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PRESENTACION 

Esta tesis se basa en parte de J.a.s investigaciones que 

hemos real.izado sobre la b.i~ca del veneno deJ. Monstruo de 

Cuentas (Heloderma horr.idum) y la componen los s.igu.ientes 

artlcuJ.os: 

1. Alag~. A. c .• MaJ.donado, M. E. A .• 

~chez. C. R. y Possani, L. D. (1982) Venam from 

..J"uli~, J. z .. , 
tw:> sub-species 

L.iza.rcl): General of Heloderma horr.idum (Mex.ican Beaded 

cha.racterization and purification of N-benzoyJ.-L-arginine ethyJ. 

ester hydrola.se. Tox.icon 20: 463-475. 

2. Sosa, B. P., A1ag0n, A. c., Martín, B. M. y Possani, L. 

D. ' ( 1986) Biochem.ical characterization of the phosphoJ..ipase A2 

purif ied from the venom of the Mexican Beaded Lizard (HeJ.oderma 

horr.idum horr.idum Wiegmann) Biochemistry (USA) 25: 2927-2933. 

3. Alag¿,n, A. c .• Possani, L. D •• Smart, J. y SchJ.euning, 

W. D. (1986) Helodermat.ine, a kalJ.ikrein-lik.e, hypotensive 

enzyme fram the venom of He.loderna horr.idum horridum (Mexican 

Beaded Lizard) . J. Exp. Med. 164: 1835-1845. 

Los estudios que aqul se presentan los iniciamos hace 10 

a.f'\os en ei laboratorio de1 Dr .. Louriva1 O. Possani en e1 entonces 

Departamento de Biologla Experimental deJ. Instituto de Biologla. 

Comenzamos desde l.a captura. de los anima.les y aprendiendo su. 

man.ipul.aci¿,n y ITléil"lu.tenci¿,n en cautiverio, as.i como J.a t~cn.ica 
para ex.traeles el veneno. Esta labor inicial hubiera sido muy 

' . dificiJ. si no hubiesemos contado con J.a ayuda deJ. finado Profesor . . . 
Jordi JuJ.ia Zertuche y deJ. BioJ.ogo CorneJ.io Sanchez Reyna. 

Por aque11a.s fechas, e1 veneno de los He1cx:lerma era p::>co 

conocido, ¡:x>r J.o menos, desde eJ. punto de vista moJ.ecuJ.ar. Desde 

entonces, varios grupos de investigaciOn han caracteriza.do varios 

de sus componentes: dos toxinas (He~n &. Tu, 1981; Machea, 

1988), una hiaJ.uronida.sa (Tu &. Hendan, 1983), var.ios ~ptidos 

reJ.acionados con J.a famiJ.ia de J.a secretina y deJ. ~ptido 
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intest~ vasoactivo (Parker et al. •• 1984: Robberecht et a.l. •• 

1984). una fosfol.J.pasa A2 (Sosa. 1984; Sosa et al. •• 1986) y dos 

hldrol.asas de .:.Steres de argin:ina (Al.agoo et al... 1982) 

1dent1ficadas posteriormente una como cal.icrelna (Al.agc;,n et al. •• 

' 1986) y l.a otra como una proteasa capaz de act1var plasminogeno 

(Go~ez. 1983; Sosa. 1988). 

Nuestras investigaciones en este campo se han desarrol.l.a.do 

en forma intermitente y en paral.elo con otros proyectos; sin 

embargo, han tenido una infJ.uencia definitiva en J.os proyectos 

que actualmente realizamos. El. conocimiento y experiencia 

J.ogrados con l.os tri.,.;,ptidos sint~ticos empl.eados en J.a 

' ca.ra.cterizacion de J.a caJ.icre1na. permitido pJ.antear 

al.ternativas experimentales para la generaci~ de seflaJ.es 

fl.uorescentes en ensayos de hibridaci.!,n por .;.cides nucl.eicos. La 

caracterizaci~ de J.a protea.sa que activa pJ.a.smi~eno nos ha. 

faciJ.itado el estudio de l.os principios fibrinollticos presentes 

en l.os trofozoitos de Entamoeba histol.ytica (Alag~n et al.. 1988; 

sometido para su publicaci~n en Mol.ecuJ.ar MicrobioJ.ogy) y J.a 

saliva del vampiro Desmodus rotundus. El manejo de l.a 

fosfoJ.ipasa A2 fue muy importante como modeJ.o para desarrol.J.ar 

varias t~cnicas novedosas de purif icaci.!,n (patente en proceso) y 

~isis de estr; tipo de enzjmas que estamos usando con ~1:º en 
la ca.racterizacion de enzimas membranaJ.es simiJ.ares de Ja amiba. 

Los estudios realiza.dos con el veneno de este saurJ.o han 

servido para l.a graduacioo de dos estudiantes de J.icenciatura 

(Go~J.ez. 1983; SOsa, 1984) y uno de maestrla (Sosa, 1988). 

Debemos mencionar que l.a tesis de Sosa (1984) comprende parte de 

J.os resuJ.tados formal.izados en el. artlcuJ.o de Sosa et aJ. (1986) 

que forma parte de l.a l.a presente tesis. Las dos restantes cubren 

materia que no estamos presentando en ~ta. 

Un producto col.ateral. de nuestros trabajos con este veneno 

fU..e J.a eJ.aboraci¿,n de un suero antiheJ.oderma en l:x:>rregos, eJ. cua.1 

fUe procesado en col.aboracioo con eJ. Instituto Nacional. de 

Higiene de la SSA para su empl.eo en humanos. De hecho, ya. se us,; 
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' ' exitosamente para tratar a un medico veterinario accidentado en 

el. Zool..;gico de ChapuJ.tepec de J.a Ciudad de ~co. Sobra decir 

que este suero es de mayor importanci.a para J.as personas que 

manejamos hel.odermas. 

ASPECTOS DESTACABL.ES DE LOS ARTICULOS 

Sobre el. primer artÍcuJ.o (AJ.agbn et al. .• 1982): 

El. trabajo compara el veneno de dos subespecies de 

HeJ.cx:le:nna horridum: J.a tÍpica horridum. de distribuci~ muy 

' amplía. y la alvarezí. localizada en la regían central. del Estado 

de Chiapas. Los venenos de las dos subespecíes resultaron muy 

s:j.milares respecto a su toxicidad en ratones. a su contenido de 

varías actividades enz~tícas (fosfolípa.sa. hialuronidasa. e 

hidrol.asas de ~teres de tírosina y argínina). y a sus patrones 

eJ.ectrofo~ticos y de ínmunodifusi~n. 

La híd.rolasa de ' esteres de argínina con mayor 

moJ.ecuJ.ar fue. tambí.k,, purificada por medio de un esquema ~ 
bien ineficiente. No obstante, :Eue el primer componente de los 

venenos de Helode:nna que haya sido purificado a homogeneidad. 

Sobre el segundo articulo (Sosa et al .• 1986): 

En este trabajo purificamos y caracterizamos la 

fosfol.ipasa del veneno del saurio objeto de nuestros estudios. 

Los intentos para aísl.arla. usando un medio de afinidad descrito 

en la literatura. fueron infructuosos. por lo que recurrimos a 

cromatografía por ínteraccí~n hidra'fbbica en fenil-Sefarosa y 

otros tipos de cromatografía convencional.es. 

Pudimos definir su especificidad, del tipo A2. ' a t:raves 

del. anl.J.ísis de J.os productos de hidrblisis de substratos 

s.int~ticos. Su actividad mostr~ de,pendencia a ca++ .Se trata de 

un.a. glícoproteÍna acÍdíca de 19 Kda. Determinamos la secuencia 

de J.os primeros 39 amí~cídos a partir de su extremo amino. La 
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secuencia de esta regí~ es distinta a 1a reportada para otras 

fosfolipa.sas A2 purifica.das de ~creas de mam.lferos y de venenos 

de crota1idos y e1apidos. y. sin embargo, es horOOloga (56%) a 1a 

' fosfolipa.sa A2 del veneno de la abeja comun. A1 a1inear1a. u.sando 

J.os residuos de cisteina como puntos de referencia# nos .fue 

posible identificar varios aminoacidos que han sido postu1ados, 

en 1a.s otras fosfolipasa.s A2, como importantes en el pegado del 
ca++_ 

Sin ser materia de ~ta tesis, qu.isi~ramos comentar que 

' hemos continuad.o su. secu.enciacion; en este memento nos fa1ta :por 

definir menos del l.0% del total de la mol.;,cu1a. Nos resuJ.ta muy 

interesante el que, aun sin que hayamos rea1izado un estudio por 

ccmputadora, 1a secuencia nueva parece ser ~ similar a 1as de 

" pancrea.s y de venenos de serpientes; como si se tratara de una 
' . proteína híbrida, intermedia, entre 1as fosfo1ipasas A2 

conocidas. 

Este trabajo despert~ inter.'.s en 1os dos grupos ' que mas 

han estudiado, estructuralmente, a las fosfolipasas A2, por lo 

que nos hemos permí tido anexar sus comentar.ios. 

' ' Sobre el tercer art.icu.J.o (A1agon et a1., 1986): 

este ard.cu10 reportaJ'llC)S 1a purif icaci~n y 

1a caracterizaci~n de endoprote.inasa de 63 Kda, 

Hel.oderma.tina, presente en el veneno del Helcx:le:nna. horridum 

horridum. La purif.icaci~n de 1a He1odermatina fue 1ograda en dos 

pasos: cromatografla de afín.idad a trav.'.s de benzamidina-Sefarosa 

' y de intercambio anionico 

resu.ltante fue homog~nea en 

en DFAE-celu.losa. 

electroforesis en 

poliacrilamida; el rendilniento del derivado 

La. protelna. 

ge1es de 

de1 primer 

am.in~cido, cu.ando sujeta a degrad.acibn de Edman,, fue mayor de 
' ' . 90% A traves de secuenciacion automa.tica se identifica.ron 19 de 

l.os primeros 21 residuos y encontramos que esta regi¿,n es 

significativamente ho~1oga a 1a ca1icre1na pancre~tica porcina y 

a 1as enzimas semejantes a ca.l.icre1na. de J.os veneno de Crotal.u.s 
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~y Q. adamanteus. 

Tamb.Íen obtuv.imos varias constantes cinetica.s con 

tri~tidos sint~ticos (S-2302. s-2266, S-2160 y S-2227) como 

substratos espec.Íficos. Estos datos clasifican a la Helodermatina 

como una enzima semejante a caJ..icrelna, concepto que se ve 

apoyado por Ja fUerte inhibici¿,n de Ja enzima por .Jos inhibidores 

de tripsina pancr.d.tico (del tipo Kunitz. aprotini:na. Trasylo.J) y 

de soya. 

Por ~1. timo, tambi~ mos:tramc>s que .1a Helode:rna.tina. es una 

quininogena.sa. muy potente. es decir. es capaz de .liberar quininas 

vasoactivas a partir de quininÓgeno y producir hipotensi~ 
sangulnea. Asl, por criterios estructura.1es, enzimc:it.icos y 

flsiol~icos pudimos conclu.Ír que Ja Helodermatina pertenece a la 

familia de las calicrelna.s. siendo la primera enzima descrita en 

saurios con tales propiedades. 

Nuestras ~eas de inter~ actua.les cst~ centra.das en .1a 

pa.rasitoJ.ogÍ.a JfK)J.ecuJ.ar, en pa.rticu.J.ar con J.a caracteriza.ci~, 
por m-etodos bioqulmicos y de bioJogÍa mo.Jecular. de protelnas 

' que pudieran estar interviniendo en los mecanismos patogenicqs de 

Entamoeba histoJ.ytica. y. asimismo. con eJ. desarroJ.J.o de 

alternativas para generar sefia.Jes no-radioactivas apJ.icab.Jes a 

sistemas de detecci~n de pa.r~itos que empJ.ean hj,bridacibn de 

¿cid.os nucl.~icos. Sin embargo, qu.ererros finalizar dos proyectos 

can el veneno de He1<Xlerma: 

1. Estamos compJ.entarrlo, en colaboración con .los Dres. L. 

D. Possani y B. Martin, la estructura primaria de la fosfoJ.ipasa 

A2 y tenemc:JS p.lan.ea.d.o un. estud.io comparativo por computadora que 

s.irva para definir su hornol.og.Ía con otras enzimas ~.logas. Da.do 

eJ. inte~ por el Dr. B. Dijstra para anaJ.izar a Ja fosfolipa.sa 

por difracci,;>n de rayos x. estamos intentado Ja obtencioo de 

buenos crista.les para su envlo a Holanda. 
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2. Nuestras .invest.igac.iones con J.a proteasa que es capaz 

de act.ivar plasmi~eno (HeJ.odermat.id.ina) han demostrado que en 

e.l si.eterna. del. ma.mifero J.o ha.ce en. forma sim.i.la.r a urocina.sa pero 

con una activ.idad especlf.ica 

descartarlo como un activador de 

muy baja, por J.o que podemos 

plasminhgeno verdadero e Sosa. 

1988). Entonces, ¿~.l es su funcic':>n b.iaJ.c'.,g.ica?. Queremos 

contestar esta pregunta. En este sentido tenemos indicaciones 

prel.iminares que apuntan a que su eficiencia ea ~ al.ta 

empleando plasminc!,geno de poJ.lo como substrato, por lo que 
' podemos postular se trata de un componente digestivo mas bien que 

t~co. Esta hipc;tesis rcsu.J.ta ~ evidente a l.a .luz de que los 

Heloderrnas tienen como alimento principal huevos de aves (Bogert 

y Martln del Campo, 1956) y que las yemas de los mismos son muy 

rfcas en plasminc!,geno (Valinsky y Reich, 1981). 
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some of thc physioJogical cITccts of the vcnon1 from thcsc lizards. Leo Locb. in 1913. 
publishcd a book dcaling with the v-enom of Ht.!loderma. Scvcral publications can be found in 

*To wbom ali corrcspondcncc should be nddrcssed. 
Abbrcvia1ions used: Uz-Ar-g-OEt, N-bcnzoyl-L-ar¡;ininc clhyl ester~ llz-Tyr~OEt. N-bcnzoyl-L-tyrosinc cthyl 
ester; SOS. sodium dodccyl sulphatc. 
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thc litcraturc on the general clfccts associatcd with gila monstcrs (TJNKJIAM. 1956; BOGERT 
and MART1N DEL CAMPO 1956; Tu. 1977). M1ms and RAUDONAT (1966). Tu and MuRDOCK 
(1967) and STYuLOVÁ and KORNALIK (1967) havc publishcd a general biochcmical 
charncterization of thc 11. suspc.·c11m1 vcnom. Mmt.s ( 1972) rcportcd thc isoJation of u kinin­
rcleasing cnzymc as wcll as N-bcnzyoyl-1--argininc-clhyl ester hydr-olasc from .t·hc //. 
suspcctum "·cnom. Dcspilc this litcr;uurc. thcrc are no chcmic.al <lata on any of thc 
componcnts isolatcú or charactcrizc<l fro111 thc Mcxit.;an sub-spccics of llelodt.'rmu (exusper­
atum. hurridum or afourc=i). Jn this conununication wc rcport scvcn..tl obscrvations and 
propcrtics rclatcd to 1hc vcno111 uf//. horridunt lwrridu111 anú JI. '111rritlun1 alvan:=i. as wcll as 
lhc pudfication ofan cnzyrnc frorn //. hvrriilun1 lwrridu111. Part ufthis wurk was prcscntcd us 
un abstract during thc 1nccting of thc f\.1cxic:..tn SU<..'.icty for Uiochc1nistry (Octobcr 1978, San 
Luis Polosi, México). · 

MATERIAL ANO l\tETI 101.>S 

V'°n""' 
Tilevcnum was pipcllcd dircclly fn..un lhc muuth uf lhc hL.arJi. by thc lcchn1quc Jc~rabcd by L1.uu ( 191 )J. Thc JI. 

h~riJumhorriJunt wcrc collcctcd by us in thc field (E.stución Expcrimcntul de Chamcl>1, Sta le oí Jalisco, Mtxico) and 
thc 11. hurr/Jun1 uh'Ur~:I <werc a gifl frorn Profes~or l\.1i~ucl Ah·nn::r: del Toro (Zoolo.i;H:al 1'.fU)t:Um or Tuxtla 
Guticrrcz. Oiiupas, Mé..uco). "The frcshly collectcd vcnon1 (in i..:c) <was ccntriíuged al 18,000g for 10 minina Son-nll 
Ccnlrifugc (rotor 55.34, r_.. - 10.Scm) and lhc supcm.111unt ('olubJe "·cnom) was Jircctly usc::d or lyophilizcd and 
storcd ut - 20"C un til needcd. 

Ch,-núcaú anJ r,-sfru 
Only uilalytical grade rcagc:nts and •QJ,.enl• wcrc u~d. Scphadc~ G·75 wus obtained from Pharn1acia Fine 

Chc:núcals (Upps!t.la. Swcdcn). Dicthyl-aminocthyl-ccllulose (DEAE-Cclluloi.c), lypc DE-J:? was from \Vhatman 
lnc_ (Clifton. NJ. U.S.A.). Hynluronic .u.cid was from Nutr:tiunnl lliochcmicul Co. ll.l'.-Ari;-OE1 und 07.-Tyr-OE1 
werc from Sigma Oiemical Co. 

ütMliry anJ ~n:ymaric LU.says 
LcthaJi1y tests werc conduc1ed by i.p. injcclion of0.1-0.3 mi s.ulution into albino m1cc (f\1exican slrain). Thc LDso 

oflhcsolublcvenom orils fractions wcec obtaincJ graphically by plotting thc ":-;: oídeaths al 20 hrvs the fo¡:aeithm of 
lhc dos.e (ten micc al cach dos.e and ninc 10 eleven diffceent doses ofincrc;1sing conccntra1ion). To define lhc loJlicily 
of thc various chromatographic componcnls the follo<winc dcfini1ions wcrc u!>CJ. '"Lethal"" mcans lhat the 
componcnt al thc dose injec1ed was cnoui;h lo kill lhe n1ousc within 20 hr aftc:r injcction. 'loxic .. mc:ans lhat the 
mousc ahowcd any of1hc following symploms: cxcitability. spor;idic convulsi(_)ns, hcmorrlu1i:e in the cyc: oe dyspnca. 
but the mousc did not die within thc first 20 he aftce injcction. ''Non-loxic .. mcans noemal bchavioue, similar to 
injcction of o.g-/. NaCI. 

Phospholipnsc A activily <was dctcrmined by a litrimetric proccdurc \loith c¡;g yolt.. as subslrutc: (S111LOAll rt al., 
1973). Onc unil ofphospholipnsc uctivicy is dcfincd as thc amount oíc11:r:y1nc rclcusing 1 ,unolc of add pee min ut 
pH 8 and 2s•c in 3.0ml of a 10"/. (w/v) solution oí cgg yolk in 0.1 M NaCI. 

