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RESUMEN 

En esta tesis se reporta la estructura primaria de la toxina Cn4 del veneno del alacrán 

Centruroides noxius Hoffmann, la cual se ha visto que bloquea canales de sodio 

dependientes de voltaje. También se reporta la donación y secuenciación del cDNA 

que la codifica, así como la de otros cDNAs que codifican para toxinas del veneno del 

alacrán aún no reportadas por secuencia directa de los péptidos. A la vez, se discute 

el posible mecanismo de procesamiento del péptido hasta su forma madura y se lleva 

a cabo un análisis comparativo de las secuencias obtenidas con las reportadas en la 

literatura. Dicho análisis muestra algunos motivos estructurales que son comunes a 

todas las toxinas del veneno de alacranes, tanto del nuevo mundo, como del viejo 

mundo. 
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SUMMARY 

In this thesis, we report the primary structure of toxin Cn4 from the venom of the 

scorpion Centruroides noxius Hoffmann, which has been shown to be a voltage 

dependent Na+-channel blocker. In addition, we report the cloning and nucleotide 

sequence determination of the cDNA that codos for this toxin and for other cDNAs 

encoding toxins of the scorpion venom which have not been reportad by direct 

sequence of the peptides. We also discuss the mechanism for processing the peptide 

to its mature form and performed a comparativo analysis of the sequences obtained 

with those reponed in the literature. This analysis shows some structural motifIthat are 

common to all toxins of the scorpion venoms, from both Oid World and New World. 
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1. INTRODUCCION 

1.1. PRESENTACION 

Esta tesis está enfocada principalmente al estudio de las características de los cDNAs 

que codifican para toxinas del veneno del alacrán mexicano Centruroides noxius 

Hoffmann, las cuales reconocen canales de sodio de membranas de células 

plasmáticas excitables. 

La tesis se encuentra dividida en cuatro partes: en la primera se revisan breVemente 

los antecedentes que llevaron a la hipótesis de trabajo que se siguió durante el 

desarrollo de la tesis; la segunda parte contiene los artículos publicados con algunos 

de los datos experimentales obtenidos. En la tercera parte se mencionan algunos 

datos complementarios, aún no publicados; y en la última parte se presenta una 

visión global de las perspectivas futuras de este trabajo. 

1.2. ANTECEDENTES 

El efecto letal y tóxico del veneno de los alacranes se debe a la presencia de péptidos 

que actúan especificamente sobre canales fónicos dependientes de voltaje. De 

acuerdo a su especificidad de unión se han dividido en dos grupos: el primero 



conformado por las toxinas que actúan especificamente sobre canales de potasio, 

descritas inicialmente por nuestro grupo de trabajo (Carbone et al., 1982; Possani et 

al., 1982) y posteriormente por otros grupos (Gimenez-Gallego et al., 1988); y el otro 

grupo constituido por las toxinas que actúan especificamente sobre canales de sodio 

(Caterall, 1976; Couraud et al., 1982). 

Existen diferencias estructurales entre las toxinas que bloquean los canales de 

potasio o de sodio, sin encontrarse similitud importante en la estructura primaria de 

ambos grupos de toxinas. Las que actúan sobre canales de potasio son mas 

pequeñas, contienen de 38-39 residuos de aminoácidos y su estructura se encuentra 

estabilizada por tres puentes disulfuro. Las que afectan a canales de sodio son mas 

grandes (60-70 residuos) y presentan cuatro puentes disulfuro. 

Durante los últimos años, se han realizado una serie de estudios enfocados hacia la 

purificación y caracterización de numerosas toxinas del veneno de alacranes (ver 

revisiones de Rochat et al., 1979 y Possani, 1984). Las toxinas que actúan sobre 

canales de sodio se han dividido a su vez en tres grupos de acuerdo con su 

especificidad de acción en: toxinas contra mamíferos (Possani and Dent, 1981; 

Possani et al., 1985), toxinas contra insectos (Babin et al., 1974; Kopeyan et al., 1990; 

Pelhate et al., 1982) y toxinas contra crustáceos (Zlotkin et al., 1975 y 1978). 

Asimismo, se ha descrito que dentro de las toxinas que afectan canales de sodio 

existen dos grupos funcionales de acuerdo a su farmacología y sus propiedades de 
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unión: toxinas tipo a que se han encontrado en el veneno de alacranes de la 

subfamilia Buthinae (alacranes del viejo mundo) y afectan principalmente el 

mecanismo de inactivación del canal (Noner, 1979); y las toxinas tipo i3 las cuales 

se encuentran en el veneno de alacranes de la subfamilia Centrurinae (alacranes del 

nuevo mundo) y que alteran el mecanismo de activación (lleves et al., 1986). 

También se ha comprobado que ambos tipos de toxinas se unen a sitios distintos en 

el canal (Jover et al., 1980; Couraud et al., 1982). Sin embargo, se ha encontrado que 

existen venenos de alacranes que contienen toxinas con actividad a y toxinas con 

actividad A  en el mismo veneno (Kirsch et al., 1989). 

Al comparar la estructura primaria de las toxinas que afectan a canales de sodio 

(Fig. 1), se observa que existe una gran similitud en la secuencia de aminoácidos en 

todas ellas. En particular cuando se alinean con respecto a los residuos de cisteina, 

se ve claramente que estos 8 residuos se encuentran en posiciones equivalentes en 

todas las secuencias comparadas (12,16,25,29,41,51,53 y 65 con respecto a la toxina 

Cn4). Es importante hacer notar que además tienen conservada la posición de los 

residuos que son importantes para estabilizar la estructura secundaria, regiones de a- 

hélice (a) y B plegada(b). La mayoría de los residuos donde se permite variabilidad, 

delaciones y/o inserciones representadas por guiones en la Fig. 1, están en 

posiciones que corresponden a estructuras al azar o a asas dentro de la molécula. En 

la sección 3.3. se presenta una discusión mas amplia sobre esta figura. 
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TOXINA 	SECUENCIA DE AMINOAC IDOS 	 REF. 

wollikWA 

Cn4 	KEGYLVNSYTGCKYECFKLUNDYCLRECKWYGKGAGGYCYAr 	GCNCTNLYEQAVVWPL--KNKT-C-N 	a 

CngtV REGYLVNSYTGUYECFKLGDNDYCLRECKQUGKGAGGYCYAF 	CCWCTHLYEQAVVIVL--KNKT-C-NCK a 

Cltl 	KEGYLVNHSTGCKYECPKLGDNDYCLRECRIWYGKGAGGYCUP 	GCWCTNLYEQAVVWPL-P-NKT-CS 	 b 
Cn3 	REGYLVELGTGUYECFKLGDNDYCLRECKARYGKGAGGYCYAF 	GCWCTQLYEQAVVWPL--KNKT-CR 	b 
CHAU REGYLVSKSTGCKYECLKLGDNDYCLRECKQQYGKSSGGYCYAF 	ACWCTHLYECIAVVWPIA-P-NKT-CN 	 C 

Cn2 	REGYLVDKNTGCKYECLUGDNDYCLRECKQQGYKGAGGYMP 	ACWCTHLYEQAIVWPL-P-NKR-CS 	 b 
Curan KEGYLVSKSTGCKYECLKLGONDYCLRECKWITGKSSGGYCYAP 	ACNCEALPDHTQVW--VP-NK--CT 	C 

CsEv2 KEGYLVNKSTGCKYGCLKLGENEGCDKECKAKNOGGSYGYCYAP 	ACWCEGLPESTPTYPL-P-NK--CSS 	C 

CngtII REGYLVWXSTGCKYGCLUGKNEGCDKECKAKNOGSYGYCYAF 	GCWCQGLPESTPTYPL-P-NKS-CSKK 	d 
CaEvl REGYLVICKSDGCKYDCFWIAKNEHCNTECKAKNOGGSYGYCYAP 	ACNCEGLPESTPTYPL-P-NK--CS 	C 
CngtIII KEGYLVNKSTGCKYGCFWLGKNEACDKECKAKNOGGSYGYCYAF 	GCNCEVLPESTPTYPL-P-NKT-CSKX 	d 
CaEv3 KEGYLVMSDGCKYGCLKLGENEGCDTECKAKNOGGSYGYCYAP 	ACWCEGLPESTPTYPL-P-NKS-C 	 C 

Cn1 	KOGYLVDA-KGCKKNCYKLGKNDYCNRECRMKHRGGSYGYCYGP 	GCYCEGLSDSTPTWPL--TNKT-C 	 b 
Cngt/V KDGYLVDV-KGCKKNCYKLGENDYCNRECKMKHRGGSYGYCYGP 	GCYCEGLSDSTPTHPL-P-NKR-CGGK 	d 
CaRI 	XDGYLVEK-TGCKKTCYKLGENDFCNRECKWKHIGGSYGYCYGP 	GCYCEGLPDSTOWPL-P-NK--CT 	C 

TalO 	KEGYLMDRE-GCKLSCP-MPSGYCGRECGIK-KGSS-GYCAWP 	ACYCYGLPNWVKVWDRA-TNK--C 	 b 
TaS 	KEGYAMDHE-GCKFSCP-IRPAGFCDGYCKTHLKASS-GYCAWP 	ACYCYGVPDHIKVWDYA-TNK--C 	 b 

kan XRDGYIVYPNN-CVYHCVPP 	CDUCKXN-GGSS-GSCSPLVPSGLACWCKDLPDNVPIKDT--SRK--CTRK 
AaNIII VRDGYIVNSKN-CVYHCVPP 	CDGLCKKN-GAKS-GSCGFLIPSGLACWCVALPDNVPIXDP--SYK--CNSR 
LqbaIT VRDAYIAKNYN-CVYECPR---DAYCNELCTKN-GASS-GYCONAGKYGNACWCYALPDNVPIRVP---GK--CARK 	e 

