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RESUMEN

En esta tesis se reporta la estructura primaria de la toxina Cn4 del veneno del alacran
Centruroides noxius Hoffmann, la cual se ha visto que bloquea canales de sodio
dependientes de voltaje. También se reporta la clonacién y secuenciacién del cDNA
que la codifica, asi como la de otros cDNAs que codifican para toxinas del veneno del
alacran atn 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 lieva
a cabo un analisis comparativo 'de las secuencias obtenidas con las reportadas en la
literatura. Dicho analisis muestra algunos motivos estructurales que son coniunes a
todas las toxinas del veneno de alacranes, tanto del nuevo mundo, como del viejo

mundo.



SUMMARY

In this thesis, we report the primary structure of toxin Cn4 from the venom of the
scorpion Centruroides noxius Hotffmann, 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 codes for this toxin and for other cDNAs
encoding toxins of the scorpion venom which have not been reported by direct
sequence of the peptides. We also discuss the mechanism for processing the peptide
to its mature form and performed a comparative analysis of the sequences obtained
with those reported in the literature. This analysis shows some structural motifs'that are

common to all toxins of the scorpion venoms, from both Old World and New World.



1. INTRODUCCION

1.1. PRESENTACION

Esta tesis esta enfocada principalmente al estudio de las caracteristicas de los cDNAs
que codifican para toxinas del veneno del alacran mexicano Centruroides noxius
Hoffimann, las cuales reconocen canales de sodio de membranas de células

plasmaticas excitables.

La tesis se encuentra dividida en cuatro partes: en la primera se revisan brevemente
los antecedentes que llevaron a la hipdtesis de trabajo que se siguié dura’ntevel
desarrolio de la tesis; la segunda parte contiene los articulos publicados con algunos
de los datos experimentales obtenidos. En la tercera parte se mencionan algunos
datos complementarios, atn no publicados; y en la ultima parte se presenta una

visién global de las perspectivas futuras de este trabajo.

1.2. ANTECEDENTES

El efecto letal y toxico del veneno de los alacranes se debe a la presencia de péptidos
que actian especificamente sobre canales idnicos dependientes de voltaje. De

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



conformado por las toxinas que actian 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 ot al., 1988); y el otro
grupo constituido por las toxinas que actuan 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 actuan sobre canales de potasio son mas
pequefias, contienen de 38-39 residuos de aminoéacidos 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 ultimos afios, se han realizado una serie de estudios enfocados hacia la
purificacién y caracterizacion de numerosas toxinas del veneno de alacranes (ver
revisiones de Rochat et al, 1979 y Possani, 1984). Las toxinas que actian sobre
canales de sodio se han dividido a su vez en tres grupos de acuerdo con su
especificidad de accidn en: toxinas contra mamiferos (Possani and Dent, 1981,
Possani et al., 1985}, toxinas contra insectos (Babin et al., 1974; Kopeyan 6t al., 199.0:

Pelhate et al., 1982) y toxinas contra crustaceos (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 farmacologia y sus propiedades de



union: toxinas tipo o que se han encontrado en el veneno de alacranes de la

subfamilia Buthinae (alacranes del viejo mundo) y afectan principaimente el
mecanismo de inactivacion del canal (Noner, 1979); y las toxinas tipo B las cuales
se encuentran en el veneno de alacranes de la subfamilia Centrurinae (alacranes del
nuevo mundo) y que alteran el mecanismo de activacién (Meves ot 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 o y toxinas con

actividad f} 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 aminodcidos en
todas ellas. En particular cuando se alinean con respecto a los resfduos de cistelna,
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 ademds tienen conservada la posicion de los

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

hélice (a) y B plegada(b). La mayoria de los residuos donde se permite variabilidad,
deleciones y/o inserciones representadas por guiones en la Fig. 1, estan en
posiciones que corresponden a estructuras al azar o a asas dentro de la molécula. En

la seccion 3.3. se presenta una discusion mas amplia sobre esta figura.,



TOXINA SECUENCIA DE AMINOACIDOS REF.