Hyaluronidasc activity was measurcd by a lurbidimetcic mcthod (TOLKSL>ORF .. ·tul .• J9-i9J al 25°C. One unit of 
acllvity isdcfincd ns the amounl ofcnzyme rcquiccd to hydeoly~ J ¡1g ofhyalueonic aci<l pcr minal 25°C in 200µ1 of 
a 200pg/ml solution ofhyalueonic acid in pl-1 5.3 bufTc:r. Estcrascuclivily was mc.ii.urcJ spccteophotomctrically \loilh 
bcnz.oyl cstcrs (Dz·Arg-OEt and Bz-Tyr-OEI) as substealcs. Thcsc ass¡ciys ..... ere C<lrt"ied oul at 25ºC by adding lhe 
cnzyrnc: in solution to u cuvctte containin1:t SOmM CaClz. 1 mM Uz-Arg.-OEI oe 0.5mf'.1 Tris-HCI bufTer (pll 7.8) 
o.nd rncasuring thc absorbancc at 255 nm. at time inlcn;als of JO S.C.."C for J-5 min pcriods in 1.5 mi total ,-olumc. Onc 
unit oícnzymie activity is dcfincd as thc amount oí peotcin nccdcd lo hydrol)·SC 1 µmole ofsubslrale in l min in thc 
abovc conditions. Dialysis 10 eemovc cxccs..s salls alter DEAE-1:Cllulosc chromatography wa.s pcrformed against thc 
propcr bufTer solution in Spcclrapoe typc 3 dialysis 1ubing (molecul41r·wci¡;.ht "cul-oír upprox. 3500; Spcctrum 
McdicaJ Industries}. Protcin conccnteations, unlcss othcrwi:.c spcdfic;d, wcrc rnc<li.uecd by spcctruphotomctry, 
au.urning that 1 A~;'7 unil - l mg/mL Columns <wcrc run al f"Oom tcmpceo1lurc (:!5~C.l 

ElectrophoTesU . 
Disc:ontinuous clectf"ophoecsis in polyacrylamidc gel (llio-llad L4.lbueo.itori~) wa!> pcefvemcJ by the method 

of JOVIN and bis co-woekcrs (1964). and gcls weec staincd with Coumassic BriJli¡.ant Ulue G-250 (Serva 
Laboralories) (RESNER et ul .• 1975). SOS polyacrylamidc gcls wcec run in cylincfrical tubcs containing 12"'/o 
accyla.rnK:c. 0.6~ mcthylcnc bisacrylamidc und Cl.2~ SDS (SWANK und MUNKkJ~ 1971). Sliib gel eloctcophorcsis in 
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polyac.'"Ylamidc was run according 10 lhc tcchniquc dcscribcd by S1nnt:R ( 1971) in a Cllnalco apparatus (Prep. DI.e 
Jnstruction Corpornlion. Rockville, Maryhmd, l9<1K). 

lmmunologlc:ul ~tuJi~s 
Spcci.fic 5l1ccp unti-vcnom scru wcrc prcparcJ u!>ing thn::c !>hccp (Ovü 11ric.s), cumrnonly namcd "'pcligücy- 1n 

MCxico_ Each shcep rcccivcd len injcctions ofincrcusin¡;cunccntrutions oívenom: 0.1,0.S. 1.0, S.O, ]0.0.und repcated 
doses or25.0mg rcspcclivcly. injcclcd evcry wcck. Thc 1111:11 volumc c1ívcnum injcc.:lcd cach time was adjusted to 1 rnl 
wilh 0.1 J\.{ Tri5-l ICI buJTcr, pi 1 7.95,und c1nul~ilieJ w11h a11 c1¡u.1l Y11lu111cuíco1nplclc F1cunJ'1ouJjuvunt. Frum two 
to lhn:c aites werc cho$Cn íor s.c. lnjcction bchind thc ncck uf the unirn;.,ls. Ulccdings wcrc mude on wecks íour. livc. 
six. cight and len, and scvcr;,I subscqucnt wccks. Scr;1 of the 6th·wcck bleeding "Wcre already useíul Cor 
immunodifTusion studics. lmmunudilfusion wus curricJ oul in o.w;.;, puufied ai-:ar conluininb U.I P...1 Tris-110 buffer. 
pll 7.9S; wells or 4 mm dintnelcr \VC:rc spnccJ lünun np;1rl írorn LCnlcr lo ccnter. Thc )._.:cb wcre run a.t room 
lernpcruturc rur 4K hr nnJ whcn nceJcd w.ohcJ. dric.J a11d :.toiiucd w1th ;in11Uo bl;u.:k (1 '%'.in 10'.%'. nc..clic ucidJ. 

A.cid precipllutiut1 tTt•llm~nt 
Thc vcnont "Was udjustcd tu ;1 fin.al cunc;;cnlr;1tion oí 2-b0111g/111l in a lin;1I buffer ctincentra1ion oí 20m!\.1 

ommonium ncctutc. pll 4.7. The 1niJ1.IUrc ofvcnurn nnd buffcr~wus alluwcd lo s.lund for IOrnin at 2SºC and then 
ccntrifugcJ for 2Untin. The rotor (Sur.·all nu. SS·J4J was c;perutcd ul 4~C nnd 25.<XXJg fr.,. ... - J0.8cm.).. ,be 
prccipitu.tc wus rc.i;.us.pcnJcJ in 25 rnf\.-f pului.1.iurn phu-.ph;itc buffer, pi 1 7.C.. and buth fractil.ms (supcrnatu.nt und 
n:suspcndcJ prccipitalc) wcrc rcaJ at 2Kün1n fur o.:.tlcul;1ti111~ thc pcr1.:cnt;1gc uf reH:rsiblc precipilation. For thc 
purificntion oí thc cnzyntc we ha\·c c.:hu">Cn a ,,.cnon1 c.:on .. :c11tr;1ti.H1 uf IOn1l~/111l íor thc ;1cidic prccip1t:ition. 

RESULTS 

General chaructcr;=atiun ufflw vcnomfrom 1-1. horri<lu1n horridu111 and 11. horridum alvarezi 
Micc injcctcd with thc vcnom fron1 both sub-spccics of Ji~ards prcscnt thc same symptoms 

of intoxication: dyspnca. sporadic convulsions. hemorrhagc in thc cyc and in thc 
; gastrointestinal tract. congcstion and cdcn1a in thc lungs and fina11y rcspiratory fo.Hure. Thc 

samc symptoms were described by Loen (1913) for JI. suspc:cuun cnvenomation. The LDso 
valucs for H. /J. horrldu1n and /f. h. a/vare=l are 2 mg/kg mousc wcight (Table l ). Thc amount 
ofvcnom obtaincd from JI. h. lzorridum is approxi1natcly 0.5 mi pcr animal (27 cxtractions 
from eight difTcrcnt spccin1cns). TI1is vcno1n was cullcctcd in captivity (Mcxico City). For H. h. +f 
alvare;i thc volurne ofvcnom is npprox. 0.92 mi pcr unirnal (eleven cxtractions from eleven 
nnimals) whcn collcctcd in their natural habilal (Chiapas. México) and 1hc vol u me is O.SS mJ 
pcr animal (six cxtractions frorn two aniinals) whcn cxlraclcd in caplivity (México City). For 

TAllLI.i J. LL"Tllll.LfTY A.NI> l.NZYMA l IC A•llVI f"ll-"> IN 1111. 

Frnction (Figs. 1, J) 

LDso (µgfg mousc) 
Phospholipasc• 
Hyaluronidasc• 
Bz·Arg-OEt hydrolasc• 
Dz Tyr·OEt hydrota.sct. 

11. h. lwrr1dum 
wv 

2 
68.0±0.5 

6.6±0.2 
2.7±0.3 

0.08 

s 

52.) ±0.) 
6.7±0.4 
3.4±0.l 

0.13 

50.6±0.5 
nonct 
nonct 
nonct 

l V."I) !'.Ull·!'.l·L<:U-'> OI l/t'loJc:rnw hurridwm 

wv 

2 
91.4± l.l 

9.2±0.06 
4.2±0.5 

o.os 

11. h. uk11re:I 
s 

75.9 :t.0.7 
8.6±0.J 
4.3±0.8 

0.46 

77.7 :::!:: 0.3 
non et 
nonct 
non et 

•Enzyrnatic nctivity wus a.vcragcd aftcr thrcc indcpc:ndcnt dc1cnninutions (mean ±5.0.) und are C:llprcsscd as 
units/mg (scc Material nnd Mcthods íur dclinition oí units). 

tNcgativc whh cnzymc samplcs up to SOOµg protcin. • 
fThc N·bcnzoyl·L-tyrosinc--cthyl ester hydrolusc nclivity is bai.;cd upon a single mcnsuremcnt and is also 

cxpn:sscd as units/mg (acc Material and Mcthl.Xb for Jefinitiori oí units). 
WV - wholc vcnom; S - soluble vcnom uCtcr ucid treutmcht (10 n1in in 20mM ammonium acctatc buffer. pH 
4,7). P - prccipitatcd vcnom rcsuspcndcd in 25 mM phosphalc buffer. pl-l 7.6 (scc Material and Mcthods Cor 
dctails). 

.~ .. ._ 
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both sub-spccics thc protcin conccntrntion oí thc írcshly collcctcd vcnom is approx. 
80mg/n1L 'Thc dcctrophorctic pattcrn of thc vcno1n (l:ig. 1) indicatcs al lcast 18 diffcrcnt 
protcin cornponcnls using thc Tris-buffer sys1cn1 dcscribcd by JovJN t!l al. ( 1964). Thcrc is no 
difTcrcncc in thc clcctrophorctic paucrn ofthc two vcnorns (dat;1 not shown). ·rhcrc is also no 
:.1pparcnt difTcrcncc in thc clcctrophorctic paltcrn uf thc vcnom cxtrm.:tcd unce pcr month 
fro1n thc saine aninH1I ovcr a pcrioc..J uf une ycur (r·csuhs nut "°huwn), allhough

0 

u ?-.mull 
difTcrcncc is apparcnt umong thc vcnon1 cxtractcd fro111 <liffcrcnt individuttls ut thc s¡1mc time 
(Fig. 2). The vcnorn has thc folluv.dng cnzynwtic ;ictivitics: phospholipasc. hyaluronidasc. 
¡1nd llz-Arg-OEt :uu.J B:t.-Tyr-OEt hydrolascs (Table l ). Thc vcnoJns. frcshly collcclcÚ from 
both sub-spccics uf li;, . .arc.Js. huvc a neutral pi 1 (6.9 7.o,. Thc vcnun1. c.JilutccJ in J 5 mM 
polussiu1n phosphatc buffer (pH 7.6 or 8.6), is vcry st¡tblc, cvcn ata conccnlration of 2 mg/ml. 
but whcn dilutcd in an1111oniun1 aceta le buffer (pH 4.7) a prccipitat~ is fonncd. \Ve ha ve found 
that this prccipit;.tlion is sclcctivc und reversible and inv<:=¡Sdy proportional to thc logarithm 
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VENOM CONCEHTRATlON (mo;¡¡ m1-1 ) 

F10- 3. ACID 1•1t1::c11•1TATION 01'" Tllli VJ;No1"t. 
'"Iñc •olublcvcnom fr-orn 11. h. hOTTIJuni wasJilulcd in 20mf\.1 nmmoni.u111111.-ctulc buffer. pi 1 4.7, incubutcc.J ut 2SºC 
for 10 nún und ocntrifuKcJ ut 25,tX>Og for 201nin. Thc prccipitutc wus rcco"cccd in 25 mM potussium phosphatc 
buffer, pH 7.6. and lhc protcin conlcnt was dctcrmincd by ubsorbuñcy ut 280 nm. us <Jcscribcd in Material and 
Methods. Thc insct rcprcscnls thc perc:cntagc or vcnom which is prcc1pitatcd with adtl vs 1hc log of thc \'Cnom 

conccntr;ttion uscd íor cvcry poinl oí thc grnph. 11. JJ. lwrri.lu111 {u}. 11. Ji. Hl1·11n·:i {x). 

.: 
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.,. 
F10. t. ELI!CTMOlºllOJU31S º" SOLUULI! v1:NUM ANU ACll> 1•N,r:c-11·1r-A"Jl.I.> Vl!NCJM f-KOM //.h. horrldunr. 
Polyucrylamidccylindricul i;cls (S.S cm. 2 mA) in Tris-¡;lydnc bufTcr. pf 1 H.J. werc prcparcd according 
lo thc mc&hod oí Jov1N «tul. (1964). TI1c samplcs, A unü n (100 und 200µg of thc soluble vcnom 
n:spcctivcly).ond S und P(IOOµgeuch oí1hc soluble fraction aflcr :1..:id lreatmcnt nnd thc prccipitoacd 
vcnom rcsuspcndcd in phosphutc bufTer rcspccdvely; sce Fig. J), wcre run und stuincd wilh Coomassic 
Brilliant Oluc 0·250. "Jñc pro1cins run towurd thc uno .. Jc. lnitiully, 1 H úiM=rctc bands wcrc visible; 
cight slrong (3, 7, 8, 11, 12, IJ. 14, 17). six moJcn~te (1, 2. 4, <,, 9, JGJ w1d four wcuk (5, 10, 15, J8J. 

1 2 3 5 G 7 e \.--J.·µ 
'"·' \.-J ~ ~ .L.J b ---- Applica'tion poin-r 

.....- ·- ·-·- .. -- RunnlnQ ºº' 

~ -
~ ~ - ~ .. .. • .......... 

ii - - - Ir 11 11 - -- - .... - -
--- Trackino dye 

F10. 2. Eu:CTROl'llOKl:SLS 01' SOLlJllLJ: v1:NuM l'ltOM //. 11. lw~ri.fum 0111-AINU> 1 MOM s1:vt;N UIFl-EkE.Z-.7 
ANIMAL'i. 

Vcnom from sc:vcn (1-7) c..lifrcrcnt animals (100µ¡; pcr lanc) wa!. run on polyacrylamidc piule gel 
((lOcm. IS mA in Tris-glycinc buffer. pH 8.3 (S11un:R. 1971 )] and srnincd with Coomassic Brilliant 

(lllue R-250. Thc pro1cim1 run towarc..I thc unoJc.J 

" ,, 
' 
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F10. 4. 1 ... 1 .. 1ur-.11uu 1 u.'>HJN lL-..1. 

An immunoúifTusion test fro1n thc !.hccp anli· 11. li. liurr1.!11t11 \ClhHn ""'·•~ c..:.1rncd uut ill U.Hu;, agaro5c containing 
0.1 M Tris-1 JCJ buffer ¡¡t pi J 7.95. wdl:. uf -l 1111n .J1,1111ctcr .... cr.:. 'l'·•<-cd 1t1111111 .. p.ut fr<•111 1..c11tcr 1111..cn1cr. Thc ¡:cl!i 
wcrc run ul 4•c und u dircct piclun: "•''" l•1l..c11 ;1f1c:r 4H hr 111.,;ub.111••11. ·¡he <--c111r.il wcll L:u11t•1in .. !>hccp unti-vcnum 
scrum (20µ1). Thc uppcr und lowcr wclls cunwin :?O¡tl (:?(XJ¡1g) of //.h. lwrr•dum \·cnom. Thc lcfl and righl wclls 

cont;1in 20µ1 (:?0011g) 11. 11. ufrur-c·=i \cnorn. 

,i 



I 
E 
r:: 
o 
m 
N 

<( 

0.2 e 

0.1 

o.o 
o t 

G 

- running gel ___ ,.,. 

---.. ,._ tracking dye ,,--'' 
,.,,. ...... •"' 1.4.2. B 

__ ............... ... ---
•' --

40 

------­/ 

80 

.,. 
.'; 

120 

mi. 

I 
a> 
V) o. 
e· 
-= :-.. 

0.3 :r:: 
LL.J 

0.2? 
= 
~ 

0.1 1 

"' o.o = 

Fuo. 7. 11..,1J1u11•11111111· 1:-011 ic,..,, 1111:-.i, 11 ... c ... ,,..,., ...... ,.1•1n 111 1111 1 ... ,., 111.-.. 1.-l.:! '"""' Fa .. e.u. 

50, 
1 

' 40-
e; 
<..> 

30 :-.. 
O> 
a> 

20 e: 
a> 
>. = 10 LL.J 

o ~ 

'lñc ínu.::lion 1.4,211.h 111¡.:I in 11.tll 1\.1 ~••d1u111 ph''''Pll;ilc bulkr lpl I fo.X) ::O:">".,,.tlllfal1.·d wi1l1 .111111111111u1n ,Uifillc. wus 
;1ppltcll cu ¡,1 pl11:n)l-.....:ph.1r"-.c tl'h.11111.1 .. 1.1 l·11i..: ( ·i.c11111.;1! .... l lpp .... 11.1. s,,c1k111.._ .. 1u11111 ¡q_•J " 111 .. 1111. 'I he culumn 
wu•eluh .. -J with a linc.arc1hyk1u: ~l)·•·ul i:~•adu.:111111 1111.: :1ho\C-llo•lo.:d hullcr ll:!Oual tul.ti \.11lu1111.:I. Thc flow ratc was 
201111/hr. Tubcs uf 1.6 mi \.·olu111c "ere collcc1cJ unJ poulcJ lo ~i"c thc pu1c Cll.l)tH.:, frou.:llun 1.-l.:?.U (horizont:il bar). 
G mcans lhc sarncas Fig. 6. In set: gd ek..:lruphurc!>tS uíthe M•lubk \:cru11n tldl l;1nc. l t10¡1i:I and thc puritic<l cnzy1nc. 
fr.u:lion 1.4.2.11 (ri~ht lime. 40¡1g). Cyli11Jru.:.1J pol).1..:ryl;1111ulc l!CI:. "~ere run ~n lhe :.;um: ..:und111on<> ••'>in Fi¡:. J. 

F"ICi. 8. IMMtlNOl>JIU._U>N ·11.,1· l>I 1111. l'llHll 111> 11.-.:-Ari!·ÜEt JIYl>JU>LA.'."E. 
~ ug¡1rw.c gel was prcp;lfcd as <lcscnbcd in Fig.. 4. Aftcr 4K hr -.lí diffu:.iun thc platc w;as wa!.hed. <lried ;md s1aincd 
with umido black (1% in JCYY.. oíacctic acid). Tl1c lefl part uf tlh:: pi..:-iurc (!»1!111ífivc wclls) W<lS obtaincJ with shccp 
nnti-11.lr. lmrri.lum vcnu1n (2U¡d of:.crum in tl1c ccn1ral well)~ uppCi- and l11wcr wclls ctintain 10111 (30¡1gJ oípurificd 
Bz-Arg-OEt hydrolasc; lcft and right wclls contain 10111 ( llMJ ¡1g) of wholc venom from 11.11. liorriclum. Thc right pan 
o! thc pic1urc (:w:I oflivc wclls) was obwincd in tllc ~1mc cu11Jiti-.111s ns lhc lcft pui-tiun uf thc pi..:lurc. but thc uppcr 

. and lowcr wclls cunlain only burrcr (thc cnzy1uc wots p111n1i11cJ). 