AaHII VEDGYIVDDVN-CTYPCGR---NAYCNEECTKL-KGES-GYCOWASPYGNACYCYKLPDHVRTKGP---GR--CU 
BotXI LUGYIVDDAN-CTFPCGR---NAYCNDECKKK-GGES-GYCQWASPYGNACWCYKLPDHVRTVQA---GR--CN 
BotI G-RDAY/AUEN-CVYECAQ---NSYCNDLCTKQ-GATS-GYCDWLGKYGNACWCKDLPDNVPIK/P---GK--CHP 
BotII G-RDAYIADDKN-CVYTCGS---NSYCNTECTKN-GAES-GYCOWIGKYGNACWCIKLPDKVPIRIE---GX--CHP 
LqqIV GVRDAYIADDKN-CVYTCGS---NSYCNTECTKN-GAES-GYCQWLGKYGNACWCIKLPDKVPIRIP---GK--CR 
LqqV LICDGYIVOUN-CTFFCGR---NAYCNDECKKK-GGES-GYCOWASPYGNACWCYKLPDRVSIKEK---GR--CN 
LqhIT2 DGYIKRR-DGCKVACLI-G-NEGCDKECKAY-GG-SYGYC-WT--WGLACWCEGLPDDKTWKSE--TN--TCG 
LqqIT2 	DGYIKKR-DGCKLSCLF-G-NEGCNKECKSY-GG-SYGYC-WT--WGLACNCEGLPDEKTWKS2--TN--TCG 
BjIT2 	DGYIRKK-DGCKVSCII-G-NEGCNKECVAH-GG-SFGYC-WT--WGLACWCENLPDAVTWKSS--TN--TCG 
AaIT4 EHGYLLNKYTGCKVWCVI--NNEECGYLCNKRIIGG-YYGYCYP---WKLACYCOGARESELWNY--KTNK--CDL 

AaHIT KKNGYAVD-SSGRAPECLL--SN-YCYNECTKVHYA-DKGYCCLLS 	CYCFGLNDUKVLEISDTRKSYCDTTIIN f 
LqqIT1 KKNGYAVD-SSGKAPECLL--SN-YCYNECTKVHYA-DXGYCCLLS 	CYCFGLNDUKVLEISDARKKYCDPVTIN f 

bbbb 	 aaaaaaaa 	bbbbb 	bbbb 
-aaaJ- 	 -asan-- 

Figura 1. 
Comparación de la secuencia de aminoácidos de diferentes toxinas del veneno de 
alacrán que afectan canales de sodio. El alineamiento se realizó en base a los 
residuos de cisterna de la toxina Cn4. Se Introdujeron guiones (-) para maximizar la 
similitud. El primer bloque incluye toxinas de alacranes del nuevo mundo. El segundo 
bloque contiene toxinas de alacranes del viejo mundo. Se indican las regiones de a-
hélice (a) y 13 plegada (b). Los asteriscos (*) Indican el motivo estructural propuesto 
por Kobayashl y colaboradores (1991). 
Referencias: a) Vázquez et al., 1993; b) Zarnudio et al., 1992; c) Nieves et al., 1984; 
d) Secan!l el al., 1993; e) Eitan el al., 1990; f) Zlotkin et al., 1991. 

6 



El estudio de la estructura secundaria y terciaria de las toxinas del veneno de los 

alacranes se ha llevado a cabo empleando técnicas como: difracción de rayos X 

(Almassy et al., 1983; Fontecilla-Camps et al., 1988), resonancia magnética nuclear 

(Darbon and Braun, 1991) y dicroismo circular (Loret el al., 1990) principalmente. La 

combinación de estas técnicas ha permitido determinar los principales motivos 

estructurales de las toxinas, llegando a tener ya descrita la estructura terciaria de tres 

toxinas: dos correspondientes a un alacrán del viejo mundo, la toxina 11 y la toxina de 

insecto de Androctonus australis Hector (Fontecilla- Camps et al., 1988; Darbon etal., 

1991), y la otra de un alacrán del viejo mundo, la variante 3 de C. sculpturatus Ewing 

(Almassy el al., 1983). En todos los casos, se presenta un fragmento de a-hélice, tres 

láminas antiparalelas 13 plegadas y un centro hidrofóbico estabilizado principalmente 

por tres de los cuatro puentes disulfuro (Fig. 2). En adición, este motivo estructural se 

encuentra presente en todas las toxinas de alacrán, independientemente de su 

tamaño, secuencia o función, así como en otro tipo de péptidos no relacionados 

(Bontems et al., 1991; Ménez el al., 1992; Bruix et al., 1993). Se cree que todas las 

toxinas de alacrán constituyen una familia de péptidos similares que evolucionaron a 

partir de un ancestro común, por duplicación genética y evolución independiente de 

los genes duplicados. 



• 
11.1-1-r!,  

\11 

Figura2. 
Estructura tridimensional de la toxina Cn2 del veneno del alacrán 
C. noxius (datos no publicados del laboratorio de Dr. Possanl). 
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La mayoría de los grupos de investigación en el área, se han abocado a la 

caracterización bioquímica de las toxinas del veneno de alacranes de diferentes 

géneros y especies. No obstante, el conocimiento que a la fecha existe con respecto a 

los aspectos de biología molecular es limitado, aún se desconoce el número y la 

organización de los genes que codifican para las toxinas, y tampoco se sabe como 

está organizada o como es procesada la información genética en la glándula 

venenosa. A la fecha existen solo 6 reportes en donde se da la secuencia de cDNAs 

que codifican para toxinas del veneno de alacranes, 3 de ellos pertenecientes a 

alacranes del viejo mundo (Bougis et al., 1989; Zilberberg et al. , 1991; Gurevitz et al., 

1991) y otros 3 del nuevo mundo (Martín-Eauclaire et al., 1992; este trabajo de tesis: 

Becerril et al.,1993 y Vázquez et al., 1993). 

El uso de las metodofogiás de DNA recombinante, como mutagénesis dirigida para 

poder obtener variantes que pudieran diferir en su especificidad de acción 

(mamíferos, insectos o crustáceos), o en su farmacología (a o p), con base en la 

información que se tiene hasta el momento de los motivos estructurales 

fundamentales para la función de las toxinas, combinado con la expresión de genes o 

fragmentos de genes de las toxinas nativas y/o modificadas, permitiría poder contestar 

una serie de preguntas relevantes como : 1) ¿Cuales son las características 

conservadas de la estructura primaria, de las toxinas del veneno de los alacranes, 

que determinan su actividad sobre membranas excitables? 2) ¿Por qué las regiones 

variables posiblemente son las que definen el control fino de la acción de las toxinas, 

a o in 3) ¿Que mutaciones puntuales generarían toxinas modificadas que permitan 
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estudiar la relación estructura-función? 4) ¿Se puede llegar a proponer la síntesis de 

un péptido inmunogénico que sirva como vacuna? Conociendo la respuesta a las 

preguntas anteriores; 5) ¿Se puede llegar a diseñar un nuevo fármaco? 

Para poder llegar a contestar éstas y muchas otras preguntas, hace falta más 

información referente a la parte de biología molecular de las toxinas del veneno del 

alacrán. Por lo anterior, nuestro grupo de investigación está interesado en conocer la 

organización y expresión de los genes que codifican para las toxinas del veneno de 

alacranes mexicanos. El primer paso en la generación de conocimiento en este 

campo, es el aislamiento y la caracterización de diferentes donas de cDNA del 

veneno del alacrán mexicano C. noxius Hoffmann. 

1.3. OBJETIVO 

El objetivo de esta tesis es: determinar la estructura primaria de la toxina Cn4, donar 

y secuenciar el cDNA que la codifica, así como llevar a cabo la caracterización de 

diferentes cDNAs que codifiquen para toxinas del veneno del alacrán Centruroides 

noxius Hoffmann. 

l o 



2. PUBLICACIONES 

2.1. 

Vázquez, A., Becerril, B., Martín, B. M., Zamudio, F., Bolivar, F. and Possani, L. D. 

(1993). Primary structure determinatíon and cioning of the cDNA encoding toxin 4 of 

the scorpion Centruroides noxius Hoffmann. FEBS Lett. 320:43-46. 

2.2. 

Becerril, B., Vázquez, A., García, C., Corona, M., Bolivar, F. and Possani, L. D. (1993). 

Cloning and characterization of cDNAs that code for Na+-channel blocking toxins of 

the scorpio Centruroides noxius Hoffmann. Gene. (en prensa). 
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A peptide (toxin 11.10), shown lo be a Na' channel blocker, was purilied from the venom oí' the scorpion Centruroides 	lioninann and 
sequcneed by Untan degradation. It has 66 amino asid rcsidues with the ['terminal residuo (asparagine) amidated, as dcmonstrated by miss 
spectrometry. In addition, we report the e1oning and the nucleotide scqucncc of tito IDNA (CngtV) that codo for ibis toxin. Wc discuss the 
mechanism for processing the precursor peptide to jis final forro and compare the primar), structure to that oí ot her Na' channel loxins. Twodistinct 
grottps of loxins secm to emerge from this comparison, suggestiog a structure • function relationship of these peptides towards the reeognition of 

either anammalian or biseca tissues. 

Scorpion toxin; Na.ehanne1; 'AMA clone; Nucleotide sequence; reptide processing 

1. INTRODUCTION 

Scorpion loxins are exquisito tools for the study of 
ion channels [11 At least two classes ofdiffcrent families 
of pcptidcs have been purilied and eliaraeterind from 
the venom of thc scorpions of the family, Buthidae [2]. 
Among thc loxins specilic for the Na+ channel is toxin 
11-10 from thc Mexiean scorpion 	 noxius 
Hoffmann. lnitially, Ibis peptide was purified by Se-
pluidex 0-50 gel filtration followed by ion-exebange 
ebromatography on a carboxymetliyheelfulose colunin 
[2,3]. its effeet on Mi* channels °l'excitable membranes 
was doeumented in squid axon inembranes [4,51, and 
brain synaplosomes [61. ln Ibis communication we de-
scribe the determination of its complete amino acid se-
quence, by aulomatic Edman degradation [7] of reduced 
and alkylatcd toxin, and of its peptides puritied by high 
performance liquid cromatography (I-IPLC). Wc also 
describe the cloning of the cDNA cncoding ibis toxin 
(CngtV), and discuss a possible inechanisin for its post-
translational processing. 

2. MATERIALS AND METI-IODS 

2.1. Purdicution of the 10.Vill 
Venom from the scorpion C'. omita was obtained in the laboratory 

by eleetrical stimulation (31 and toxin Cts4 was purilied by the same 
metbods as previously deseribed 13], except for the addition of an 

Correspondence address: L.n. Possani, Instituto de Oio-
tecnología-UNA M, Av. Universidad 2001, Apto. Postal 510 3, Cuer-
navaca 62271, Mexico. Fax; (52) (73) 172 388. 

Pubitshed by Elserier Science Publishers A. V. 

HPLC step al the end of the purificalion primate, using published 
protocols [8). 

