots ofA for the mixtures of E1 peptides and HIV-1 FP aarection of the
peptides molar fractions for mixed monolayers aj:[IMPC and (b) DMPG
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4. CONCLUSIONS

The present investigations try to offer some lightthe interaction of four sequences
corresponding to E1 protein of GBV-C with the HIVFP in order to expand the study
carried out in a past work[8]. Previously, P10 wizgscarded as a possible inhibitor of
the HIV-1 FP activity and suggested as a possibsoh peptide of GBV-C; these

results are coherent with those obtained in thisl\stWe have found that pl and the
charge of P10 are the most close to those of HRRlas well as the estimation of the
content ofa-helical conformation according to molar ellipticiat 222nm is equal for

both peptides. Moreover, P10 shows stronger hydroighinteractions when engaged in
an air-water interface than the others, corrobdrateHopp and Woods hydrophobicity

profile that is also very similar to HIV-1 FP priefi

P18 was found not to inhibit the interaction withakers or the membrane fusion
caused by HIV-1 FP. The present results show th8ti® the least hydrophobic of all
and it is the only one that, in presence of HIVA, IFeduces its percentagemhelix

instead of increasing it as the others. Compregssimtherms show its high miscibility
with the negatively charged phospholipid and howisitcapable of reducing the
expansion of the mean molecular area caused byIHRR; thus, we have another
evidence of its ability to inhibit the activity #ilV-1 FP in the same way that it was

capable of inhibiting the leakage of vesicular eoid caused by HIV-1 FP. [8]

P7 and P8 behave very similar. They were capabiehdfiting the leakage of vesicular
contents, the membrane fusion and the interactitn kilayers of HIV-1 FP. These
results reflect again the similarities between hmptides as the pl and the net charge,
the surface activity curves or the increase ofpieentage ak-helix when mixed with
HIV-1 FP showing a conformational change that cdubdthe cause of the inhibition
effect. Moreover, the contraction of the mean malcarea observed in the case of
HIV-1 FP in presence of P7 indicates that peptipietlinteractions are attractive and
may reflect the formation of peptide-lipid complex@rough hydrophobic interactions.
The interaction between P7 and HIV-1 FP was alssended by isothermal titration
calorimetry were the binding of P7 to HIV-1 FP wasnd to be endothermic[8]. On

the contrary, P8 doesn’t seem to change the dewmmmtin the mean molecular area
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caused by HIV-1 FP nor its interaction with HIV-P kn solution was observed by

isothermal titration calorimetry.

In conclusion, after several studies to evaluagepibssibility of using synthetic peptides
corresponding to the envelop protein E1 of GBV-Guiture anti-HIV research, there is
one of the peptides studied that excels in aletgeriments, P7, that corresponds to the
region E1(19-36); therefore, this peptide couldob&entially used in future anti-HIV-1
therapies. P8 and P18 are capable of inhibitingesastions that HIV-1 FP has on
membrane models, therefore, we could not discaedhtnd we need to investigate
deeply these peptides to understand the reasdhigoability and why they don't act in
same way in all the experiments assayed.
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Discusion

El trabajo presentado en esta tesis puede dividirse en dos fases. En la primera,
se selecciond un epitopo de la proteina estructural E1 del virus de la hepatitis G
mediante algoritmos tedricos de prediccidn y se estudiaron las propiedades de
dicho péptido. En la segunda fase se sintetizaron 58 secuencias peptidicas de
18 aminoacidos cada una (incluida la primera secuencia seleccionada) que
cubrian toda la proteina E1 y estaban solapadas en 15 residuos. De todas estas
secuencias, tras realizar un ensayo de screening, se seleccionaron las cinco
secuencias que parecian poder inhibir la actividad del péptido de fusiéon de la
glicoproteina gp41 del VIH-1. Todas estas secuencias se enumeraron desde P1
a P58.

4.1. Sintesis y caracterizacion del péptido E1(145-162) del GBV-

C/HGYV seleccionado mediante algoritmos teodricos de prediccion.

La seleccidon de la secuencia peptidica E1(145-162) se basé en dos requisitos:
por un lado, la posible actividad antigénica y, por otro, la presencia de algun
aminoacido que confiriera fluorescencia intrinseca al péptido.

Los perfiles de hidrofilicidad y de accesibilidad de las proteinas, de acuerdo con
Janin [136] y Hopp y Woods [137], se han considerado buenos indicadores
para predecir sitios antigénicos en las proteinas. La secuencia E1(145-162)
estudiada en los dos primeros articulos corresponde al péptido P49. Esta
secuencia mostrd unos perfiles de antigenicidad y accesibilidad que la
senalaban como posible sitio antigénico de la proteina. Ademas, dentro de las
58 secuencias que estaba previsto sintetizar, en ella encontramos triptdfano v,
por lo tanto, permitia realizar estudios de fluorescencia.