WRAWNA LA

Cnd KEGYLVNSYTGCKYECFKLGDNDYCLRECKQQYGKGAGGYCYAF ~~=w= GCWCTHLYEQAVVWPL~-~KNKT~C~-N a
CngtV KEGYLVNSYTGCKYECFKLGDNDYCLRECKQQYCKGAGGYCY AR ~ < =~ ~ GCHCTHLYEQAVVWR L - ~KNRT~C~NGK a
clt] KEGYLVNHSTGCKYECFKLGDND YCLRECRQQYGKGAGGYCY AR == <= - GCHWCTHLYEQAVVWPL~P-NKT~CS b
cnd KEGYLVELGTGCKYECFKLGDNDYCLRECKARYGKGAGGYCYAR =~ ~~~ GCHCTQLYEQAVVWPL ~~KNKT-CR b
CaalIl KEGYLVSKSTGCKYECLKLGDNDYCLRECKQQYGKSSGGYCYNF ~w ==~ ACWCTHLYEQAVVWPL-P~-NKT-CN c
Cn2 KEGYLVDKNTGCKYECLKLGDNDYCLRECKQQGYKGAGGYCYAF ~~~ -~ ACWCTHLYEQAIVWPL-P -HKR-CS b
CsallX KEGYLVSKSTGCKYECLKLGDNDYCLRECKQQYGKSSGGYCYAR -~~~ ACWCEALPDHTQVW-~VP~-NK~~-CT c
CaXv2 KEGYLVNKSTGCKYGCLKLGENEGCDKECKAINQGGSYGYCYAR ~~ ==~ ACWCEGLPESTPTYPL-P~NK--CS88 C
CngtlIX KEGYLVNKSTGCKYGCLLLGKNRGCDKECKAKNQGGSYGYCYAF -~~~ GCWCQGLPESTPTYPL-P-NK3~CSKK d
CaEvl KEGYLVKKSDGCKYDCFWLGKNEHCNTECKAKNQGGSYGYCYAR =~~~ ACHCEGLPESTPTYPL-P-NK-~CS o
CngtIII KEGYLVNKSTGCKYGCFWLGKNEACDKECKAKNQGGSYGYCYAF «ww—- GCHCEVLPESTPTYPL-P~-NRKT~CSKK d
CaEv3 KEGYLVKKSDGCKYGCLKLGENEGCDTECKAKNQGGSYGYCYAR - -~~~ ACWCEGLPESTPTYPL-P-NKS-C c
Cnl KDGYLVDA-KGCKKNCYKLGKNDYCNRECRMKHRGGSYGYCYGH =~ - GCYCEGLSDSTPTWPL ~-TNKT-C b
CngtlV KDGYLVDV-KGCKKNCYKLGENDYCNRECKMKHRGGSYGYCYGF - =~~~ GCYCEGLSDSTPTHPL~-P~-HKR-CGGK d
CsRI KDGYLVEK~TGCKKTCYKLGENDFCNRECKWKHIGGSYGYCYGF ~= -~ GCYCEGLPDSTQTWPL-P~NK-~CT o
Tal0 KEGYLMDHE~GCKLSCF~IRPSGYCGRECGIK-KGSS~-GYCAWE ~ =~~~ ACYCYGLPNWVKVWDRA~TNK-~C b
Toa8 KEGYAMDHE ~GCKFSCF - IRPAGFCDGYCKTHLKASS -GYCAWP -~ ~~~ ACYCYGVFDHIKVWDYA-TNK--C b
AaHIX KRDGYIVYPNN~-CVYHCVPP ~ ===~ CDGLCKKN-GGSS-GSCSFLVPSGLACHCKDLPDNVPIKDT--SRK--CTRR Cc
AaHITII VRDGYIVNSKN-CVYHCVPP=~--~ CDGLCKKN~-GAKS -GSCGFLIPSGLACWCVALPDNVP IKDP~~8YK-~CHSR c
LqhaIT VRDAYIAKNYN-CVYRCFR---DAYCNELCTKN-GASS-GYCQWAGKYGNACWCYALPDNVPIRVE--~GK~-CHRK e
AaHIX VKDGYIVDDVN-CTYFCGR~~~NAYCNEECTKL-KGES~-GYCQWASP YGNACYCYKLPDHVRTKGP ~-~GR~~CH o]
BotXI LKDGYIVDDRN-CTFFCGR~~~NAYCNDECKKK-GGES~GYCQWASPYGNACWCYKLPDHVRTIVQA~~~-GR~~CN C
BotI G-RDAYIAQPEN~-CVYECAQ-~--NSYCNDLCTKQ-GATS-GYCDWLGKYGNACHWCKDLPDNVPIKIP-~~GK~--CHF o]
BotIXI G~RDAYIADDKN-CVYTCGS-~-NSYCNTECTKN-GAES~GYCQWLGKYGNACWCIKLPDKVRPIRIE~~-GK--CHF c
LqqIV GVRDAYIADDKN-CVYTCGS~~--NSYCNTECTKN~GARS~GYCQWLGKYGNACWCIKLPDKVRPIRIP=~~~GK~~CR £
LgqV LKDGYIVDDKN-CTFFCGR-+-~NAYCNDECKKK-GGES~GYCQWASPYGNACWCYKLPDRVSIKEK~~=GR~~CN £
LghIT2 DGYIKRR-DGCKVACLI-G-NEGCDKECKAY-GG-SYGYC ~WT-~-WGLACWCEGLPDDKTIWKSE-~TN--TCG f
LqqIT2 DGYIRKR-DGCKLSCLF~G-NEGCNKECKSY-GG-SYGYC-WT-~WGLACWCEGLPDEKTWKSE~-TH-~TCG ¥
BjIT2 DGYIRKK-DGCKVSCII-G-NEGCNKECVAH-GG-SFGYC~HWT~~WGLACWCENLPDAVIWKSS~-1N--TCG f
AaITd EHGYLLNKYTGCKVWCVI~-~NNEECGYLCNKRRGG~YYGYCYF -~ -~WKLACYCQGARKSELWNY -~KTNK~~CDL f
AaHIT KKNGYAVD-SSGKAPECLL-—SN-YCYNECTKVHYA-DKGYCQLLS-~~--CYCFGLNDDRKVLEISDTRKSYCDTTIIN £
LgqqITl KKNGYAVD-SSGKAPECLL--SN-YCYNECTKVHYA-DKGYCCLLS=«~-~ CYCFGLNDDKKVLEISDARKKYCDEFVIIN f
bbbb aaaaaaaa bbbbb bhbb
~agaJ~ ~anaB--
Flgura 1.

Comparacion de la secuencla de aminoacldos de diferentes toxinas de! veneno de
alacran que afectan canales de sodlo. El allneamiento se realiz6 en base a los
resfduos de cistefna de la toxina Cnd4. Se Introdujeron guiones (-) para maximizar la
similitud. El primer bloque incluye toxinas de alacranes del nuevo mundo. El segundo
blogque contiene toxinas de alacranes del viejo mundo. Se indican las regiones de a-
hélice (a) vy B8 plegada (b). Los asteriscos (*) Indican el motivo estructural propuesto
por Kobayashl y colaboradores (1991).

Referenclas: a) Vazquez et al, 1993; b) Zamudio et al., 1992; ¢) Meves et al,, 1984;
d) Becerrll et al., 1993; e) Eitan et al., 1990; f) Zlotkin et al, 1991.



El estudio de la estructura secundaria y terciaria de las toxinas del veneno de los
alacranes se ha llevado a cabo empleando técnicas como: difraccién de rayos X
(Almassy et al., 1983; Fontecilla-Camps et al., 1988), resonancia magnética nuclear
(Darbon and Braun, 1991) y dicroismo circular (Loret et al., 1990) principaimente. La
combinacion 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 alacran del viejo mundo, la toxina Il y la toxina de
insecto de Androctonus australis Hector (Fontecilla- Camps et al., 1988; Darbon et al.,

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

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

laminas antiparalelas B plegadas y un centro hidrofébico estabilizado princip_almente
por tres de los cuatro puentes disulfuro (Fig. 2). En adicion, este motivo @structural se
encuentra presente en todas las toxinas de alacran, independientemente de su
tamaiio, secuencia o funcion, asi como en otro tipo de péptidos no relacionados
(Bontems et al., 1991; Ménez et al., 1992; Bruix et al., 1993). Se cree que todas las
toxinas de alacran constituyen una familia de péptidos similares que evolucionaron a
partir de un ancestro comun, por duplicacion genética y evolucion independiente de

los genes duplicados.



Flgura2.
Estructura tridimenslonal de la toxlna Cn2 del veneno del alacrah
C. noxlus (datos no publicados del laboratorio de Dr. Passanl).