2.2. '<mino Orirl sequence determinado,: 
1-lighly purilied toxin was reduced and earboxymethylated (RC-

toxin) as rcvicwed (2). prior lo scqucneing on a Millipore 6600 ProSe-
queneer. RC-toxin Cn4 was digested (66 timo') using prosease V8 from 

(13oehringer-Mannheing. Another sample (30 
ninol) was eleaved with trypsin (TPCK treated) Crol!' Sigma Co. (St. 
Louis, MO). lluth digems were separated hy I1PLC. Severa' peptides 
obtained by this procedure were scquenced in order tu obtain the.  
primary structurc of this toxin.l'Ite C-terminal peptide was also analy-
se(' by 'MISS speeirometry (data ;mí shown) in urdo-  lo confirm the 
amidation of the hist residuo. Only analytical grade reagenis werc 
usad, as culi« described [8). 

2.3. Construanot und screcning pf a C. noxius cDN,4 iibrary 
Isolation oí total RNA, puritication orate poly(A).  RNA,synthesis 

and consirtietion or the cDNA Iibrary in Agt11 were perfornied ne-
cording lo the hist ructions supplied in thc commereial kits utilized 
(Antershu I t. RPN.1264. RPN.I511, RPN 125610Z. resKetively). The 
sercening of the library, and the conditions for pre-hybridization and 
hybridization were perfortned as deseribed [9]. 

3. RESULTS AND DISCUSSION 

3. I . Anlino «id sequence doerogination of toxin Co4 
Fig. 1 shows thc complete amino acid sequence of 

toxin II-10, which we propose lo mime Cn4 (fourth 
toxin complctcly sequeneed from C. mulos), following 
the nomenclature proposed in our rcccnl publication 
[10]. Direct automatie Edman degradation confirmed 
the sequence of thc N-terminal region of toxin Cn4, as 
prcviously published by our group [3,51, permitting une-
quivocally the identification of the first 45 residuos. 
Tryptic digestion ol'RC-toxin produced at least 16 pep- 

1 2 
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1 	 10 	 2o. 
Lyew4112-41y-Tyr~V4I-Attn*I7er.olyr-Thr-01y-Cya-Lys-Tyr-Olu-Cyd-Phs-Lya-Lmu-ar. 

D  

21 	 30 	 40 
App-Ama-App-Tyr-Cyst-Lou-Arg-Olu-cym-Lye-Oln.-01n-Tyr-Gly-Lym-Oly-A14-01y-G1rwTyr- 
O > D 	 1,  

tsts,44Tryp++++.34+ 

41 	 50 	 40 
cya-Tyr-ida-Pho.,01y-Cys..,Trp-Cy4-Thr-614-Lett-Tyr-01u-01n-A14-V41-V41.JTrp-Pro-Lau- 
D 3. 	 t 	VO 	 a -, 
Tryp .14.14.44444.444.4+++++.+++++++44144Tryp.44++444+444444.+44444.4,44+.4.) 

61 	 66 
Lys-Aan-Lys-Thr-Cy4-~(WM2) 
Ve 	 Ma-Atta 

Fig. 1. Complete :mino acid sequene4 of toxin Cn4. ft esults ofdirt.set Untan degradation (shown with D separated by points), allowed us tu identify 
the first 45 residues. Tryptic digestion (labeled Tryp Neparated by crosses) indieates the mino acid sequence curresponding to the peptide clutcd 
at 48.35 in the 11 	This sequence starts with Gly al position 36 and goes to Trp at position 58. Pro tease V8 digestion (labcled with V8 separated 
by dathes)eorresponds to the e-terminal region, with ántlina unid sequence eorresputtding tu Gin at position 54 tu the ettd or :he sequence. The 

hist residue (asparagine amide) was positioned hascd on Ms (mass spectrometry) and Atta (amino acid analysis). 

lides (data not shown), froin which the peptide ekiting 
at 48.35 mili corresponded to the intermediate ovcrlap-
ping segment of the primary structure. HPLC separa-
tion of protease V8-eleaved RC-toxin (data (tot shown) 
produced itt. least 13 different peptides, from which the 
peptide cluting at 35.09 mis was shown (o correspond 
to the C-terminal region of the toxin (Fig. I). Thc e-
terminal V11 pcptidc was covalentiy attached tu Seque-
Ion AA (Millipore Corp.) following the manufacturer's 
instructions, and subjeeted lo N-terminal sequence 
analysis on a Milligen 6600 ProSequencer using TFA 
100 cycles. Amino acid residues 54- 65 were un-
ambiguously identified. In orden to conlirm that ihe 
entire pcptidc was sequeneed, a second aliquot was sub-
jected lo amino acid analysis, Thc amino acid eomposi-
don revealed the presence of a sccond aspartie acid 
residue (cithcr Asp or Asti) not detected in the sequenee. 
Our failure to idcntify the C-terminal residue would 
suggest that it was not attached lo the aryl amide mem-
brane. One would cxpcct that aspartie acid and asparag-
ine to be covalently attached to the membrane and 
thcrefore be identilled, alheit in low yicid. Thus, we 
surmiscd that the missing residue was asparagine amide. 
The peptide was covalcntly attached to the rnembrane 
through the carboxyl group of earboxymethylated-cyh- 

teine (CM-eys) of position 65, an attachment sise previ-
ously identilied for othcr CM-eys containing peptides 
(II.M. Martin, unpublishcd). Mass spectral analysis of 
the peptide with electrospray ionization indicated a mo-
lecularillaSS of 1,557 ± 1, consislent with an asparagine 
amide at the e-terminal residue. Thcse conclusions are 
furthcr supportcd by the results of cloning and miele°. 
tide sequcncing of the cDNA encoding for this toxin, as 
discusscd bclow. 

3.2. isohnion and SCilliClItilty of ihe cDNA 
Using duplicate liliers lo semen the cDNA Iibrary 

with a degenerate oligonucleotide probo designed from 
a conserved region of the Centruroidex toxins, we de-
tected several positivo signals with different intcnsilics. 
One of these clones was isolated, subctoned in 
pilluescript (Stratagene, La Jolla, CA, USA), and both 
sirands sequenced (Fig. 2), using the Sequenase version 
2 kit (USB, USA). The resulting amino acid sequence 
deduced frota Ibis done corresponded lo toxin Cn4, the 
complete amino acid sequence of which is reported in 
ibis ‘vork (Fig. 1). The nucleotide sequence shown in 
Hg. 2 displayed an opon reading frame coding for a 
precursor uf 86 amino acid residues with a signal pcp-
tidc' of 19 amino acid residues, the suturo; peptide of 66 

GAAA AYG AAC TCG TTG TTG ATC ATC ACT CCT TGT TTG GCC CTG CTC GGA ACA GTC YGG GCA AAG 
11001#1.MITAC1.A1,VGTVUAK 

64 
20 

GAA CGT TAT CI'G GYA AAC TCC TAC ACG CGC 	AAA TAC GAA TGC TTT AAA TTG GGA CAC 124 
RGYLVUSYTGCKYRCVKLGD 40 

AAC CAT TAT TGC TTG AGG CAA TGC AAA CAG CAG TAC GGA AAA CGT CC1' CGC GGC TAT TM' 164 
UDYCLRIICKOQYGKGAGGYC 60 

TAC GCT TTT GGG TGC TGG TGC ACA CAT T1'G TAC GAA CAA GCG GTG CTC TGC CCC CTT AAA 244 
Y 	AY' 	GCWC 	T 	It 	z, 	Y 	E 	Q 	A 	V 	V 	14 	1, 	L 	K 00 

AAT AAA ACA 	GGA AAA TAA TGGCAACCACTTTTTATTGCCCACCAACAGAAATATTGTAACCCTTC 316 

N 	K 	 E 	Und 87 

TTAATTTCAATTAAATGAAATAAAACATTATACGTTTAAAAAAAAAA.., 	CnytV 365 

Mg, 2. Nuelcotide sequence and deduced ¿intim) acid sequoice, uf the cDNA eticoding the Cu,1 precursor. Sigirat pcptidc is underlincd. rolyadeityl. 
alioli signal (AATAAA) is indicated in hold eilariteters. 	titieleutide !..equence will at pear iu the Getiliank nueleutide sequcace Database ander 

aceession ntitither LOS0a3. N itekotille, arld aulitto acid are ouutbered at the right sido oí the correspouding sequettees. 
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GROUP 	Y« IN 

1 	Cn4 

FEUS LE TTElts 

MUNO ACID SEQUENCE 

KEGYLVNSYTGCNYECFUGUNDYURECKWYCKGAGGYCYAFGCWCTHLYWAVVWPUNKTCU 

a 

100% 

Mardi 1993 

( 	) 
C11.1 KEGYINNHSTGCRUCFKLCONDYCLRECRWGKGAGGYCYAFGCWCTULYWAVVWPWINKTCS 92% (10) 
Cn3 MEGYLVELGUCKYECFKLGUDYCLRECKARYUGAGGYCYAMCWCTOLYEQAVVWPLKIWCR 89% (10) 
C53ii KEGYLVSKSTGMECULGONDYCLRECKWYGNSUGYCYAFACWCTULYEQAVVWPIAINKTCN 88% (14) 
Cn KEGYLVOKNTGCKYLCULGONDYCLRECKOWYKGAGGYCYAFACWCTULYWAIVWPLIINKRCS 83% (10)  

1 Cu3I I MEGYLVSKSTGMECUMGDWYCLRECKWYGMSSGGYCYAFACWCEALPOUTOVW-VPNK-CT 71% (14) 
CiEv2 NEGYLVNKSTGCMYGCLUGENEGCRECKAKKGGSYGYCYAFACWCEGLPESTPTYPLPNK-CSS 56% (11)  

II Cn1-:v1 KEGYLVMDGCKYDCFWLGENEUNTECKAKNOGGSYCYCYAFACWCEGLPESTPTYPUNK-CS !A% (141 
MEGYUKKSDGCMYGCLUGENEGCOTECKAKNOGGSYGYCYAFACWCEGLPESTPTYPUNKSC 56% (14) 

II Cnl OGYLVDA-KGUKNCYKIAKNDYCNRECRHURCGSYGYCYUGCYCEGLOSTPTWPLTNKTC 56% (10) 
II CuEI RDGYLVEN-TGUKTCYKLGENDFCNRECKWHIGGSYGYCYGFGCYCEGLPDSTCTWUNK-CT 56% (14) 

****** 	444 4 *4 A 4 44 	 0440 4041a 	 de • 

Fig. 3. Amino neid sequence comparison of severa) toxins from the genus Centruroides that affeet Na* channel& Gaps 	wcrc iniroduced for 
maximizing similarities. (a) Pcrccnt of similarity taking Cn4 as 100%. The gaps have Ileon takcn as differences for the calculo:. (b) Reference: *ibis 
paper. Clt1, is toxin I from C liMpigh4S teCOMUI111.1. CIII I  Cn2, Cn3, Cn4 are toxins from C'. /torio& Hoffmann. CsEvl, CsEv2, CsEv3 and CsEI 
are toxins from C zruipturotus Ewing. Cssll and CssIll are toxins from C. suffusus sffusus. *Aniino acid residues that are invariant in thc same 

position in 	the sequences. 

residuos and two additional residues al the C-terminus. 
Thesc results support prcvious reports [11,121 which 
proposcd that scorpion toxins are synthcsized as precur-
sora of the maturc toxin. Two processing stops, sean lo 
mur for toxin Cn4: (i) elimination of the signal peptide. 
and (ii) processing of thc C-terminal region. Al the N. 
terminal region, the signal peptide is certainly excised 
by a signal pcptidasc, whilc at the C-terminal part of the 
peptide the additional two amino acid residues (Gly and 
Lys)are removed and thc Gly residuo donatcs its amino 
Group for the a-umidation of asparagine, as has bcen 
&acriba' for the processing of the inactive prccursors 
of scerctory pcptidcs that contain sitos for proteolysis 
and a-amidation, including a toxic peptide from a 
cDNA libra ry of Thyus serrulawx (13]. 