En el articulo 1 se estudian las propiedades superficiales del péptido E1(145-
162) y sus interacciones con monocapas fosfolipidicas como modelos de
membrana. Por otro lado, en el articulo 2 se estudian dichas interacciones pero
utilizando bicapas (liposomas) como modelos de membrana.

Las propiedades superficiales del E1(145-162) concuerdan con una estructura
de hélice a adoptada en la interfase aire-agua, principalmente orientada

perpendicularmente a la interfase cuando el empaquetamiento es elevado.
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Esta estructura se obtiene también en la prediccion computacional, aunque la
estructura del péptido se predice como una mezcla entre hélice a y una parte
desordenada.

En los estudios de interaccién con monocapas de DMPC, DMPG y POPG se ha
observado que el péptido es capaz de interaccionar con todos estos fosfolipidos,
aunque la interaccion es mayor cuando la monocapa se compone de DMPG. El
péptido penetra mejor en monocapas en las que el lipido se encuentra en
estado de liquido expandido, como es el caso de las monocapas de DMPG vy
DMPC, para todas las presiones estudiadas; en cambio, para POPG esto sdlo
sucede a presiones por debajo de 10mN/m, ya que por encima de esta presion
se encuentra en estado de liquido condensado. Por otro lado, la insercién del
péptido en monocapas anidnicas es mayor que en las zwitteridnicas,
probablemente debido a la carga positiva del péptido que interacciona mejor
con una monocapa cargada negativamente.

Para los tres fosfolipidos, por debajo de 10mN/m de presion inicial, la
incorporacién del péptido en la monocapa fosfolipidica es mayor que en el
ensayo de actividad superficial. Este hecho demuestra que el proceso que tiene
lugar es el resultado de una interaccion péptido-lipido real y no se trata
Unicamente de un proceso de adsorcion. [138]

Estudiando las isotermas de compresion se puede observar que la presencia
del péptido, en el caso de los tres fosfolipidos, produce una expansion de la
monocapa del fosfolipido puro en todas las fracciones molares estudiadas.
Ademas, modifica la compresibilidad de las monocapas pasando a estar en
estado de liquido expandido. Es posible que esta expansion se deba a la
formacion de complejos péptido-lipido a través de interacciones hidrofébicas o
a un cambio en la orientacién del péptido respecto a la interfase aire-agua de
una posicion paralela a una mas vertical. [139]

El estudio termodinamico corrobora la miscibilidad péptido-lipido a una fraccion
molar de péptido de 0.2 y a presiones entre 20 y 25 mN/m, cuando las
monocapas presentan una zona de transicion sobre 20mN/m compatible con la
formacion de un complejo péptido-lipido que se separa cuando se alcanza el
colapso. Estos resultados concuerdan con los obtenidos en el articulo 2. En

este trabajo se realizan experimentos de fluorescencia aprovechando la
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presencia de triptdfano en la secuencia peptidica, el cual es sensible a cambios
causados por alteraciones en la conformacion del péptido y por la asociacion a
la membrana. La longitud de onda de emisién (Amax) maxima del E1(145-162)
fue 353nm en tampodn, indicando que el Trp se encuentra expuesto al medio
[140]. Al afiadir los liposomas de DMPC o DMPG la Anax Se desvia a longitudes
de onda més cortas a la vez que disminuye la intensidad de fluorescencia
(articulo 2, figura 4). Ambos efectos sugieren que el residuo de Trp se
encuentra en un entorno menos polar, mostrando interaccion y penetracion
parcial del péptido en la parte hidrofébica de la bicapa pero sin insertarse
completamente. [141]

Los espectros de fluorescencia se modelaron mediante resolucién multivariable
de curvas con el algoritmo de minimos cuadrados alternos (MCR-ALS, del
inglés Multivariate Curve Resolution — Alternating Least Squares), la cual nos
permitid describir la evolucion de los perfiles espectrales a través de las
contribuciones de los componentes puros individualmente. Los resultados de
MCR-ALS (articulo 2, figura 6) muestran como a medida que se van afiadiendo
los liposomas, el perfil de concentracion del péptido va disminuyendo, mientras
gue una nueva especie aparece a una fraccion molar alrededor de 0.2, la cual
se puede atribuir a la union y penetracion parcial del péptido en el nucleo
hidrofébico de la monocapa.

