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Abstract

An isolated protein fraction of venom of Agkistrodon piscivorus with hemagglutinant property was evaluated in its capacity to
inhibit in vitro the bovine parainfluenza-3 (PI3) virus, either by its capacity to block cell receptors or its adherence to the hem-
agglutinin viral spicules. Fraction AL27 acting as a receptor block, at a concentration < 1.062 pg/mL, inhibited any damage or
destruction of Madin Darby Bovine Kidney (MDBK) cell cultures by the PI-3 virus (titer 10°° TCIDs,,,), maintaining a cell viability
between 69.43 and 84.86%. The adherence capacity of AL27 to viral hemagglutinin spicules of PI3 virus was determined by incu-
bating both reactants 1:1 (1 mL AL27 at concentration < 1.062 ug/mL + 1 mL PI-3 virus titer 10°° DICCsyy,) at 37°C for 1 hour, and
a probable adherence to the viral hemagglutinin spicules was detected by electron microscope. The inactivation of PI-3 virus
by AL27 was deduced by the reduction of the viral titer from 10> to 10°° TCIDsy,,. The apparent identity between AL27 and PI-3
virus was determined by recognition of the common protein 21 kDa when performing a Western blot using hyper-immune anti-
Agkistrodon piscivorus serum. This outcome shows the possibility of using AL27 fraction as an antiviral agent. .

Key words: CROTALIC VENOM, HEMAGGLUTINANT FRACTION, LECTINS, ANTIVIRALS, BOVINE PARAIN-
FLUENZA-3 (PI-3) VIRUS.

Resumen

Se evalu6 una fraccion proteinica con actividad hemoaglutinante (fraccion AL27), aislada del veneno de la serpiente Agkistrodon
piscivorus, en su aptitud para inhibir in vitro al virus de parainfluenza-3 bovino (VPIB-3), ya sea por su capacidad de bloquear
receptores celulares o por su adherencia a las espiculas de la hemoaglutinina viral. La adicién de < 1.062 pg/mL de AL27 en cul-
tivos MDBK, previa a la infeccion con el VPIB-3 (titulo 10%® DICCsy,), impidio el dafio o destruccion de los tejidos, manteniendo
la viabilidad celular entre 69.43% y 84.86%. Asimismo, tras la mezcla de ambos reactantes en proporcion 1:1 (1 mL AL27 en
concentracion < 1.062 pg/mL + 1 mL VPIB-3 con titulo 10%® DICCs,) € incubacion a 37°C durante 1 h, se detecté al microscopio
electrénico una aparente union de AL27 con las espiculas de hemoaglutinina virales. El bloqueo del VPIB-3 por AL27 se dedujo
mediante la reduccion del titulo viral de 10>° a 10%° DICCs,. Ademas, se detecté probable identidad entre AL27 y VPIB-3, por el
reconocimiento de una proteina comun de 21 kDa al realizar un Western blot con suero hiperinmune anti-Agkistrodon piscivorus.
Los resultados muestran la factibilidad de que la fraccion AL27 pueda ser empleada como agente antiviral.
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Introduction

Bovine parainfluenza-3 (PI-3) virus control is

limited to immunoprophylaxis; nevertheless,

it could be extended by chemoprophylaxis
and chemotherapy. There are antiviral drugs such
as amantadin,* rimantadin** and zanamivir, used
for viral control of human influenza A (agent that is
similar in signs presentation and function of some of
the PI-3 structural proteins).! The first two substances
interfere with the viral replication cycle, avoiding pH
changes, that the virion requires to pour its content
into the cytosol, while zanamivir blocks the neuramin-
idase active site and interrupts the sialic acid cuts and
inhibits liberation and dissemination of virions.?

Experimentally, a lectin isolated from several plant
seeds (concavaline A) has been evaluated as an anti-
viral agent, since it has demonstrated capability of
capturing gpl20 protein and reducing viral titer of
the human immunodeficiency virus (VIH-1).® Taking
the analogy of evading infection by replication cycle
interruption, the objective of this study was to avoid
in vitro infection with PI-3, interfering with the viral
adsorption mechanism to the cell, by the use of cro-
talic origin hemoagglutinating lectin known as AL27,
since in a previous study it was found to be innocuous
in vitro as well as in vivo.*

Hemoagglutinins or lectins are characterized by
acting as platelet agglutination inducers, since they
possess union sites with cell membrane sialic acid
receptors; mechanism by which they can go through
the membrane.® These hemoagglutinins are found
abundantly in serpent poison of Agkistrodon and Cro-
talus genus, amongst others.” Hemoagglutinin spic-
ules of Influenza A and PI-3 viruses are recognized
by the sialic acid receptors of the carrier cells;* there-
fore, it is feasible that crotalic poison hemoagglutinin
may be recognized by the same receptors and act as
blocker or competitor agents that may prevent infec-
tion. In the same manner, crotalic hemoagglutinins
could inhibit or capture viral particles, since there is
affinity of crotalic hemoagglutinins with carbohydrate
residues located in the viral spicule union site.®

Material and methods
Tissue culture

Single layer MDBK (Madin Darby Bovine Kidney) cell
lines were placed in sterile bottles with 175 cm?* cul-
ture area or in sterile flat-bottom polystyrene micro-
plates with 96 wells,** at a concentration of 2 x 10°
cells/mL in culture media MEM (EAGLE Minimum
Essential Medium),*** complemented with 10% inac-

166

Introduccion

(VPIB-3) se limita a la inmunoprofilaxis; sin

embargo, podria ser ampliado a la quimiopro-
filaxis o quimioterapia. Existen farmacos antivirales
como la amantadina,* rimantadina** y zanamivir, uti-
lizadas parael control del virus de influenza A humana
(agente con gran semejanza en la presentacién de
signos y funcion de algunas proteinas estructurales al
VPIB-3).! Las dos primeras sustancias interfieren en el
ciclo de la replicacién viral, evitando los cambios en el
pH, que requiere el viridn para verter su contenido en
el citosol, mientras que el zanamivir bloquea el sitio
activo de la neuraminidasa e interrumpe el recorte
del &cido siélico e inhibe la liberacion y difusién de
los viriones.?