3.3. Primar),  siruaure comparison 
The comparison of thc amino acid sequence of toxins 

purified and sequenced from Centruraidm scorpion ven-
oms (Fig. 3) shows that thcy constilute a cluster of 
closcly related pcptidcs, sharing a high degree of simi-
larity in their primary structures (al least 56%), as well 
as in their functional specilicities ihrough thcir recogni-
tion of Na+ channels [4-6,14]. By comparing the differ-
cnt binding propertics and electrophysiological data, 
the toxins affeeting Na* channels wcrc classilied as: (i) 
a-toxins, that mainly act al the inactivation mechanism, 
and (ii) fi-toxins that modify the activation meehanisin 
of the Na+ channcl [141. Toxin Cn4 has bccn shown by 
Carbone et al. [5] lo affcct the activation mechanism of 
Na+  channels of squid axon, hence it belongs lo the 
fi-type toxins. It is vcry toxic to inice and rats, and binds 
(o brain synaptosomes with an affmity of 2-10 nM [15]. 
Toxin Cn2 was poorly effective towards Na channels 
of squid axon [5], but was shown (o be very toxic lo mica 
[101, binding lo thcir brain synaptosomes with Kd's in 
the rango of thc low nanomolcs [6,151. 13CC811SC it affeCts 
the activado:: mechanism, it is also a fl-type toxin. The 
toxins from the venom of C. sailpturatus Ewing (C.sEvl,  

2 and 3) have the charactcristic cffects of a-typc toxins 
and are very toxic to insects or crustaccans but have a 
small toxic effect in mammals [161. 

Analysis of the sequen= shown in Fig. 3 permits us 
lo sort out severa! general futures of the primary struc-
ture that can be correlated with the distinct pharmacol-
ogical effects observed. Since the total tumba of amino 
acids and the positions of all cysteines are conserved it 
is very.likely that the general folding of all toxic mole-
cules are the same (the positions of 27 of thc 66 amino 
acid residues are identical). The N-terminal region of all 
toxins is highly conservad. Largor differences are ob-
served al the C-terminal parí of the toxins, which pro-
vides support for a lenta tive classification finto two dis-
tincl groups: group 1, for which Cn4 is the prototype, 
is composed oí peptides mainly toxic lo mammals, dis-
playing at least 70% similarity in thc primary slructurc, 
with only two prolincs in the last 15 amino acid residues 
of the mi uenee. Group 1I, consisting of peptides mainly 
toxic lo insects and crus(accans, wilh about 56% pri-
mary structure similarity to Cn4, containing more (han 
2 proline residues al the C-terminal region, with CsEV2 
as a representalive toxin. Possibly, (he structural con-
straints cause(' by the proline residues (a-imino acid) 
tacar the C-tertninus could hamper an appropriate fold-
ing during interaction with the channel protcins, as sug-
gested by others [16]. Final evaluation of this model, 
distinguishing the toxins based on their specifteity for 
either manunalian or insect targets, dcpends upon de-
velopment of more comprehensivo structural data for 
the comparison of thcse motifs. 
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SUMMARY 

With thc purpose of studying the organization and characteristics of the genes that code for toxins present in the 
vcnom of thc Mcxican scorpion, Centruroides noxius Hoffmann (Culi), wc preparad a Xgt 1 1 cDNÁ library from the 
vcnom glands, Using specific oligodcoxyribonucicotidcs (oligos) dcsigncd according to known amino acid (aa) sequen= 
of CnH toxins (STox), wc detectad sevcral positiva clones, determinad thcir nucicotidc (nt) sequen= and dcduccd thcir 
aa sequences. A comparativo analysis of diese sequen= with previously reporta STox revealed that CnH cDNAs code 
for a family of vcry similar STox. Thc cDNA coding for a known STox, 11-10, was cloncd. Additionally, thrcc othcr 
completo (new) nt scqucnccs werc obtained for cDNAs cncoding pcptidcs similar to STox 1 from CnH or variants 2 
and 3 from Centruroldes sculpturatus Ewing. Southcrn bloc gcnomic DNA analysis showcd a minimurn size of approxi-
match,  600 bp as EcoRl fragmcnts for elements of ibis family. PCR amplikations of CnH gcnomic DNA and hybridiza-
(ion of PCR products with specific probos indicated that thc gcnotnic structural rcgions that code for thcsc genes do 
not contain introns, or at least not larga introns. 

1NTRODUCTION 

of thc 134 spccics and sub-spccics of Mcxican scorpi. 
ons, only eight are dangerous to man (Dehesa-Dávila, 
1989). Spccies which cause the most frcqucnt cases of 
scorpion poisoning in Mexico belong to the Centruroides 
gcnus. Thcy represcnt a scrious hcalth problcm with more 
than 200 000 pcoplc stung per ycar and a mortality rata  

of 700-800 pcoplc per ycar (D. López- Acuña and A, 
Alagón, cornmunicatcd during the technical scssion of the 
Socicdad Mcxicana de Salud Pública, Mcxico City, 
March 1979). 

Scorpion venoms constitutc a rich sourcc of low-M, 
pcptidcs toxic to a variety of organisms including man 
(Miranda ct al., 1970; rcvicws by Zlotkin et al., 1978; 
Possani, 1984). Thc most dangercius scorpion venoms so 

Centrurofdel sea/pm:tau Ewing; CM. Ctniruroides suffissus skffusur, 
esti DNA, calf thymoa sonicatod and donaturcd DNA; Dolhardes solu• 
tion, 0.02% caoh of bovino acrum alburninilloollipolyvInylpyrrolidone; 
Etdilr, othidium bramido; kb, kilobase(s) or 1000 bp; N. any nucicosidc; 
nt, nucicoldo(s); digo, oligodeozyribonuclootIdo; PCR. polymerase 
chain reaction; SDS, aodium dodccyl '%olfato; SSC. 0.15 M Naaj0.015 
M Nafeitratc pi' 7.6; SP. signal peptide(s); STox. scorpion toxin(a); 

.... mohína temperatura (temperature at which 50% of the hybrids formad 
betwocn two nucicic acida aro dissoelated).  

(11bkh hala51~1) 
1 6 

Correspondence lo: Dr, L.D. Pouani, Instituto de Bioteenologia, 
VNAM, Av, Universidad 2001, Apanado Postal 510-3. Cocrnavaca, 
Morelos 62271, Muta). Tcl. (52-73) 172799; Fax (52-73) 172388; 

possaniepbr322.ccingeblunam.mx  

Abbroviations: aa, *mino acid(s); bp, baso pair(s); cDNA, DNA comple-
montary tes RNA; Clt. Centruroldes limpidus iCCOn1011143; Cut, cDNA 
from Cien cloncd 1:1104111; CnU, Centruroides ~ha Hoffmann; CsE, 



far studied have bccn shown lo contain two kinds of 
STox: long.chain polypcptides of 60-70 aa which block 
Na ..channels of excitable cells (Catterall, 1977; Couraud 
ct al., 1982) and short-chain pcptidcs of 37-39 aa affecting 
K e.channels (Carbone et al., 1982; Possani et al., 1982; 
Millar el al., 1985; Gimenez.Gallego ct al., 1988; Strong 
et al., 1989). Recently, Valdivia el al. (1991) demonstratcd 
the existence of another class of polypeptides in the scor-
pion venom that activates the Cae + -release channel oí 
the sarcoplasmic reticulum. 

Nevertheless, the most thoroughly studied STox are 
those that modify Na +.channels and were classified as a-
and P.STox (Couraud et al., 1982; Whccicr ct al., 1983). 
This dassification was proposed bascd on the existence 
of two different binding sitos on thc Na +-channels for 
the a and íl-toxins (Jovcr et al., 1980; Couraud ct al., 
1982). a.STox modify mainly the inactivation mechanism 
of the Na +.channels (Nonncr, 1979), while f3- STox pret.-
erentially alter the activation mechanism (reviewed by 
Meves et al., 1986; Strichartz et al., 1987; Thomscn and 
Cattcrall, 1989), 

OUT group has contributed during the last dna& to 
the knowledge of the structure.function relationship of 
the toxins from thc venom of Mexican scorpions (Possani, 
1984; Zamudio ct al., 1992). A few rcgions involvcd in 
toxicity or antigcnicity have bccn mappcd in these STox 
using synthctic peptidc and monoclonal antibody 
approachcs (Gurrola et al., 1989; Possani et al., 1991). 
Thc possibility of using modern molecular biology stratc. 
gics for cloning, directcd mutagenesis and expression of 
specific STox-encoding genes or gene fragmcnts in ordcr 
to use thc purified products to vcrify their interactions 
with ion channels has grcatly motivatcd our work. 

Thc aim of the present study was the isolation and 
characterization of several cDNAs from the Mexican 
scorpion Centruroides noxius Hoffmann (CnH) and an 
initial characterization of the gcnoniic region encoding 
these cDNAs. 