En los experimentos de anisotropia (r) se observa de nuevo que la interaccion
del péptido con liposomas cargados negativamente es mayor que con
liposomas zwitteridnicos. El efecto mas claro se observa cuando adicionamos
el péptido a liposomas de DMPG marcados con la sonda TMA-DPH, la cual se
encuentra anclada en la interfase aire-lipido. El aumento de los valores de r en
presencia del péptido muestra que la sonda se encuentra en un entorno mas
rigido, indicando asi la union del péptido a la membrana. En presencia de
liposomas de DMPC también se observa interaccion pero la elevada dispersion
de los valores puede ser indicativa de agregacion de los liposomas o ruptura de

las bicapas cuando los valores de r pasan a ser muy bajos.
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4.2. Sintesis y caracterizacion de dominios peptidicos de la proteina
El del GBV-C/HGV y seleccion, mediante métodos biofisicos, de
péptidos capaces de inhibir la entrada del VIH-1

El screening de la proteina E1 del GBV-C/HGV se describe en el articulo 3 y se
lleva a cabo mediante la sintesis de 58 secuencias peptidicas de 18 aminoacidos
solapados en 15 residuos. Esta sintesis nos permite hacer un screening de toda
la proteina para evaluar los péptidos en cuanto a su capacidad de inhibir el
proceso de desestabilizacion de vesiculas lipidicas inducido por el péptido de
fusion del VIH-1 (PF del VIH-1).

El PF del VIH-1 tiene la capacidad de formar poros en las membranas lipidicas y
aprovechamos esta propiedad para realizar los ensayos de liberacion de
contenidos vesiculares. Para este ensayo se preparan liposomas de POPG por
su gran estabilidad y porque se ha observado que el PF del VIH-1 se une mas
fuertemente a fosfolipidos cargados negativamente que a aquellos lipidos que
no tienen carga [142]. Estos liposomas que contienen dos sondas fluorescentes
(ANTS y DPX), una de las cuales actia como apantallador (guencher) de la
otra, presentan una cierta fluorescencia que aumenta considerablemente al
ponerlos en contacto con el PF del VIH-1, ya que éste desestabiliza la
membrana y permite la liberacion de las sondas, reduciéndose asi el efecto
apantallador (guenching) y dando como resultado un aumento de fluorescencia.
Después de seleccionar la concentracion de PF del VIH-1 que provoca el 50%
de liberacién de contenidos vesiculares, se incuba esta cantidad con cada uno
de los 58 péptidos sintetizados a una relacion PF-VIH-1:péptido E1 de 1:20 y se
mide el porcentaje de liberacidn. Como resultado se obtiene que Unicamente 5
péptidos son capaces de reducir el porcentaje de liberacién por debajo del
50%. Las secuencias seleccionadas corresponden a los péptidos denominados
P7, P8, P10, P18 y P22, cuyas regiones y secuencias peptidicas dentro de la
proteina E1 se muestran en la tabla 1. Entre estos péptidos vemos que no se
encuentra el péptido que se selecciond mediante algoritmos de prediccion, el
P49; en este caso, obtuvimos un porcentaje de liberacion de contenidos
vesiculares en torno al 80%, por lo tanto, este péptido también provoca un

cierto porcentaje de liberacién que se suma al que causa el PF del VIH-1, lo que
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concuerda con los datos obtenidos en los ensayos de anisotropia en los que
observabamos cierta dispersiéon de los datos que podia ser debida a la ruptura
de la bicapa. Por este motivo, este péptido fue descartado como objeto de
estudio de esta tesis y nos centramos en los 5 péptidos que dieron inhibicion en

el ensayo de liberacidon de contenidos vesiculares.

Tabla 1. Secuencia peptidica y region de la proteina E1 a la que corresponden

los péptidos seleccionados y denominados como P7, P8, P10, P18 y P22.

Region Secuencia peptidica
P7 E1(19-36) NCCAPEDIGFCLEGGCLV
P8 E1(22-39) APEDIGFCLEGGCLVALG
P10 E1(28-45) FCLEGGCLVALGCTICTD
P18 E1(52-69) QAGLAVRPGKSAAQLVGE
P22 E1(64-81) AQLVGELGSLYGPLSVSA

Mediante analisis bioinformatico se predijeron el punto isoeléctrico (pI) y la
carga neta de estos péptidos a pH 7.4 (pH de trabajo), los resultados se

muestran en la tabla 2.