,• .. 
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prcc1p1lation phcnon1cnon. Phospholipasc sccnl.s to be onc uf thc cnzymcs which prc­
fcrcntiully is pn.~ipitutcd in this conditiun. Whcn rcsuspc1h.lcd in. 15 1nM phosphatc buffer 
pH 7.6 thc prccipilalc dissolvcs and can casily be quantilicd. ,~l1cvcno1ns are gom.t antigcns ns 
can be obscrvcd in Fig. 4. Thc vcno1ns fro1n both sub-spccics (/1ru·rü/11111 and ufourc.·=iJ cross-
rcuct cxh.:nsivcly _.ilh th...: S\,;lfa ag.ainst thc //.h. horrúliu11 vc1101n (Fig. 4). • 

lsolalion of a D=-Arg-OEt hy1/rohlst! jrom tht.• t'<.'rJvm of 11.h. horridu1n 
Sincc no in1ponant diffcrcnccs '\vcrc found bctwecn thc general biochcmical charactcr­

iz:.1tion ofthcvcno1n fro111 //. /,, /1urridu,,1 u1u.J //.Ir. "l1•u,. .. =; wc h~1vc <lct,;itlcd to t1:-.c only thc 
vcnom fron1 thc typical sub-spccics 11. li. hurritlum for thc isolation of.thc cnzyn1c. Thc first 
stcp in thc purification of thc Bz-Arg-OEt hydrol:.1sc was acid prccipitation, as dcscribcd in 
Material and l\'1cthods. Thc supcl"natanl was applicd to :.l Scph:.idcx G-75 column rcsolving 
six fractions (Fig. 5). Fraction I contains most of thc hyaluronidasc and phosphoJipasc 
activitics and also sho\VS Bz-Arg.-OEt hydrolasc uctivity. Fnu.:tion lI has thc highcst 
proportion of thc Bz-Arg-OEt hy,frolasc and littlc of thc othcr cnzymc activitics. AJI othcr 
fractions. lll-Vl. contuin ahnost nonc of thc cnzyrnatic activilics tcstcd. Figure 5 (lcgcnd.) 
also summarizcs the cnzyn'latic activities obtaincd during gel filtration in Scphadcx G-75. 

Thc lethality to micc of thc various fractions fro1n Scph:.idcx G-75 \V<.1s also invcstigatcd. 
Fraclion 1 is Jcthal at doses of::!O 111g/kg lnousc wcight. Fi-a~tion 11 is pnssibly thc fraction that 
contains thc most toxic componcnt. lts LD30• dctcrmined at eleven dilTel"ent doses using ten 
micc for cach dosc. was 0.461ng/kg 1nous.c wdght. Thc toxic potcncy of this fra<.:tion was 
incrcascd more than four-fo1d con1parcd \Vith thc wholc vcnom (2 1ng/kg \\•cight). Fraction 
111 was lcthal ata <lose of 5 mg/kg, mousc wcight and a11 rcrnaining fractions (111-IV) wcrc not 
lethal at doses up to 5 mg/kg n1ousc wcight, thc 1nicc injcctcd with thc lattcr fractions 
prcsenting no sy111pto111s of intoxi..:~ttion. Fnu.:tions 1 anc.1 11 corrcsp(>tl~ to )6 and 25'% oíthc 

I 

"d ¡ I 

Faa. S. Sc.rARATIUN OF 11. li. Jaurrulu1tt v12:-.uM uv Sl.l'llJ\Dl.X G-75 co1.uMS CllKUM"·acx..;KAl'llY. 
TIIC Rlpcrnatant (5) fruclion of lhe 50Juble "cnom (65 mg) aficr aciJ prcdpitatum (!>Ce Fi~ 1 anú 3) was applicd to u. 
Sepbadcx G-7S column (0.9 x 200c1n) .and run in 25 m!\.1 pola~ium phosphoilc buITer. pi 1 7.6, al a Oow rule of 
1Sm1/hr. Tubcs containing 1.9 mi volume werc collcctcd anú poolcd ólS frm;;li_ons 1-VI lhorizl.mtal bars) bascd on 
thc absorbwtcy al 280nm and on lhe cnzymatic acth.·itics (righl p..uti(•n oí lhc graph}.. Fraclions 1, 11 :.1n¡J 111 containcd. 
rcspcctivcly. 92..l, 7.S unJ 0.4% oí 1hc total phospholipas.c acitivily. Frac1iÜns'I anJ 11 cuntaincJ. rcspcclivcly. 95.2 
and4.8"oflhc total hya.luronidasc aclivity. Fraclions 1, ll and 111 conlaine<l, respcctively. 27.2, 71.0 and 1.8'%,ofthc 
total Bz-Arg-OEl hydrot;u.c activüy. Venical arrows indica te the clullon volume oí B.d (bluc dexiran. molecular 
weight ovcr two million). O.a. (ovoalbumin. molecular weight 45,0CXlJ. Cyt. e (cytochrome c. molecular y,,cight 

12.,.400) and NaCl (sodium chloride) uscJ as molecular weight markers of the column. 
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total protcin rccovcrcd rcspcctivcly. For furthcr purification wc havc startcd with fraction l 
from Fig. S. A samplc of this fraction wus applic<l to a DEAE-ccllulose column in 15 mM 
potassium phosphatc buffer. pH 7.55 (Fig. 6A). Thc chroinatogra111 of Fig. 6A shows the 
scparation offruction l frorn Pig. 5 into cight sub-fructions. Fractions 1.5.1.6 and 1.8 contain 
sorne phospholipasc w.:tivity. This rcsult indic..:alcs that thc vcnom has diff"crcnt forms of 
phospholi!"ascs. Fraction 1.4. containing thc Bz-Arg-OEt hydrolasc activity. was re· 
chromatographcd in thc san1c DEAE-ccllulusc column. but with 301nM potassium 
phosphatc buffer at pH 8.6 (scc Fig. 6B). In this figure fraction I.4 is shown to be composed oí 
two subíractions: only fraction 1.4.2 ha:-; thc Bz-Arg-C.)Et hy<lrula!>c a<.:tivity. Gel clc::ctro­
phorcsis or fr;.1ction 1.4.2 hilS shuwn that thc c11zy1nc !>lill ha<l protcin <.:onlaminanls. Only 
aítc::r chron1atography oí fraction 1.4.2 on a phcnyl-scpharosc column was this cnzyme 
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FIG. 6. ION l:XCllAt-:GL CJ1KO:.tAllX.illA1'11\" 01 ·1111 l lt.\C·1111N 1 J JUJ:\I !-.1 l'llAl>I.' G-75 (Flli. 5). 
(A). Thc fra.ction l from Fig. 5 (19 mi) cuntainini; 22.2mg. oí pro1cin w;1!> ;1djust.:::d.10 15 mZ\.1 potassium phosphntc 
buffer pH 7.55. ;md applicd to a. DEAE-Ccllulo~ Column (U.9 x 22.St:m). Thc c:nzyme was clutcd wi1h a linc~r 
grndicnt (200 mi cach) of0--0.2 M KCl in 1he samc IS mM potassium phmphale bufTcr nt pi 1 7.55, with a Oow ratc o( 
40ml/hr. Tubes containing 2 mi volumc ""ere poolcd to givc fraction 1.4 (horizontal bar) b;.1scd on absorbancy oll 
280nm and on the Dz-Arg-OEt hydrolasc ac1ivity. Thc phospholipa~ ;1ctivi1y b :1lso..l indicatcd. The ,·cr1h..-.1I a.rr"w 
labcl wilh G indicatcs thc point whcre lhc gr;idicnt s1;1r1cd. and \V indicatcs the slcpwisc: wash with 0.2 ?\1. KCL 
(B). TI1c fraetion 1.4 (5.2mg) from Fig. GA was dialyzc<l a¡;-.ini.t JOmt.-1 potass1um phosphatc buITer. pH 8.6. A.nd 
o.pplicd to a DEAE-Ccllulosc (similar to Fig. 6A) column (Q.9 x 14 cm). "lbc cnzymc was clu1ed with thc s:iune 30 
mM K phosphatc buffer, pH 8.6. ata flow ratc of 40 ml/hr. A linear gradicnt, containing :oo mi bufTer (each). was 
applicd fromO to0.2 M KCl togivc fraction J.4.2 (horizont:d bar). Tubescontaining 2 mi .. ·olumcwcrc rcad at 280nm 

und thc Dz-Arg-OEt hydrolasc at:ti,·i1y dctcrmincú bcíurc pouling. G mcans thc s:mu: as in Fig. 6.A. 
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oblnincd in purc form (Fig. 7). TI1c inscl of Fig. 7 rcprescnts thc pallcrn of thc Bz-Arg-OEt 
hydroJase in gel electrophorcsis comparcd to thc nutivc: vcnom. In u sepa rute cxpcrimcnt thc 
cylindrical gel containing thc purificd cnzymc was cut in to 1.5·m•n sliccs ¡¡nd thc Bz-Arg­
OEt hydrolase activity was mcasurcd dircctly in thc gel sliccs. Thc cnzymc activity 
corresponded to thc protcin bund in thc gel (dutu not shown). l1nmunodiffusiQ'n gcls huvc 
shown that thc purificd cnzyinc prcscnts only onc bund (scc Fig. 8). Sodium dodccyl sulphutc 
gel clcctrophorcsis ofthis cnzymc has shown only onc protcin band (data not shown) with a 
molecular wcight of65.000. similar to bovinc se ruin albun1in (Fig. 9). Table 2 summar-izcs all 
stcps ofpurification ofthc Bz-Arg-OEt hydrolasc. giving thc valucs of thc final rccovcrics fer 
cach stcp. In rcfcrcncc to 1hc othcr cnzymcs found in fraction 1 (Fig. 5). it is intcrcsting to 
observe that thc phospholipasc activity applicd to thc DEAE-CCllulosc column (Fig. 6A)was 
only partially rccovcrcd (30%). whcrcHs thc hyaluronidasc uctivity was complctcly Jost in this 

-~ ' 

DJSCUSSION 

In thc litcraturc thcrc is no rcport on thc clcctrophorctic pattcrn of thc vcnom from JI. h. 
horridum oc JI. h. alvur~;:i in polyacrylaini<lc gcls. Thc only rcfcrcncc (MEU-':i and RAUDONAT. 

1966) rcporting clcctrophorcsis of J-Jeloderma venon1 was obtaincd on a papcr support; no 
mention is made as to which spccics it corrcsponds (probabty to JI. suspectwn suspectum) and 
it is not comparable to our rcsults. The constant rclativc composition of thc vcnom during lhc 
ycar is also peculiar 10 Jleloderma vcnom. It is known from othcr spccics. mainly wasps and 
sqhkcs (revicwcd by Tu. 1977) that thcrc cxists a ccrtain variation in lhc proportion ofsomc 
cornponcnts of thc vcnom according to lhc scason of thc ycar. Thc small difTcrcncc found 
amongindividuals oflhc samc population is not ncccssarily consistcnl; it could be a variation 
on thc degrcc ofcontaminulion ofthc vcnom with saliva. although this did not happcn in the 
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F10- 9. MOLECUUlR WUJOlrT Dl:.TERMINATION OF TllE Dz-Arg-OEt HYDROLASE UY SDS-POLYACRYLAMIOE OEU. 
Thc purificd (ractian 1.4.2.D (Fig. 7) was run in parallcl with standards of known molecular wcight (BSA. bovinc 
scrum albumin. molecular wcight 6S,OOO: P-31 peplidc Crom IJSA:. molecular wcighl 31.cx::>o; P-29 pcptidc from BSA, 
molecular wcighl 29.000: RNAsc. ribonuclcasc. molecular wcighl 12.600) in cylindrical polyacrylamidc gcls 
conlaining 12'"/. SOS (SWANK and MUNKR.ES. 1971). Thc molecular weig.hl of thc cnzymc (Hydrolasc) corrcsponds 

cxacdy to thc poinl (vertical orrow) of bovinc scrum nlbumin~ wi1h un approx. molccuJ¡¡r wcighl of 65.00Cl 
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case of thc J-/clodern1a. íron1 which wc havc analyzcd thc vcnom cxtractcd throughout the 
ycar (twclvc cxtractions fro1n thc sarnc unimal). ln othcr wor<ls. if thc diffcrcncc was duc to 
contaminution with saliva it would probably havc uppcarcd in thc gel electrophoresls 
puttern fron1 thc vcnon1 cxtractcd in dirTcrcrll scasons frorn thc san1c individual. Thc potency 
of thc vcnorn is high cornparc<l to othcr vcnornous ani111als (scc Tu. 1977) urid thc amount of 
vcnon1 obtaincd by u single cxlraction (approx. 40 mg ofvcnon1) is cnough to kiJl hundrcds oí 
mice of20 g cach (LD!'>o 40 JJ.g/20 g rnousc wcight). Anothcr intcr·csting propcr-ty of thc venom 
is its heat·stability. as airead y rcportcd by Loi:n ( 1913) and MEJJS ( 1972). Thc vcnom is Slill 
active. cvcn aflcr aulocl:lving at 1 :!0"C for scvl.!ral inin ! 

TI1c cnzyrncs that wc havc found in thc vcnon1 uf//. h. Jwrridum confirm thc findjngs by 
Mrms(J972). Tu and MuRDOCK ( 1967) and STYnLovA and'KoRN/\LIK ( 1967) far thc venom of 
H. suspcctum suspcctunr. Both spccics of liz.ard havc thc samc kind of cnzymatic activities. The 
rcsuhs of gel filtration of thc Vl.!non1 frorn //. 1~:· lwrridum sccm to be vcry similar to those 
obtaincd by Mi::us ( 1972) íor thc vcno1n of JI. suspcctwn. In thc vcno1n of //.h. horridurn there 
is. apparcntJy. a toxic protcin which is cxcludcd in fraction 11. as alrcady discusscd in the 
scclion of Rcsults. Thc final puf"ification of thl.! il.1.-Arg-OEt hydrolase cnzymc was not a 
struightforward proccdurc. -rhc cnzytne is clutcd .... ·ith othcr componcnts of thc vc:nom anda. 
column of hydrophobic intcraction-typc (phcnyl-scpharosc) had to be u sed as the Jast step 
in thc purification proccdurc (Fig. 7). This probk:1n cxplains thc Jow yicld finally obtained 
during the purification ofthc Dz-Arg-OEt hydrolasl.!. which is in thc ordcr of 1.5%, as shown 
in Tu ble 2. An ndditional problem is relatcd to thc spccific uctivity of thc cnzymc. Duc to thc 
fact that thc starting material (soluble vcnon1) contains. severa! c..Jiffercnt cnzymcs that splil lhe 
substratc (N-bcnzoyl-L-argininc cthyl ester). it is diflicult to rcport thc cxact value for the 
puritication ofthccnzymc. \Ve do not know thc individual contribution of cach cnzyme in the 
initial samplc. . 

Comparison of thc abovc rcsulls with MLIL">·.s ( I 9T2) rcpurt su~gcst~ that thc Uz-Arg-OEl 
hydrolasc hcrc dcscribcd corrcsponds to thc kinin-rcJcasing cnLymc found by him in the 
venom of Ji. s. suspectum. 

TAULIJ:2. SUMMAkY Uf" Tlll! l"UklHC:ATIUN l'HU(_"l l.>lJHL OI 1111 ,"l/·Hl.N.t'".OYL·L AIH<JSINl.·l 611Yt. L ... Tl.k JIYUHOLASl! FKO.&.I 

Tlll! Vl.NOM o,. //efv•lc.•r"1" /¡urr1<h1111 liorrl.Jiu" 

Rulio to 1ho 
Souro:: oí J•rutcin ·ru101I oic..:t11'1ly S1-..:c,.;ific..: ;u.:IÍ1'1ly Spcdfic au:tivity 

Fruclion frucliun (mg)• (units)t (unil!>/mg) Rc'-=o: .. n•cry uí thc who1c venom 

Wholc Lyophilized 100.0 267.U 2.67 100.0 1.00 
venom vcnom 

s Supcrnatant uciJ 
prccipitatcd 920 310.U 3.37 116.1 1.26 

Scphadcx G-75 34.S 90.1 ::?..61 33.7 0.98 

1.4 DEAE~Ccllulosc 

(pH 7.SS) 8.06 45.5 S.M 17.0 2.11 
1.4.2 DEAl!-Ccllulusc 3.9) JU.9 7.86 11.G 2.94 

(pll 8.6) 
L4.2.B Phcnyl·Scpharosc O.SS 3.7 6.74 1.4 2.52 

•Assuming 1 ubsorbuncy unit al 280nm cqual to 1 mgJml. 
tOnc unit is thc umount oí cnzymc that hydroly:zcs 1 µi:nol oí substratc pee min in thc c:onditions dc~ribcd in 

Material and Mcthods. 
s .. l .. 1.4. 1.4.2 and 1.4.2.ll are fractions obtaincd during thc purification proccdurc (chromatrographic stcpsj 
indicatcd in thc sccond column oí thc Tal>lc. 
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Biochemical Charactcrization of thc Phospholipasc A 2 Purificd fro1n thc Venom of 
the Mexican Bcadcd Lizard (Hc/oderma horridum horridun1 Wicg1nann)t 

• Beatriz P. Sosa,l Alejandro C. Alagón, •.l Brian M. Martin,1 and Lourival D. Possanil 
Drpartam~nto de Biologla 1\10/cc:u/ar. ·1n.11i11110 de /rwr:.stlgaciones Biomi'dica.T, UNA,,..f, J...IL"":cico D.F. 04510, Mexico. and 

NINCDS. D/'.fiVB. /\/atlonal ln.stl1111r:.s of J/calth. Bethesda. Mary/and 20205 
Rereiucd Augu.tt 14. /Q85; U.evi ... ed ,\fan11.script R.eceivet/ Deccn1ber 6. J9S5 