La mayoria de los grupos de investigacién en el drea, se han abocado a la
caracterizacion bioquimica de las toxinas del veneno de alacranes de diferentes
generos y especies. No obstante, el conocimiento que a la fecha existe con respacto a
los aspectos de biologia molecular es limitado, aun se desconoce el nimero y la
organizacion de los genes que cadifican para las toxinas, y tampoco se sabe como
esta organizada o como es procesada la informaciéon genética en la glandula
venenosa. A la fecha existen solo 6 reporntes 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 (Martin-Eauclaire et al., 1992, este trabajo de tesis:

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

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

poder obtener variantes que pudieran diferir en su especificidad de accidn

(mamiferos, insectos o crustaceos), o en su farmacologia (o o B), con base en la

'infor_macién que se tiene hasta el momento de los motivos estructurales
fundamentales para la funcion de las toxinas, combinado con la expresién de genes o
fragmentos de genes de las toxinas nativas y/o modificadas, permitiria poder contestar
una serie de preguntas relevantes como : 1) ;Cuales son las caracteristicas
conservadas de la estructura primaria, de las toxinas del veneno de los alacranes.
que determinan su actividad sobre membranas excitables? 2) ¢ Por queé las regiones

variables posiblemente son las que detinen el control fino de la accion de las toxinas,

o 0 B? 3) ¢Que mutaciones puntuales generarian toxinas modificadas que permitan



estudiar la relaciéon estructura-funcion? 4) ;Se puede llegar a proponer la sintesis de
un péptido inmunogénico que sirva como vacuna? Conociendo la respuesta a las

preguntas anteriores; 5) ¢ Se puede llegar a disefiar un nuevo farmaco?

Para poder llegar a contestar éstas y muchas otras preguntas, hace falta mas
informacion referente a la parte de biologia molecular de las toxinas del veneno del
alacran. Por lo anterior, nuestro grupo de investigacion esta interesado en conocer {a
organizacién y expresion de los genes que codifican para las toxinas del veneno de
alacranes mexicanos. El primer paso en la generacion de conocimiento en este
campo, es el aislamiento y la caracterizacion de diferentes clonas de cDNA del

veneno del alacran mexicano C. noxius Hoffmann.

1.3. OBJETIVO

El objetivo de esta tesis es: determinar la estructura primaria de la toxina Cn4, clonar
y secuenciar el cDNA que la codifica, asf como llevar a cabo la caracterizacion de
diferentes cDNAs que codifiquen para toxinas del veneno del alacran Centruroides

noxius Hoffmann.

10
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A peptide (toxin H-10), shown to be a Na* channcl blocker, wits puritied from the venom of the scorpion Centruraides noxiny Holfimann and

sequenced by Edmuan degradation. lt has 66 amino acid residues with the Ceterminal residue Gasparagine) amidated, as demonstrated by mass

spectromatry. In addition, we report the claning and the nucleotide sequence of the ¢cDNA (CogtV) that codes for this toxin, We discuss the

mochanism for processing the precursor peptide to its finad form and compare the privtary structure to that of other Na* cliannc! toxins, Twodistinet

gmum of toxins scem (o emerge from this comparison, suggesting a structure - function relationship of these peptides towards the recognition of
cither mummalian or inseet tissues.

Scorpion toxin; Nu'chunnel; ¢cDNA clone; Nucleotide sequence; Peplide processing

. INTRODUCTION

Scorpion toxins are exquisite tools for the study of

ion channels [1]. At least two clusses of diffcrent familics
of peplides have been purified and characterized from
the venom of the scorpions of the family, Buthidac {2].
Among the toxins specific for the Na* channel is toxin
11-10 from the Mexican scorpion Centruroides noxius
Hoffmann, Initially, this peptide was purificd by Se-
phadex G-50 gel filtrution followed by ion-exchange
chromittography on a carboxymethyl-cellulose column
[2,3]. Its clfect on Na' channcls of excitable membrances
was documented in squid axon membrancs [4.5], und
brain synaptosomes [6). In this communication we de-
scribe the determination of its complete amino acid se-
quence, by automatic Edman degradation [7] of reduced
and alkylated toxin, and of its peptides puritied by high
performance liquid cromatography (HPLC), We also
deseribe the cloning of the cDNA cncoding this toxin
(CngtV), and discuss a possible mechanism for its posi-
trunslational processing.

2. MATERIALS AND METHODS

2.1, Pwrification of the texin Cnd.

Venom from the scorpion C. soxins wis obtiined in the laboratory
by clectrical stimulition {3) and toxin Cnd was puriticd by the same
methods as previvusly described {3), except for the addition of an

Correspondence  daddress: LI).  Possani, Instituto  de  Bio-

tecnologia-UNAM, Av. Universidad 2001, Apto. Postal 510 3, Cuer-
navaca 62271, Mexico. Fax; (52) (73) 172 388.

Published by Elsevier Scicuce Publishers B.V.

HPLC step at the end of the purification procedure, using pubhshud
protocols [8).

2.2. Amino acid sequence determination

Highly purified toxin was reduced and carboxymethylated (RC-
toxin) as reviewed [2]. prior (o sequencing on a Millipore 6600 ProSe-
quencer, RC-toxin Cod was digested (66 nmol) using protease V8 from
Stuplylococcuy auvens (Bochringee-Mannheim), Another sample (30
wmol) was cleaved with trypsin (TPCK treated) from Sigmia Co. (8t.
Louis, MO). Both digests were separated by HPLC. "Scveral peptides
obtained by this procedure were sequenced in order to obtain the
prinitry steucture of this toxin, The C-terminal peplide was also analy-
sed by mass spectrometry (data not shown) in order 1o confirm the
amidation ol the tast residue, Only unalytical grade reagents were
used, as carlior deseribed {8).

2.3, Constructions and sereening of ¢ C. noxius ¢cDNA libvary

Isolation of total RNA, purification of the poly(A)' RNA, syntlicsis
and construction of the cDNA library in dgtil were performed ac-
cording (o the instructions supplied in the commercial kits utilized
(Amershom, RPN.1264, RPN.SHEL RPN 1256Y/Z, respectively). The
sercening ol the library, and the conditions for pre-hybridization and
hybridizatien were perfermed as described [9)

3. RESULTS AND DISCUSSION

3.1, Amino acid sequence determination of toxin Cnd
Fig. I shows the complete amino acid sequence of
toxin 11-10, which we proposc to name Cnd (fourth
toxin completely sequenced from C. noxins), following
the nomenclaturc proposed in our recent publication
[10]. Dircet automatic Edman degradation conlirmed
the sequence of the N-terminal region of toxin Cnd, as
previously published by our group {3,5], permitting unc-
quivocally the identification of the first 45 residues.
Tryptic digestion ol RC-toxin produced at least 16 pep-