Tabla 2. Prediccidn del punto isoeléctrico y la carga neta a pH = 7.4 para los
péptidos sintéticos de la proteina E1 del GBV-C/HGV.

punto iseléctrico (pI) Carga netaapH =7.4

P7 2.88 -3.5
P8 2.88 -3.2
P10 3.18 -1.5
P18 11.38 +2
P22 3.18 -1
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Se puede ver que el P7 y el P8 tienen valores similares para ambas
propiedades, mientras que el pI y la carga del P10 y del P22 son mas préximos

entre ellos. El P18 difiere mucho del resto.

4.2.1. Caracterizacion de la interaccion entre el PF del VIH-1 y los

péptidos seleccionados. Estudios de toxicidad.

Con el fin de evaluar la interaccidén entre los péptidos de la proteina E1 y el
péptido de fusion del VIH-1 se realizaron ensayos de calorimetria isotérmica de
titulacion (ITC) en los que se estudiaron los parametros termodinamicos
asociados a la interaccion de los péptidos E1 al PF del VIH-1. Para los péptidos
P8 y P10 el sistema no alcanzo la saturacidon, mientras que para P7, P18 y P22,
a medida que avanzaba la valoracidn, la sefal disminuia hasta que al final sélo
se observo la sefal correspondiente al calor de dilucion. Las curvas de unién se
muestran en la figura 3 del articulo 3. Los picos positivos muestran que la union
de P7, P18 y P22 al PF del VIH-1 es endotérmica, asi como los valores positivos
de entalpia. Por otro lado, obtenemos una energia de Gibbs (AG) negativa que
nos indica que la unidén entre estos péptidos y el PF es espontanea. La
estequiometria para la unién de los péptidos de la proteina E1 al PF del VIH-1
es de 1:1 para el P18 y el P22, mientras que resultd ser de 2:1 para el P7. Con
este ensayo podemos deducir que estos tres péptidos son capaces de
interaccionar con el PF del VIH-1 en disolucidon, mientras que no podemos
afirmar lo mismo para P8 y P10, los cuales, sin embargo, podrian interaccionar
a nivel de membrana.

Con el fin de intentar profundizar en estas interacciones se selecciond el
péptido P22 por su menor hidrofobicidad y se estudiaron las isotermas de
compresion del péptido por separado y sus mezclas con el PF del VIH-1
(articulo 5, figura 3). Podemos observar que a bajas presiones (0-10 mN m™),
la adicion del PF del VIH-1 en las monocapas de P22, produce valores mayores
del area molecular media a medida que la proporcion es mayor, indicando
interacciones entre los dos péptidos. Las desviaciones son mayores cuando la

fraccion molar de P22 se encuentra entre 0.2 y 0.4. Con el fin de estudiar el
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comportamiento de fase del sistema P22/PF del VIH-1 se examind
morfoldgicamente utilizando las técnicas de microscopia de angulo de Brewster
y de fuerza atomica (BAM y AFM, respectivamente). Las figuras 4 y 5 del
articulo 3 muestran las imagenes obtenidas por ambas técnicas para una
fraccion molar de P22 de 0.6 y a una presion de 10 mN m™, cuando la
monocapa se encuentra en estado de liquido expandido. En las imagenes de
BAM, se puede observar que cada péptido individualmente presenta la
coexistencia de dos fases, y en la mezcla también, pero la fase mas condensada
es muy diferente a la que se ve en las imagenes de los péptidos por separado.
Estas diferencias también se observan en las imagenes de AFM, donde las
peliculas de Langmuir-Blodgett (LB) de los péptidos puros son bastante
diferentes a la pelicula LB de la mezcla, mostrando una estructura de los
péptidos diferente cuando estan solos y cuando estan mezclados. El P22 y el PF
del VIH-1 en las figuras 5a y 5b presentan particulas redondeadas y ordenadas
de forma diferente segun el péptido. La pelicula obtenida con el P22 muestra
una extension no uniforme sobre la mica, con grandes regiones sin cubrir y
algunos pequenos agujeros; en cambio, las monocapas del PF del VIH-1 y la de
la mezcla de ambos péptidos son mas uniformes y no se observa la superficie
de la mica. La pelicula de LB de la mezcla muestra filamentos curvados de
tamafio y forma similares cubriendo toda la superficie, los cuales no estan
presentes en las monocapas de los péptidos puros, sugiriendo un
comportamiento similar al observado en las imagenes BAM.