ABSTRACT! A phospholipasc A 2 was isolatcd from thc vcnorn of thc mcxican bcadcd lizard (llc/oderma 
horrldun1 lzorridun1) by phcnyl-Scpharosc chromatography followcd by Scphadcx G-75 gel filtration and 
two additional stcps on ion cxcha.ngc rcsins (DE-32 ccllulosc). Thc a.ffinity chromntogra.phic method 
(PC-Scpharosc 4D) rcportcd for thc isolation of other phospholipascs [Rock. Ch. O .• & Snydcr. F. (1975) 
J .. Blol. Chenr. 250. 2564-2566; King. T. P., Alagan, A. C .• Kwan, J., Sobotkn. /\. K .• & Lichtcinstein. 
L."M. (1983) ,O.fo/. lmmunol. 20, 297-308; King, T. P., Kochoumian, L., & Joslyn, A. (1984) Arch. Biochem. 
Blophys. 230. J-12) wns uncffcctivc far lhc separation of this cn7.yr11c. Thc n1onomcric íorrn of thc //clodcrma 
phospholipasc has an apparcnt Afr of Í8 000 by sodium dodccyl sulfatc-polyacryla1nidc gel elcctrophorcsis 
and t 9 060 ns calculalcd from atnino acid nnalysis. It ulso contains on thc arder of 7<7º carbohydratcs pcr 
mole oí cnzyn1e. Thc N-tcrtninal a1nino acid scqucncc was !->hown ¡o be ver;.· Jiffcrcnt fron,1 that of 
phospholipascs isolatcd from 1nanunalian pancrcas and crotalids an<l clo.tpids Snilkc vcnon1s. Thc íirst 39 
amino acid rcsiducs at thc N-tcrtninal rcgion havc 56<;'º hon,ology with bcc vcnon1 phospholipase but differ 
frorn lhc bcc phosphoHpasc in thnt it.s isoelcctric point is acidic (p/ = 4.5). instcad of ba.sic. and it has 
approximately 50 a.n1ino acid residues rnorc in thc n1oleculc. Thc spccificity of thc en7.yn1e is ma"inly AJ. 
typc with p::>ssiblc residual D-typc activity. The cnzymatic activity is Ca:!+_<lcpcndcnt. Half-cystinc alignmcnl 
of thc Helodernta phosph Jlipasc scqucncc with lhosc of othcr known phospholipases shows thc lack of an 
octadccapeptidc at the N-tcrminal regían. thc cx.istcncc of an cx.tra hcxa.pcptidc al positions 42-47. and 
an exact corrcspondencc of f/elodernia Gly-12. Gly- l 4. His-36. an<l Asp-37 "vith Gly-30. Gly-32, His-48. 
and Asp-49 from othcr phospholipascs shown to be in1portant for Ca~+ binding [Dijkstra. D. '\V .• Drcnth. 
J .• Kalk, K. H .• & Va.ndcrmaalcn. P. J. (1978) J. Atol. Bio/. 124. 53-60). Thc l/c/odcrn1a phospholipasc 
like thc bec phospholipasc has a Trp at positio_n 1 O corrcsponding to Tyr-28 of othcr phospholipases. also 
clainicd to be important far calcium binding. Although thc prcscnt cnzymc is structurally vcry diffcrent. 
it could be sharing similar pcptide scquc;:nces around thc Cal+ binding sile oí othcr phospholipascs A:i rcportcd. 
thus íar. 

he cnzymcs with phospholipasc A 2 (EC 3.1.1.4) nctivity are 
cnlcium~dcpcndcnt esterases. Thcy hydro1y7-c thc 2-a.cyl"bond 
oí 3-n-phosphoglyccridcs. Most uf thc phosphotip~1scs 1\ 2 
isolated so far. írorn pancrcus; snakc vcnotns. and bcc vcnorns. 
are rclativcly small nnd rigid rnolcculcs. havins 6-7 disulfidc 

'"fhi5 work w•5 5Upportcd in parl by Di<ccciún General de Asunto~ 
del rcnon•I A.c..d~mico-UNAM (¡¡ivcn to B.M.M. nnd L.D.P.) nnd lhc 
Mcidcan Fondo Rlcnrdu J. Zcvada (Grant 20/KJ). 

• Addrc~ir; corrc~pnndcncc to this nuthor. 
1UNAM. 
1 Nationnl ln11olitutc"' of l lcallh. 

bridgcs in a protcin approximatcly 125 rcsiducs in lcngth 
(Vcrhcij el ni.. 1981: l lcinrikson. 19H2). 

Cornparison uf thc prirnary :.tructurc oí n1orc than 30 
phospholipascs Jt;¡s rcvcalcd a high dcgrcc oí homology in thc 
an1ino acid scqucncc of thcsc cnzymcs. Two classcs oí 
phospholipascs hnvc bccn proposcd: group J cornpriscs 
phospholip:lscs írom pnncrcatic juicc. clnpids (cobras). and 
hydrophids (sen sn:i.kes) nnd group JI is composcd by phos­
pholipascs írom n1any crotatids (ralllcsnakcs) (Hcinrik.son et 
al.. 1977). !"he two diffcrcnl structural groups ""'ere scparated 
on thc bHs1s of spcciíic disulfic..Jc bridgcs oí thc molcculcs. 

0006-2960/86/0425-2927SOl .50/0 <C> 1986 /\tncrican Chcmic~d Sncicty 
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Crystalh>gn1phi..: studics uf thc bovinc p¡u11.;rcatic cnJ".yrnc. 
group 1 (Dijks.tr:t et al.. 1978). and a phospholipasc from thc 
western diamondb•1ck rattlcsnakc (Crotalus utrox) (Kcith el 
al.._ 1981) ha ve shown grcal similaritics in thcir thrcc-dirncn­
sional structures. Thc phospholipasc A 2 cnzymcs .are Ca!+-_ 
dcpcndcnt cnzyrncs. Arnong thc arnino •1cid rcsiduc~ shuwn 
to be importanl far thc Ca 2 + binding sitc are Tyr-28, Gly-JO. 
Gly-32. His-38. and Asp-49, a:.o shown by a X-ray crystallo­
gra.phic unulysis of U Ca 2 +-cn7.)'fllC complcx. in bovinc phos­
phoJipasc (Dijkstra et al.. 1978). 

Dcspitc thc structurul si1nilaritics and thc knowlcdgc of thc 
Ca2 + binding sitc of phospholipascs, thc actual catalytic 
mechanism of thcs.c cnzymcs is yct to be cstablishcd (~1ara­
ganorc et ul.. 1984). Thc dbcovcry of ncw structural typc!i 
of phospholipascs A 2 will ccrt¡iinly hclp in undcrstum.iing thc 
important char;.ictcristics of thc structurc of thc cnz.ymc that 
could be related to thc cal:-lytic aclivity. 

Thc purposc of this papcr is to rcport thc purificalion und 
nn extended charactcrization of a phospholipasc cnz.ymc 
prdcnt in thc vcnon1 of thc 1nex.ican bcadcd lizard. Thc 
N-tcrminal amino acid SC'-JUcncc of thc /leloclcr111a ltorridun1 
horridunt phospholipasc A::. rcvc;,ils thc uniqucncss of thc 
vcnorn of thcsc uni1n;ils • ..:onsidcrcd to be -ro!isi1 animals .. in 
dangcr of cxtinction (Tu. 1977), und thc kcy role thcy might 
play in undcrstanding compo:uativc biochcmical and structural 
fcaturcs of ccrtain typcs of protcins during cvolution of thc 
:inimal kingdom. 

EXPERIMENTAL ,Í>ROCEDURES 

/l.fatc:rials. Lyophilizcd wholc vcnorn was obtaincd as 
prcviously dcscribc:d (Alagón el al., 1982). Scpha<lcx G-75. 
phcnyl-Scpharosc 413. and Al l·Scpharosc 413 wcrc frmn 
Pharmacia Fine Chcrnicals. DE-32 ccllulosc was from 
Whatman, lnc. Synthctic phospholipi<ls wcrc from Sigm;,i. 
Chcrnical Co. Lccithin analogue PC 1 was obtainc<l from 
Bcrchtold Chcmical L.aboratory, Bcrn. Switzer1and. Ucc 
vcnom phospholipasc was purificd according to Kin¡; el ;:11. 

( 1976). Spccific antl-vcnom sera wcrc prcp3rcd in thrcc shccp 
as prcviously dcscribcd (Alagún el al.. 1982). 

Afethocls. Thc quantitation of thc phospholipasc activily 
wus dctcrmincd by thc titrimctric proccdurc of Shilm1h et al. 
(1973). Onc unit of enzymic activily w:.is dcfincd as thc 
amount of cnzymc rclcasing 1 µmol of ;,icid pcr minute at pH 
8.0 and 25 °C in 3.0 1nL of a toe~~ (w/v) solution of cgg yolk 
in 0.1 M NaCI. '\Vhcn rcquircd, thc phospholipusc activity 
iA slab gcls was dctcclcd by clearing of cgg yolk suspcnsion 
with crythrocytcs in 1.2'.0 agarosc gel (l-labcrrnan & l lardt. 
1972). 

For thc purposc of studying thc products formcd un phu~­
pholipasc digcstion. '\.'C followcd thc stand3rd prot:cdui-c de· 
scribcd by King et al. ( 1984). with sorne minor moJifications. 
Synthctic phospholipids 1-stcaroyl-2-olcoyl-3-sn-glyccro­
phosphocholinc and l-olcoyl-2-stcaroyl-3-sn-glyccrophuspho­
cholinc wcrc used as substratcs. Fine suspcnsion:;. of pho~­
pholipids (4 mg/ mL) wcrc prcp;,ircd by sonication in 10 rnr-..1 
Tris-HCI buffer (pH 8) containing 10 rn~1 CaCI~ and 0.5~·Ó 
Triton X-100. in ;,in ultr;.isonic clcnncr bath. Thc digcsts wcre 
cxamincd by thin-luycr chrom:.itogr:1phy on silica gel platcs 
(OC Alufolicn Kicsclgcl 60. Mcrck); 10 µL of digc!'il was 

1 Abbr'-"""Yiation1>: Alf. ¡1minuhcityl: Dé, dicthylaminucthyl: llPLC. 
high•p:rform.incc li41uid chrumatusraphy; PAG E. polyacrylamidc ~el 
clet.:truphurc~is: PC. 1-l I l-..:arboityuudi:cyl)-2-hcita~ccyl·,.at··glyccr.,..J­
phusphoc.:hulmc; PTI f. phcnyllhiuhydorntuin: SOS. Soüium dud.:cyl ~ul­
f¡nc; Tris-l ICJ, tr¡,.(hydruxymcthyl)mninumcthnnc hydru..:hluridc; EDTA. 
cthylcn ... ·dfon1inctctr:•11""-.:tic "cid. 

'~ 1 •\.l •. 

:1pplict.I tu tl1c platc anú <lcvcl1,pcd in a .... y-.tcrn uf chlorufúrrn· 
mcthanul-0.1 N 1 ICl (70:30:5). Sput:s wcrc visualizc:d aflcr 
cxposurc to iu<line vapor. Thcy wcre also c."<::imined dircctly 
for saturatccl •tnd unsaturatc<l fatty acids by chrom::itogr:J.phy 
on silica gel platcs prcviou~ly soakc<l by capillarity in 10% 
Ag)'"'OJ di:-.sulvcd in 8.2.':-;:, mcthanol and dricd at 100 ºC for 
30 rnin. Aftcr thc platcs wcrc dcvc\opcd in a system of hex.­
anc-dicthyl cthcr-~1cctic acid (80:20: 1 ). thc spots werc vis u· 
~lli:.r.c<l undcr UV light aftcr bcing spraycd with 0.2% di· 
...:hlurulluurc~ccin in cthunol. . uf vulucs far saturnted amJ 
un:.¡_i.lur;,ttcd fatty ::acids wcrc 0.6 ant.i 0.47, rcspectively. 

Thc ab:;orbc:nt far nffinity chromatography of phospholipase 
(Rock & Snydcr, 1975) was prcparcd by a. carbodiimidc­
pru111ot1.:d cuuplin~ of 2.:0 rn~ oí PC to 6 g of AH-Scpharosc 
4U. l'rotcin ~ .. olutions .. o.·cre conccntratcd by ultrafiltration With 
an An1icon f>,'..1-1 O mcrnbranc. Di::ilysis was carricd out in a 
Visk.ing 8/32. 1nc111branc. Protcin conccntration was mca.surcd 
spéctrorhotometrically by assuming tha t 1 Al~'ó'nm unit - l 
111g/111L. 

Elcctruphorcsis was carricd out in 7 .5% pol)·acrylamidc slab 
gcls (0.1 X 1 O X 1 2 cm) containing Tris buffer (Jovin et al., 
1964) or in 15r;;, gcls containing Tris-SDS buffer (Laemmli. 
l <J70). Prutcin~ wcrc visualizcd by s.taining with Coom.::..s.sic 
Urilliant Uluc R·250 (S1.1o·ank & !\.1unkres, 1971). lsoelcc­
lrofocu.-.ing wó.ls pcrformcd in S.6r:é pvl:v·acr)·bmide gc:li with 
2~;, ampholytcs (pH 3-10) and 6 ,,l urca (.r\.wdch et al., 1968). 

Indircct hcmolytic activity was mcasurcd as prcviously 
dc.scril>ctl (So~a et ¡11.. 1979). Thc 50~:~ hcmolytic unlt (H U,0 ) 

1. .. ·as gr~phit:;.11ly dctcrminc<l follo\1o·ing !\.1a)·cr's immune he· 
mulytic tcchniquc as mudificd by De Hurtado and L.·ayr-is::;~ 
( 1964). 

l111111unoddíu~iun and in1111unuclcctruphorc.-.is. wcrc curri~d 
out in t•:;, ;.1garu'>C gcls (King et al., l~..J78), .:i.nd the prc:cipjtatc:i 
wcrc vi~uo.tli.r.1;d 3ft1;r dyc: staining of dri1;d and washed gels 
(Axcbcn et o.d., 1973). 

1-\.rnino acid con1po.-.ition wus obtaincd by thc time coursc 
hydroly!>is mcthu<l dcscribed by ~toare (1963). Duplicatc 
samplc!> of protcin \o,crc hydrolyzcd undcr vacuum in imH· 
vidually ~cakd tubc~ with 6 .'.\.1 l ICI cuntaining 0.5% phc:nvl. 
al 110 ºC fur 20. -~8. and T2 h. Half-cystinc: content was 
dctcrrnincd as cy~tcic acid after pcrformic ucid oxid<.i.tion. 
Appruxim;1tcly l nmol of protcin was trcutcd with 50 µL of 
)';O H~0 2 in 90~0 formic acid for J h at :?5 ºC. The rcagent 
was blown off undcr nitrogcn ;it 50 ºC. Afti;r being dric:d in 
vacuo. thc samplc was hyt.iroly7cd as U~ual.. The am.1.lysii of 
thc hydruly~atc:. was carricd out on a Durrum D-500 :l.n1inv _.. 
acid ;.iualy4· . ..:r. . 

Thc glucosaminc and galactos;.in1inc contcnts werc: dctcr· 
1Hincd frurn thc a1ninu a cid anal:,....,¡:. aftcr calibration with thl! 
prupcr :.tandanh. Carbuhy<lratc cuntcnt, cxcluding amino 
sugars. was mcusurc<l by thc or..:in0l-sulfuric acid n1c:th1Jd 
(Tsugita & Akabori. 1959). 

For N-tcrrninal !>c4ucn(..'.c dctcrmination, phospholipasc ( 10 
nmol) was rcdut.:cd. pyridykth:,. latcd ( Fril.!dman et al.. 1970), 
cxhau!>livcly dialyzcd againsl doublc·<lbtillcd w:itcr. :lnd l)'O­
philizcd. Two nanomol..;s in 0.2 m L of 2or,.c ;,ice tic a cid ,,.·;.1.:i 

cvaporatcd to <lrync.-.s in thc spinning cup (prcviously trea;i:d 
with J.O mg uf polybr1;11c) of a Ucckrnan 1'\1odcl 890 !\1 SI."" 
4ucnccr, using program 3 (Pu:.~ani et aJ.. J 935). PTH-aminLJ 
acid dcrivativcs wcrc idcntificd 01nd 4uantit:Jlcd by high-p~r .. 
for-mani.:c li4uid ~hrom:.llogr~phy on a l lcwlctt-Packar-d IOS-l 
O cquippcd with a varia.blc-wavclength detector set al 269 nm. 

RE!iUl.TS 

Purijh·arion of /'}uJspho/ip,,_..,.. Lyüphili7i:d whohi vi:num 
was db.:-.ulvcó in 10 mr-..1 pho. .. phatc buff..:r (pi J 6.8} umJ :tppJii:J 
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Tublc f: Summary oí thc Puriíication Proccdurc oí lhc f"hITTpholipn!5C A. 2 frc.un JI. horrifJ,11,, l1orr/J11n1 Vcnorn 

sp act. 
(units/ r:itio to !.p OCl. 

rraction ~ourcc of fr;ic1iun prutcin (m¡:)• totD.I ac1. (uniu)" mr.) rccovcry {,.~,) Qf wholc vcnom 

wholc vcnom lyophili7ci..I vcnurn JOO.O 12500 125 JOO.O 1.0 
V phcnyl-Scph~, ro'c R.O 

5 '''º l14S 41.3 5.2 
V.2 Scplwc.Jc.11. G-7.:'\ 4.R 3070 (140 24.(1 5.1 
v.2.2 DE-32 ccllulo!>C o.e. 1 225 2040 9.8 16.3 
v.2.2.1 DE-32 cclluln~c O.> 1 295 2590 10.4 20.7 

•Assuming 1 •bsorb:incy unit ut 280 nn1 c'-lual to 1 mc/1nL. "Onc unit is thc amount uf cnrymc thul rclc;,scs 1 µnlul of :idc.J rc;:r minute in thc 
1:onditlons dcscribcd undcr Experimental rroccdurcs. 

f10URE t: Fractionation oí soluble vcnom. Soluble vcnom (B.O rnL; 
158.8 A~~ units) in 0.01 M sodium phosph:itc buffer (pl-I 6.8) was 
applicd ton phcnyl·Scpharosc column (41.5 X 7.0 cm). Thc column 
w:is c.luted wilh a linear .cr:idicnt (200 mL cach) from O to 583 
elhylcne glycol in lhc s:ime burfcr. at 60 mL/h. Frnction..-. (4 mL/tubc) 
were collcctcd and poolcd as indic:itcd (horizontal bars; 1-V). G 

-· lndicates the su.rting oí the grndicnt. Fr:iction V (with thc phos· 
pholipase activity) wns dialyzcd against thc buffer oí Figure 2 and 

. conccntrated by ultrafiltration. 

to a phcnyt-Scpharosc CL·4Il colurnn (Figure 1 ). Protcins 
· wcre clutcd '"'ith a linear cthylcnc glycol gr;idicnt to yield five 
, íractions. Fraction V. which contained the phospholipase 
activity. was conccntratcd and uscd for gel filtration on 

. Scphadcx G-75 (Figure 2). Tubes containing phospholipasc 
wcre nppJicd to a DE-32 cc11u1osc column clutcd with a linca.r 

· salt gradicnt; two fractions "'"'ere collcctcd (Figure 3). Fra.ction 
V .2.2. v.·hich accountcd for most of thc phospholipasc activity. 
was dialyzcd and rcchromatographcd in thc samc DE·32 
cclJulose eolumn undcr idcntical conditions (rcsults nol shown). 
Tubcs containing phospholipasc activity (fraction V.2.2.1) '"-ere 
pooled. dialyzcd against 5 ml\1 amrnonium acetatc buffer (pH 
8.3). concentratcd. and storcd al -22 ºC until used. Table 
1 summarizes thc isolation procedures and rccovcrics of prolcin 
and phospholipasc activity. 