Experimentalmente se ha evaluado una lectina
aislada de semillas de diversas plantas (concavalina
A) como agente antiviral, que ha mostrado capacidad
de capturar a la proteina gp120 y reducir el titulo del
virus de inmunodeficiencia humana (VIH-1).® Reto-
mando la analogia de evadir la infeccion por inte-
rrupcion del ciclo de replicacién, en este trabajo se
pretende evitar in vitro la infeccion del VPIB-3, inter-
firiendo en el mecanismo de adsorcion del virus a la
célula, mediante el uso de una lectina hemoagluti-
nante de origen crotélico denominada AL27, la cual,
en un estudio previo, resulté inocua tanto in vitro
como in vivo.*

Las hemoaglutininas o lectinas se caracterizan
por actuar como inductores de la aglutinacién de pla-
quetas, al poseer sitios de unién con receptores acido
sidlico de la membrana celular, mediante este meca-
nismo pueden traspasar la membrana.® Estas hemoa-
glutininas se encuentran en gran abundancia en el
veneno de serpiente de los géneros Agkistrodon y Cro-
talus, entre otros.®’ Las espiculas de hemoaglutinina
de los virus de influenza A y VPIB-3 son reconocidas
por los receptores acido sialico de las células portado-
ras,* por lo que es factible que las hemoaglutininas de
los venenos crotalicos puedan ser reconocidas por los
mismos receptores y actiien como agentes bloqueado-
res o competidores que eviten la infeccién. Asimismo,
las hemoaglutininas crotalicas podrian inhibir o cap-
turar a las virales, dada la afinidad de las hemoaglu-
tininas crotélicas con los residuos de carbohidratos
ubicados en el sitio de unién de la espicula viral.®

EI control del virus de parainfluenza-3 bovino

*Symadine, Novartis Farmacéutica, Espana.
**Flumadine, Pharmaceutical Industry GMP/DMF, Estados
Unidos de América.



tivated bovinet fetal serum and 10 000 Ul/pg/mL
penicillin-streptomycin mix.}

Viral strain

Bovine parainfluenza-3 virus (P1-3) was replicated by
inoculationwith 1 mL of IMSSstrain, titer 105°CCIDsou%
(cell culture infective dose s0%) in MDBK 100% con-
fluent culture media, incubated at 37°C for 1 h. After
discarding the inoculum and replacing it for sterile
MEM medium, incubation was continued during
24 h more, in which time 80% cytopathic effect was
obtained. Infected cells were subjected to three freez-
ing and thawing cycles to release intracellular parti-
cles and clarified by centrifugation at 3 500 g during
10 min in a refrigerated centrifuge.” The obtained
viral suspension was concentrated by centrifugation
at 10 000 g, for 1 h, in a refrigerated centrifuge.”” The
pellet was resuspended in sterile saline solution (NaCl
0.15 M, 7.2 pH ) and frozen until used at —70°C.

Crotalic poison

Lyophilized poison of Agkistrodon piscivorus was recon-
stituted at a proportion of 10 mg/mL of H20 HPLC
grade,” filtering with a 0.22 um porosity nylon mem-
brane.”

Hyperimmune
serum

anti-Agkistrodon piscivorus

Two rabbits were inoculated with 1.75 mg/30 g body
weight* dose of A. piscivorus poison, diluted in 0.5
mL sterile saline solution and added with complete
Freund adjuvant in a proportion of 1:1, applying two
challenges at seven-day intervals; a third one with a
dose increase to 2.0 mg and two more challenges at
doses of 4.0 mg/30 g body weight, at 14-day intervals.
Serum was collected from both animals at seven-day
intervals, beginning with the application of the second
challenge and until 28 days after the last inoculation.

Immune response was determined by plate hemo-
agglutination.® Poison of A. piscivorus was reconstituted
to the proportion of 6.25 mg/mL with Tyrodes regu-
lating solution (glucose 5 mM, NaCl 0.15 M, NaH2POa.
H20 0.36 mM, NaHCO3 20 mM, CaCl2 2 mM, MgClz 1
mM, KCI2 mM, 7.4 pH). A total of 50 pL/well of saline
solution was deposited in “V”* bottom microplates. In
the first well of each line 50 pL of A. piscivorus anti-
serum was placed, performing double dilutions from
1:2 up to 1:256. After that 50 pL/well of reconstituted
A. piscivorus poison were added; as well as 50 pL of
2.5% rabbit red blood cells. Plates were incubated for
20 min at room temperature and hemoagglutination
inhibition was looked for.

Material y métodos
Cultivo de tejidos

Se emplearon monoestratos celulares de la linea
MDBK (Madin Darby Bovine Kidney-Rifion-Bovino
Madin Darby) y se sembraron en botellas con area de
cultivo de 175 cm?* o microplacas de poliestireno esté-
riles de fondo plano, de 96 pozos,** a concentracion de
2 x 10° células/mL en medio de cultivo MEM (Medio
Minimo Esencial EAGLE),*** complementado con
10% de suero fetal bovino inactivadot y mezcla peni-
cilina-estreptomicina de 10 000 Ul/pg/mL.t

Cepa viral

El virus de parainfluenza-3 bovino (VPIB-3) se replico
por inoculacidon con 1 mL de la cepa IMSS, titulo de
10°°DICCso% (dosis infectantes en cultivos celulares
50%) en cultivos MDBK 100% confluentes, con incu-
bacién a 37°C por 1 h. Tras desechar el inéculo y
reemplazarlo por medio MEM estéril, se continud la
incubaciéon por 24 h mas, tiempo en que se obtuvo
80% de efecto citopatico. Las células infectadas se
sometieron a tres ciclos de congelacion y descongela-
cion para liberar a las particulas intracelulares y clari-
ficacion por centrifugacion a 3 500 g durante 10 min
en centrifuga refrigerada.’ La suspension viral obte-
nida fue concentrada por centrifugaciéon a 10 000 g,
por 1 h, en centrifuga refrigerada.” El boton se resus-
pendid en solucion salina estéril (NaCl 0.15 M, pH de
7.2) y se congeld hasta su uso a-70°C.