RESULTS AND DiSCUSSION 

(a) isolation ot cDNA clones encoding STox peptides 
A degenerate oligo probo coding for aa 42-48 of STox 

Cn2, which are wclI-conscrvcd among Centruroides 
toxins, was used to scrccn a Xgtll cDNA library prepared 
from CnH venom glands (legend to Fig. 1 and Fig. 2). 
From (bis screcning wc dctcctcd severa' positivc signals 
with differcnt intensities; wc decided to charactcrizc first 
the done that gaya the strongcst signal. This done was 
named Cngt1 and had an insert of approximatcly 230 bp. 
This insert was subcloned finto the EcoRI sitos of 
MI3mpl 8 and M13mp19, and its nt sequence was deter- 

mined. When the aa scqucncc from Chis cDNA was 
deduce!, we round the taro mune (aa 42.48 of Cn2); 
howcvcr, the mire scqucncc did not corrcspond to Cn2. 
Cngt1 was a truncalcd done that contained thc scqucncc 
for a (ncw) Na + -channel-blocking STox cDNA coding 
from aa 25 through the polyadcnylation site. A compara-
tivo analysis of the deduccd aa scqucncc of done Cngt1 
with reponed STox aa primary sequences revealed that 
from 41 aa encodcd by Chis done, 40 aa viere identical 
with thc STox variant 3 of C. scutpturatus (sce Fig. 2), 
whose thrce-dimensional structurc is known (Fontecilla. 
Camps et al., 1980). To explore thc possibility of isolating 
a complete cDNA that cncoded a STox closely related to 
CsE variant 3, we dccidcd to use the Cngt1 insert as a 
probo to scrcen the cDNA library under conditions of 
high stringcncy in orden to isolate dones highly homolo-
gous to the Cnsti insert. From Ibis sccond screening, we 
isolated severa! positive clones. 

Thc ncxt step consisted of probing Southern blocs of 
digestcd DNA of the isolated positive clones with a vari-
ant 3.specific oligo (designed from aa 10-16; scc Figs. 1 
and 2). Two positive inserís with a size adequate to 
cncode a complete STox sequence were subcloned finto 
thc EcoRV site of pl3lucscript (pKS, Stratagene, La Jolla, 
CA). The),  were callcd Cngtil and CngtIII. 

From Ibis sccond scrcening, two less strongly positiva 
clones werc isolated, subcloned and sequenced.Thcy %vete 
called CngtIV and CngtV. The nt sequences of clones 
Cngt11 through CngtV are shown in Fig, I. These cDNAs 
are about 350 bp in Icngth and encole STox prccursors 
of 86-87 aa. 

It has been proposed, bascd on the analysis of their 
cDNA sequences, that STox might be synthesized as pre. 
cursors with a signal peptidc (SP) of 18-19 aa (Bougis 
ct al., 1989; Gurevitz et al., 1991). CnH SP sequen= 
mct all thc rcquirernents for cukaryoccs as proposed by 
von Heljne (1986). 

In the case of STox that affect mammalian Na +-chan-
ncls (Bougis et al., 1989) and in the case of a STox that 
affects inscct Na+-channels (Gurcvitz et al., 1991), it has 
also bccn observcd that thcy have extensions at their 
C-terminal cnds: Arg, Gly-Arg or Arg-Lys, These basic 
residuos are not present in the maturc peptides and when 
Gly precedes á basic residuc, the residuo becomes ami-
dated at the C («minus (Bougis et al., 1989). 

Of thc STox coded by the cDNAs shown in Fig. 1, only 
CngtV was thoroughly studicd. It corresponded to STox 
11-10 (Possani ct al., 1981), a Na♦-channcl effcctor 
(Carbone et al., 1982; 1984), whosc complete prirnary aa 
sequence has bccn determined (A.V., B.B., B. Martini  F. 
Zamudio, F.B. and L.D.P., manuscript in preparation). 
As shown in Fig. 2, thc deduced aa sequcnces of fuese 
cDNAs are closely related lo Centruroides STox that have 
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ClitreMe.ATCP.ACtreGTIGTTGATOATCACTGCTTGTTTCTICCTGATCG014CAGTGT0G0CAMMAAGGTTATCTGOT.V.A~GCACGCGCTGCMATMOGrtGCCTIXTATTGC.C43A4A 
a « 14 5 I. Lti f TAC!, TL 1 G TVW AKCGY1.V 14 14 S TCCK TOCLI. I. 43 a 

43.e.TGAM TCGTT GT %Al GATCAC %CT.  TGT T TGGTCC TATTCGGAACAGTGTaGGCAAAAGAAGGTTATCTGGTAMCAAGA.CCACTC.GCTGUAATACGGTTGCTTCTGGTIVACAAAA 
NNIL I. II ¡YACLWG TVI4AKEGYI.  Villkt TOCA 'raer 44 1.GX 
IGAÁtTCGTTGTTGATCATf.JtCTGCTTGTTTGGTCTTGATCGG.P.ACAGTGTC.GGC.AMGGACGGTTATCTGGTGGACGTA- - -AAGeGt TGCJuUUUICAATTGcTATJUUUTIGC.4.GAA 
HIIILLI T TACLV 1, 1 OTVW ARDGYL vDV 	X GC II II S C TALO( 

GWATC.AACTCG TI GT TG ATCATC /4 TGCT T0 T TT00( CCT0GTCGGAM AG TG TG GGcJVIA C.0 AA GG TTATeTCGTAAA cTCG TACACGGGC TGCANTACGAATCCTTT AAATTOGGAGAC 
H titt.L11ITACL A LNIG T  VI4 AKEGYL %/HIT TGC1( YrClXLGO 

Cmoi1 

CA9tiii 

CAgtIV 

CngtV 
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MCGAMOCTOCGATMOGAATchr.AAAGCGAAGAAC.CMGGAGOTAGTTACGGCTATT0CTACGCrtTTGGGICCTGGTOCCAAGGITTGCCCCUMTACACCOACTTATCCCCTICci 

41 IleaC D K tC/1 A 11 N 0 o c 4 YO Y C Y A F0C 14 Cr 42 LP el Y P T TiPLP 
AACCAAGOCIGCGAT/AGGAATGCAAAGCGAAGAACCMC.GAGGTAGTTACCOCTATTGCTACCCTTTTGGGT0CTCGTOCGA.I.CGTTTGCCCGAAAGTACACCCACTTATC.CCCTTCCT 
W GCDA CCK A X NOGC S YO YCYAFGCWCZ CLPCITPTIPLP 

AACGATTÁTTGCAATNGGGIUTGUAAATGW.CliCCGAGGAGGTAGTTACCGCTATTGCTACGGAT ITGGGTGCTATTGTGAAGGATTATCCCJJAGIACACCGACTTGCCCGCTTUT 
N DYCHACCOIMKIIRGGSYGYCIGI'GCY CE CL501 TP Ir I4 9 LP 

AACGATTATTGCTTOUGGAATGCA&A,C.ACCAZTACGGAMAGGTGcTGGC0cCTATTGTTACGCTTTTGGGICCTGCTGCACACATTIGTACC.AACAACC.GGUCTCTGGCCCCITMA 
111) TC LR CCK OQYG KG AGGYCYArGCWCT IlL Y e ()A VV 14 P 1. 11 

100 	200 	210 	220 	230 	240 	250 	240 	270 	240 	200 	300 

21 	AATAMTC  TTC.CAGCJIMAT,AATICCAACG TT T -ATTGTTTiCCAACA0MiTATTOTMCGt TTGT TAAT TGCAGT tikAAIGW4AMAAMAA 
41 fi KI1C t Allend ay 

:11 	AATAAAACATCCAGUAAAAATAATGOCAACGACTTTITATTGTCCATAAACACAAATATTGTAACCCITCTTJUITTGCAGTWATGAXATWATGCTAATACCATTAMJUUkAAAA 
14 K Y C a x Kind 

IV 	AATAMAGATGCGC.C4444.V.P.TAATGGCMCGACTIITTATTGTCCACCJU1CAGW.TAGTGTAACCCTTCTTAATTCC.AAGTAMAW. 
11K ACOOKend 

V 	4414TAAAACATIGUACCGAMATAA7GGCAAcGACTTIITATTCCcCAccAACAGAAATATTOTAACOCTTCTTAATTTCAATIMATaNIUMIATA-TTATACCTTTAKAARAAAAA.. 
N ATCHOKIend 

Fig. 1. Nuckotide sequences of clones Crtgr11-CngtV and their dcduccd aa :quemes. SP oequences are underlined. The overlined nt acquences (1-21 
and 246-266 (complerrientary)) vitro used lo synthesize PCR primero. Precursor m'ido siert at 1 (bold number) on the left sido of CngiII and tlnish 
with aa felicito 87 (bold numbcr) lo the right of the Cnstll sequence. Polyadenylasion signals (AATAAA) are doubly underlined. kletbods: The 
ureening of the cDNA library was carricd out in two step:. In the first step, wc analyzed approximatcly 30 000 plagues with a mixture of oligo 
probes desigual from a conserve(' rcgion of CnH STox: ni 42-48 in Fig. 2 (5*-TASGCNITYGCNTGSTGGTG. where N da A,G,C or 	Probos 
wcre synthesized on a Mycrotyn 1430A DNA synthesizer by 11.cyanoethyl phosphoroamidite chcmistry and 32P-end•labeled by T4 polynucleotide 
trinase. Replica Altera wcre prehybridized for 2-8 h al 37'C in 6 x SSC pH 7.6 containing 5 x Denhardt'sj0.1 % SDS/100 pg per ml cal( thymus 
sonicated and denatured DNA (ciad DNA)/0.05% sodium pyrophosphate. Filters «re then hybridized in 6 x SSC pH 7.6/1 x Denhardre/100 
per ml ciad DNA/0,05% sodium pyrophosphate/Hinendlabeled ollgo probe for 12-16 h al 37T, Sueccssive washcs were performed In 6 x SSC ¡l 
7.6/0.03% Napyrophosphate/0,1% SDS at 37•C for 5 min and once at 42'C for 3 minIxfore autoradiography using X•AR film with interuifying 
tercena for 13 h at —70*C. The second step of library ocrecning consioted in the isolation of clones similar to the positivo done Card identified in 
the first step (oligo icteening). Positivo clones wcre hybridized with an oligo probc designed from nt 10-16 of C. stufpiurand variant 3 (Ca13v3) from 
Fig,. 2 (5.-GASOGNTGVAAáTIGGNTG). Prchybridization and hybridization conditions for the double-stranded probe (Oiga buen) were similar 
to the« just described except that incubation was at 42'C in the presence of SO% formamidc. The pre- and hybridization conditions for 0E1,3 digo: 
were the same as in the first step of library sercening. Positivo done inserto were amplified by PCR using Xgt11 forward (5'. 
GGTGOCGACGACTCCTGGAGCCCG) and reverse (51‘TTGACACCAGACCAACTGGTAATG) primero (New England Bio-Labs).These primera 
bybridize with the Ranking regions of the 18111 EcaRI cloning site. Thc annealins temperature depended on the T. of the primera but typically was 
509C. The mactions were performed in a programmablc heating chamba (Biosycler) using 30 rounds of temperature cycling (92'C for 1 min. 50'C 
for 1.5 min and 72'C for 3 min) followed by a final 10.min step al 72'C. As recommended by the manufacturer, we used 300 ng of each primer/500 
ng of complace DNA/2.S units of Vent polymcrasc (New England Bio-Labs) in a final vol. 0(100 al rcaction buffer. Thcsc PCR products were purified 
from gel, blunbended with T4 DNA polymcrasc and subcloned finto the EcoRV site of pfiluescript phagemid (Stratagene. La !olla, CA). The ligation 
reaction was used lo tranoform competent E. col! D115-a cells. Thc subcloncd DNA was sequenced using the Sequenase kit (1./S 
Cleveland, OH) on both otrands. The kgt11 forward and reverse oligo primero were used for sequencing. Since the PCR reaction la known lo be 
alsociated with a relatively high tate of ni misineorporation, we performed the PCR amplification experimento with Vent polymerase instead of Taq 
polymerase, and several independent clones were sequenced. The Csigill•CngtV nt sequcnccs were depositad with the GenBank Nueleotide Sequen: 
Databasc undcr aceelsion Nos. 1.05060-L05043, rcspeciinly. 