Choractt!rlzarlon of Purlfled Phospho//pase. · Thc gel 
clectrophoretic p:ittern in thc prcscncc of SOS oí thc puriíied 

_cnzymc (íraction V.2.2.1) showcd a major protcin band with 
an apparenl M, oí 18 000 anda minar contaminant of 16000; 
identicaT rcsults werc obtaincd aftcr rcduction with 1% 2-
rncrcaptocthanot (data. not shown). Undcr nondcn.uturating 

-·conditions. thc abovc samplc sh9wcd threc protcin bands. In 
ordcr to idcntiíy lhe protcin containing phospholipasc activity. 
unstained geJs without SOS wcrc placed on thc surfacc of 
agarosc gcls containing egg yolk suspcnsion with crythrocytcs. 

~"""rwo bands with clearing activity wcrc Jocatcd. cithcr with 
crudc vcnom or 'W'ith puriíied phospholipnse. Most oí thc 
ictivity matchcd thc rnajor band dctcctcd with Coomassic 

}31uc. whilc thc rcst oí thc nctivity corresponded to a vcry fainl 
l:and oí !!ilO'W'cr mobility. This band is upparcntly a dimcr oí 

T 

I 
-11 

-1· 
~L 

f'"IGUKt! 2: Gel filtrntion oí frnction V. Frnetion V (4.5 mL; 14.5 Ajac;" 
units) in O.OS M 5odium phosplmte buffer (pi 1 8) wns npplicd lo a 
Scphadcx G-75 column (0.9 X .200 cm) and clutcd wilh this samc 
bu(ícr. nl 15 mL/h. Frnctions (2 mL/tubc) were collcctcd, poolcd 
a:¡ indicatcd (hori7ontal bar!>). and conccntr:1tcd. Vertical arrows 
inúi~tc thc clution vol u me oí USI\ (bovinc !'>Crum albumin, M, 65000). 
Ova (ovalbumin, Af. 45 000). SUTI (soybcan tr)'psin inhibitor. 1\1, 
21 500), RNasc (ribonucleasc. ,\f, 13 500), and NaCJ (sodium chlo­
ridc), uscd as molecular wcight markcrs. 

FIGURE 3: Ion-cxchange chromatogrnphy or fraction V.2. Fraction 
V .2 (5.0 mL; 7.05 A!~O' units) in 0.05 M sodium phosphatc buffer 
(pl-I 8) was applicd to a DE-32 ccllulosc column (0.9 X 30 cm) and 
clutcd whh a linear NaCI gradicnt (200 mL c:ieh) from O to 0.S M 
in thc samc buffer. at 60 mL/h. Fr:ietions (2 mL/tubc) wcre collectcd 
ns indicatcd by thc horizontal bars. Fractions V.2.2. was dialyzcd 
against the :;tarting buffer. conccntratcd. and rcchromatographed in 
this column undcr the same conditions. L and G indicate loading 
of thc samplc and thc starting of thc gr:idicnt. rc?<.pcctivcly. 

phosphoJipase, noncovalcntly bound. sincc it did not appear 
in SOS gcls clcctrophorcsis. cvcn whcn highcr concentrations 
oí thc samplc wcrc uscd. 

Thc isoclcctric point dctcrmined íor thc purified phospho­
lipasc wns 4.5. nnd thnt ofthc small contaminant wns 4.6 (data 
not shown). lrnrnunodiffusion of thc cnzymc showcd a single. 
rathcr bread. prccipitin Jinc (Figure 4A), whilc immunoclec­
trophorcsis of thc samc samplc gavc onc rnain are and a 
smaJlcr onc, íarthcr, in thc dircction of thc anodc (Figure 48). 

Thc cnz.ymatic activity of thc purificd protcin is Cn 2•-de­
pcndcnt. Prcincubation oí thc cn:r.ymc. íor JO rnin, with JO 
rnM EDTI\ complctcly abolishcd its activity. whcn mcnsurcd 
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nouR.e 4: lmmunodifCusion and immunoclectrophorcsis tests. (A) 
lmmunodiffusion test was carricd out in 1 % agnrose containing 0.1 
M Trls·HCI Ouffcr. pH 7.2. Thc central well containcd shccp 
anti·vcnom scrum (20 µL); wclls 2 nnd 4 containcd 20 µg or pul"ificd 
phosphotipnsc; wclls 1 and 3 cont:iincd 200 µg oí /f. horridum 
horr/du,n vcnorn. (ll) ln1munoclccl1"opho1"csis in 1 % agal"o~c cun• 
taining 0.02$ M Tris-Hcl. pl-l 8.65. with shccp anti-vcnom scrum (50 
µL). ( l and 4) Purificd pho.o;pholipasc (20 ,ug); (2 und 3) JI. lwrridum 
horridum vcnom (200 µg). Thc anodc was at thc right sidc. 

titrimctrically with a suspcnsion of cgg yolk containing 1 O mt'v1 
EDTA. Thc activity is rcstorcd upon addition of calcium 
chlodde to a final conccntration of 25 n1M. 

The specificity of H. horridwn lwrridunt phospholipasc was 
cxa1nincd by thin-laycr chromatography. Two synthctic 
phospholipids (4 mg/n1L) wcrc <ligestcd by phosphulipasc al 
1.4 µg/rnL final conccntration. ut pH 8 and 25 ºC. Undcr 
thcsc conditions, both 1-stcaroyl-2-olcoyl-3-sn-glyccro­
pbosphocholine and l ·olcoyl-2-stca. royl-3·sn-glyccrophospho­
choline wcrc complctely convcrtcd to their respective rnonoacyl 
phospholipid in 2-5 n1in. Thc sccond subslratc was also 
convcrted to glyccrophosphocholinc in about 6 h. Qualitativc 
cstimation oí AgNOrtrcatcd chromatograrns shu\vcd that 
aftcr 10-min digcstion only Íatly acids ;1t position 2 wcrc 
rclcascd fn:nn thc Lwo suUstratcs. Aítcr 6-h <ligcstiun. ulcic 
acid wns also rclcascd fro1n 1-olcoyl-2-stcaroyl-3-sn-glyccro­
phosphocholinc. Sincc thc spccificity of bcc vcnorn phos­
pholipasc A 2 is wcll-known (Shipolini, 197 l ). digcsts of this 
phospholipasc al a final conccntration 10 µg/rnL wcrc also 
cxa.mincc.1 in contl"ol cxpcr-i1ncnts; only proJucts cur..c.-.pun<lin¡: 
to thc hydrolysis of thc acyl gl"oup al thc 2-positiun \\.:ere 
obtaincd, cvcn aftcr 6-h digcstion. 

Thc graphical dctcnnination of the 50% hcmolytic unit for 
Crudc vcnorn :Lnd for purificd phuspholipasc A 2 gavc 210 and 
760 HU~/n1g 0 rcspcctivcly. Thc hcrnolytic putcncy wus only 
3.6 times highcr for thc purificd cnzy1nc Lhan for thc un­
fractionatcd vcnom, which is lcss than the calculatcd ratio 
bctwccn thc spccific activity of thc two sarnplcs (20.7 times; 
Table 1). Thc abovc rcsults suggcst thc prcscncc of sorne olhcr 
fuctors in thc crudc vcnom. which syncrgistically potcnti:-atc 
thc hcmolytic cffcct of phospholipasc A 2 , as prcviously dis­
cu~scd (Sosa et ul.. 1979). 

SOS/\ UT AL. 

To,blc 11: /\1ninu /\ciü Cu111p.ni1iun uf l'hu .. phulip~ ... c l\.J frvm 11. 
hurrid1uu lrurri.Junr Vcno111• 

amino adü fuunll" ni.:arcal inh:~cr 
~1i.p.irtic acid lf1.I ± 0.4 16 
thrcuninc 'J.O ± 0.2 " ~crine 11.'J ± O.:! 12 
glutamic 011.:id :?t.~ ± o.o 21 
prulinc 5.4 ± o.o 5 
..:.lycinc ·1/,.5 _. o.<. 16 
alaninc 12.H; _. 0.1 1 l 
half-cy'lotinc 10.5 ± 0.f, 10 
valinc 5.H ± OA 6 
rncthioninc 5.2 ± 0.2 s 
¡.,ulcuci11c <..O ± O.• 6 
lcucinc 11.7 _. 0.5 12 
tyrusinc 8.9 "' OA 9 
phc:nylalaninc. 6.0 ± 0.5 6 
histidinc 5.7 ± O.l 6 

·J,· lysinc: 9.l = OA 9 
nrgininc: ).8 ± O.J 4 
tryptophan 5.1 s 
total 170 
calculatcd ,\f, 19060 

• Ca.lculatc:d on thc anumption that thc: numbc:r of aspattic acid. 
gluta.mic acid, ulaninc:, o.nd lc:ucinc: are 16, 21, 13, and 12 pct mole O( 
phospholipasc A 2 • rcsp<:cti.,,.cly. •/\,.,,.erase "·alucs 2: SE:-.l oí di.¡plicaLc 
hydrolysatcs a.t 20. ~s. and 72 h. Thc scrine :1.nd thrconlne conlcnu 
wcrc c:stimatcd by c.-.trapolation to zc:ro time. Thc: value for halt-C)'S• 
tc:inc was dctcrmincd ;u cytc:ic acid aítcr pcr(ormic acid OAidadon. 
Tryptophan was cstimatcd from its molar cxtinction cocíficicnL. &C• 
cording to King and Spc:ncer (1970). 

Thc a111ino a.cid composition of phospholipasc A;z from H. 
hurriclu'.'·' lwrridurn shuwn in Table 11 suggcsts tho.i.t thc cn­
zyrnc i::. cumpu~c<l of J 70 rc::.iduc wilh a calcu.h1.tcd .1'1, of 
19 060 in ugrccmcnt with thc a pparcnt ~\f, of 18 000 calcu.la.tcd 
l>y SDS gel clcctrophorcsis. Phospholipasc r\.;z contn.incd thrcc 
rcsiducs of galactosaminc (possibly acctylatcd) per mole of 
protcin; glucos:iminc was not dctcctcd. Thc carbohydrate 
conlcnt of thc cn.1.ymc by thc mcthod uscd (Tsu.gita &. Aka· 
bori, 1959). which <loes not dctcctcd amino sugars, ga.vc a valuc." 
oí J.77 ± 0.32%. Thus, thi.:: pcpth.k molecular wcight (19060) 
is incrcasct! tu 20420 if thc lula! carbohydrate contcnl is takcn 
inlu aci.::uunt. 

Thc N-lcrn1inal amino acid :.c4ucncc of a reduced and 
pyridylethylatcd samplc of thc cnz.yme showed the following 
scquc:ncc: 1-l 2 N-Gly-Ala-Phc- lle- ~1ct-Pro-Gly·Thr-Lcu·Tr¡r 
Cys-G Iy-i\.la-G ly-A::.n-/\.la·A l;.i -Si.::r· A~p: Ty r-Scr-G lñ· Lcu­
G ly-Thr-G 1 u- Lys-Asp-T hr·A!'> p- :--.1 ct-Cys-C ys-Arg-Asp· His/ 
i\.sp-1 lis-Cys. Only un..: amino J~iJ was idl.!ntifo.:i.) pcr cyck; 
and lhc rcp..:lilivc) idd .,,...,,:. 'J5';;~. r-rllln this. wc concludc thut 
cith..:r thc minur c.unta1ninanl i~ blu<.:kcd at lhc N-lcrminaJ 
po::.ition or more likcly its conccntration is too low to be: di:· 
tcclcd. 

D1scuss1uN 

t-...1any pho:.pholipa::.c cn.t.yn"'lcS havc bccn purificd fron1 
variuus suurcc~: pancrcatic tis:.uc (Dn:nth et al., 1976; Ev­
cnbcrg el al.. 1977; Flccr et al.. l 97::S). honcy bci..: vcnuni 
(Shipolini. 1971 ). and numcrous smikc vcnom$ (Randolph &: 
1 lciriksun, 1982). Thc procct!urc c.fc ... cribcd abovc (or pud­
ficalion of thc phospholip~1!':C from thc 11. horrhh1111 hurridun1 
vc110111was1101 a straightfon..,·.:.Jrd proccdure. lni1iully0 wc hUV\! 
uscd thc affinity colun1n n1cthod dcscribcd by Rock und 
Syndcr ( 1975) und King, et al. ( 1983. J 984) in on.Jcr to puriíy 
this cnzymc. For compurativc purposcs and whh 1he aim to 
stress thc point. wc are induding in Figure S th~ 1.:hrL>n\:llu­
graphic bchavior of J/dodc.•rtna vcnom in ;i PC-Scphurosa · .. 111 
colurnn prcparcd as Ucscribcd by thc abovc-rcí~rcd uu1hors. 
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FIGURE!': l.\ffinity chromatogrnphy oí crudc vcnom on n column oí 
'·Scpharosc 4B with a bound substrntc ;inaloguc oí phcxphatidylcholinc. 
)\total oí 48 A~~ units oí soluble vcnom in 4 mL oí 25 mJ\1 Tris-1 ICI 

. ,_,. buíícr .Cpl-t 7.95) conlaining :::!5 111 ~1 c~d..:ium d1h.>riJc w:l:<> :1pplicU 
into a~co1umn of PC-Seph:irosc 48 (0.9 X 7.5 cm) and washcd with 

, SO mL oí thc samc buffer. Protcin~ fractiono;; wcrc cJutc<l succcs!>Í\'cly 
with !iO mL of cnch of thc followin(! iwlution'i: (A) 0.05 1\1 Tris-1 ICI 
burícr (pH 7.95) containing 0.5 M N;1CI. (B) 0.05 J\1 Tri!'-1 ICI buffer 

_.., (pH 7-45) containing 50 ml\.1 EDT A. (C) 0.1 M :lcctic ;\cid containin~ 
0.5 M Na.CI. and (D) 25% 2-propanol in 0.05 M Tris-) ICI buffer (pi 1 
7.95). Tubcs of fraction 4 containcd 0.3 mL oí 1 J\·1 Tris-1 ICI buffer 
(pH 7.95). Thc column was clutcd at 60 mL/h. :rn<l frnctions of 2 

~ mL wcrc collcctcd. 

A control for the cfficacy and goo<lne:>s oí the PC-Scpharo .. c 
4B resin that wc ha.ve synthcsizcd was cstablishcd by isolating 
a wasp phospholipasc from the vcnon1 of Pulistcs e/ursa/is 

· (Amez.cuo. & Alagon. 1984). As shown in Figure 5. scvcrnl 
conditions wcrc uscd to clutc thc cn;.o.yme frorn the colurnn. 
Howcvcr. no phospholipase activity couh..I be dctcctcd in 

~ fractions 1-4. Fraction 5 was obtaincd with a more scvcrc 
stcp nnd rcprcscntcd 20.3t;;. of thc protcin applicd to thc o:ib­
sorbent. Fractions S from rcpctitivc cxpcrin1cnts containcd 
from 2 to 60% or thc initiul phospholipasc nctivity. whcn 

'mcasurcd aftcr dialysis against 25 mf>...1 Tris-HCI buffer (pH 
7.95) containing 25 m?\1 calcium chloridc. The highest valuc 

'was obtained whcn the protcin was dialyzcd immcdiatcly after 
ÍU: elution from thc column. Elcctrophorctie analysis showcd 

·that fraction .S was siill a rathcr complex mixture of proteins 
with si,; major and fivc minor bands (data not sho,.vn). Thc 
average protcin rccovery was 75%. Attcmpts to purify thc 
cnzymc by mea ns of incrcasing linear gradienL"> of 2-propanol 
also failcd to scparatc il from othcr protcins. 

Since the PC-Sepharosc 48 rcsin has largc alkyl groups·~ 
it is conccivablc that strong hydrophobic inter.actions bctwcen 
Helodern1a proteins and thc matrix of the affinity column 
prcvent succcssful isolation of the phospholipase. Por this 
rcason. instead of thc affinity PC-Sepharosc 4B rcsin wc have 

·uscd a hydrophobic support (phenyl~Scpharose. sce Figure 1) 
a.s the first stcp in thc puriílcation proccdurc. Thrce additional 
purification atcps wcrc included thnt uscd molecular wcight 
sfevfng propcrtlcs oí thc Scphndcx gel (Figure 2) und ion 
cxchanger rcsin (Figure 3) in arder to obtain this cnzyme at 
a degrec oí homogencity that would allow further appropriatc 

__::haractcrization. lt was ncccssary to includc the Sephadex 
Q.75 stcp bccause thc phospholipasc activity was Jost whcn 
thc phenyl-Sepharose-elutcd fra.ctions werc directly applicd 
to a DE-32 ccllulosc eolumn. nt pH 8.0. This was intcrpretcd 

"'1.!IO due lo prolcolytic clcnvngc rrom contnminanls prcscnt in 
thc vcnom al thi,; stngc of thc purification proccdurc. After 
•he lnt-il chromalogrophic stcp a highly purified fruction was 

V 0 l.. 2 :\ • N 0. 1 O• 1 •J K f, 29J J 

obwincd as 1ncntioncd undcr H.c.,..ults. containing a rnonomcric 
nnd u di111cric furrn of thc en7.ymc u-. shown by lhc combincd 
rc."iulL"> of sl:1l> gel in nondcnaturing :1nd <len:iluring. con<litions. 
Ucc.ause of sirnilar molecular wcights nn<...1 isoelcctric points 
of the phospholipase and the minor cont~11ninant. it was im• 
possible to separa te thcm by thcsc mcthods. In a scparutc 
cxpcrirncnt (rcsults not shown). a slab r.cl run on thi~ purified 
material was cut in thc position oí the main b:ind corre­
sponding tu thc phuspholipasc activity, and ;1ftcr this was cluted 
frorn thc gel, it was uscd for :iniino acid analysis detcrmin:ition. 
In the san1plc obt;lincd aftcr the colurnn ~hown in Figure 3, 
no protciriasc nctivity was dctcctcd by thc rncthod dcseribcd 
by Alagon et al. (1982). an<l sincc the main componcnt (over 
95',.."("I) w:is shown lo have thc cn7.ymc activity, wc dccidcd to 
procccd with the chemical and cnz.ymatic charaeteri7.ation of 
the phospholipase /\. 2 • 

Thc :unino aci<l analysis of thc phospholipasc was obtaincd 
"'.-ith samptcs purific<l inúcpendcntly from diffcrcnt bate.hes 
of vcnom and g.avc :1 minirnum ¡\f. oí 19 060. The moleculc 
cuntaincd 170 arnino acid residucs. Bcc:::iusc it has five me­
thionines. a san1plc of the enzyn1c wm. rcduccd, nlkylated. nnd 
cleavcd with cyanogcn bromidc. Thc si;'( resulting peptides 
purificd by 11 PLC (rcsults not shown) are con,istent with the 
calculatcú ,\/, oí 19 060. The high contcnt oí hydrophobic 
amino acids ( 13 Ala. 6 Val. 12 Lcu. 6 lle. 6 Phc. 9 Tyr. 6 Trp) 
is also consistent with thc chromatogrnphic bchnvior of thc 
enzyme on solid supports containing alkyl or aryl groups 
(PC-Scpharo!-.e. phcnyl-Seph:uose). Thc immunodifusion nnd 
irnn1unoclcclrorhorctic rcsults ob1aincd with both crudc vcnom 
anú purificd cnzymc (Fisure 4) coníirmcU the rc'>ulls obtainc;d 
by gel clcctrophorcsis. 