12
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Fig. 1. Complete amino acid sequence of toxin Cad. Results of direct Edman degradation (shown with D separated by points), allowed us to identify

the first 45 residues. Tryptic digestion (labeled Teyp separated by crosses) indicates the amino acid sequence corresponding to the peptide cluted

4148.35 in the HTIPLC. This sequence starts with Gly at position 36 and goes 1o Trp at position 58. Protease VB digestion (labeled with VR separated

by dashes) corresponds to the C-terminul region, with amino acid sequence corvesponding to Gln at position 54 to the end of the sequence. The
tist residue (asparagine amide) was positioned based on Ms (mass \;mlromury) and Aaa (nmino acid analysis).

tides (data not shown), from which the peptide cluting
at 48,35 min corresponded to the intermediate overlap-
ping segment of the primary structure. HPLC separa-
tion of protease V8-cleaved RC-toxin (data not shown)
produced it least 13 different peptides, from which the
peptide cluting at 35.09 min was shown to correspond
to the C-terminal region of the toxin (Fig. 1). The C-
terminal V8 peptide was covalently attached to Seque-
fon AA (Millipore Corp.) following the manufacturer’s
instructions, and subjected to  N-terminal scquence
analysis on a Milligen 6600 ProScequencer using TEA
100 cycles. Amino acid residues 54-65 were un-
ambiguously ideatified. In order to confirm that the
entire peptide was scquenced, a sccond aliquot was sub-
jected to amino acid analysis. The amino acid composi-
tion revealed the presence of 2 sccond aspartic acid
residue (cither Asp or Asn) not detected in the sequence,
Our failurc to identify the C-terminal residue would
suggest that it was not attached to the aryl mmide mem-
brane. One would expect that aspactic acid and asparag-
ine to be covalently attached to the membranc und
therefore be identificd, albeit in low yicld. Thus, we
surmised that the missing residue was asparagine amide.
The peptide was covadently attached to the membrance
thraugh the carboxyl group of carboxymethylated-cys-

teine (CM-cys) of position 65, an attachment site previ-
ously identificd for other CM-cys containing peptides
(B.M. Martin, unpublished). Mass spectral analysis of
the peptide with clectrospray tonization indicated a mo-
fecular mass of 1,557 1 |, consistent with an asparagine
amide at the C-terminal residuc. These conclusions are
further supporu.d by the results of cloning and nucleo-
tide sequencing of the cDNA encoding for llus toxin, s
discussed below.
3.2, Isolation and sequencing of the ¢cDNA

Using duplicate filters 1o screen the ¢cDNA library
with a degenerate oligonucleotide probe designed from
a conscrved region of the Centruroides toxins, we de-
tected several positive signals with diflerent intensitics.
Onc of these clones was isolated, subcloned in
pBluescript (Stratagene, La Jolla, CA, USA), and both
strands sequenced (Fig. 2), using the Sequenase version
2 kit (USB, USA). The resulting amino acid sequence
deduced from this clone corresponded to toxin Cnd, the
complete amino acid sequence of which is reported in
this work (FFig. 1). The nucleotide sequence shown in
Fig. 2 displayed an open reading frame coding for a
precursor of 86 amino acid residues with a signal pep-
tide of 19 amino acid residues, the mature peptide of 66

GAAN ATG ARAC TCG TTG TG A‘\'TG ATC ACT GGT TGT Y16 GCC CTG GTC GGA ACA GTG TGU GCA AAG 64

M H 8§ L L. M I T A C

T,

A 1L v 6 * VvV W A XK 20

GAA GGT TAT CUG GTA AAC 710G 9AC ACG GGC TGC AAA TAC GAA TGC TVT AAA TTG GGA GAC 1M

E 66 Y L Vv KN 8 Y T G

Cc

¥ Y % ¢ Ff K L G D 40

AAC GAT 'TAT TGC TTG AGG GAA TGC AAA CAG CAG TAC GGA AAL GGT GCT GGC GGC TAT TGT 184

N D ¥ € L R E C K ¢

Q

¥ 6 K 6 A G & ¥ C 6o
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87
CagtV 365

Fig. 2. Nucleotide sequence and deduced amino acid sequenee of the cDNA cucading the Cod precirsor. Signal peptide is undertined. Polyadenyl-
ation signal (AATAAA) s indicated in bokd characters. This nucleotide sequeace will appear in the Genllank nucleatide sequence Database under
accession number LOS063, Nucleotides and amino acids are pumbered at alie sight side of the corresponding sequences.
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GROUP  TOXIN  AMINO ACID SEQUENCE a b
I CnAd KEGYLVNSYTGCKRYECFKLGDNDYCLRECKCQYGKGAGGYCYAFGCWCTHLYEQAVVHP LKNKTCH 100% (+)
I cltl KEGYLVNRSTGCKYECFKLGDNDYCLRECROQYGKGAGGYCYAFGCHWCTHLYEQAVVWPLPNKTCS 92% {10)
1 Cnl KEGYLVELGTGCKYECFKLGDNDYCLRECKARYGKGAGGYCYAFGCWCTQLYEQAVVWPLKNKTCR g9% (10)
1 Csall KEGYLVSKSTGCKYECLKLGDNDYCLRECKQQYGKSSGGYCYAFACWCTHLYEQAVVWPLPNKTCN A Y (14)
4 Cn2 KEGYLVOKNTGCKYECLKLGONDYCLRECKQQAGYKGAGGYCYAFACHCTHLYEQAIVWPLPNKRCS a3y {(10)
i CualIll KEGYLVSKSTGCKYECLKLGDNDYCLRECKQQYGKSSGGYCYAPACWCEALPDHTQVW-VPNK~CT ns {14)
19 Culiv2 KEGYLVNKSTGCKYGCLKLGENEGCDKECKAKNQGGSYGYCYAFACWCEGLPESTPTYPLPNK=-CSS 56% (14)
11 Cakivl KEGYLVKKSOGCKYDCFWLGKNEHCNTECKAKNQGGSYGYCYAFACWCEGLPESTPTYPLPNK-CS 6% (14)
Il Culivl REGYLVKKSDGCKYGCLKLGENEGCDTECKAKNQGGSYGYCYAFACWCEGLPESTPTYPLPNKSC 56% (11)
II Cnl KDGYLVDA-KGCKKNCYKLGKNDYCNRECRMKIIRGGSYGYCYGFGCYCEGLSDSTR TWPLTNKTC 363 (10)
194 Cskl KDGYLVEK~TGCKKTCYKLGENDECNRECKWKHIGGSYGYCYGFGCYCEGLPOSTOTWPLPNK-CT 56% (14)