Veneno crotalico

Elveneno liofilizado de Agkistrodon piscivorus se recons-
tituyd a proporcion de 10 mg/mL de H2:0 grado
HPLC,” filtrandose con membrana de nailon de 0.22
pm de porosidad.”

Suero hiperinmune anti-Agkistrodon piscivorus
Se inocularon dos conejos con dosis de 1.75 mg/30 g

de peso corporal* del veneno de A. piscivorus, diluido
en 0.5 mL de solucion salina estéril y adicionado en

*Nunc No. Cat. 184502, Rochester, Nueva York.

**Nunc No. Cat. 167008, Rochester, Nueva York.

***No. Cat. ME-055, In vitro, S.A., México.

tSigma No. Cat. F2442, Aldrich CEIME, Alemania.

No. Cat. A-01, In vitro, S.A., México.

‘Beckman TJ-6, Beckman Instruments INC, Estados
Unidos de América.

““High Speed 18, MSE Instruments INC, Estados Unidos de
Ameérica.

**Sigma No. Cat. 27073-3, Aldrich CEIME, Alemania.

“Millipore, No. Cat. GSWP 047 00, Millipore Corporation,
Estados Unidos de América.
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Cell membrane extraction

Single layer MDBK cells were cultured at 100% con-
fluency in polyestherene bottles, washed with sterile
PBS (NaCl 0.14 M, KCI 4 mM, NaHPO4.2H20 19 mM,
KH2PO4 2 mM, 7.4 pH). Cells were removed by scrap-
ping and separated by pressure through the use of
a syringe with a 20 x 38 mm needle and then resus-
pended in PBS at 1 x 103/mL cell concentration. The
cell pellet was washed by changes of PBS and centrifu-
gation at 3 500 g for 10 min on three occasions. Cell
rupture was carried out by nine 15 sec sonification**
cycles, at 15 microns of frequency amplitude. The sus-
pension was centrifuged at 14 000 g/1 h in a refriger-
ated centrifuge, discarding the supernatant with cell
detritus, while the pellet (cell membrane) was resus-
pended in 300 puL PBS.” Protein quantification was
done by Bradford microtitration.**

Titration

Virus and viral fluid titer was obtained by lytic plate
count,* in MDBK cell cultures, 100% confluent (ster-
ile, 96-well plastic plates), inoculated with logarithmic
dilutions of PI-3 virus (from 10 to 10°®) and incu-
bated for 48 h at 37°C. Cytopathic effect was observed
with an inverted microscope,* with 10X objective and
8X ocular, and viral titer was estimated by Reed and
Muench method.™

Crotalic AL27 fraction isolation

Reverse phase high pressure liquid chromatography
was used (HPLC-RP), with a silica gel column Cis 5
pL, 4.6 x 2.50 mm and 50 pL injector. Reconstituted
A. piscivorus poison was solubilized with trifluoracetic
acid (TFA)** to 0.1% in H2O HPLC (dissolvent A)
grade, and acetonitril*** with TFA a 0.1% (dissolvent
B). Initial elusion gradient was 30% of B solvent on
A, until 100% of B was reached, in 10 min time, with
1 mL/min flow. Absorbency was measured by 280 nm
wavelength.*'** After the chromatographic process,
selection of fraction AL27 was done by detecting its
activity by hemoagglutination tests,® with a 64 HU
(hemoagglutinating units) titer.

Cell receptor blockage

Tetrazolium reduction test (MTT) was used to evalu-
ate cell viability after the infection process.®* In
confluent MDBK cell cultures developed in polyes-
thyrene 96-well microplates, 50 pL/well of fraction
AL27 were deposited in the concentration previously
determined as innocuous for 1.062 pg/mL cell viabil-
ity.* After 1 h incubation at 37°C with AL27 fraction,
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proporcion 1:1 con adyuvante completo de Freund,
aplicando dos estimulos a intervalo de siete dias; un
tercero con incremento de la dosis a 2.0 mg y dos esti-
mulos mas en dosis de 4.0 mg/30 g de peso corporal,
a intervalo de 14 dias. Se recolecto el suero de ambos
animales a intervalos de siete dias, iniciando en la
aplicacion del segundo estimulo y hasta los 28 dias
posteriores a la Gltima inoculacion.

Se determind la respuesta inmune por inhibicion
de la hemoaglutinacion en placa.’ El veneno de A. pis-
civorus se reconstituyo a la proporcién de 6.25 mg/mL
con solucion reguladora de Tyrodes (glucosa 5 mM,
NaCl 0.15 M, NaH2PO4H20 0.36 mM, NaHCOs 20
mM, CaClz 2 mM, MgClz 1 mM, KCI 2 mM, pH de
7.4). En microplacas de fondo en “V”* se depositaron
50 puL/pozo de solucidn salina. En el primer pozo de
cada linea se adicionaron 50 puL de suero anti-A. pis-
civorus, realizando diluciones dobles desde 1:2 hasta
1:256. Posteriormente se agregaron 50 pL/pozo de
veneno de A. piscivorus reconstituido, ademas de 50
pL de globulos rojos de conejo al 2.5%. Se incubaron
las placas por 20 min a medio ambiente y la lectura
fue por apreciacion de la inhibicién de la hemoaglu-
tinacion.