Thc spccificity oí thc phospholipa.<.c activity assaycd with 
two synthctic sub!-.trates indic.::1tc!'. th;1l thi!-. cn.1.yrnc prcdom• 
inantly hy<lrolyzc!'. thc r.ally :1ci<l!-. al po!-.ition 2 in the phos­
pholipid moleculc (type A:1 activity); n.lso, whcn fotty acid at 
the J -position in thc monoacylglycerophosphochnline molecule 
is unsaturatcú, it ca.n be hyúrofy7cd although ~ta slo"'""cr ratc 
(more than 6 h; typc B :ictivity). This docs not occur with 
sorne othcr phospholipases A 2 , as is the case far bec venom 
enzyn1c, which was used in thcsc cxpcriments as a control for 
iype A 2 activity. Thc sclcctivc prcícrcnce of purificd phos­
pholipasc to hydrolyze unsaturatcd fotty acids has bC:en re­
portcd prcviously for wasp vcnom phospholipa~c /\. 1 by King 
et aL ( 1984). Sincc the purificó phospholipasc still hada minor 
contnminant of lowcr molecular wcight, v..·c cannol climinatc 
the possibility that /\. 2 and D typcs of activities are in different 
protcin rnolccules. 

The activity of the phospholipase from H. horridun1 hor­
ridunr is possibly rclatcd to a similar protcin in the venom oí 
thc Gila mon~ter (Jlelodcrnia suspectum suspecrurn) reported 
by Dehaye et al. ( 1984). Thcse authors havc dcscribed a 
pancreatic sccretory protein (•\Ir 17 500). -..vhich also displays 
phospholip:::ise activity. Thus far, no chcmical data are 
avuilablc on the Gila monstcr secrctory protcin moleculc. 

Sequence comparison of thc N-tcrminal regions from bee 
vcnorn. bovine panercatic. and othcr snake vcnorn phospho­
lipascs shows ff_ horrld1u11 horrld11111 to be more ho111ologous 
to the bcc vcnom phospholipasc A 2 than to the othcrs (Figure 
6). The amino-terminal amino acid scqucncc of phosphoJipasc 
Al from hornct venom is n.lso very differcnt from the Helo­
dernra phospholipase (Tuichibaev et aL. J 985). Dircct se­
quencc comp;.irison of thc first J9 amino ;:u:id rcsiducs al tht: 
N-terminal region ar J/e/odcr111a nnc.J bce venom phospholipasc 
(Figure 7) shows 01 5(1'J~. homology. This son1chow uncxpcctcd 
rcsult n1nkcs the vcno1n oí llL'/odC'r111u a nlurc intcrc!-.lÍng onc. 
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F10URE 6: Comparison or omino-terminal scqucnccs ror phospholipnscs A 2 from bovinc pancrcas with othcrs from thc vcnom or H. hD',¡dum 
horrldurn • .A. mellifera. Naja me/anoleuca. a.nd Crotalus ademanteus (thcsc two Ju.st are rcprcscnuuivc ar group I nnd JI pho1pholipasc1 Ai. 
rcspcctively. according to Hcinrilcson et al. (1977)). Gaps (-) are introduccd to providc propcr alignmcnt or half-cystinc rc.siducs and thc arcatcu 
homology. Invariant rcsiducs a.re cncloscd in boxcs. 
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FlOURE 7: Comparison o( thc N-tcrminnl amino acid sc.qucnccs or lhc pho.spholipascs A 2 from bcc and 11~/oclerma vcnoms. A Bcc:kman program 
(Ocncs) was uscd to compare both scqucnccs. Astcrisks (•) mean dirrcrcnt nmlno ncids. Thc valucs on thc right hand or lhc flguri= mean 
idcnlical a.mino acids/total amino acids compa.rcd in that linc. and thc fraction::il number mcans the proportion oí homology. 

as mentioncd in thc introduction. Thc N-tcrminal scqucncc 
of thc phospholipasc from thc vcnom of ..lleloder111a is sirnilar 
to tha t of thc cnzymc from bccn vcnom. l t wou td be more 
logical to find grcatcr homologics in thc scqucnccs of protcins 
coming from animals that belong to thc samc taxonomic group. 
like J-Ie/odernza and snakcs (both írom thc class Rcptilia. urdcr 
Squamata). than to thc bccs (from thc class lnsccta. ordcr 
Hemiptcra). Howcvcr. if wc compare sorne propcrtics oí bcc 
and Helodernza vcnom phospholipascs. thc bcc phospholipasc 
A 1 has a basic isoclectric point (p/ = 1 O), and thc l/e/odcrn1a 
has a.n ucidic phospholipasc (pf - 4.5). Thc u1nino acid 
comporSition of lfrloderrna phospholipase (Table I 1) shows that 
it is. rich in A:ix ( 16 rcsiducs) and Glx. (26 rcsiducs). l'Vfost 
of thc Asx and Glx rcsiducs in bcc vcno1n phospholipasc as 
rcportcd by S!1ipolini (1971) urc in thc amic.Jutcd fonn. lt 
could wcll be thut in thc //elodcrnta thc Asx and Gb rcsiducs 
are in thc acidic form. Bcc vcnorn phospholipasc A 1 contains 
four rcsidues of glucosaminc (prcsurncd to be N·acclylatcd) 
pcr mole of protcin (Shipolini et al.. 1974). whilc //elotlcr11u1 

vcnom phospholip3.sc A 1 has thrcc residucs of 8,al:iCtosamjnc 
pcr molcculc. Thc total carbohydratc content is 7.88 and 
6.66% far thc bcc and lfe/odenna vcnom phospholipascs. 
rcspcctivcly. Thcsc diffcrcnccs and possible differcnces tU thc 
c ... tcnninal scqucncc (unknown so far) of thc He/odernia 
•phospholipasc will ccrtainly shcd light on this intcresting 
structural fcaturc of phospholipascs from different origins. lt 
will also probably aid in the classification of phospholip:uc 
groups proposcd by Hcinrickson et al. ( 1977) and Mar::ig:inorc 
el al. ( 1984). 

Anuthcr intcrc:oting aspct;l of thc rcsults shown in Fiaun: 
6 is thc positiun.s of invariant amino acids. ln lhis figure wc 
havc comp.arcd thc two wcll-dc.scribcd groups of phospholipa.scs 
with that of lle/odcrn1a and Apis 111elifera (bcc). Thc rcc­
langulur buxcs in thc figure show that GJy.JO, Gly-J2, His-48. 
un~ -:'sp·49 urc foumJ in ali scqucnccs. Sincc the catalyLic 
acuv1ty of J-fc/oder111a phospholipasc. as wcll thc othcrs, is 
Ca 2 •-dcpcnúcnt und thc abovc-mcntioncd amino acids wcre 
shown to be involvcd at thc Ca 2 + binding siles of bovinc 

.... 
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pancrcatic pho:oopholipasc (Dijkstra el al.. 1978). it is con· 
ccivablc lhat both thc lle/odernta ;ind thc bce venom phos· 
pholipnsc~ also shnrc thc same type of amino acid ata similnr 
Cn2 + binding silc or cntalytic active si te ( Dijkstr::i et al.. 1981) 
of group 1 and ti phospholipnses from pancrcalic juicc and 
snakc vcnoms. Wc are prcscntly complcting thc amino acid 

· scqucncc oí lhc Helodernra phospholipase A: and cxpcct this 
to contribute to n bciter understanding oí this intcrcsling 
onzymc. 
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L,\UOR . .o\TORIUM 

\'OOR CHEMJSC"'lfl. F'lSICA 
Telex 53935 

Uw rcf.: 

Dr. A.C. Alag6n 
Dept. de Biologia Molecular 
Instituto de Investigaciones Biomédicas 
UNAM 
MEXICD C.F. 94510 
Mexico .•. .. ,. 

Om:e reí.: BWD/RAH 
Tel.:OSQ. 634381/634378 

GRONINGEN. Dcto::.er 6, 1986 

Ondciwcrp: 

Qear Dr. Alag6n, 

With interest I read your paper in Giochern.istry on the PLA2 f"rom 
the Mexican beaded lizard. Especially the N-terminal sequence homology 
wi th the bee venom enzyme was very unexpected to me. I thi nk that ;" 
for our understanding of the phospholipase A2 catalytic mechanism, 
and also f"or our understanding of" the evolution of" the phospholipase 
30 structure, knowledge of" the 30 structure of" this ora closely 
related enzyme might give new insights. 1-lould it be possible f"or 
you to try to crystallize the protein? For an X-ray structure deter­
mination crystals of" minimum dimensions of about 0.2 x 0.2 X: 0.2·mm 
are needed. If" you could grow these crystals we might try to solve 
the X-ray structure in a collaborative project. · 

For your inf"ormation I ·enclose a reprint of" an article on the 30 
structure of" porcine phospholipase ~i· It is a correction of" the 
paper from 1976 (Nature 264, 373-37Y) on the porcine structure. 

I wish you the best of" luck with the completion of the aminoacid 
sequence determination of the Helodenna horridum horridum phospholi­

pase Az· 

Yours sincerely, 
• . .. --··-·-:::::;:::= 

~~ 
8auke W. Dijkstra 

.· .· 
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HELODERMATINE, A KALLIKREIN-LIKE, HYPOTENSIVE 

ENZYl'l.fE FRO/l.f THE VENOM OF HELODER.\/A HORRIDU,\,/ 

HORRIDU,\J (MEXICAN BEADED LIZARD) 

8\· ALE;jA;\;DRO Al..·\C:o~.· LOL:Rl\'.-\L D. POS.SA:'\."J,• JOJ-J:'\: S~f:\RT,t ANO 

\\'OLF-DIETER SCHLEUNING' 

From 1/u •c,nrro dt' lni•t".ttil;aciont"s sobrt' lngt"nl'ria Crrutica y Biot,.cnologia. Univ,.rsidad 
}\'aciorial .·1uto1wma d,. ,\f,.xi<o. ~\ft"xico D. F. 04510; 1Bjogen. 

Cambriclg,. •• \fauachu.tt"ll.t 02142: and tllt" 'Laboratoirl' c,.ntral t'I DiL•ision c1·11;matologie. 
<:l'ntr,. 1-fo.Jpitalfrr {_:ni11er.ntnirt" \'audou, 1011 Lau.Jannr, Su•rt:.erland 

The ~f<:"xic;in Uc.·;Hlt:d fiz~trcl (llrlodt'rma horridum J,orridum) is CJflC' of thc: two 
1nc.·n1ben. of "<:nu111ous fil'~ud~ of thc.- f.1111ih: l/e/odermatidae (!tul>onfcr, sauria) 
th<..11 i11h•tl>i1 tl1t.6 ;11'id n:gions of thc ~outlnn.;~1cru L'nitcd St.aJ(._'S aud tllt. .. P;.tcific 
coa5l of ~Jc:xico. -rhc.- lleludrrma vc11un1 is le..·~:<> h't."ll ch:Jractcrized than n1;111v 
snal.:.c.- V<.0 nou1s. A ru.·11ru1uxiri (l), a l1~·;tluro11ida'e (!!), peptidc.·' r<-"f;11cd tu r:h~­
\.";t"iO;lc:tive inu:~tiual pepridc.·- .. ec.n.·tin L:11nily (:i. ·J), and l\<1:0 ;11·gi11inc e-stcra"iC!lo (.\/, 
22.000 ;111d 63,000) h;1vc beco descr·ihed . .\l<:bs (:i) has scen a kinin-gc.·nc.·rating 
(or J..alliJ...rL"i11-IiJ...e) acti" ity in thc..- vctHJJll uf dn: f;1111ily mc.·1nber Gila 1r1u11•..icr 
(//,/od~rma .suspn·/um), l.Hll no p111·ific;11ion 10 lior11ogcnt.'ity or dc.-tail<.·d character­
izo.uiou of this ;1cti\·i1y \,:,1s ad1ie .. ·ed. l n 1lie foJ/uv•ing 1 epon \n· dc..-:-.cr·ib~ a prutcin 
purific.·a1 Í<JJI ~< hc.-111c 1 h;11 ~·ic..·Jch in 1 \'\,o 'teps 1he <"leer 1 ophor c..-ticaJJy hornc>gencou~ 
argininc.- c.: ... 1c..·1·;tM: (.\/, G:~.OOOJ fro111 J~·<1phiJi;ed //. h. h(lrrídum ,·cn<11n .. ·\ dc..-t;;lik·d 
exouni11.1rion of i1~ c11.1!~ ;ic •h.-1ivir~· 1t·\edlcd p1·opc1 ric..-:-. (_lusely reJ;uc·d to J...;.1lli­
J..rc.--in. 

:\fi,1,1~1;1nt1r.11· l>E.\E-fcllulo ...... · {;;.:-.:,_:¡ .... , .. f,.,,., ;·.: •. ""•·•••L ..... "--·'""'"· '"J· .111•1 ~­
¡u11i11o<·ap1 <.>~ l-p-:1111inc1bc..-11..-.;u11idi11c_· .1g.tr-O''-" (Ut.·11.-:1111idi11c S<.·ph:.u 0!'1:) h:t'.'io fr-urn Pic:rcic.­
Clu.·mk:lf C:o .. Rod.fcnd, J L. Dii .. op1·orn lplH1.,phof11101·id.11c_· (DI FP). Ouininuor. artci J .-1-
bis 2-C5-ph1·11~ lu,.i.-ul~ 1) lw11.,t.•t1t." ( PCJPCJPJ 1 ,,.._.,e ptu ch;1 .. cd fr 0111 :'\:t.•"' Engl.111d ''udc·;11·, 
BoMon. ~f.-\ .. ·\JI 1·<-·:.1gt.·111 .. fui· J".\(';J-: \\f"I<." ub1.1i1u·d fn.111 E:. ... 1n1.111 J.\.pdJk C.o .. R•u hr· .. t<.·r. 
!\."Y or Uic1-f.!:uJ l .;11.Jo1-,11 .. 1 ir- ... U.i1 J1111011d. C.\ . . \.'-lw11.rc1~ l-L·.1q.,:i11i11e clfl\ 1 c·~rer (Ji \ f·.EJ. 
L<.·11 .. o~·J •. 11gi11in<.·-p-11i11 o.111ilidt" (B.\J', .. \), -l·11w1 h~ flu111l•t.·llift.·1·~l-p-~ua111di11•il~11 ... 1.11e ln­
droc-hJu1·i1k• (.\J L'< ;u, ;111d 1-111c-tln J-11n1l1t.•flif<. 1 ora· '" l·n" p111 d1;-i.,c-d fron1 Sig111a ( "fw111i1·.al 
Co .• .S1. 1 .nui~. :'\JO. o-rr o-PfJc-:\i g- p-ni1n,a11ili1lc· (S-~3íl'..?). D·\"al-L<"l:·.\1·~-p-11i1n .. 111i/idt..· 
(S-:?:?firi). i>·Ph<."'-\'od- \1g p-11i11p~1nilide (S-~160), ;ind u-Clu-Gl~-.\rg p-11i11n.1111/1dc.- ( . ..,~ 

P• c:·li111i11.11 \ 1C""""' oírl11 .. ".,,.1., h l'I (• pn:· .. c-nrrd ª' il•lº s~ lilj'>< ... iu111 (HI .·\nir11;il \"(•ll•Jlll" ,111d 1 ···111 .... f;l"i ... 

Jul~ !!U-!!I. 19H5. S.111 (liego. C:.\.; .i11d lht.·~· ""<.·1c- p11lili,1 ... ~1 iu .ab .. 11·.il-1 Í•n·111 ('.!tJ). 

1 .tb/..1,-1ú1ti~nJ "~'J i11 tlHJ /·c~p,,.r: B.\FE .• V-IK'll'<-'\f·l ·.ii¡.~i1111u.· 1.·d1~·J 1•,thc:r; l.L'd•'\:_.\. h111n_.~·J­
;1rJ.:i11i111.· p·11i111•.111iluJ.-. J 1 ;\I \'\º. hi¡.:h 111olc.·l"uf.,, '-•·i~l11; '' l ('",fl. ·1·111eth} lt1111t-x._.l/i(1.·r~l-p-gua11ilfi11of.tf..·n­
,~IC·h~drochlt.>1 i•Je-; P<)POP, J .·1-bi'° :?-(:l·phc.•r•~ lu,;1.1vl~ I) f•t.•n.-c·nc-; rPA. li'"'l'<"·l~J-X- ph'"ruinngcn 
,tC-ll\otlor. 

J. F..XP • .\f•·n. -C1 "rhc- RucL.<.·fdf..-r Unh<."r-sit~ Pr1."'U • OO~:!-J•J07/.'iG/J2/J~:~5/J I SJ.00 J835 
'\

0 ur .. 11h• IG·j 01.·,1.·1111,....r J!.f~(j JM3j .. JM1.'"t 
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2227) wcrc gcnerou!> gift~ oí Di·. Pcuc1· Frihc.-rgcr. K;.ibi Viu·u1n. StocL.holm. 5hl.·dcn. 
Soybcan trypsin inhibitor aru.J lir1101bc;:1n u·yp!tin i1thibi1nr ,.,,·er·c fr-0111 Sigrrta Chemical C:o. 
Aprotinin. the bo\•ine JMtlCn:·atic tryp .. in inhil>i1or ufthc Kunit7. typc: crrasylol). ""'"ªS J...ind,· 
pro,·ided by Dr. H. -1-ruschcit. llayrr Ph:1rmac~u1 icaJ.,, \\.'uppcrtal, Fc-dcr.11 Republic of 
Gcrn1an)·· ~tainly !'>Íng-le-chain. tissue-t'."'·pc pl;i .. ntinogen activ;:11or (t PA) ""'·as purific-d fron1 
n1elanoma ccll-conditiuncd nH:diu111, a"> dc!<o(.·ribc-d (6). Hum;1n high-molecular-""eight 
(H~t\\') kininogen '''ª"' gcncrou,Jy providrd ln Dr-. .. Hrigiuc Dittrnann and Hans Fritz, 
Univcrsit~· of 11.funic h. Fl.·dcr;:1J Repuhlic ofCrrrnany. 