TIIEL) YL T I Y SANE A & o A TR

Fig. 3. Amino uvid sequence comparison of several toxins from the genus Centruroides that affect Na®* channels Gaps () were introduced for

maximizing similurities, (a) Percent of similarity taking Cnd as 100%. The gaps have been tuken as differences for the calculus, (b) Reference: *this

paper, Cltl, is toxin | from C. limpidus tecomanus, Cnl, Cn2, Cnd, Cnd are toxins from C. noxius Hoffmann. CsEvl, CsEv2, CsEv3 and CsEl

are toxins from C. scwlpinratus Ewing, CssIl and Csslit are toxins from C. suffiusus suffusus, *Amino acid residues that are inviriant in the same
position m all the sequences.

residues and two additional residues at the C-terminus.
Thesc results support previous reports [11,12] which
proposed that scorpion toxins arc synthesized as precur-
gors of the mature toxin, Two processing steps seem (o
occur for toxin Cnd: (i) climination of the signal peptide,
and (ii) processing of the C-terminal region. At the N-
terminal region, the signal peptide is certainly excised
by a signal peptidase, whilc at the C-terminal part of the
peptide the additional two amino acid residucs (Gly and
Lys) ure removed and the Gly residue donates its amino
group for the a-nmidation of asparagine, as has been
described for the processing of the inactive precursors
of sceretory peplides that contain sites for proteolysis
and a-amidation, including a toxic peptide from a
¢DNA library of Tiryus serredatus (13).

3.3, Primary structure comparison

The comparison of the amino acid scquence of toxins
purificd and scquenced from Centruroides scorpion ven-
oms {Fig. J) shows that they constitute & cluster of
closcly related peptides, sharing a high degree of simi-
larity in their primary structures (at least 56%), as well
as in their functional specificitics through their recogni-
tion of Na* channels [4-6,14]. By comparing the differ-
cnt binding properties and clectrophysiotogical data,
the toxins affecting Na* channels were classificd as: (i)
a-toxins, that mainly act at the inactivation mechanism,
and (i) A-toxins that modify the activation mechanism
of the Na* channcl [14]. Toxin Cnd hus been shown by
Carbong ct al. [5] to affect the activation mechanism of

Na* channcls of squid axon, hence it belongs (o the,

B-type toxins. It is very toxic to mice and rats, and binds
to brain synitptosomes with an afTinity of 2-10 nM [15].
Toxin Cn2 was poorly cffective towards Na* channels
of squid axou [5], but was shown to be very toxic to mice
{10}, binding to thcir brain synaptosomes with Ky's in
the range of the low nanomolcs [6,15). Because it affects
the activation mechanism, it is also a f-type toxin. The
toxins from the venom of C. sculpturatus Ewing (CsEvi,

14

2 and 3) have the characteristic cffects of a-type toxins
and ar¢ very toxic to insects or crustaceans but have a
small toxic cflect in mammals [16).

Analysis of the secquences shown in Fig, 3 permits us
to sort out several gencral features of the primary struc-
ture that can be corrclated with the distinct pharmacol-
ogical efTects observed. Since the total number of amino
acids and the positions of all cysteines arc conserved it
is very dikely that the gencral folding of all toxic mole-
cules are the samc (the positions of 27 of the 66 amino
acid residues are identical). The N-terminal region of all
toxins is highly conscrved. Larger differcnces arc ob-
served at the C-terminal part of the toxins, which pro-
vides support for a tentative classification into two dis-
tinet groups: group |, for which Cnd is the prototype.
is composed of peptides mainly loxic to mammals, dis-
playing ut least 70% similarity in the primary structure,
with only two prolines in the last 15 amino acid residucs
of the scquence. Group 1, consisting of peptides mainly
toxic lo insects and crustaccans, with about 56% pri-
mary structure similarity to Cnd, containing more than
2 proline residucs at the C-terminal region, with CsEV2
as a represenlative toxin, Possibly, the structural con-
straints caused by the proline residues (a-imino acid)
ncar the C-terminus could hamper an appropriate fold-
ing during intcraction with the channel proteins, as sug-
gested by others {16). Final cvaluation of this model,
distinguishing the toxins based on their specificity for
cither mammalian or inscct targets, depends upon de-
velopment of more comprehensive structural data for
the comparison of these motifs.
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SUMMARY

With the purpose of studying the organization and characteristics of the genes that code for toxins present in the
venom of the Mexican scorpion, Centruroides noxius Hoffmann (CnH), we prepared a Agtll cDNA library from the
venom glands. Using specific oligodeoxyribonucleotides (oligos) designed according to known amino acid (aa) sequences
of CnH toxins (STox), we detected several positive cloncs, determined their nucleotide (nt) sequences and deduced their
aa sequences. A comparalive analysis of these sequences with previously reported STox revealed that CnH ¢cDNAs code
for a family of very similar STox. The cDNA coding for a known STox, 11-10, was cloncd. Additionally, three other
complete (new) nt sequences were obtained for cDNAs encoding peptides similar to STox 1 from CnH or variants 2
and 3 from Centruroides sculpturatus Ewing. Southern blot gcnomic DNA analysis showed a minimum size of approxi-
mately 600 bp as EcoRlI [ragments for elements of this family. PCR amplifications of CnH genomic DNA and hybridiza-
tion of PCR products with specific probes indicated that the genomic steuctural regions that code for these genes do

not contain introns, or at least not large introns,

INTRODUCTION

Of the 134 spccics and sub-specics of Mexican scorpi-
ons, only eight arc dangerous to man (Dchesa-Dévila,
1989). Specics which cause the most frequent cases of
scorpion poisoning in Mexico belong to the Centruroides
genus, They represcnt a serious health problem with more
than 200000 pcople stung per ycar and a mortality rate

Correspondence to; Dr. L.D. Possanl, Institulo de Bioteenologia,
UNAM, Av. Universidad 2001, Apartedo Posial 510-3, Cucrnavaca,
Motclos 62271, Mexico. Tcl, (32-73) 172799; Fax (52~73) 172388,
c-mail: possani@pbed22.ceingebiunam.mx

Abbrevistions: sa, amino acid(s); bp, basc pairs); cDNA, DNA comple.
mentary to RNA; Clt, Centruroldes limpidus tecomanus; Cngt, cDNA
from CnH cloncd into Agtil; CnH, Centruroldes noxius Hoflmana; CsE,

e

of 700-800 pecople per year (D. Lopez- Acuila and A,
Alagén, communicated during the technical session of the
Socicdad Mcxicana dc Salud Publica, Mexico City,
March 1979).