Finalmente, con el fin de comprobar si todos los péptidos seleccionados podrian
ser utilizados en futuras terapias anti-VIH o poder descartar alguno, se
realizaron ensayos de toxicidad. Se estudio la citotoxidad de los péptidos
utilizando fibroblastos 3T3 de ratones y también se realizaron ensayos de
hemdlisis en sangre humana (articulo 4). Ninguno de los péptidos mostrd
actividad hemolitica y todos dieron un porcentaje de viabilidad mayor del 90%
en los ensayos con fibroblastos (tablas 4 y 5 del articulo 4), de manera que no

se descartd ninguno de ellos.
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4.2.2. Estudio de la capacidad de los péptidos seleccionados de
inhibir la actividad del PF del VIH-1 mediante la utilizacion de

monocapas de extension como modelos de membrana

En los articulos 5 y 6 se estudian las interacciones de los 5 péptidos de la
proteina E1 y de sus mezclas con el PF del VIH-1, utilizando monocapas de
extension.

Primeramente se estudiaron los perfiles de adsorcion en la interfase aire-agua
de los péptidos observando que en todos los casos habia una adsorcion gradual
de los péptidos a medida que la concentracion aumentaba. Por otro lado, se
estudiaron las cinéticas de penetracion en monocapas de fosfolipidos y se
observd que todos los péptidos interaccionaban con los fosfolipidos ensayados
de manera muy parecida, excepto el P18 que interaccionaba de igual forma con
DMPG y con DMPC, posiblemente debido a su carga neta positiva.

Cuando se mezclan los péptidos con el PF del VIH-1 se observan varios cambios
en las isotermas de compresién de las mezclas con los diferentes lipidos. Los
estudios realizados con el P22 en presencia de DPPG (articulo 5, figura 11)
muestran que cuando este péptido esta mezclado con el PF del VIH-1, las
isotermas del lipido son muy similares a cuando el péptido de fusién no esta
presente. En este caso, el PF del VIH-1 sdlo, influye significativamente en las
isotermas de DPPG, lo que indica una interaccion entre ambos péptidos que
parece reducir el efecto que el PF del VIH-1 tiene sobre las isotermas de DPPG.
Este efecto se confirma por el cambio en la compresibilidad de las monocapas.
Para los otros 4 péptidos podemos observar un comportamiento similar. En
todos los casos, al afadir los péptidos de la proteina E1 a las monocapas del PF
del VIH-1 y los fosfolipidos, las isotermas que se obtienen son mas parecidas a
las que se obtienen cuando el péptido de fusidon no estd presente. Las
isotermas se analizaron examinando la variacion del area molecular media en
funcion la relacion molar péptido/lipido (articulo 6, figura 5). Observamos
comportamientos similares, no lineal para todos los péptidos y sus mezclas, lo
que indica que todos ellos son miscibles e interaccionan con los fosfolipidos

estudiados [86]. Las mezclas presentan desviaciones positivas respecto a la
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idealidad a todas las fracciones molares, excepto para el P7; todos los péptidos
disminuyen las desviaciones que provoca el PF del VIH-1. El P7 es el Unico que
hace que estas desviaciones pasen a ser negativas, e incluso, a bajas fracciones
molares de la mezcla de péptidos, muestran un comportamiento ideal. La
contraccion observada en el caso del P7 indica que las interacciones péptido-
lipido son atractivas y pueden reflejar la formacion de complejos péptido-lipido

a través de interacciones hidrofdbicas. [143]

4.2.3. Estudio de la capacidad de los péptidos seleccionados de
inhibir la actividad del PF del VIH-1 mediante la utilizacion de

liposomas

En el articulo 3 se estudia la union de los péptidos a vesiculas lipidicas
utilizando dos métodos de separacion diferentes. Por un lado, se estudia la
union de los péptidos a liposomas que contienen fosfatidilcolina bromada, los
cuales se centrifugan y se separan del sobrenadante para poder determinar la
cantidad de péptido que se ha unido a la membrana fosfolipidica. En este
ensayo se incuban los péptidos de la proteina E1 con el PF del VIH-1 con el fin
de observar si en presencia de estos péptidos, la cantidad del PF del VIH-1 que
se une a las membranas disminuye. . Algunos como el P7 y el P18 aumentaron
su unioén a los liposomas en presencia del PF del VIH-1, pero este se unia en
menor proporcidn en presencia de los péptidos de la E1 que cuando se
encontraba solo. Por otro lado, El P10 y el P22 disminuyeron su unién a los
liposomas reduciendo a la vez el porcentaje de PF unido a los liposomas. El P8
en cambio, parece no interaccionar con el PF del VIH-1 y no disminuye su unién
a los liposomas. El coeficiente de particion del PF del VIH-1 disminuye cuando
se mezcla con los otros 4 péptidos.