Extraccion de membrana celular

Se desarrollaron monoestratos MDBK al 100% de con-
fluencia en botellas de poliestireno y se lavaron con
PBS estéril (NaCl 0.14 M, KCI 4 mM, NaHPO42H20
19 mM, KH2PO4 2 mM, pH 7.4). Las células se des-
prendieron por raspado, se disgregaron a presion a
través de una jeringa con aguja de 20 x 38 mmy luego
se resuspendieron en PBS a concentracion celular
de 1 x 108/mL. El paquete celular se lavd mediante
cambios de PBS y centrifugacion a 3 500 g durante 10
min en tres ocasiones. La ruptura celular se efectud
mediante nueve ciclos de 15 seg de sonicacion,** a fre-
cuencia de 15 micrones de amplitud. La suspension
fue centrifugada a 14 000 g/1 h en centrifuga refri-
gerada, desechando el sobrenadante con los detritos
celulares, mientras que el boton (membrana celular)
se resuspendio en 300 pL de PBS. La cuantificacién
de la proteina se hizo mediante microtitulacion de
Bradford.™

Titulaciéon

La titulacion del virus y fluidos virales se realizd por
conteo de placas liticas,*? en cultivos de células MDBK,
100% confluentes (placas de plastico de 96 pozos,
estériles), inoculados con diluciones logaritmicas del

*Nunc No. Cat. M 2686, Rochester, Nueva York.
**Sonicador Ultrasonix Processor, Industrias Bioselec,
Meéxico.



single layers were washed with PBS and inoculated
with PI-3 virus at 10°%, 10*®, 10*® and 10%*® DICCso%
doses, contained in 50 pL/well volumes. Sterile MEM
culture medium, virus PI-3 in 10%® DICCso% doses free
of AL27, as well as AL27 fraction in the concentration
previously determined as capable of altering 4.25 pg/
mL,* free of PI-3 cell viability, were used as controls.
Single cell layers were cultured during 48 hat 37° C. A
hundred ug MTT/well (3-[4, 5-Dimethyl-thiazol-2-YI]-
2, 5-diphenyltetrazolium bromide)*** were added to
all the plate and incubated at 37°C during 4 h. After
that 50 pL/well SDS (15% w/v dodecil sodium sul-
fate, HCI 0.02 M) was added and incubated overnight
at room temperature in dark chamber. Absorbency
to 492 nm wavelength was measured in an ELISAT
reader and interpretation was performed by variance
analysis.™

Viral hemoagglutinin blockage

Two milliliters of PI-3 viral suspension with 10°°
DICCso% viral titer were clarified by 3 500 g centrifu-
gation for 10 min. The viral suspension was divided in
two equal parts, the first was mixed in a proportion
of 1:1 with AL27 fraction previously diluted to a 1.062
pg/mL (P1-3 virus/AL27) concentration and incu-
bated for 1 h at 37°C and the second (PI-3) was main-
tained in refrigeration until its use. PI-3 virus and the
PI1-3 virus/AL27 mix were centrifuged at 15 000 g per
30 min, in a refrigerated centrifuge. Obtained pellets
were fixed with 10% glutaraldehyde* in sterile PBS
and fosfotunstic** acid was used for negative stain at
2% in H20. Observation was carried out with electron
microscope at 50 000 magnification.”

Fluid harvested after the last centrifugation of the
PI-3 virus/AL27 mix, was titrated by lytic plate count
technique, using logarithmic dilutions of the fluids
from 10 to 10%. PI-3 virus (10°°DICCso%) was used
as control.*?

Affinity between PI-3 virus and AL27
crotalic fraction

Electrophoretic runs were carried out in denaturing
conditions in polyacrilamide gels at 12% (3.5 mL dis-
tilled H20, 2.5 mL Tris-HCI 1.5 M and pH 8.8, SDS
0.35 M, 4 mL 30% acrylamide/bisacrylamide, 0.4 M
ammonium persulfate and 5 pL TEMED) with PI-3
virus suspension in 10%¢, 10*° and 10°>° DICCso% doses,
MDBK cell membrane extracts at 5 and 10 pg con-
centration, from 201 to 6.6 kDa*** molecular weight
marker as control, fraction AL27 at a concentration
of 2.125 and 4.25 pg/mL, and A piscivorus poison at
a concentration of 1.56 mg/mL. The runs were car-
ried out at 15 and 50 mA for 10 and 45 min, respec-

VPIB-3 (de 10 a 10®) e incubando 48 h a 37°C. La
lectura fue por apreciacion del efecto citopatico en
un microscopio invertido,* con objetivo 10X y ocular
8X, y el céalculo del titulo viral se realizé por medio del
método de Reed y Muench.*®

Aislamiento de fraccién crotalica AL27

Se empled el proceso de cromatografia liquida de
alto rendimiento, en fase reversa (HPLC-RP), con
columna de gel de silice Cis 5 pL, 4.6 x 2.50 mm e
inyector de 50 pL. El veneno reconstituido de A pis-
civorus fue solubilizado con &cido trifluoroacético
(TFA)** a 0.1% en H20 grado HPLC (disolvente A),
y acetonitrilo*** con TFA a 0.1% (disolvente B). El
gradiente de elusion inicial fue de 30% del disolvente
B sobre el A, hasta alcanzar 100% del B, a un tiempo
de 10 min, con flujo de 1 mL/min. La absorbancia
se midi6 a una longitud de onda de 280 nm.*** La
seleccion de la fraccion AL27 tras el proceso croma-
tografico fue por deteccion de su actividad mediante
pruebas de hemoaglutinacion,® con un titulo de 64
UH (unidades hemoaglutinantes).

Bloqueo de receptores celulares

Se empled la prueba de reduccion del tetrazolium
(MTT) para evaluar la viabilidad celular posterior al
proceso de infeccion.®® En cultivos confluentes de
células MDBK, desarrollados en microplaca de polies-
tireno de 96 pozos, se depositaron 50 pL/pozo de la
fraccién AL27 en la concentracion previamente deter-
minada como inocua para la viabilidad celular de
1.062 pg/mL.* Después de 1 h de incubacion a 37°C
con la fraccién AL27, los monoestratos se lavaron con
PBS y se inocularon con el virus VPIB-3 en dosis de
10%8, 10*®, 10*¢ y 10%® DICCso%, contenidos en volu-
menes de 50 pL/pozo. Como testigos se emplearon
medio de cultivo MEM estéril, virus VPIB-3 en dosis
de 10%® DICCso% libre de AL27, asi como la fraccién
AL27 en concentracidon previamente determinada
como capaz de alterar la viabilidad celular de 4.25
ug/mL,* libre de VPIB-3. Los monoestratos se incuba-
ron durante 48 h a 37°C. Se adicioné en toda la placa
100 pg de MTT/pozo (3-[4, 5-Dimetiltiazol-2-YI]-2,
5-difeniltetrazolium bromuro)t y se incubo a 37°C
durante 4 h. Posteriormente se adicion6 50 pL/pozo
de SDS (15% w/v dodecil sulfato de sodio, HCI 0.02
M) y se incubd durante toda la noche a temperatura
ambiente en cdmara oscura. Se midio la absorbancia
alongitud de onda de 492 nm en un lector de ELISA%

*Zeiss, Alemania.