been eharacterized. As can be seen in Figs. 1 and 2, the 
tour final C-terminal residues for STox 11-10 (CngtV) are 
Cys-Asn-Gly-Lys. It has been determinad that the Asn 
residue is amidated at the C tcrminus in thc maturc 11-
10 STox (XV., D.n., B. Martín, F. Zamudio, F.13. and 

manuscript in preparador* Now that thc cDNA 
sequen= cncoding both North African (13ougis et al, 
1989; Gurcvitz et al., 1991) and North American (ibis 
study) STox are availablc, wc can surmise that C-terminal 
STox processing follows the rulos previously proposed by 
Bougis ct al. (1989). Additional processing consists of thc 
=oval ot the SP. 

Mature peptides encoded by the cDNAs shown in 
Fig. 1 would be 66 aa residues in Iength for Cngt11, 
Cngt111 and CngtV and 65 aa, residues for Cngt1V. 
Comparativo analyscs between thcsc sequen= reveal 
that Cngt11 and Cngt111 are 92% similar at the nt level, 
and the peptides encoded by these cDNAs are 91% sim-
ilar. Also, CrigrIV shares 80% similarity with Cngt111 at 
thc nt level and 68% at thc aa leve!. Similar rcsults are 
obtained when CngtV is comparad. In spite of a lower 
similarity at the aa leve! between the peptides encoded 
by CngiIl (or Cngt111) and Cngt1V (or CngtV), the sim-
ilarity at the nt level (at least 80%) suggests that these 
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Group 	 10 	20 	30 	40 	50 	60 
Cn2 	KLGTINDKNTGCXYCCULGDWDYCLUCROOGIXGAGGYCIAFACWCIMLYLOA1VWFU1IKACI 
Cual IMGYLVSKSTGUYECLKLG0NDYCLUCKWITGX55GGYCWACWCTHLTIVWNWPWIKTCH 
C33112 /MOTI.V5K5TGCXYLCULGUDYCLALCKWYGKS5GOITTAFACWCCALPOUTOVII-VPUK-CT 

1 	CM, 	UGYLVVHSTGCKYterKLGOWDYCLASCRQOY0KGAGGICTAFGCWCTBLVEGAVVWP1.5441=5 
Cn3 	XEGYLVELGTGCMCFKLGUDYCLALCKARIGKGAGGTCYArGCWCTOLVEGAVVWPWCHKICR 
CnptV KEGYLVNSYTOCKYLCMGDWDYCLRECKWITGKGAGGYCIANCNCINLUGAVVNPLMICKK 
Cona.: MIGILVIOUTGCETICLUGDMDTCLAILOWGXGAGGYCIASACWCIMITIOAVVVP1~1C3 

G 

10 	20 	30 	40 	50 	60 
Catel UGYLVKX50GCKYPCMLGXUENCNTLCXAMMOGGSYGTCYAFACWCLGGPMPTYPLIIIK-C3 
engel 	 CDUCKAXNGGGSTGYCIATACWCZGLPESTFILPUNKSCGAX 
CnytII1 KEGYLVIOUTGCKYGCrWLGTOMGCOKCCKAKUOGGSIGYCYAZGCWCLOGPLSTPTIMUNKICSKIK 
C3Cv2 XeGYLVWKSIGCXYGOALOCHCGCDUCKAKOOGGSYGYCYArACNCtGLIMSTPTYPIJNK-iC5$ 
engtil K£GYLVNIMGCKYGCLLLGOLOCCIKECKAKNOGG5TGYCIATGCWCLGLEISTPTYPLPHX5C5KK 
Cztv3 KEGYINXIUDGCKIGCLICLGENEGCOTiCKAKNOGGSVGYCYAFACWCIOLPESTPTYPLPNK5C 
Cone.2 1CZGYLWOISTGCX7GCLXIMINIGCDUCIAKNQGG3TGYCIAYACwCZGLELSTPTTPUNXICSOIX 

10 	20 	30 	40 	50 	60 
CeEl 	KWYLVEK-WCKKTCYKLUNDFCURECKWKNIGGSVGYCYGreCYCLOLPtiSPUMPOK-Ct 
CniitIV KDGYLVDV-KGCK1WCYKLGUIDYCHRUKKKHRGGSVGYCIOFGCYCEGL5DSTPTWALPOKReGGX 
Col 	KOGYLVDA-14COUCYKL4KHDYCNUCRKKHRGGSYGYCYGNCYCLUSOSTPDWPIaNKTC 
Cona .3 IWYLVDX-1tGCX1WCYKLGUIDTCR71 MMKRAGG$TGYCYGrGCYCZGL5D5TPTWPW1QCCXG1C 

Fig. 2. The u sequen« comparison of principal representativel of Centruroidei STox. Toxin sequences viere grouped according to their similarities. 
Gaps (.) werc inttoduced to maximice similarities. 13c1ow each airnilarity group, the consensos sequenec is ahown in bold. The as acqueneca deducid 
from cDNAs are includcd. The CngtV deduccd primary leguen= has been corrobarated by direct as sequen« of the matute STox (A.V., D.n., 13. 
Martin, F. Zamudio, F.13. and LD.P., manuscript in prepatation). Data are from ibis study, Mcvcs et al. ((984) and Zamudio et 41.09921 In couensu 
'quemes, X represento a variable residue. Thc as are aligned with the East digits of the numerals. 

3 

cDNAs originate from mRNAs transcribcd from closely 
related genes. Comparative studies with the North 
African Androctonus (lustras Flector STox cDNAs show 
that although the regions cncoding mature peptides are 
more variable, the nucleotide sequences cncoding SP and 
the 3' non-coding regions are rclativcly well-conserved 
(data not shown). Thc cDNAs cncoding STox 1,1', 11 and 
111 of A. australis Flector (scc Bougis et al., 1989) havc a 
similar variation in thc regions that code for the maturc 
peptides, but %hose cncoding thc SP and thc 3' non-
coding regions are also well-conserved. These results indi-
cate that both scorpion spccies (A. australis Hector and 
CnH) havc followed a similar strategy to gcncratc varia-
tion in their STox: gene duplications and independent 
evolution 'oí the duplicated genes. 

(b) Dedueed aa sequences derived from cDNAs. Analysis 
and comparison with different Ccntruroidcs primary STox 
sequences 

In order (o compare the aa sequences derived from the 
cloned CnH cDNAs, different Centruroides STox werc 
grouped according lo their similarities. Gaps werc intro-
duced wherc necessary to maximice similaritics. Thc STox 
can be clustered roto thrcc groups as shown in Fig. 2. 
The scquenccs were aligned with rcspect to Cys residues. 
Each main group was aligned, and a consensos sequence 
was proposed for cach one of them. CngtV(I1-10) is 
includcd in the first group, where Cn2 can be considcrcd 
representativc. Cngt11 and Cngall are includcd in the 
second group, whcre CsE variants 2 and 3 are also pre-
sentcd. CngtiV is includcd in thc third group, whcre Cul 
can be considcrcd representative. Some specific differ- 

ences among the three groups can be observed, especially 
severa! dcictions of 1 aa residuo in different positions. 
Exampies of such deleiions or inscrtions can be deduccd 
from cDNA sequences. The aa residuo number 9 that is 
a Ser in Cngtil and CngtlIl is missing in CngtiV (Figs. 
I and 2). It is intcresting to note, however, that this region 
in Centruroides toxins is vcry variable (Zamudio et al., 
1992), indicating that its cncoding DNA could be a hot 
spot for mutation. 