Por otro lado, se estudia la unién de los péptidos a liposomas mediante dialisis
de equilibrio. Por un lado, si los liposomas y el PF del VIH-1 se encuentran en la
misma celda, el PF del VIH-1 no se equilibra con la otra celda ni en presencia ni
en ausencia de los péptidos de la proteina E1, lo cual puede ser indicativo de

una unién entre el péptido de fusion y los liposomas, formando un complejo
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que no puede atravesar la membrana. En cambio, cuando los liposomas se
ponen en la celda en la que no tenemos los péptidos, se observa que la
cantidad de PF del VIH-1 que permanece con los péptidos de la proteina E1 es
mucho mayor que la que pasa a la otra celda a través de la membrana de
didlisis. Este resultado evidencia una posible interaccion entre los péptidos vy el
PF del VIH-1 en disolucién. Mediante microscopia confocal se observd el efecto
que el PF del VIH-1 produce sobre vesiculas unilamelares gigantes (ruptura y
fusion de membranas) y como este efecto desaparece en presencia de los
péptidos de la proteina E1 del GBV-C/HGV (articulo 3, figuras 4 y 5).

Los estudios de agregacion de liposomas (articulo 4) muestran que el P10 es el
Unico de los péptidos que, al igual que el PF del VIH-1, es capaz de inducir
agregacion de vesiculas. Esto se debe a la presencia de algun dominio capaz de
promover dicha agregacion en el extremo N-terminal [144]. Estudiando los
péptidos mediante el software de prediccién Aggrescan (articulo 4, tabla 1), se
observa que el P10 presenta unos valores de THSAr (Total Hot Spot Area per
residue) muy similares al PF del VIH-1, que también promueve la agregacion de
las vesiculas y la desestabilizacién de las membranas [145]. Los experimentos
de fusidon mostraron que los péptidos de la proteina E1 no causaban fusion de
membranas excepto para el P10 que presenta un porcentaje de fusion bajo;
este resultado es coherente con los obtenidos en los ensayos de agregacion ya
que la fusion de membranas fosfolipidicas se basa en tres pasos, siendo el
primero de ellos la agregacidon de vesiculas, seguida de la desestabilizacién de
las membranas para su posterior fusidn [146-148], y el P10 es el Unico que
tiene la capacidad de fusionar membranas. Estos resultados apoyan la idea de
que el P10 puede ser un péptido de fusion del GBV-C/HGV vy, por otro lado, su
capacidad de fusionar membranas y que no es capaz de inhibir la fusion
causada por el PF, nos llevan a descartarlo como posible inhibidor de la
actividad del PF del VIH-1.

El porcentaje de fusidn producido por el PF del VIH-1 se reduce cuando
previamente se ha incubado con P7 o con P8, lo que indica que estos péptidos
son capaces de reducir la fusion causada por el péptido de fusién en un 21.7 y

un 29.7%, respectivamente (articulo 4, tabla 2). En cuanto a P18 y P22,
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tampoco inhiben la fusion causada por el PF del VIH-1 pero, por otro lado, ellos

no causan fusion de membranas.

Los liposomas también se utilizaron como modelos de membrana en los
ensayos de resonancia de plasmén de superficie, en los que se fijaron sobre un
chip sensor L1. Estos chips estan recubiertos con dextrano y estan modificados
con substancias lipofilicas que permiten la union de los liposomas sin necesidad
de incorporarles moléculas para anclarlos. Se pudo observar que los péptidos
por separado interaccionan con las membranas, uniéndose a los liposomas e
incrementando la respuesta. El PF del VIH-1 presenta una unién mayor.
Seguidamente, se estudiaron las mezclas de los péptidos de la proteina E1 con
el PF del VIH-1, y se obtuvieron respuestas mas bajas que con los péptidos por
separado. Ademas, en las mezclas de P7 y P8 con el péptido de fusion, se
obtuvo una respuesta inferior que para el PF del VIH-1, mostrando una vez mas
una inhibicién parcial de la interacciéon del péptido de fusion con las
membranas. P10, P18 y P22 incubados con el péptido de fusidon dieron mayor
respuesta que el péptido de fusidn por separado (articulo 4, figura 3).

El péptido P22 se utilizd en los ensayos de calorimetria diferencial de barrido,
con el fin de estudiar su capacidad y la del péptido de fusion del VIH de
modificar la temperatura de transicion de los fosfolipidos y, por lo tanto, de
alterar el diagrama de fases que se obtiene para una mezcla de DMPG/DPPG. El
diagrama de la mezcla se construyo a partir de los termogramas obtenidos por
calorimetria diferencial de barrido de los liposomas. El PF del VIH-1 modifica la
temperatura de transicion (7;,) de los liposomas de DPPG y DMPG; cuando se
incuban el péptido de fusidn y el P22, la 7, vuelve a modificarse, siendo mas
parecida a la de los fosfolipidos puros (en ausencia del péptido de fusion). Esto
se puede observar en los diagramas de fases (articulo 5, figura 13).