**Sigma, No.Cat. 096553, Alemania.
***Sigma, No.Cat. 27071-7, Alemania.
tSigma, No.Cat. M-5855, Alemania.
#BDSL, Inmunoskan Plus, Reino Unido.
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tively. They were stained with 1% Coomassie bluet for
1 h and discolored with 5% acetic acid} for 24 h.0202
Molecular weights were determined by linear regres-
sion with an image analyzer, and the Quantity One
software.” Separated proteins were transferred to a 0.2
um porosity nitrocellulose membrane,” run at 100 V,
for 1 h.**?2 Western blot test was carried out with the
transferred membranes using serum hyper-immune of
A. piscivorus (1:40). Developing was performed using
an anti-1gG anti-rabbit biotinilated antibody (1:2 000)
and conjugated with avidin-peroxidase (1:6 000).
Diaminobenzidine (25 mg of diaminobenzidine, 50
mL PBS and H20:2 8.8 M) was used as chromogen
incubating for 10 min at 37°C in agitation.®

Results
Cell receptor blockage

In tetrazolium (MTT) reduction tests used to assess
the capacity to block or inhibit the union of PI-3 virus
to cell receptors, there was 68.78% cell viability in the
positive control of PI-3 virus at a 10%® DICCsox% dose,
while for the positive control of fraction AL27 at con-
centration previously determined as harmful for cell
viability of 4.25 pg/mL it was 58.69%. Viability per-
centages of viral blockage, with fraction AL27 at a
constant concentration of 1.062 pg/mL and the virus
at 10, 10,*® 10*® and 10%° DICCsox% doses, were 69.34,
72.71, 80.93 and 84.86%, respectively. In the statisti-
cal analysis, variance was 0.0126, 0.0123, 0.0072 and
0.0055 for 10°° to 10%° doses, respectively.

Viral hemoagglutinin blockage

In electron microscopy tests, performed to determine
if AL27 could recognize carbohydrates present in viral
hemoagglutinins, viral clumps were observed in the
collected pellet, after centrifugation of the P1-3 virus/
AL27 mix, where numerous particles with the charac-
teristic morphology could be distinguished (Figures
1A and 1B) (magnification 50 000 X), while in the
pellet with virus without AL27, viruses with character-
istic morphology were not found.

PI-3 virus titer, after incubation with A. piscivorus
isolated AL27 fraction, was reduced from 10°° DICCso%
to 10%° DICCso%.

Affinity between PI-3 virus and crotalic
AL27 fraction

Hyper-immune serum against A. piscivorus showed
capacity to inhibit hemoagglutination produced by
the poison even at 1:64 dilution (corresponding to 64
hemoagglutination inhibitory units HIU).

170

y la interpretacion se hizo por medio de analisis de
varianza.'®

Bloqueo de hemoaglutinina viral

Dos mililitros de suspension del virus VPIB-3 con
titulo viral de 10%® DICCsow% fueron clarificados por
centrifugacion a 3 500 g durante 10 min. La suspen-
sion viral se dividié en dos partes iguales, la primera
se mezcld en proporcion 1:1 con la fraccion AL27
previamente diluida a concentracion de 1.062 ug/
mL (VPIB-3/AL27) y se incubd durante 1 h a 37°C
y la segunda (VPIB-3) se mantuvo en refrigeracion
hasta su uso. El VPIB-3 y la mezcla VPIB-3/AL27 se
centrifugaron a 15 000 g por 30 min, en centrifuga
refrigerada. Los botones obtenidos se fijaron con glu-
taraldehido* a 10% en PBS estéril y para la tincion
negativa se empleé acido fosfotUnstico** a 2% en
H20. La observacién al microscopio electronico fue
a 50 000 aumentos.*

El fluido que se cosech6 después de la ultima
centrifugacion de la mezcla VPIB-3/AL27, se titulo
mediante la técnica de conteo de placas liticas des-
crita previamente, empleando diluciones logaritmicas
de los fluidos desde 10" a 10®. Como testigo se emple6
el virus de VPIB-3 (10°°DICCso%)."

Afinidad entre el VPIB-3 y la fraccion
crotalica AL27

Se realizaron corrimientos electroforéticos en condi-
ciones desnaturalizantes en geles de poliacrilamida al
12% (3.5 mL de H20 destilada, 2.5 mL de Tris-HCI
1.5MypH 8.8, SDS 0.35 M, 4 mL de acrilamida/bisa-
crilamida al 30%, persulfato de amonio 0.4 My 5 pL
de TEMED) con suspension del VPIB-3 en dosis de
10%%, 10*® y 10°° DICCso%, extractos de membrana de
células MDBK en concentracion de 5y 10 pg, un mar-
cador de pesos moleculares de 201 a 6.6 kDa*** como
testigo, la fraccion AL27 a concentracion de 2.125 y
4.25 pg/mL, y el veneno de A. piscivorus a concentra-
cion de 1.56 mg/mL. El corrimiento se realizé a 15
y 50 mA por 10 y 45 min, respectivamente. Se tifie-
ron con azul de Coomassie al 1%t durante 1 h y se
decoloraron con acido acético al 5%t por 24 h.202
Los pesos moleculares se determinaron por regresion
lineal, mediante un analizador de imagenes, con el
programa Quantity One.” Las proteinas separadas se
transfirieron a una membrana de nitrocelulosa de

*Sigma, No. Cat. G5882, Alemania.

**Sigma, Alemania.

***Bio Rad No. Cat. 161-0318, Estados Unidos de América.
tSigma, No. Cat. B8522, Alemania.

$Sigma, No. Cat. 28202-2, Alemania.

‘Bio-Rad, Estados Unidos de América.