Scorpion venoms constitutc a rich source of low-M,
peptides toxic to a variety of organisms including man
(Miranda et al, 1970; reviews by Zlotkin et al, 1978;
Possani, 1984). The most dangerous scorpion venoms so

’,Ecmmrofdcs sculpiurotus Ewing: Css, Centruroides suffusus suffusus;

ctsd DNA, call thymus sonicated and denatured DNA; Denhardi’s solu.
lion, 0.02% cach of bovine scrum albumin/ficoll/polyvinylpyrrolidone;
EWdDr, cthidium bromide; kb, kilobasc{a) ar 1000 bp; N, any nuclcoside;
nt, nucleolide(s); oligo, oligodcoxyribonucleotide; PCR, polymerase
chain reaction; SDS, sodium dodecyl sulfate; SSC, 0.15 M NaCl/0.013
M Na,citrate pH 2.6, SP, signal peptide(s); SToa, scorpion toxin{s) Te
melting lemperature (temperature at which 50% of the hybrids formed

' | between two aucleic acids are dissociated).
- T
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far studied have been shown (o contain two kinds of
STox: long-chain polypeptides of 60-70 aa which block
Na *-channels of cxcitable cells (Catterall, 1977; Couraud
ct al,, 1982) and short-chain peptides of 37-39 aa affecting
K *-channcls (Carbone et al.,, 1982; Possani ct al,, 1982;
Miller et al, 1985; Gimenez-Gallego ct al., 1988; Strong
et al., 1989). Recently, Valdivia ct al. (1991) demonstrated
the existence of another class of polypeptides in the scor-
pion venom that activates the Ca?*-release channel of
the sarcoplasmic reticulum.

Nevertheless, the most thoroughly studied STox are
those that modily Na*-channels and were classificd as a-
and $-STox (Couraud ct al,, 1982; Wheeler ct al,, 1983).
This classification was proposed based on the existence
of two dificrent binding sites on the Na*-channels for
the a- and B-toxins (Jover ct al,, 1980; Couraud ct al,
1982). a-STox modify mainly the inactivation mechanism
of the Na*.channels (Nonner, 1979), while - STox prel-
erentially alter the activation mechanism (reviewed by
Meves et al, 1986; Strichartz et al,, 1987, Thomsen and
Catterall, 1989).

Our group has contributed during the last decade to
the knowledge of the structurc-function relationship of
the toxins from the venom of Mexican scorpions (Possani,
1984; Zamudio ct al,, 1992). A few regions involved in
toxicity or antigenicity have been mapped in these STox
using synthctic peptide and monoclonal antibody
approaches (Gurrola et al,, 1989; Possani et al, 1991).
The possibility of using modern molecular biology strate-
gies for cloning, directed mutagencsis and expression of
specific STox-encoding genes or gene fragments in order
to use the purified products to verifly their interactions
with ion channels has greatly motivated our work.

The 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 genoniic region encoding
these cDNAs. '

RESULTS AND DISCUSSION

(a) Isolation of cDNA clones encoding STox peptides

A degenerate oligo probe coding for aa 42-48 of STox
Cn2, which arc well-conserved among Centruroides
loxins, was used to screen a Agtl] cDNA library prepared
from CnH venom glands (legend to Fig. 1 and Fig. 2).
From this scrcening we detected several positive signals
with different intensitics; we decided to characterize first
the clonc that gave the strongest signal, This clonc was
named Cngtl and had an insert of approximately 230 bp.
This insert was subcloned into the EcoRI sites of
M13mpl8 and M13mpl9, and its nt sequence was deter-

mined, When the aa sequence from this ¢cDNA was
deduced, we found the target sequence (aa 42- 48 of Cn2);
however, the entire sequence did not correspond to Cn2.
Cngtl was a truncated clonc that contained the sequence
for a {ncw) Na*-channcl-blocking STox ¢cDNA coding
from aa 25 through the polyadenylation sitc. A compara.
tive analysis of the deduced aa sequence of clone Cngil
with reported STox an primary sequences revealed that
from 41 aa encoded by this clone, 40 aa werc identical
with the STox variant 3 of C. sculpturatus (sec Fig. 2),
whose threc-dimensional structure is known (Fontecilla-
Camps ¢t al,, 1980). To explore the possibility of isolating
a complete cDNA that encoded a STox closely related to
CsE variant 3, we decided to use the Cngtl insert as a
probe to screen the cDNA library under conditions of
high stringency in order to isolate cloncs highly homolo-
gous lo the Cngtl insert. From this second screening, we
isolated several positive clones,

The next step consisted of probing Southern blots of
digestcd DNA of the isolated positive clones with a van-
ant 3-specific oligo (designed from aa 10-16; see Figs. |
and 2). Two positive inserts with a size adequate to
cncode a complete STox sequence were subcloned into
the EcoRYV site of pBluescript (pKS, Stratagene, La Jolla,
CA). They were called Cngtll and Cngtlll,

From this sccond screening, two less strongly positive
cloncs werc isolated, subcloned and sequenced, They were
called CngtIV and CngtV. The nt sequences of clones
Cngtll through CngtV are shown in Fig. 1. These cDNAs
arc about 350 bp in length and encode STox precursors
of 8§6~-87 aa,

It has been proposed, based on the analysis of their
¢DNA scquences, that STox might be synthesized as pre-
cursors with a signal peptide (SP) of 1819 aa (Bougis
ct al, 1989; Gurevitz et al, 1991). CnH SP sequences
mct all the requircments for cukaryotes as proposed by
von Heijne (1986).

In the casc of STox that affect mammalian Na*-chan-
nels (Bougis ct al., 1989) and in the case of 2 STox that
affects insect Na*-channels (Gurevitz et al,, 1991), it has
also been observed that they have extensions at their
C-terminal ends: Arg, Gly-Arg or Arg-Lys, These basic
residucs are not present in the mature peptides and when
Gly precedes a basic residue, the residue becomes ami-
dated at the C terminus (Bougis et al., 1989).