Collt'<l1on of\",nom. J/r/odl'rrna ve1101n , .• :a!. ubt.ai11ecl by thc tcchriiquc initially dcscribcd 
by ~oc:b (7). Collccted vcnon1 w;1!!> scpar;llccl intu ;ifiquots, lyophilized, ;1nd L.cpt at -20ºC 
unul funhcr use (8) . 

• \lt'asurnnl'nl of En:.._wnatu .-1.ctit.·ilil's. BAEl-.-h'.l-·druly7ing ;1c1iviry ,,.,·~1s n1easured as de-
scrib<"d (8). A111idulvtic ;1c1i ... ilv \':<.. thr .,uh .. 1r..11c_·, S-2:'\o~. S-~160. S-2227, S-!!2úfi, ;1ncJ 
B.APN.A w:1!\ qu;1111ilied hy rl101iittH'i11g- 1hc- irtcr(_'a!\c of absorbance al 405 ntn in .a 
spcctrophoror11ete1· (C-:ilíorcl ln!i.tn111u·111 l_il1or4lloric.•!i., lnc-., Obcrlin. 011) ;ifter thc.· con­
di1io11~ dc:o;.cribc_•d by L;lt.1!10 et •il. ('.)). K,,. '\·,duc-. were dc_-tcrrnincd .accnrdiug to thc double 
rcc-iprocal rnclhod oí I.ilH'"":l\'(.·r ,111d Hurl (~l.1). plotting rb1;1 t11;1c "ere obt.1Í1u.-d ¡_¡fler 
lea""t :!><¡u.are ~111al)'!'.i .. of tln.· 111c.;1.,11red \'Oduc.·!'>. J.;, v;.1hu: .. "·c_·r(.' dc_·l<-"rn1i11ed by nH.•a.,uring 
sub..,tr<llc.• inhiLitot con1petitior1 ;:1ccording to [)ixon (10). Acti,·e sitc titr;uion "·as pcr­
forancd "'ilh ~t llCB .1!> dc.·.,crib<."d b~ jan1c!<>o11 et ;,d. ( J J ). Pl;i.,minngen activ;.uor activitv 
\·•."a!'. detc.•rrninrd b\' thc.· i: ... •1-lilu in h·.-.j., rnrrhud of Cnl.c-ks .. et al. ( J '..!). ;:1nd ""'<" dc.·tennined 
lhrc.nul>i11-lil..c :acti\'il\· b\' .. 1.1ndanf 1ned1od<o i11 .;1 clinical coagulo1nct<."L Ki11in-libcr·.uing 
ac1ivi1y "'ª' detcn11Í11(·d· b'.1- inc..u!JollÍIJg tl1c.• c.·n.7Vl11c wi1h liighh purilic_·d 111..1111:111 ll:'\f\\'­
kininogctL -1·1ie l.i11i11~ fon11c-d '"'ere_• 111c<.1!>tnc_-d Uy 11Hllliloring thc.· co11tr;1cti<Hl!> of an 
iM>l:ucd rat utcru!o pn·p.;n·<itiun u!'oi11g a pol~·gr.tph 1·ecordcr by ;1 .... ariation of 1hc 111cthod 
of Traut!tchold ( l 3); J µg oí hcluderm.:..nirn· .;rnd 150 µg oí human J l:'--1 \\'-l.ininogen "'ere 
incuh;1ted in 1 mi oí O. 1 ~f Tri!>/l fCI (pi f l".5j. J <r" :'\f phc.·11ant hrolinc_· for 30 min ;u 
25ºC. ·rhc n:actio11 w,a:o;. .. loppcd by he.1ri11g tÍ1c.· ~.t111plc fur JO 111in •ll Y~JºC. ·ri.e L.inins. 
gcncr~tcd "ere qua11tificd by cornparing tlir ;icti,·iry wid1 ;1 st~1ndard cur\<.". d<-"t-i'\ed frOJll 
valucs obtainc.-d through die_· cífc<-l!-< oí J 0-2PO pg c..of 5ynthrric Orad;. L.inin u·i;:1cc..·tatc. 

Cu/u.mrJ (;Jiro1nal11¡:rapli_;. ./\ll ¡uoc.c..·<l11rc:"> hrrt· 1x:ríur111cd in !'ol.111cl,1rd l.1bora1ur~ glas.o;.­
""·;:arc :.ind pol~c_·thyh.•n(.' 111IJi11g c_o1111<."l'tion.., .11 ,1n1Lic.·111 tc_·111¡><·r·,1turc_-. E.lutiun ra1cs. ""ere 
1n;,in1;1i11c.-d cn11 .. 1.;111t In u .. i11g pc1·i..,1altic pl1111p ... Fr·.1ction~ "c1-c: collc(lcd in 10-1111 glas5 
tubc-s . 

• \lra.U41rml'nl off>rutru1 C:v11rl'11tra.l101i. Pro1r1n (tllH<."rlltation!> '"'t:re de1«1·111111ed bv the 
1uc..·thud uf L•lh r·\ 1·1 .ti. l I 1) or li~ .ili .. 01 ll.tlH « 11u-.1..,u1 «llH'lll'> ;11 ~HO lltll, ª""•t1111111g an 
C)t.tinction <.<.•elfi1..-i«.·111 uf¡:.•.:· .. ,,¡ 10.U. 

Ell'<"l1'11f'h"'l"/U- prvct"diuf"-j. \\"c..· p1..·1for111c..-cl _...,lJ~-P_.'\(;1-: 11!oi11g: thc..· <.. onclit1011~ de~crihed by 
Lu.·uunla (1:1). Jll~ poh,1tnl.11nide ~blJ gel .. 1l:"i<J X l~O x 1.:1111111) "<."re uc,cd. Elt·c11·0-
phu1·c!ti!'o "ª!!> pc..·1·Í•ln111.·d at ~:'i rnA 1..Ull!'ot.1111 l·ur rt·1n. (~eh nere fi:-..«.·d .-11HI 'taiq1.,.·_J in a 
~olutiun uf Cl.~!5~ Cuu111,1~~1c..· B1·illi.1111 Bll1c..• H. 111 ~UC:"; rnctl..1111)! ('\·01/vol). 1 nr-;: .H c..·t·i. acid 
(vol/,·ol) i11 d•1uf.lc-di .. 111!1.·d l J_.(). Dc~1;11ni11g · ... , .• ;,d,ic..·\ .. ·d i1; .. ~ • ..-.lu:.i<.u• ,,f :-.:..:'.(. (\c.l/"uiJ 
n1c.-lh.anol. IO~é: (vol/'\•11) ;1<rtic a(id in douhk-<ii-.tilled lfJ). 

Jodi11at1on PrCJcnlurl". 2 µg uílic.·lodt:1·111;111nc.· "<..Te i••d111;11c..·d to ."l ..-.pclific .:1c.·t1\ity of-2 
µC:i/~ u-.i11g ~<..''"' E11gl.u1d ;o...;11c.lc..·;11· (Bu.,1011. '\f.'\) Bultull ;n1d 1 funtcr· IT.1gc..·nt <tCl.vTding 
to tlic..· in ... tructions p1·n,·id1..·d Ü\ tlie 111a11uf.1nurer .... 

/_ab~/1ug :J.:1th /J/F/'. '.20 ng .l1c.·luden11.1IÍ11t: h1..-1·e loil•c.·lc..-d .11 da· .1c. ti\ e :">itc..· "ttli l 'l l]iPr::-
P-F. c.-~ .. e111i~dh .1-. d(.·-.n ibcd { 1 ti) . 

. -\mino And :111af.uis. \\'e_· p•.:I ÍtJI na·d a111i11 ... 11 id .111.11~ ~¡.._ af1c..·1 ;:H:id lnd1 ol~ ,¡, of ~;1111plc 
tlupli1 atc_•o¡, ;H c. u1 ding tu ~fue.JI 1..· .111d S1ci11 ( l.7J. ·'" 1111.difi«d ll\ Li;10 ~·t al. { 1 S) 10 ;I'\ oid 
º'id.u ion of c ... sr..·i11c. 111c.-1hic.111i11c .• 111d t\ ro!>i11e. Sl..'."I ita• and tl1rc..·;Hii11c \ alu1..· .. '-ere obi;.incd 
b~ C."'t1·.1p•.Jl.11Íun 1u tirnc O fi-0111 thc.: :!1:. ·18-. .t11d 7:.?-h h~cli·ol\'!<oi!> tirne. \'.:Jl11cs. fo1· 'alinc. 
fc..·ul·ine, a11d ¡.._,,Jc1n·i11c..· ,, en• t1bt;1i11«d fi-0111 tht" 7:!-h In d1 uh,¡ ... 

. \mi110 .\<id .\·,quc·,ue fJ,-Jrrm~ualú111. ·r11l.' ;1111inu l<..·1.111i11;:il ttn·,1Tc..·11t sll"IHllll<..º of h1..·lod. 
c..-r111.11i11«.• '' :i-. d, lel 111i111·d IJ~ -.c..·c.1uc111i.d llic..·111i1 .d dc·g1-.1d.11iu11 .1!> dc..--.c..1 it-....-d Ly Ed111,1n { 19). 
otppl'.1-ing- lht• lc.·o lini•.il ~pc:c.1fi1...1tiu11 .. uf 111..·\~ii.L c..·{ ;d_ (~O). 



1 

'·º 
o.e 

1 06 

o :e 04 .. 
02 

o 
o 

.\ 
'ºº t G 

.ALAGON ET AL . 

200 >OO 
mi 

1837 

400 

FJCLºML 1. Bc.·t1.1 .• un1di11c.--SC'ph;11 U!>(."' ~rfinll r ( hrorna1ugr.1phy of Ji. h. horridu.1" ..... hale '\•cnon1. 
\\'holc."' solublr:" \.rno111 ( 100 111g) "".;¡' ;1pplird to thr col11u1n. Elution ralr "'~s rnain1.:iincd -10 
nd/h. 3-rnl fr.;1criru1s. "-rrr cullC"<lrd. ·1·hr- s.t.1r1 uf thr- g1ddicn1 h indic;uc.-d b~ an arro"'· (G). 
Fractiun .. "-<"'re- p<1><•IC""<.J ., .. 11uJic;HC"<I b~ h<.niJ"unlal 0.1r<\. 

Blood Prn.Jurt" /luording from the Carotid .-\rlt'r_,. of an A.nntheti:.ed Rahbit. .A .!S'ew 
Ze:slanri whi1c ro1bbi1 (~ .. ) l.g) w.1 .. ;111c.· .. 1lu.·1iJc.·d ,.,;i1li plic.-nob•1rbital .and thc:- c.:..1ro1id artcry 
""';IS c;u111ul:.1u·rl hith ;1 poh.elh}lenc <;.11hc1er cor111ec1cd t<> ;i tran~ducer .and ;, pol~gr.;.iph 
record<.·r. lnjc._·ction!I. ,.,c.•tt..• 111.1dc.· i111.-. ilu.: fc.·11111r,;d .11·1c._·r·y. 

Re!->t1hs 

Purificatiun of //r!ud,•rmatine: Bo1:.amidine Sepharose Affinil)' Chromatogra­
ph)·· L)oophili.l'c._·d vcnnn1 ( J 00 rng') ,,·as di~<.oh ed in O. J ~f Tri'.'>/} f CJ. pH 7 .95 
(staning bufT(.·r). ;1nd i11!'ul11ble 111•1tc.Ti;d \,·;1~ 1 e111<_n ed by c<..·ntl'ifugation. -rhc 
clcar ~upcni:i1;1111 \';1' :1¡,J>linl t1J a JO 11d (lJ.~J X J:, c.111) c.olun111 uf b<.:n.1arnidinr­
.Seph;1ro .. l". ·r1ic ,0Jun1n "''ª' \\·;.1~hed ,,.ith I ;, "ºlu11-:e!'t oftht.· ';11ne buffer ;111d wa:-. 
clulf.."d by U!'oi11g ;1 fi11t.:;11· !'>ali s:radic:nt fr •1111 o (0 o . ...,; ,\f ;"'\.'~1CI in :1 to1:d '\.Olun!c._- of 
300 1nl. ·1-hc- n·-..uh .. :1rc.• ¡ncscntc.-d in Fig. J. 

Purifica/ion '';f /{1•/r1d1·rmuti11r: lJJ:"_·\f:"-(~·e//1,/0,.,,· .-\1t1v11ic F:xchange Chromatúgra­
phy. Puolt.·d ;1cti\.'e f1-;1c1ion., fn>t11 fi'\.·c indepcndc._·nt berua1nidinc-Sc._·pharose 
ch1·0111a1ogr;1phies (.-\.·/in Fig. 1) ,,-er·e e 0111l1i11ed, di.ti) T<·d ;1g;1i11!'>l st;1ni11g buff~T 
(J 5 1n.\I pot:i.;,-..iu1n pflu..,ph;1tt:. pi 1 7 .55) . .ind :1pplicd lo a 0.9 X 30 c111 <olurnn 
oí OE.\E-cc:llulo!-c._" tDE :,'..!; \\'lialrnan Jnc.) ccp1ilil . .11·;111«l in rhe ..,,;1111<: bufft.·r. ·1-he 
colu11111 ,,.;as \\·;1-..l1rd "irh f\\'O ,·.,J11n1c-<;. of :-.i.1ni11g IH.!ft..•r ;1nd dc".·loped t:~ing a 
linear· g1-;1di .. ·111 f10111 o ltJ o.:-\ 'f K<:I in .1 lo1;1l \1du111c.- of ~JOU 1111. -¡-he_- .1c._·1i"c 
fi·;u:IÍon~ "'c.·n: poolt-<I. di;d~ Jed v~. 50 111,I .(:"..' J l.,.) J JCO.,, ;111d ''en: fyophili,,<·d. 
-rhc J'(.'Suh~ of rhc..- cl11·(JJ1J.1tog1·.1phy ;11·e pn·.,c:111cd in Fig. 2 ;tnd a .. u1n1n;u·y of 
the purific.l1io11 pror<.·dun: i~ gi"'<-"ll in ·1-abl<: l. 

Criteria uf P11rit_v. ·r11e pu1·i1y of rl1e hcfr,den11ati11c- pn--pa1-;11io11 was c.-slab­
lbhc·d l>y four- cJiffc.:1 ent indcpendcnt 111crhod~: (a) ~DS-P.\Ca·: of thc: n·ducc-d 
proh·in íollu\H:d b~ :-.t.1i11i11g- h·ith Cou111.1 .. ..,ic B1 i//i;.11ir Bloc (Fig. 3)~ (b) SDS­
P.\C,f: uf" 1Ju· iudi11.;i1c._·d nonn:·rl11cc·d .1nd 1cduced pn.>tcin follo"'·~d by r:irlioau-
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FIGL'RE 2. DE.'\E--cc-lluloi.<" ~11io11ic cxch • .H1J.:t" c.hruu1-.1ograph~· oí fr-.. nion A.-t from Fig. J • 
... 5 nd of fraction .'\.1 fror11 Fi¡.:. 1 ""C'H" Jpplird 10 1hc.- colurnn. The flu"" ""'ª"' rruin1ainc.-d .11 
30 nll/h. :!.!J-1111 frJCltun' """C"IC' colkc1cd. Fr~c.lioll"' ... crr: puolcd 3'1. indic~tC"d L\· horirontoal 
b..rs. Frac1ion A.4.~ •·••;u U'l.C"d for f1Jr-th<"r cho1r;.1C:tt.·nrJtion. Frac1iun,; A.-1.I aod .\..-1.3. '•••hich 
cont.ainc-<l 111inor <.ont.1111ino11ion. ""'C'Tr rccyclC"d 111 thr UC''I batch of pur-ifica1ion. 

TAHLE J 
Purrfiration of Jldodermatin' from L)oph1/1:i"d //. h. horridurn \",nom 

Fro1c1iu11 Souu_c uf fr.1ctiun ProtC'in 
Sp<"cific ;1c1ivi1~ Reco\C'r-\.' 

(HAEEJ• of o1ct1virV 

?l'lg U/me % 

\\'hole '"~·111un L)••ph11i .. c.-d \("rJOH1 'ºº 2.67 100 
A.4 U._.11,..1r11id1nt"·SC"¡•l1J 1 º"e 9.1 !!O.U:! 81 
A.-1.2 DE:\ E-:\!! c-c-llulo,.e 6..t 22.fi·I (8.77 1 ) 55 

• Assuming t:;::.,.,. 10 
s Asiun1ing F.~:,, - !?!1.8. a:i. dcri"'c:<l fru111 lfu._• .u111no .u.:id a11.;i.ly,_i~ uf the purc- pro1ein. 

tography (Fig. 4)~ (r) SDS-PACE of the nonrcducc..:d and n.·duccd pr·otein ;tftcr 
acti\"c ?.it<.· ;1ffi11it ~ J.1hcli11g ,,·itl1 DI FJ> (Fig. 5); ;111d (d) identific:1tion of only onc­
arnino ;1c id in <:ach o;;1cp of the ·''-!c:nnin~d aminn ;1cid :-.ecp1e11u ... · (Fig. 6). 

Amino .-\rid .·\na/y,;is. -rhe n.·~ult!» oí rhe arnino acid ;1n~i1y~is an· prc~.c:ntc:d in 
J-;iblc 11. ·rJH.:Te i!l. no tlllU!loual <.•I" f'Oll!--pic.11ou.;; f_·.-uure in the ;11nino acid C<,111po­
shio11 ... -rht.· ..'\:.!»u of ;1 ~(1ltuio1 1 uf 1 1ng/111I hel1ulc1111;11i1H~ as de1c.:n11ir1<.·d !'} ;11nino 
acid :.in;1J\"si~ w;1s f<...>1ntcJ to be ~.58. 