When analyzing A. piscivorus poison (with all of
its proteic and polypetidic components), in struc-
tural protein electrophoresis (Figure 2) eight protein
bands were detected of approximately 93, 59, 46, 42,
36, 33, 26 and 21 kDa (lane 1). Crotalic AL27 frac-
tion showed a molecular weight of 21 kDa (lanes 2
and 3). It is probable that the presence of two extra
bands of 38 and 28 kDa on lane 3, is due to the high
concentration of non-denatured AL27 in dimeric
and trimeric form. In Western blot tests (Figure 3),
anti-A. piscivorus hyper-immune rabbit serum showed
strong tincture in protein bands corresponding to 21
kDa in A. piscivorus poison and crotalic AL27 fraction
at concentration of 4.25 and 2.125 pg/mL (lanes 9,
8 and 7). Also there was recognition of other bands
that could correspond to 21 kDa protein polymers.
Under weak tincture, apparently PI-3 virus at concen-
trations of 10*° and 10%® DICCso% (lanes 2 and 3) show
a similar molecular weight protein (21 kDa). This is
not noticeable at 10*® DICCsos% doses of P1-3 virus nor
in cell membrane extracts (lanes 1, 4 and 5). Hyper-
immune serum also detected certain identical bands
between PI-3 virus and cell membrane extracts where
it replicated.

Discussion

It was demonstrated that it is feasible to use the cro-
talic poison hemoagglutinating fraction (AL27) asan
anti-viral agent, since it possesses dual action in viral
adherence inhibition by blocking sialic acid cell recep-
tors as well as bonding with viral hemoagglutinin
carbohydrates. During evaluation of viral blocking
through adherence of AL27 sialic acid cell receptors,
viability detected by MDBK inoculation by PI-3 virus/

0.2 um de porosidad,* con corrimiento a 100 V, por
1 h.'*?2 Se realiz6 la prueba de Western blot en las
membranas transferidas utilizando el suero hiperin-
mune de A. piscivorus (1:40). El revelado se realizo uti-
lizando anticuerpo anti-lgG anti-conejo biotinilado
(1:2 000) y se conjugaron con avidin-peroxidasa (1:6
000). Se utilizd6 como cromodgeno diaminobenzidina
(25 mg de diaminobenzidina, 50 mL de PBS y H20:
8.8 M) incubando por 10 min a 37°C en agitacion.®

Resultados
Bloqueo de receptores celulares

En las pruebas de reduccion del tetrazolium (MTT)
empleadas para evaluar la capacidad para bloquear
o0 inhibir la unién del VPIB-3 a los receptores celula-
res, la medicion de la viabilidad celular en el control
positivo de VPIB-3 en dosis de 10%° DICCso%, fue de
68.78%, mientras que para el testigo positivo de la
fraccion AL27 en concentracion previamente deter-
minada como dafiina para la viabilidad celular de
4.25 pg/mL fue de 58.69%. Los porcentajes de via-
bilidad en el bloqueo viral, con la fraccion AL27 en
concentracion constante de 1.062 pug/mL y el virus
en dosis de 10,>¢ 10,*® 10%*¢ y 10%° DICCso%, fueron de
69.34%, 72.71%, 80.93% y 84.86%, respectivamente.
En el andlisis estadistico, la varianza dio valores de
0.0126, 0.0123, 0.0072 y 0.0055 para las dosis de 10°° a
10%¢, respectivamente.

Blogueo de hemoaglutinina viral

En las pruebas de microscopia electrénica, realizadas

*Bio-Rad No. Cat 1703932, Estados Unidos de América.

1A

a) b)

Figura 1: Microscopia electronica de particulas virales del VPIB-3 con la fraccion crotalica AL27 (aumento 50 000 X). En la Figura 1A la parti-
cula a) muestra los pepléomeros virales adheridos a la membrana, y hay cinco particulas globulares superpuestas a los peplémeros que podrian
ser AL27. La particula b) también muestra los peplémeros virales pero sin particulas globulares adheridas. En la Figura 1B se observan varias
particulas virales pleomorficas y esféricas. Las particulas esféricas parecen estar rotas y una de ellas esta parcialmente penetrada por el acido

fosfotunstico c).

Figure 1: Electronic microscopy of PI-3 viral particles with AL27 crotalic fraction (magnification 50 000 X). In Figure 1A particle a) shows viral
peplomers adhered to the membrane, and there are five superimposed globular particles on the peplomers that could be AL27. Particle b) also
shows viral peplomers but without the adhered globular particles. In Figure 1B several pleomorphic and spherical particles are observed. The
spherical particles seem to be broken and one of them is partially penetrated by phosphotungstic acid c).
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AL27 was higher than the control of each one of them
in an individual manner (68.78% and 58.69%, respec-
tively), and even though it did not reach the control
cells’ level (100%), cell viability percentages were
better with values of 69.34%, 72.71%, 80.93% and
84.86%, and statistical differences (0.0126, 0.0123,
0.0072 and 0.0055) were not significant.

Basically, there is no previous study with hemoag-
glutinins (lectins) with which to make comparison of
the results that were obtained. It was expected that
during blockage, when using both agents at the con-
centrations previously established as not harmful,
viability would be maintained at its maximum level.
The lower oxide-reduction index of cells was due to
the combination of both reagents albeit without caus-
ing apoptosis (due to the effect of AL27)? or cell lyses
(due to viral effect).!

Apparently, N-terminal sequences of crotalic
hemoagglutinin® showed greater affinity towards car-
bohydrates of PI-3 virus hemoagglutinins, than for
sialic acid receptors of MDBK cells. This was observed
in the viral infection evasion tests, by the apparent
union of AL27 to PI-3 virus spicules. Figures 1A and
1B show a surface with viral units covered by AL27.
The technique that was used did not allow the dis-
tinction of the crotalic lectin site of action. Electron
micrographs suggest that the site of action could be
the viral glycoprotein.

para determinar si AL27 podia reconocer los carbo-
hidratos presentes en las hemoaglutininas virales, se
observé que la pastilla recolectada tras la centrifuga-
cion de la mezcla VPIB-3/AL27, contenia grumos de
virus en los que se distinguian numerosas particulas
con la morfologia caracteristica (Figuras 1A y 1B)
(aumento 50 000 X), en tanto que los virus que se
encontraron en la pastilla del virus solo (sin AL27) no
permitieron ver virus con morfologia caracteristica.