(c) Southern Wat genomic analysis 
To determine the size of the genomic DNA region con-

taining the genes cncoding thc peptides shown in Fig. 1, 
Southcrn blot hybridization analysis was carried out. 
When using Cngt1 or Cngt11 inserto as probos (Fig. 3), 
Only two DNA fragments are cicarly observed: one of 
approximatcly 18 kb when thc genomic DNA was 
digcstcd with Domill, Hindlil or DamH1+11indfil and 
a sccond scgmcnt of approximatcly 0.6 kb when the digo-
tions werc performed with EcoRI, EcoRJ+BamHI or 
&al+ Iiind1II. These results and thc fact that Cngtil 
and 011111 share 92% similarity at the nt level suggest 
that at least two different 	&oil' DNA segments 
should contain thc genomic DNA regions cncoding these 
two cDNAs (mRNAs). Since CngtIV (or CngtV) is 80% 
similar at the nt levcl lo Crigt11 (or Cngt111), and since 
the bands mcntioned aboye are thc only two bands pre-
sent in thc Southcrn bloc cxperiment (18 kb and 0.6 kb), 
wc propose that thc genomic regions that specify Use 
four cDNAs (mRNAs) are contained within these 0.6-kb 
EcoRl DNA fragmcnts. Thc double digestions with 
EcoR1+ Ban:HI or EcoRl÷ Hindlli suggest that the 18- 
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Fig. 3. Southern bloc genomic analysis. CnH DNA digested with 
rutrietion endonueleasel was blottcd in hines: 1, Eran 2, Bant111; 3, 
Hind111; 4, EcoRI+DainHI; 5, EcoR1+ Hindill; 6, BamH1+ 
medias: With M, genomic DNA was prepared from the whole body 
of Can. Alter ethanol precipitation the DNA was resuspended in water 
artd aubjected to molecular Altration chromatography on an agarote 
A..+ to•Rad, 0.7 x 28 cm) coturno equilibrated (and then cluted) with 
dr91  Tris pH 7.6/1  mM EDTA/0.75 M NaCI. Twenty fractions of 0.5 

re collected, and the DNA prollie was determinad by 'absorbance 
260 nm. Fractions corresponding to the maximum of absorbancc 

were pooled and ethanol.precipitated, This step was neccssary in order 
lo eliminaie a pigmcnt that coprecipitates with scorpion DNA. Thc 
colorad material was shown lo inhibit the enzymatic digeation of DNA. 
After digestion with the indicated endonucleases, 10-pg samples of DNA 
wcrc clectrophoresed in a 0.7% agarosc gel, blottcd onto a nitrocellu-
lose membrane and probad independently with the inserts derive(' from 
Clones Cngtl or Cual. The probos wcrc 31P-labcicd using the random 
primer laboling kit from Dupont. Thc filler: wcrc prchybridiicd, hybrid• 
ixed and washed u describe(' In the legend to Fig. 1 for doublc•strandcd 
probos (sccond step screening), except that an additional wash at 65'C 
for 10 min was performed. 

kb.band might contain at least these Tour 	EcoR1 
segmcnts. An alternativo cxplanation is that each cDNA 
(mRNA) could be encoded by a differcnt 18-kb batid, 
Thus, their corresponding genes may also be encoded in 
the same or different 18-kb DNA bands, and conse-
qucntly, thcy might have the same organization as thc 
0.6-kb EcoRI fragments in which a substantial parí of the 
region transcriba finto their respective mRNAs might be 
prescnt. Furthermorc, (hese =Os also suggcst that the 
genes encoding these STox lack largo introns.  

(d) PCR gcnontic analysis 
In ordcr to understand the genomic organization of 

thc structural DNA rcgions encoding CnH STox, a PCR 
amplification experiment using genomic DNA and 
spccific primcrs was performed. The DNA sequen= that 
wcrc uscd for the synthcsis of the PCR primcrs corre-
spond lo welkonserved sequences of CnH cDNA. They 
are shown overlined in Fig. 1 and fiank a stretch of 
263-266 bp of DNA that includes thc maturc parí of the 
STox encoded by diese cDNA. As can be seen in Fig. 4, 
while several DNA bands wcrc visualized after staining 
with Eta; whcn using 0.5 lig of genomic DNA as the 
PCR substratc (Fig, 4A, lanc 2), only onc spccific DNA 
band, of about 270 bp, was observed after hybridization 
(Fig. 413, lanc 2). This band corrcsponds to the smallest 
band staincd with EtdBr. When ten times more genomic 
DNA (5 	was uscd as thc substrate for PCR amplifica-
tion, a sccond spccilic band of about 330 bp was dctcctcd 

A 

2 3 	 1 2 3 

Fig. 4. PCR genomic analysis. Primera for genomle PCR amplifications 
wcrc synthesized as described in the legend to Fig. 1. "Me forward 
primer (5*-AAAGAAGGITATCTGGTAAAC), corresponda lo a vid. 
conservcd DNA sequencc that codos for the first 7 ata of mature C. 
noxims toxins (su Figs. 1 and 2). Thc reversa primer (5'. 
AACTGCAATTAAGAAGCGTTA) ip complcrncntary to a wcll-
conscrved ni 246-266 :quena of cDNA (su Fig. 1). The source of the 
DNA was the same as for the Southern blot genotnic analyais. PCR 
conditions wcrc thc same as descrilxd in the legend lo Fig. 1, except 
that 0.5 pg or 5 Ng of ~piale DNA were ud. (Panel A) Products of 
PCR amplification; hines: 1, pBR322 (I3olivar et al.. 1977) digested with 
7191 as siu markcr 2, PCR sumple (1/20 of.total reaction) using 0.5 
pg of genomic DNA as !emplace; 3, same as lane 2 but using 5 pg of 
template DNA. The gel was atained with EtdBr and pholographed 
undcr ultraviolet light. (Panel 11) Autoradiography of PCR products 
shown in panel A hybridiud with CngtI Insert. The pBR322 DNA was 
alto transfetred and hybridiud as a negative control, 
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(Fig,.4D, lane 3). 1t is important to observe that thc 330• 
bp band was dctccied only when high concentrations of 
gcnomic DNA were uscd as a substrato for PCR, suggest. 
ing that Chis band might corrcspond to a region that 
might have an at least tenfold lower copy number than 
the 270-bp band vcrsions. Taking the cDNA sequences 
shown in Fig. I as prototypes of DNA sequences that 
encode CnH STox, thesc PCR results indicate that the 
270-bp product should code for the mature part of 
STox closely related to the ones encodcd by thc 
Cngill—CngtV cDN Thesc results also indicatc that 
those gcnomic rcgions do not contain introns. Howcvcr, 
the results in Fig. 413 (lane 3) clearly show thc presence 
of a 330-bp fragment which could accornmodate an 
intron of about 60 bp in its gcnomic region. Another pos. 
sibility is that thc 330-bp band corrcsponds to a raro 
vcrsion of a closely related gene. Preliminary results 
aimcd at verifying the existence of introns in the gcnomic 
rcgions encoding the 5' end of Cn1-1 STox cDNAs (includ-
ing the SP) did not dctcct introns. Wc have sequenced 
some of the cloned PCR products, and we did not find 
introns at least bctween the rcgions coding for the SP 
and the C tcrminus (data not shown). An interpretive 
review of the results presented in Ibis work. including 
detalla comparativo analyscs and rcccnt data on thc 
STox structure-funetion relationship, is now in prepara. 
tion for publication (13.13., A.V., C.G., M.C., L.D.P. and 
F.13.). 

STox closely related to the ones reported here do not 
secm to contain Iargc introns. 
(9, Comparison of STox sequences deduced from CnH 
cDNAs providcd background for their classification, in 
tcrms of their simitarity, in threc differInt groups. 
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3. DATOS NO PUBLICADOS 

3.1. OBTENCION Y COMPARACION DE LA SECUENCIA DE 

NUCLEOTIDOS DE cDNAs 

Siguiendo la metodología descrita en los artículos incluidos en la sección anterior, se 

aislaron y secuenciaron otras donas de cDNA encontrándose que varias de ellas 

(incluída la Cngtl, CnH41 y Cn141) son donas truncadas. Contienen, a partir de lo 

que correspondería al residuo de cisterna 25 hasta el sitio de la cola de poliA, la 

secuencia de un cDNA que codifica para una toxina bloqueadora de canales de sodio 

aún no reportadas por secuencia directa de los péptidos (figura 3). 

TGC GAT AAG GAA TGC AAA GCG AAG AAC CAA GGA GGT AGT TAC GGC TAT TGC TAC GCT TTT GCA TGC 66 

CD KECKAKN Q G G S Y G Y C Y A F A C 22 

CAA GCA GGT AGT TAC GGC TAT TGC TAC GCT TTT GCA TGC 39 

Q GG SYG YCYAFAC 13 

CM GGA GGT AGT TAC GGC TAT TGC TAC GCT TTT GGG TGC 39 

Q GG S Y G YCYAF GC 13 

TGG TGC GAA GGT TTG CCC CAA AGT ACA CCC ACT TAT CCC CTT CCT AAT AAA TCA TGT GGC AGA AAA 132 

W C E G L P E S T PTY P L P N K S C G R K 44 

TGG TGC GAA GGT TTG CCC GAA AGT ACA CCG ACT TAT CCC CTT TCT AAT AAA TCA TGT GGC AGA AAA 105 

W C E G L P E S T P T Y P L S N K S C G R K 35 

TGG TGC GAA GGT TTG CCC. CAA AGT ACA ecc ACT TAT CCC CTT CCT AAT AAA ACA TGC AGC AAA AAA 105 

W CEGLP EST PTY PLP N K TCSK K 35 

TAA TGGCAACGAGTGTTTATTGTCTACCAACAGAAATATTGTAACGCTTCTTAATTGCAGTTAAATAAAATAKAATGTAATATC 216 

TAA TGGCAACGAGTTTTTATTGTTTACCAACAGAAATATTGTAACGCTTCTTAATTGCAGTTAAATAAAATAAAATGTAATATC 169 

TAA TGWAACGACTTTTTATTGTCCACCAACAGAAATATTGTAACGCTTCTTAATTGCAGTTAAATGAAATAAAATTAATAGCA 189 

TTAAAAAAAAAAAAAA 	 232 

TAAAAAAAAAAAAAAA 	 205 

TTATTTTAAATATCTTTATTATGTGTATACAGTTTACAGAAAATAAAACCGTTATGTTTATTCTCTGAAAAAAAAAAAA 	 252 

Figura 3. 
Secuencia de nucleótidos de las dianas: Cngtl, CnH41 y Cn141, respectivamente. En 
letras oscuras se indica la secuencia de aminoácidos deducida, el codón de 
terminación (TAA) y la posible señal de polladenilación (AATAAA). 
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Además, se encontró una clona que tiene características muy peculiares: dentro de la 

región 5' se encuentran duplicaciones e inversiones de lo que equivaldría a la 

secuencia nucleotídica que codificaría para el péptido señal y la correspondiente a 

los residuos de aminoácidos de la región amino terminal. El significado que pudiera 

tener este hallazgo, desde un punto de vista evolutivo aún no se ha podido descifrar, 

pero se sigue trabajando con esta dona con el fin de determinar si se encuentra 

presente dentro del genoma, o fue un artificio de las técnicas utilizadas. 