Of the STox coded by the cDNAs shown in Fig. 1, only
CngtV was thoroughly studied. It corresponded to STox
11-10 (Possani ct al, 1981), a Na*-channel cffcctor
(Carbone et al., 1982; 1984), whose complete primary aa
scquence has been determinced (A.V., B.B,, B, Martin, F,
Zamudio, F.B. and L.D.P., manuscripl in preparation).
As shown in Fig. 2, the deduced aa sequences of these
c¢DNAs are closely related (o Centruroides STox that have
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1 AATAAATCTTGCACCANMAAATAATGGCARCGAC TTT T-ATTGTTTACCAACAGANAT AT TCTARCCE TTGT TARTTECAGTTAMTGAAMARAMMAA '
o A:rauar%cam;::fgcuccmrrrrnr‘rcrccmmmmnrrcruccctrcnurmcnmrwrwmcrurmnrmm
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Fig. 1. Nucleotide scquences of cloncs Cagtll-CngtV and their deduced aa sequences, SP sequences arc underlined. The overlined nt sequences [1-21
and 246-266 (complementary)] were used to synthesize PCR primers. Precursor peptides start at | (bold number) on the left side of Cagtll and finish
with a2 residue 87 (bold number) to the right of the Cngtll sequence. Polyadenylation signals (AATAAA) are doubly underlined. Methods: The
screening of the cDNA library was carricd out in two steps, In the first step, we analyzed approximatcly 30000 plaques with a mixtuze of oligo
probes designed from a conserved region of CnH STox: nt 42-48 in Fig. 2 [S“TASGCNTTSGCNTGSTGGTG, where N w A,G.C or T). Probes
were synthesized on a Mycrosyn 1450A DNA synthesizer by B-cyanoethy) phosphoroamidite chemistry and *P-end-labeled by T4 polynucleotide
kinase. Replica filters were prehybridized for 2~8 h at 37°C in 6x SSC pH 7.6 containing $ x Denhardt's/0.1% SDS/100 pg per ml calll thymus
sonicated and denatured DNA (ctsd DNA)/0.05% sodlum pyrophosphate. Filters were then hybridized in 6 x SSC pH 7.6/1 x Denhardt's/100 ug
per ml ctsd DNA/0.0S% sodlum pyrophosphate/?P-end-labeled oligo probe for 12-16 h a1 37°C, Successive washes were performed In 6 x SSC pH
7.6/0.05% Na'pyrophosphatc/0.1% SDS at 37°C for $ min and once at 42°C for $ min before autoradiography using X-AR film with intensifying
gcreens for §3 h at —70°C. The sccond siep of library screening consisted in the isolation of clones similar to the positive clonc Cngil identified in
the first step (oligo screening). Positive clones were hybridized with an oligo probe designed from nt 10-16 of C. sculpturatus variant 3 (CsEv3) from
Fig. 2 ($"GASGGNTGSAASTSGGNTG). Prchybridization and hybridization conditions for the double-stranded probe (Cngt) insert) were similar
to those Just described except that incubation was at 42°C in the presence of 50% formamide. The pre- and hybridization conditions for CsEv) oligos
were the same 3s in the first step of library screening. Positive clone inserts were amplifiecd by PCR wusing Mgtll forward (-
GGTGGCGACGACTCCTGGAGCCCG) and reverse (S“"TTGACACCAGACCAACTGGTAATG) primers (New England Bio-Labs). These primers
hybridize with the flanking regions of the Agtil EcoR! cloning site. The anncaling temperature depended on the T, of the primers but typically was
30°C. The reactions were performed in & programmable heating chamber (Biosycler) using 30 rounds of temperature cycling (92°C for | min, 50°C
for 1.5 min and 72°C for 3 min) lollowed by a final 10-min step at 72°C. As recommended by the manufacturer, we used 300 ng of each primer/S00
ng of template DNA/2.S units of Vent polymerase (New England Bio-Labs) in a final vol. of 100 pl reaction bufler, These PCR products were purificd
from gel, blunt-ended with T4 DNA polymerase and subcloned into the EcoRV site of pBluescript phagemid (Stratagence, La Jolla, CA) The ligation
reaction was used to transform competent E, coli DHS-a cells. The subcloned DNA was sequenced using the Sequenase kit (US Biochemical,
Cleveland, OH) on both strands. The Agtll forward and reverse oligo primers were used fur scquencing. Since the PCR reaction is known to be
asociated with a relatively high rate of nt misincorporation, we performed the PCR amplification experiments with Veat polymerase instcad of Tag
polymerase, and severa) independent clones were sequenced, The Crgtll-CngtV nt sequences were deposited with the GenBank Nucleotide Sequence
Database under acoession Nos, L0S060-L0506), respectively.

been characterized. As can be seen in Figs, | and 2, the
four final C-terminal residues for STox I1-10 (CngtV) are
Cys-Asn-Gly-Lys. It has been determined that the Asn
residuc is amidated at the C terminus in the mature II-
10 STox (A.V., B.B,, B. Martin, E. Zamudio, F.B. and
L.D.P., manuscript in preparation). Now that the cDNA
sequences cncoding both North Alrican (Bougis et al,
1989; Gurevitz et al, 1991) and North American (this
study) STox are available, we can surmise that C-terminal
STox processing follows the rules previously proposed by
Bougis ¢t al. (1989). Additional processing consists of the
removal of the SP.

Mature peptides encoded by the cDNAs shown in
Fig. 1 would be 66 aa residues in length for Cngill,
Cngtlll and CngtV and 65 aa. residues for CngtlV,
Comparative analyscs between these sequences reveal
that Cngtll and CngtIIl are 92% similar at the nt level,
and the peptides encoded by these cDNAs are 91% sim-
ilar, Also, CngtlV shares 80% similarity with Cngelll at
the nt level and 68% at the aa level, Similar results are
obtained when CngtV is compared. In spite of a lower
similarity at the aa level between the peptides encoded
by Cugtll (or Cngtlll) and CngtlV (or CngtV), the sim-
ilarity at the nt level (at least 80%) suggests that these
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KDGYLVEK=TGCKKTCYKLGENDFCNECKWXHIGGS YGYCYGPGCYCEGLPDS TQTHPLPNK-CT
KDGYLVDV-KGCKKNCYKLGENDY CHAECKHKHRGGSYGYCYGFGCYCEGLSDS TRTHP LPHARLGON
KDGY LVDA-KGCKKNCYKLOKNDYCHRECRHKHRGGS YGYCYGFGCYCEGLSDS TP THPLTNKTC
KDGY LVDX - RGCKIHCYKLGEND Y OVAL CRHKHRGG SYGY CYGIGCY CRGLSDS TR IWP LENIXCXGK