Por ultimo, también se utilizaron liposomas en los ensayos de dicroismo circular
(CD) con el fin de analizar si la habilidad de los péptidos del GBV-C/HGV de
unirse al péptido de fusidon inducia algin cambio conformacional en su
estructura secundaria. Inicialmente, antes de obtener los espectros de
dicroismo circular de los péptidos en presencia de liposomas, se registraron los

espectros de los péptidos solos y en presencia de trifluoroetanol (TFE) como
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agente estructurante. En general, los péptidos de secuencia corta no tienen una
conformacion preferente en disolucidn, aunque a veces pueden adoptar alguna
estructura secundaria estable.[149] Los espectros de CD en agua mostraban
una banda negativa cercana a 195 nm tipica de una conformaciéon al azar
(random coil). Sin embargo, cuando los experimentos se llevan a cabo en
presencia de TFE, el cual se ha demostrado que es helicogénico, se inducen
estructuras secundarias. Aparecen las bandas negativas localizadas a 205 y

222 nm y la positiva a 195 nm caracteristicas de la estructura de hélice a. El

espectro del P10 muestra una banda negativa con un pico entre 215 y 220 nm
que puede atribuirse a la contribucion de estructura B (articulo 4, figura 4); es
el Unico que presenta un bajo porcentaje de hélice o y un elevado porcentaje
de estructura B, corroborando la idea de que se trata de un posible péptido de
fusion.

En presencia de liposomas de POPG, el espectro de dicroismo circular del PF del
VIH-1 mostré una banda negativa con un pico alrededor de 215nm que se
puede atribuir a la contribucidon de una estructura tipo B, probablemente debida
a la agregacion del péptido. También aparece una banda negativa cerca de
195nm, tipica de un plegamiento al azar (random coil); esta banda también
esta presente en el espectro del P10. Los espectros de P7, P8 y P18 muestran
una banda positiva alrededor de 195nm tipica de la estructura de hélice a, y
también una banda negativa entre 215 y 220nm debida a una contribucién de
estructura B (articulo 6, figura 1). El P22 muestra dos bandas negativas
alrededor de 205 y 222nm y una positiva sobre 195nm, todas ellas
caracteristicas de una estructura de hélice a (articulo 5, figura 2).

Al incubar los péptidos de la proteina E1 junto con el péptido de fusion antes de
anadirlos a los liposomas, los espectros que se obtienen son diferentes del
espectro tedrico obtenido sumando los espectros experimentales de los
péptidos por separado, lo cual es indicativo de una cierta interaccion entre los
péptidos. También se observa un incremento de la elipticidad media por residuo
a 195 nm y, por lo tanto, un incremento del porcentaje de hélice a. En la figura
12 se pueden observar los espectros de dicroismo circular del péptido P22 y el
PF del VIH-1 en presencia de liposomas de POPG.
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Figura 12. Espectros de dicroismo circular del péptido P22 perteneciente a la
proteina E1 del GBV-C/HGV y del péptido de fusién del VIH-1 en presencia de
liposomas de POPG, registrados a 298 K.

En la tabla 3 se muestra la estimacion, a partir de los espectros, del contenido

de hélice o de los péptidos, de acuerdo con la elipticidad molar a 222 nm

calculado a partir de la ecuacién 3 del articulo 6, segun Chen et al. [150]

Tabla 3. Estimacion, a partir del espectro de dicroismo circular, del porcentaje

de hélice o del PF del VIH-1 y los péptidos de la proteina E1 del GBV-C/HGV, de

acuerdo con la elipticidad molar a 222 nm.