NH'.!-T;1·minal Profrin Sequence. -rhc ~equencc ofthc...- ~O !'.:H:.:-t<.:rmin;ll a.inino 
acids is pn:"(."Jltc..~d in Fig. G and cun1pa1·~d ,,·id1 thc ~'-'<Ju<"ncc ofp1_ncinc..- pancn_·;ttic 
k.-.lliJ...rcin (21 ), CHlt,tla.,,c, ;i k.1lliJ...n .. ·in-lik<: <.'ti/\ 111e ft 0111 1 he.- "cno111 uf [11(_• di.t111c,11d 
back r·atth: o;,n;1kc Crlltalus adama11/t'us (~2) .tnd ko11liJ...n ... ·in-lil...<.: crlLynn .. ·~ fron1 
Crotaliu atrux (2:1.;. ·1-J1c.:re i!-. a .:r.igniíic;ult ho1111.:>lngy to ali four erll'~ mes. but rhe 
doscst (S uf 1 !) n.·-,idra .. ·s) is. to pon:ine p.111c n·;11 ic J....11liJ...n:i11. 

En:.;mntir Pr"prrtit>s. Bu1h o-P1·0-Pht.·:..:\q . .?; p~~1 (S-:2:302) a11tl 0-\ºal-Lc-u-.·\1-g 
p~.,. (S-22liG). uriginalfr <-h..~, elopc..-d, 1 <.:..,pect iH:ly. for hu111an .:r.c·rurn J...allikn:·in ;ind 
gJ¡tncJul.11" L.alliJ...n.-i11 pruvc.·d ro be (.."'c'-·lfc·111 st1bsc1·;ues for helodt.·r·n1;1tinc ... 1'.unitz­
typc bo" in'-· p;1ncn_·•.1t ic 11) p~in inl1ibitor (;•¡Hot in in, ·rr·:.t~ylol) :u1d ""º~ hean l 1) P""in 
inhibi1or ;u·e :-.trung cornpctlti"c inhihito1·s uf hc.·f,idcnn;rtinc. DJ FP inaniv.11t..·d 
hc... ... lo<lt..-nn.•tine ir_1·cvc1·~ibl} in a 1i1nc.:-dt·p'-·nch.-111 Í;.1~hiun con'.'-istt:nl ,,¡,ha !'><.-cund-

··t 
~ _· ¡ 
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FICL!'Rt; 3. SOS-PAGE oí 5 l'f;° of purilicct hdoc.IC"rm.:uine undcr conditions de.cribcd in the" 
tcxt. Thc ~mplc- Wils rrduccd b)· boiling fur JO niin in ,,,;.amplc buffer conuining 13 2-ME. 
Acr)·bmide concent.-ation ""·a• 7.5t;V. 

1;¡,.- "' 
Ftca .. 'N1': ·l. SOS-r.\c;E of u"J-1.di.t•lc:-d 1i~·l1ul .. r111.11nu_·. O.OJ µ(.i uf ~.;1111plt· ""'•·s-r loooclrd J•c.·r 
""'c:-11. ·'ºR. n.1thr ... 1111pl•• dt·n;11u1t·d .11 rourn lt 111¡~t·1.uu1 e in .._1111plt· l.1uÍft·r; /(, -.;,_n1plL0 dc.·u;11urc.•d 
;.nd n.-chu.o..•cl b~· builing fui ~. 111in i11 prc. .... t•11n• of 1 O 111!\t IYJ-r. ·r1u.- gel w;o. dnc.·d .tnd c~pu .. ...-d 
º"<"'" ll¡Hlll on X.'\R lihn. F.a!!otlll,•n Kod.1L Co .• H.1-o<l!IC"'-.IC"r, NY. 

orc.lcr r;,llc.a c011!\t;11u -J/~f-~ .. \ctive ~ire 1i11·;uion "·ith \fL'CB n:n:.·.iled a good 
cotT<.0 la1io11 hc...•t\..,·'--.L'll 111ut11it\' cakul.llcd on rlH..· hasis of ;i\'ail.1hle activ(." sitt....·s or 
on the h;1 ... is of .\!, ;111d ¡n111¡·i11 i 01111._·nr. ·rhcsc cxpc-ri1nc111s an: :-.u1n1n.1d.1c.:d in 
-r;able 1 J J. J lc-lod1._·n11;11 i11e 1-eka~t....·d 75~ uf the ;11nount of J...inin fro1n l11unan 
J J;\l\\"-J..i11inogc.·n. ;1~ fun11•1n pla5.nW J...allil...1·~·i11 did in cquiv;ilc-nt arnou111s and 
othcr·,,·isc idt:ntic1J (.011ditions. lncub41tion of ·10 ,,g single chain tP.\. wirh 2 µg 
hcludc.:n11a1inc (100 µJ 1·cac..tion volu1nc. GO ruin at 25ºC) 1·csulrcd in a ~03 
co11\·crsiun of ~in;;le-c:h~1in t P.\. i11to dnublc:-<..h;1i11 1 P:\.. \\'i1 hout addition of 
h1,_·Jodc.·1111atinc. tlu. .. • ~inglc-c.l1ai1! tP..\. p1·1,_·p;u-atio11 ·was perfecrly ~l;il.Jlc (Fig. 7..-t). 
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FIGURE 5. SOS-PACE oí OIFP-labcled hc:-lodermatinC'. 1 "g of s.ample w.;r,s loaded per "·ell. 
/\."R. nath·e s.an1ple dcnatured al rooru tcrnper.acur-c in 5arnple bufíC'r; R. s.an1ple dcna1urcct and 
rcduced b\· boiling for 5 min in pi-c~ncc of 1 O mM D-.-r. Thc gel was procrs.\.f!'d for 
Ouorography. dried. and c:i.:po!i.ed to film as dc.-!>Cribcd (16). 

flel.oder-1. 1 n• 

.S:• llt.2.!!. E t • 

1.S:-~1:11• 

Croi.•la•a .. 

Thc cnzyrne ncitht.•r coagubtcd íilu-inogcn. nor did it activate pJ¡15n1inogc.·n (data 
not shown). 

Effccl on Rabbit /Jlood Pressurr. ~rhc effcct of lu.:lodcnn;itinc on the blood 
prcssure of an ::tllc!<>thcti.1.<.·<l r¡1bbit i!'.> shoh"ll in Fig-. 8. If 40 µg of hclodennatinc 
wcn.• incubated ""'ith 200 µg of apnHinin fur· ;, 1nin al a111l.ticnt 1c111pe1·¡¡turc 
bcfore inj<·c.:tion. tlH._· l1ypnt<·n:-.i'.·e 1·ffcct wa!> cu1npktely ~boJi:-.lu:<l (d~11a 1101 
shO"\'\.'fl). 

Di~cussion 

\\'r:- dl.0 !->c.Tibe a sirnplc procedurc.- for thc..· purification of thc n1ajor .\"-benzoyl­
L-arginint..· cMc-rasc froan eructe vc1101n of [f. h. horridum. ·rhc- procl:dure cornp<irc-s 
favorably, in tt..•nn:!!. of yicld. spccd. and final purity, to previnusly publi:-.h<.·d 
111cthods (!°>, 8). ·ria· pdndpal -.1cp con~i..,ts uf affinity c.111 <J1na1ug,1·aphy on , 0111-
incrcially availabk· bcn;a111idinc-S'-·ph.1rose. ·1-he pu1·ity of thl.· pn:p.1ration ap­
pc:ars wc-11 c~tahli~hed by :-.cvl.~ral c.:dte1·ia. nntabl~ thc n1ig:r;11ion as a 'ingle b;ind 
in SDS-P.·\C.E uf thc indi11att:d J->l"Otein an(J .thl.· initial yield of one 1ermi11al arnino 
acic.J IT~idut: oh101int.·d tlu·ough 1hc Ed1n .. 111 degr:ul.11ion prncc.·dun· .. ·\ffinity 
fabcling \•,:i1h DI FP .. · .. t;d..>Ji.,lic.·d th~1t thc Cll/)'llH: !Jelung!> to lhe ~l.·1·inc.· p1t.•tc.·in=--..,c 
fi.1111ily. Sl."\"l.'1·al liru:s of <."\·ide1Kl.' i11dic:.1l<." a clo~c rclatiun~hip uf this t..·11.1.vn1c to 
t he.· l...1llil..1 t.·ins. ~'-111011g 1 l .. ·111 !>.land~ f(JI c1110~1 thc high c.·íficic:tH. y in lilH·1·.11 ing 1 he 
va~o.1c.ti..-c: J...inin f.-c.111 J f.\l\\'.J...i11i1u,~en, l11c: l1igh c~11;dyric efficic.-rH.y by hl1i<.:h 
thl.· -.uh .. 1 J".lle S-:.!:\OZ ;111d S-22Gfi ,,n: hplrol~ ~ed ~1nd tlic low K, va ful"' ~at c.• dc.-rivt..•d 



1 

·rAUJ.t: 11 
Amil'IU .-1.ciJ Composition of J'urifit"d JJ,/odt"rmalinr 

Amino acid 20 h· -18 li• 72 hª Neoarest 
in1eger 

L)'Sine l:.?.35 1 1 .li~I 12.11 12 
Histidinr l:!.57 12.69 12.61 "' J\rginine 25.59 26.63 25.43 2G 
Tr)"p1oµhan ND "'º NO ND 
Aspartic a.cid 57.05 57.33 55.56 57 
Thrc-oni1•e ::19.':!:, 36.-17 33.23 42' 
SC'rine <15.7ti 38.14 32.31 51' 
Clut.amic acid 61.38 60.8·1 61.17 GI 
Proline 34.6:! 32.69 33.68 34 
ClycinC" 69.60 69.61 69.60 70 
.AJ.anine 19.6J 19.19 20.-10 20 
H.o1lf<~·srine 24.3-1 22.95 21.56 23 
Valine 42. 16 -f-1.-10 ·15.08 45 
:.rethiunine 6.0J 6.00 6.67 6 
Jsoleuc1ne 35.36 3R.83 39.00 39 
LC"ucine ·I0.95 10.!13 4 J .22 41 
T'·ro1.inC" 22.72 21.U7 21.62' 22 
PhemdabninC" J J.08 11.83 J 1.6-1 12 
Gluc¿s.amine 8.51 3.36 0.9-1 ,,. 

Arnino ucid con1posi1io1u. ""ere- calcul.;11ed b),. t;iL..ing che number of 
residues pc-r- rnolC' oíaspardc acid, ~lut.arnic aci<l. ;il.•nine, .and lcucine to 
be. l'"C'Sp<-cti'l•dy. 57, GJ, 20. and 41. 

• Avc-r.1gcs oí duplica1c- anal~·:w:s. 
i Cafcul.au:d b) C'XO·apola1ing to time" O oí h>·cfrolysis. 

TAULE 111 
Enz.ymatic Properties of lielodermatine 

Sub!>tr •. UC' K_ 

""" S-2302 IG 
S-2160 
S-2:?27 
S-2266 75 
3AEE 83 

lnhibi1or 

.. \prolinin (Trasylol) 
So) lu:-an tryp!>i11 i11!1ibi1or 

J..:..-., Cl/s) ·---K..~.J=K~-=-o..(lco/~~~I-·•~)-

1.31 
0,05 
0.37 
J.16 
9.19 

SJ.900 

17.600 
110.soo 

2.a x ro-• 
3.0 X Jo-• 

• Dc:ri'l.-.·tl f1orn Uixun plu1.,, u!>ing S·:.?30~ ao; t..UrJIJM:ting .,uburatc. 

18-11 

frorn the i1urr;1ctio11 '' i1h ;1prntinin .ind ~oyLc·;.111 tryps.in inhibitor. Fin011J~· • • 1V-
1ern1inal "'"<'fJUc:ncc ;111;1lysi~ rc:vc.:alcd ;1 !'oignificant ho111ology to J...allikrcin frorn 
porcinc p;.111crc.-as and J..<1Jlil-..1 t..•i11-liJ..c..• ... -n/.} rut:s. frorn thc vcnoms. of C. atrox and C. 
adamanteus. -rhc h~ pul<.·11~i,:c shock ;il1110M inu11cdiatefy aflc..·r bit<.-s of crot;did 
snales is 1110 .. 1 fiJ...cly duc to tlu: l;dliJ...11,.._·in-liL.c ~n.1.yn1<.·~ in 1hc rrspc..·c.rivc \."Cl1Qn1s 
(23). 111 ;1nafogy. 1hc Ji~ po1 .. :11~ivc ,.fít•r 1 uf hdcule1111a \PIHJlll ;1flc..·J· i1ijt•1 tiun i1110 
r"OJ0l.Jil!I., ;111 .. ·~uly nu1c..·.1.J L} Fl1.·i~l1«-'r (2--1), is rlue I•.> hc.·Jodt..·nn:1ti11e, t·i1lu.·1· •. done or 
in co111bi11;11ic1n '' ith othcr ~till 1n1J...110\,,, 11 n.·.1gt·111s. bcrau ... c Wt." 11.1\c.._" c.:k·.-¡rJy !tohº"'·n 
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FrCURE 7. SOS-PACE of (.i) s.ingle·ch;1in 1PA iucub.;nC'd far 60 min at 2s•c in 50 mM 
Tris/HCI. pH 7.4: (B) singlt:"-ch.ain trA incuboued in pres.encc oí 53 (wt/,,..-i) helodermatinc 
under othr"'·is.c identical condi1ions. 15 ,.,g of s.amplr ""ere loaded ~r wdl. Pol~crylamide 
concC'ntr.111ion "",:u 10%. 11 and L cha in of l PA ;are!' indic-.;ued by arrau.•s. HelodermatinC' is not 
visiblc undcr lhC' swining conditions U!'>rd. /'v"/l <HHJ /l, !>C'~ footno1e 10 Fig. 5. 
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it.s hyporcnsivt• cffect. In cornras1 to thc snake cnzrrucs. howcvcr. no thrornbin­
lil.e acriviry appc;1rs to be as.sociatr.·d with d1i~ cn7..ynu:. -rhe convcrsion of single­
chain iruo double·chain 1 PA bv h<:lodc:rru:1tiru .. · 1nay contributc to the n1aintenancc 
ofa h>·perfibrinoly1ic sr;i1c at 

0

lhe sitc uf ;.a bitt.·. 
Recenrly. pcptides rcl:.ucd 10 glue1gon and vasoactivc intestinal pcptidc (VI P) 

havc bccn describt.•d (:i) in thc V<"ncHn of // . .su.~p,.clum. GJ;uafular k;11Jikrcins havc..· 
bccn associau.•d """·ith the proc<...·~'ing of pr·uhonuonc prccursors (25). Thus. 
anothcr possiblc function of hclodcrrn.atine rnight be the generation of pharma­
coJogicaJJy .active pepddcs fron1 protcin prccursors in thc vcnom. 

\.'\'e prcsent for thc first tirne a chetnical ;tnd cnzyrn;Hic char..ictcrb·.ation of a 
kallikn.•in-likc en;rvn1c in thc Sor.tria f¡unilv. Funhcr rcsc;1rch will have to addrcss 
the question whcti1cr this cnzymc is n1or~ rel;ucd to thc glandular or thc serum 
kallikn.·ins. -rhc.\/r ofheloderrnatinc is signific;tntly highcr than that ofglandular 
kaJJikrcins (21) but lo\<o.'Cr than thc ,\Ir of scrun1 kalJikrcin. Likc r.hc glandular 
kaJJikrc:in.s, hclodennatinc i.s strong-ly inhibited b}' aprotinin. It cleavcs synthetic 
peptidc sul>Mratcs. ho""·cver, with sin1ilar kinctics as scrurn kallik.rcin. Our find­
ings are of po.,.siblc: n:levance for the evolutionary history of the kaJJikrcin/kinin 
systcrn or protcolrtic regulatory systcrn.s in gcncr.-il. 

Sun1rnary 
\\ºe have purified and char;1ctcrizcd thc rnajor· ~V-benzoyl·L-arginine cthyl ester 

hydrolase fro1n thc \."(.."JlOlll of /Jeloderma horridum horridum. The cnzrme belongs 
to the .s-c.-int..• protcinase f;unily, and its activity vs. pC'ptidc an1ide substrarcs and 
human high-rnolecular-\\'c.."igJH kininogen suggco;ts a sirnibrity to r.lH.· farnily of 
kalliJ...r<.·ins. This intcrpn:tation is con·oborated Ü}' irs re;1ctivity with the natural 
inhjbitors soybe;rn tr~ p!<>in inhibi1or ;ind Kunitz-type bovinc pancreatjc trypsin 
inhibitor (aprotinin). lnj(.·ccion of thc: cnzyrnc (2-16 µg/kg) into :incsthetizcd 
rabbits lc-arls to a rapid dosc-dcpcndcrll rr;insit.•rH decrea~c of thc ;:1rrcrbl blood 
prc.·ssurc. LiL..e g:l:111dula1· k;illiln.·in it spt.•cificill~- conven.s !-inglc-chain tis~ue type 
plasn1inogcn ;icti,·:11or into it~ douhk ch:1io fon11. In cüJHrast to other kallikrcin­
likc c:n7y1nc~ frorn :-.nakc \<.:florn~ it ~ho"'"·~ no 1ltn11nUir1-liJ...c or pl:1~rninogen 
;1ctiv;1tor acti\"ity. ·rhe cn.1v1ne is a ~ing/c-ch;1i11 gl~ coprotc:-in (.\!, 63.000). -rhc ~v. 
tc-1·11,in;tl sequcnn: rcvc;llcd significun Jion1uJog~· 10 pig panc: c·.1<ic Ldlikn:in and' 
to J....1Jlik1 cin likc: <."IH\ lllf.:s fro111 Crotalu.s atrox ~111d Crotalu.s ndamanteus 'l.·enorn. 
This eru·yn1e. \\hich ·,, c n:1n1c..· l lc.:loc:h..·nnatinc..·. i!> thc fir!:.t purificd frorn Sauria 
with l;dliJ...r·cin-Jikc..- propt.·rtic:s. 

\\:<"ar<" inde"h~ed 10 Proí. J.-J>. Guig11;1rd ;11id ~t111c..•, ~- ,\11bt.·rt íor tlu .. ·ir ge1H.·rous Ju:lp 
,,·ath thc.· r:1bh11 blctod p1·c .. ,.1u-c.- ;111d I'l1·~. ll1·i~i1tc.· Oitt111.111n ;u1d 1 l.111!<> F1·i1.L Íor tlir: 1-;n 
utcrus .1:-..;rr. \\'e- 1h.ud .. Du11111iJ...a \'on Z.ahn-.Sc.hlc-uning .1nd Ju.,cttC" Guilfc..·rniu ÍQr pr1..•pa­
r.u ion of 1 he 1n:;11111M-rip1. 

Rcfcrcnccs 
J. 1 lc.-udun, R • . A .• Jnd .-'\.T. -ru. J !lSJ. Biochcn1k~1J ch;u-~1c.·1l."ri ..... ation of 1h~ li-'••nl roxin 

giJ.11u.,i11. /Jioc/1,.,nútry . . 20:35 J 7 .• 
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