El titulo viral del VPIB-3 posterior a su incubacion
con la fraccién AL27 aislada de A. piscivorus, se redujo
de 10%° DICCso% a 10%° DICC so%.

Afinidad entre el VPIB-3 y la fraccion crotéalica
AL27

Elsuero hiperinmune contra A. piscivorus mostré capa-
cidad para inhibir la hemoaglutinacion producida
por el veneno hasta la dilucién de 1:64 (correspon-
diente a 64 unidades inhibitorias de la hemoaglutina-
cion, UIH).

Al analizar el veneno de A. piscivorus (con todos
sus componentes proteinicos y polipeptidicos), en la
electroforesis de proteinas estructurales (Figura 2) se
detectaron ocho bandas de proteina, de aproximada-
mente 93, 59, 46, 42, 36, 33, 26 y 21 kDa (carril 1). La
fraccion crotalica AL27 mostré tener un peso mole-
cular de 21 kDa (carriles 2 y 3). Es probable que la

Figura 2: Electroforesis en condiciones desnaturalizantes del veneno de A. pisci-
36.4| vorusy de la fraccion crotalica AL27. Carril 1, veneno de la serpiente Agkistrodon
piscivorus; carril 2, fraccion AL27 por HPLC-RP (2.125 pg/mL); carril 3, fraccion
AL27 por HPLC-RP (4.25 pg/mL); carril 4, marcador de peso molecular.

20.6| Figure 2: Electrophoresis under denaturing conditions of A piscivorus poison and
crotalic fraction AL27. Lane 1, poison of Agkistroddn piscivorus serpent; lane 2, frac-
tion AL27 by HPLC-RP (2.125 pg/mL); lane 3, fraction AL27 by HPLC-RP (4.25

Figura 3: Western blot marcando una aparente identidad
entre la hemoaglutinina crotalica AL27 y una proteina

estructural del VPIB-3. Carriles 1, 2y 3, proteinas de VPIB-
3a 103‘6, 10*6 y 105'6, respectivamente; carriles 4 y 5, célu-
las MDBK a 5y 10 ug, respectivamente; carril 6, marca-
dores de peso molecular; carriles 7 y 8, fraccion AL27 a
2.125y 4.25 pg/mL, respectivamente; carril 9, veneno de
A. piscivorus.

Figure 3: Western blot apparently indicating crotalic AL27
hemoagglutinin is identical to a structural protein of P1-3
virus. Lanes 1, 2 and 3, PI-3, proteins at 10%% 10*® and

10°°, respectively; lanes 4 and 5, MDBK cells at 5 and 10
21 Kda S . °

Mg, respectively; lane 6, molecular weight marker; lanes
7 and 8, fraction AL27 at 2.125 and 4.25 pg/mL respec-
tively; lane 9, A. piscivorus poison.
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The fact that peplomers covered with the crotalic
AL27 fraction were not found suggests that the bond
is weak and reversible, with a tendency to disintegrate
during preparation for electron microscope observa-
tion. The above would also explain the fact that even
with abundance of AL27 molecules in the reaction,
the virus continues to replicate at a low rate and does
not completely stop multiplying.

Another factor that demonstrated the possible
affinity of AL27 towards viral hemoagglutinin was
the titration of the PI-3 virus strain, which drastically
reduced its activity from 10%® DICCso% to 10% after its
incubation with AL27 fraction of A. piscivorus. This
type of bonding or recognition between viral frag-
ments and hemoagglutinating agents has been done
by Hayakawa et al.,* who demonstrated that gp120 pro-
tein of the human immunodeficiency virus-1 (HIV-1)
interacted strongly with some lectins or hemoagglu-
tinins, specially with concavaline A (Con A), that
reduced the level of gp120 and infectivity index of
HIV-1, after incubating both reagents at room tem-
perature.

Similitude between viral structural proteins and
crotalic hemoagglutinins was determined by molecu-
lar weight comparisons and specific anti-A. piscivorus
antibody recognition by Western blot. Francischetti
et al.,?* isolated a lectin activity protein from serpent
Crotalus durissus poison and called it “convulxin”, and
recorded it as a single 72 kDa protein, that when sub-
jected to reducing conditions is divided into two poly-
peptids of 13.5 and 12.5 kDa molecular weight.

Hirabayashi et al.,® isolated lectin from Crotalus
atrox poison, and reported the presence of a unique
hemoagglutinin of 14.4 kDa molecular weight in
reducing conditions and 31.0 kDa in non-reducing
conditions. Ogilvie et al.,® isolated lectins from the
poison of Lachesis muta and Dendroaspis jamesonii, and
reported that both had molecular weights of 14 kDa
in reducing conditions, and 28 kDa in non-reducing
conditions. Even though molecular weights reported
by theses authors are not identical to this study, they
are quite close to those that were found in the elec-
trophoretic runs of the AL27 fraction of A. piscivorus
in reducing conditions, where molecular weight was
21 kDa. Also, in the crotalic hemoagglutinins and
viral structural proteins identity tests, both reac-
tants showed 21 kDa bands that reacted with anti-A.
piscivorus, with greater affinity towards those that cor-
respond to AL27. Nevertheless, recognition of the
viral protein was also clearly shown when there was
a high concentration of antigen. According to the
results that were obtained in this study, it is concluded
that antiviral activity through cell receptor blockage
is satisfactory.