Es importante hacer notar que varias de las donas aisladas y secuenciadas 

resultaron ser la Cngtll, una toxina contra insectos, lo cual podría reflejar la 

abundancia de dicha toxina dentro del veneno de este alacrán. Se ha mencionado 

también que dentro del veneno de C. sculpturatus las toxinas más abundantes son las 

tres variantes que corresponden a toxinas contra insectos (Babin et al., 1974). Al 

parecer, los alacranes presentan una abundancia mayor de toxinas contra insectos 

que contra mamíferos, lo cual resulta lógico, ya que los alacranes se alimentan 

principalmente de insectos. 
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3.2. COMPARACION DEL PEPTIDO SEÑAL Y LA REGION 3' QUE NO SE 

TRADUCE 

Como se puede ver en la figura 4, los péptidos señal de los cDNAs que codifican para 

diferentes toxinas del veneno de alacranes tanto del nuevo mundo (primer bloque), 

como del viejo mundo (segundo bloque), son muy parecidas en su estructura general, 

ajustándose a lo propuesto por von Heijne (1986) para un péptido señal funcional. 

-20 	 -1 

CngtII 	M-NSLLMITACLFLIGT-VWA 
CngtIII 	M-NSLLMITACLVLFGT-VWA 
engtIV 	M-NSLLIITACLVLIGT-VWA 
CngtV 	M-NSLLMITACLALVGT-VWA 
TsVII 	MKGMILFIS-CLLLIGIVVEC 

• 

LqhaIT 	M-AHLVMISLALLLLLG-VES 
AMI/ 	M-NYLVMISLALLLMIG-VES 
AaHIII 	M-NYLVNISLALLLMTG-VES 
AaHIT 	M-KFLLLFLVVLPIMG--VES 

Figura 4. 
Comparación de péptidos señal de algunos cDNAs secuenciados 
de: Cn C. noxius; Ts Tityus serrulatus; Lqh Lelurus quinquestriatus 
hebraeus; A01-1 Androctonus australls Hector. 

Los resíduos -1 y -3 son los más importantes para el sitio de ruptura del péptido señal, 

en donde -1 debe ser pequeño (Ala, Ser, Gly, Cys, Thr o Gin) y -3 no debe ser 

aromático, cargado, grande o polar. Como se observa en la Fig. 4, en todos los 

péptidos señal comparados, en -1 hay un residuo de aminoácido pequeño y en -3 se 

encuentra una valina en todos los casos. Además todos contienen una región central 

hidrofóbica. 
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En la figura 5 se muestra la comparación de la región 3' que no codifica y que se 

extiende desde el codón de terminación, TAA, hasta la cola de poliA. En ésta, 

podemos observar que existe una gran similitud entre todos los cDNAs que codifican 

para toxinas del veneno de alacranes descritos hasta el momento, en especial 

cuando se comparan los del género Centruroides entre si, y los del viejo mundo con 

ellos mismas. Aún no hemos podido determinar el significado que pudiera tener esto, 

pero no deja de resultar interesante el hecho de que a pesar de que las toxinas sean 

tan diferentes en su parte estructural, se parezcan tanto en las regiones que no 

codifican. 

Cngt 1 	TGGCAACGAGTGTTTAnGTCTACCAACAGAAATArrGTAACGCTTMAATTGCAGTTAAATAAAATAAAATG-TAATATC-TT 

Cngt I I TGGCAACGAC-TTTTAnGMACCAACAGAAATATTGTAACGCTTCMATTGCAGTTAAATG 

Cngt I I TGGCAACGACTTTTTATTGTCCATAAACAGAAATATTGTAACGC1"FerrAATTGCAGI"rAAATGAAATAAAATGCTAATAGCATT 

Cngt IV TGGCAACGACTTTTTAVIWCCACCAAGAGAAATAGTGTAACGGTTCTTAATTCCAAGT 

Cng tV TGGGAACGACMTTATTGCCGACCAACAGAAATATTGTAACGCTTCTTAMTCAATTAAATGAAATAAAATATTA-TACCTTT 

TsVIT 	ATTTGTTTeGCTGAAAATCCTTTACAAATGAACTGTAATAAG- —TTTGGA—A--AAATAAAAAAAT- —G-TTC 

LOW T 	A—TCTGTAGAACATAAACACAAAGAATGTATCCTAAGAAT 	TGATC 	AAATAAA--TAA 

MIT 	 AC --CTGTAGAGTAAAATCAGAAAG AATGTATCC TAAAAATAAC-- -- TGGT 	AAATAAA—CATAA—GTATA 

AuillI I 	AC—CTGTAAAGCAAAA-CACAAAGAATGTATCCTGAAAATAAC----TGGT 	AAATAAA--CATAA--GTAAT 

Aaili T 	 TTGTAATAArl'AT - 	GAA-GTAT GAA T 	TGATCTA— -AAATAAAATGCACATA 

Figura 5. 
Comparación de la región 3' que no se traduce de algunas secuencias de cDNAs de: 
Cn Centruroldes mixtas; Ts Tityus serrulatus; Lqh Lelurus quinquestriatus hamacas; 
AaH Androctonus australis. Hector. 
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3.3. ANALISIS Y COMPARACION DE LA SECUENCIA DE AMINOACIDOS 

DEDUCIDA DE LOS cl)NAs CON LA SECUENCIA DE AMINOACIDOS 

REPORTADAS 

En la figura 1 (página 6) se muestra la estructura primaria de varias toxinas del 

veneno de alacranes tanto del nuevo mundo (primer bloque), como del viejo mundo 

(segundo bloque). Al realizar un alineamiento con base a los residuos de cisteina, 

introduciendo guiones para maximizar las similitudes entre todas las secuencias, se 

observa que existen dos regiones principales en donde se permite la mayor 

variabilidad en la secuencia de aminoácidos. A estas regiones se les ha denominado 

asa J y asa B (Meves et al., 1984), ya que se ha visto que éstas coinciden con dos 

asas dentro de la estructura terciaria (fig. 2, página 8). Dichas asas conectan 

diferentes partes de los principales motivos estructurales y por ello pueden tener 

varias longitudes, estructuras y orientación espacial. Es interesante hacer notar que 

dichas asas coinciden con la división de toxinas tipo a o del viejo mundo y toxinas 

tipo f3 o del nuevo mundo, lo cual podría estar indicando que ésta es una 

característica estructural importante para determinar el modo de acción de la toxina, 

excepto para el caso de las toxinas que tienen actividad dual, contra insectos y 

mamíferos en las que se puede ver que presentan parte de ambas asas (AaHIT4; 

Loret et al., 1991). 
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Otro motivo estructural importante que destaca en este alineamiento, es el CHS 

(Cystein-stabilized a-helical) propuesto recientemente por Kobayashi y colaboradores 

(1991), el cual se ha encontrado que está presente en péptidos neurotóxicos con una 

actividad común: bloquean canales iónicos. Dicho motivo estructural es un par de 

cisteínas espaciadas por tres residuos de animoácidos (Cys-X-X-X-Cys), unidos por 

puentes disulfuro a un segundo par de residuos de cisteína con solo un residuo de 

aminoácido entre ellas (Cys-X-Cys). En este caso, se trata de los residuos 

correspondientes a las posiciones 25-26-27-28-29 y 46-47-48, tomando como 

referencia a la toxina Cn4 (representado con asteriscos en la figura 1, página 6). 

Ménez y colaboradores (1992) señalan que las toxinas de origen animal tienen varias 

características en común: son generalmente pequeñas (menos de 120 residuos de 

aminoácidos), con un alto contenido de disulfuros, estables a condiciones de 

desnaturalización y ataque enzimático. Aunque expresan múltiples funciones, las 

toxinas animales generalmente tienen un número muy limitado de patrones de 

conformación. En el veneno de alacranes se dá principalmente una estructura 

tridimensional básica y en el veneno de serpientes se han encotrando seis 

conformaciones. Se ha visto también que la estructura general de las toxinas permite 

múltiples inserciones, deleciones y/o mutaciones (asa J y asa B). La variabilidad que 

se encuentra en la estructura de las toxinas relacionada con su función en el canal, 

podría estar reflejando la variabilidad que se ha visto que existe en los canales de 

sodio (Noda et al., 1986; Catterall et al., 1988), 
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1211 TEST: 11 USE 
Sin 011, 	117.111TECil 

De la misma manera, puede observarse que a pesar de la gran similitud que existe en 

la región amino-terminal en todas las secuencias comparadas, en la región carboxilo 

terminal existen grandes diferencias, haciéndose evidente la riqueza de residuos de 

prolina en algunos casos (3 o 4) en tanto que en otros sólo se presentan uno o dos. 

Ha sido propuesto por Loret y colaboradores (1990), que la falta de prolinas en la 

región carboxilo terminal le confiere a la molécula menor rigidéz, lo cual podría 

guardar relación con la especificidad de acción de la toxina (mamífero o insecto). 

A pesar de que estos datos sugieren que existe alguna relación entre la estructura de 

la toxina y su especificidad (por canales jónicos; insecto o mamífero; a o 0)1  se 

requieren mas datos para poder llegar a entender la relación que existe entre la 

estructura y la función de las toxinas del veneno de los alacranes. 
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4. PERSPECTIVAS FUTURAS 

En esta tesis se sientan las bases para el conocimiento de los aspectos de biología 

molecular del alacrán mexicano C. noxius Hoffmann. Las clonas de cDNA obtenidas 

durante la realización de este trabajo pueden ser utilizadas para llevar a cabo 

estudios como: 

Mutagénesis dirigida y expresión genética, con el fin de obtener mayor información 

con respecto a la relación que hay entre la estructura y la función de las toxinas del 

veneno de los alacranes (tesis de Doctorado de Consuelo García). 

2. Estudiar como se encuentran organizados los genes que codifican para las toxinas 

del veneno de este alacrán y determinar cual es la estructura general de los mismos 

(Tesis de Maestría de Miguel Corona). 

3. Diseñar una estrategia para poder obtener los cDNAs que codifican para toxinas 

específicas contra mamíferos (Cn2 y Cn3). 

4. Con base en los datos obtenidos en los puntos anteriores, diseñar una vacuna 

híbrida y comparar su comportamiento inmunológico con los datos que se tienen en 

nuestro laboratorio con péptidos sintéticos (Calderón, 1992). 

5. A partir de las toxinas obtenidas por la combinación de mutagénesis dirigida y 

expresión genética junto con técnicas de resonancia magnética nuclear y difracción 

de rayos X, ampliar la información que se tiene referente a la relación que existe entre 

la estructura de las toxinas del veneno de los alacranes y su función sobre los 

canales de sodio. 
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