(612
PF VIH-1 5.2
P7 7.7
P7 + PF VIH-1 9.3
P8 6.1
P8 + PF VIH-1 6.4
P10 5.2
P10 + PF VIH-1 7.2
P18 11.6
P18 + PF VIH-1 6.4
P22 8.2
P22 + PF VIH-1 12.5
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Los resultados muestran que el P18 tiene un mayor porcentaje de hélice o que
el resto y que el porcentaje obtenido para el P10 es idéntico al del PF del VIH-
1; estos resultados concuerdan con los obtenidos en la tabla 2, mostrando que
P10 tiene similitudes con el PF del VIH-1, tanto aqui como en su capacidad de
fusionar membranas, y que P18 y P22 también son diferentes de P7 y P8. Los
cambios de conformacion al mezclarlos con el PF del VIH-1 mas significativos se
pueden observar para P18 y P22, hecho que muestra una clara interaccion

entre ambos péptidos.
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% Se ha llevado a cabo de forma satisfactoria y con buen rendimiento, la
sintesis de 58 péptidos que cubren en su totalidad la estructura primaria de la
proteina de envoltura E1 del GBV-C/HGV, mediante procedimientos
semiautomatizados de sintesis de péptidos en fase sdlida.
< Inicialmente se selecciond una de las secuencias mediante algoritmos de
prediccion: P49. Los estudios realizados indican que este podria corresponderse
con un posible péptido de fusion del GBV-C/HGV pero no muestra capacidad de
inhibicidn de la actividad del péptido de fusion del VIH-1.
< Empleando técnicas fluorimétricas, se han seleccionado cinco regiones
peptidicas (P7, P8, P10, P18 y p22), que inhiben la capacidad del PF del VIH-1
de liberar el contenido vesicular en modelos de membrana.
% Se ha caracterizado la interaccion entre las secuencias seleccionadas y el PF
del VIH-1 en presencia y ausencia de modelos de membrana:
« P7 es capaz de inhibir la fusidn de membranas y la interaccién del PF
con bicapas. También se observd su interaccion con el PF mediante ITC.
En presencia de P7, se observd una contraccion del area molecular media
en las isotermas de compresion, indicando una interaccion atractiva. Por

otro lado, se obtuvo un incremento del porcentaje de hélice o cuando este

péptido se incubd con el PF, lo cual corrobora un cambio conformacional

que podria ser la causa de su efecto inhibidor.

« P8 se comporta de manera muy similar a P7 en cuanto a la fusion,
agregacion e interaccién del PF con bicapas. En cambio, no influyo en las
desviaciones del area molecular media causada por el PF y no se observd
una clara interaccion en disolucion mediante ITC. En los experimentos de

uniodn a liposomas tampoco actué como un inhibidor.

« P10 destaca como el Unico péptido capaz de agregar liposomas vy
fusionar membranas. Por otro lado, no fue capaz de inhibir la fusion de
membranas causada por el PF del VIH-1 ni su interaccion con bicapas, tal
y como se observd en los experimentos de resonancia de plasmon de
superficie. Los estudios conformacionales en presencia de liposomas, asi

como el pl y la carga neta corroboran que el P10 se comporta diferente al
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resto de los péptidos estudiados apoyando el hecho de que no es un buen
inhibidor de la actividad del PF. Ademas se han observado muchas
similitudes entre P10 y el PF que sugieren que podria tratarse de un
péptido de fusion del GBV-C/HGV.

« P18 es el menos hidrofébico de todos los péptidos seleccionados y es
el Unico que, en presencia del PF, reduce su porcentaje de hélice a en
lugar de aumentarlo como sucede con el resto de las secuencias
ensayadas. Las isotermas de compresion muestran tanto su elevada
miscibilidad con los fosfolipidos cargados negativamente como su
capacidad de reducir la expansion del area molecular media causada por
el PF. Estos resultados aportan otra evidencia de su capacidad de inhibir o
reducir la actividad del PF. Aunque por otro lado no es capaz de inhibir la

fusion de membranas ni la interaccion del PF con bicapas.

« P22 tampoco inhibe la fusion de membranas ni la interaccion del PF con
bicapas pero, tanto en los estudios de miscibilidad péptido-lipido como en
los experimentos de DSC se ha observado que la presencia de P22 reduce
o inhibe la accion del PF. La causa de esta inhibicién podria ser la
interaccion observada entre ambos péptidos cuando estan en contacto, tal

y como se observd en las imagenes de AFM y de BAM.

% P10 queda descartado como posible inhibidor de la actividad del PF del VIH-1
y podria tratarse de un péptido de fusion del GBV-C/HGV.

% P8, P18 y P22 muestran un comportamiento ambivalente. Los resultados
negativos en algunos experimentos harian descartarlos para estudios
posteriores. Pero en otros ensayos realizados en presencia del PF hace que se

puedan considerar para futuros estudios.

% P7, que se corresponde con la regidon E1(19-36), parece estar claramente
involucrado en la inhibicién de la actividad del PF en modelos de membrana.
Este péptido podria ser un candidato potencial para ser utilizado en futuras
terapias anti-VIH, aunque son necesarios mas estudios por tal de elucidar el

mecanismo exacto de la interaccion P7-PF.
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