Even though the expected effectiveness was not

presencia de dos bandas extras de 38 y 28 kDa en la
linea 3, se deba a la alta concentracion de AL27 no des-
naturalizada en conformacién dimérica o trimérica.
En las pruebas de Western blot (Figura 3), el suero
hiperinmune de conejo anti-A. piscivorus marcé fuerte
tincion en las bandas proteinicas correspondientes a
los 21 kDa en el veneno de A. piscivorus y en la fraccion
crotalica AL27 en concentracion de 4.25y 2.125 ug/
mL (carriles 9, 8y 7). También se encontro el recono-
cimiento de otras bandas, que pueden corresponder
a polimeros de la proteina de 21 kDa. Bajo una débil
tincion, aparentemente el VPIB-3 en concentracion
de 10*° y 10°° DICCso% (carriles 2 y 3) muestra una
proteina de peso molecular similar (21 kDa). Esta no
se aprecia en la dosis de 10*°DICCsox% del VPIB-3 nien
los extractos de membrana celular (carriles 1, 4 y 5).
El suero hiperinmune también detecto ciertas bandas
de identidad entre el VPIB-3 y los extractos de mem-
brana de las células en que éste fue replicado.

Discusioén

Se demostroé que es factible emplear la fraccion hemoa-
glutinante del veneno crotélico (AL27) como agente
antiviral, al poseer la dualidad de accion en la inhibi-
cion de la adherencia viral, al bloquear a los recepto-
res acido sialico celulares y unirse a los carbohidratos
de la hemoaglutinina viral. Durante la evaluacion del
bloqueo viral, a través de la adherencia de AL27 hacia
los receptores acido sidlico celulares, la viabilidad
detectada por la inoculacién de las MDBK por VPIB-
3/AL27 fue superior al testigo de cada uno de ellos en
formaindividual (68.78%y 58.69%, respectivamente),
y aunque no alcanzé el nivel de las células testigo
(100%), los porcentajes de viabilidad celular fueron
mejores, con valores de 69.34%, 72.71%, 80.93% vy
84.86%, y las diferencias estadisticas (0.0126, 0.0123,
0.0072 y 0.0055) no fueron significativas.

Basicamente no existe un trabajo previo con
hemoaglutininas (lectinas) sobre el que se pudiese
establecer un patrén comparativo de los resultados
obtenidos. Se esperaba que durante el bloqueo, al
emplear ambos agentes a las concentraciones previa-
mente establecidas como no dafiinas, la viabilidad se
mantendria en su maximo nivel. El menor indice de
oxido-reduccion de las células se debid a la combina-
cion de ambos reactantes, aunque sin llegar a causar
apoptosis (por efecto de AL27)23 o lisis celular (por
efecto viral).!

Aparentemente, las secuencias N-terminales de
la hemoaglutinina crotalica®® mostraron mayor afini-
dad hacia los carbohidratos de las hemoaglutininas
del VPIB-3, que por los receptores acido sialico de las
células MDBK. Lo anterior se observé en las pruebas
de evasion de la infeccion viral, por la aparente union
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reached (100% cell viability) monolayer cells were
maintained at acceptable viability percentages without
permitting viral lytic effect nor promoting cell apop-
tosis. In this context, the existence of antiviral activity
was observed given by an apparent affinity of AL27
towards viral hemoagglutinin carbohydrates that were
present, since it reduced the viral titer of PI-3 virus.
The above indicates that the use of AL27 as an anti-
viral agent is feasible; nevertheless, it is still necessary
to carry out more studies in vitro to then evaluate its
effectiveness in vivo.
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de AL27 a las espiculas del VPIB-3. Las Figuras 1A
y 1B muestran una superficie con unidades virales
cubiertas con AL27. La técnica empleada no permi-
tio distinguir el sitio de accién de la lectina crotélica.
Las micrografias electronicas sugieren que el sitio de
accion pudiera ser la glicoproteina viral.

El hecho de que no se encuentren todos los peplo-
meros cubiertos con la fraccion crotalica AL27 sugiere
que la unién es débil y reversible, con tendencia a des-
integrarse durante la preparacién para observarla al
microscopio electronico. Lo anterior también explica-
ria que aun en la abundancia de moléculas de AL27
presentes en la reaccion, el virus continde su replica-
cion a una baja tasa y no deje de multiplicarse en las
células por completo.

Otro factor que mostro la posible afinidad de AL27
hacia la hemoaglutinina viral fue la titulaciéon de la
cepa del VPIB-3, la cual, tras su previa incubacion
con la fraccion AL27 de A. piscivorus, redujo su acti-
vidad drasticamente de 10%° DICCso% a 10.%° Este tipo
de unién o reconocimiento entre fragmentos virales
con agentes hemoaglutinantes ha sido realizado por
Hayakawa et al.,® quienes demostraron que la proteina
gp120 del virus de inmunodeficiencia humana-1 (VIH-
1) interactuaba fuertemente con algunas lectinas o
hemoaglutininas, particularmente la concavalina A
(Con A), que redujo el nivel de gp120 y el indice de
infectividad del VIH-1, tras la incubacion de ambos
reactantes a temperatura ambiente.

Las similitudes entre las proteinas estructurales
virales y las hemoaglutininas crotalicas se determi-
naron mediante la comparacion de sus pesos mole-
culares y reconocimiento por anticuerpos especificos
anti-A. piscivorus mediante Western blot. Francischetti
et al.,* al aislar una proteina con actividad de lectina,
del veneno de la serpiente Crotalus durissus, a la que
denomind “convulxina”, la registran como una pro-
teina Gnica de 72 kDa, que al ser sometida a condicio-
nes reductoras se divide en dos polipéptidos de peso
molecular de 13.5y 12.5 kDa.

Hirabayashi et al.,? al aislar la lectina del veneno
de Crotalus atrox, informaron sobre la presencia de
una sola hemoaglutinina con peso molecular de 14.4
kDa en condiciones reductoras, y de 31.0 kDa en con-
diciones no reductoras. Ogilvie et al.,?® al aislar las
lectinas del veneno de Lachesis muta y Dendroaspis jame-
sonii, informaron que ambas poseian pesos molecu-
lares de 14 kDa en condiciones reductoras, y 28 kDa
en condiciones no reductoras. Si bien los pesos mole-
culares informados por estos autores no son idénticos
a los del presente trabajo, si se aproximan a lo que
se encontrd en los diversos corrimientos electroforé-
ticos de la fraccion AL27 de A. piscivorus en condicio-
nes reductoras, en los que el peso molecular fue de
21 kDa. Asimismo, en las pruebas de identidad de las
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