Fig. 2. The aa sequence comparison of principal representatives of Centruroides STox. Toxin scquences were grouped according to their similarities,
Gaps () were introduced to maximize similaritics. Below each similarity group, the conscnsus scquence is shown in bold, The aa sequences deduced
from cDNAs ace included. The CagtV deduced primary sequence has been corroborated by direct an sequence of the matute STox {(A.Y., B.B, B,
Martin, F. Zamudio, F.B. and L.D.P., manuscript in preparation). Data are {rom this study, Meves et a), (1984) and Zamudio et al. {1992). In consensus
seqQuences, X fepresents & variable residue, The aa are aligned with the last digits of the numerals.

cDNAs orniginate from mRNAs transcribed from closely
related genes, Comparative studies with the North
African Androctonus australis Hector STox cDNAs show
that although the regions encoding mature peptides are
more variable, the nucleotide sequences encoding SP and
the 3’ non-coding regions are rclatively well-conserved
(data not shown). The cDNAs encoding STox 1, 1, 1l and
I of A. australis Hector (sce Bougis ct al., 1989) have a
similar vaniation in the regions that code for the mature
peptides, but thosc encoding the SP and the 3' non-
coding regions are also well-conserved. These results indi-
cate that both scorpion species (A. australis Hector and
CnH) have followed a similar strategy to gencrate varia-
tion in their STox: gene duplications and independent
evolution of the duplicated genes.

(b) Deduced as sequences derived from ¢cDNAs. Analysis
and comparison with different Centruroides primary STox
scquences

In order to compare the aa sequences derived from the
cloned CnH ¢DNAs, different Centruroides STox were
grouped according to their similaritics. Gaps were intro-
duced where necessary to maximize similarities. The STox
can be clustered into threc groups as shown in Fig, 2,
The sequences were aligned with respect to Cys residucs.
Each main group was aligned, and a consensus sequence
was proposed for ecach one of them. CngtV(II-10) is
included in the first group, where Cn2 can be considered
representative. Cngtll and Cngtlll are included in the
second group, where CsE variants 2 and 3 are also pre-
scnted, CngtlV is included in the third group, where Cnl
can be considered representative, Some specific differ-
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ences among the three groups can be observed, especially
several deletions of 1 aa residue in different positions.
Examples of such deletions or insertions can be deduced
from cDNA scquences, The aa residue number 9 that is
a Ser in Cngtll and Cngtlll is missing in CngtlV (Figs.
I and 2). It is interesting Lo nole, however, that this region
in Centruroides toxins is very variable (Zamudio et al,,
1992), indicating that its cncoding DNA could be a hot
spot for mutation.

(c) Southern blot genomic analysis

To determine the size of the genomic DNA region con.
taining the genes encoding the peptides shown in Fig. 1,
Southern blot hybridization analysis was carried out,
When using Cngtl or Cngtll inserts as probes (Fig. 3),
only two DINA {ragments are clearly observed: one of
approximately 18 kb when the genomic DNA was
digested with BamH]1, Hindlll or BamH1+ HindIIl and
a sccond segment of approximately 0.6 kb when the diges-
tions were performed with EcoRl, EcoR1+ BamHI or
EcoRl4 Hindlll, These results and the fact that Cngell
and Cugtlll share 92% similarity at the nt level suggest
that at Jcast two difierent 0.6-kb EcoRI DNA segments
should contain the gcnomic DNA regions encoding these
two cDNAs (mRNAs). Since CngtlV (or CngtV) is 80%
similar at the nt level to Cngtll (or Cngtlll), and since
the bands mentioned above are the only two bands pre-
sent in the Southern blot experiment (18 kb and 0.6 kb),
we propose that the genomic regions that specily these
four cDNAs (mRNAs) are contained within these 0.6-kb
EcoRl DNA fragments, The double digestions with
EcoR1+ BamHI or EcoRI+ HindlII suggest that the 18-
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Fig 3. Souvthern blot genomic analysis, CnH DNA digested with
restriction endonucicascs was bloited in lanes: 1, EcoRl; 2, Bamtl; 3,
Hind11l; 4, EcoRI+ BamHI; 8, EcoR1+ Hindlil; 6, BamH1 4 Hindlll,
Mubods: High M, genomic DNA was prepared {rom the whole body
of CnH, Afcr ethanol precipitation the DNA was resuspended in water
and subjected to molecular filtration chromatography on an agarose
A io-Rad, 0.7 x 28 cm) column equilibrated (and then eluted) with
Tris pH 7.6/1 mM EDTA/0.75 M NaCl, Twenly fractions of 0.5
re collected, and the DNA profile was determined by absorbance
t 260 nm, Fractions corresponding (o the maximum of absorbance
were pooled and cthanol-precipitated, This step was necessary in order
to climinate a pigment that coprecipitates with scorpion DNA. The
colored material was shown 1o inhibit the enzymatic digestion of DNA.
After digestion with the indicated endonucleases, 10-pg samples of DNA
were clectrophoresed in a 0.7% sgarosc gel, blotted onto & nitroccliu-
lose membrane and probed Independently with the inserts derived from
clones Cngtl or Cngtll, The probes were 21P-labeled using the random
primer labeling kit from Duponl. The filters were prehybridized, hybrid.
ized and washed as described in the legend 1o Fig, | for double-stranded
probes (second step screening), except that an additional wash at 65°C
for 10 min was performed,

kb-band might contain at least these four 0.6-kb EcoRI
segments, An alternative explanation is that cach cDNA
(mRNA) could be encoded by a different 18-kb band.
Thus, their corresponding genes may also be encoded in
the same or different 18-kb DNA bands, and conse-
quently, they might have the same organization as the
0.6-kb EcoRI [ragments in which a substantial part of the
region transcribed into their respective mRNAs might be
present, Furthermore, these results also suggest that the
genes encoding these STox lack large introns,
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(d) PCR gcnomic analysis

In order to understand the genomic organization of
the structural DNA regions encoding CnH STox, a PCR
amplification experiment using genomic DNA and
specific primers was performed. The DNA scquences that
werc used for the synthesis of the PCR primers corre-
spond to well-conserved sequences of CnH cDNA. They
are shown overlined in Fig. | and flank a stretch of
263-266 bp of DNA that includes the mature part of the
STox encoded by these ¢cDNA. As can be seen in Fig. 4,
while several DNA bands were visualized after staining
with EtdBr, when using 0.5 pg of genomic DNA as the
PCR substratc (Fig. 4A, lanc 2), only onc specific DNA
band, of about 270 bp, was observed after hybridization
(Fig. 4B, lanc 2). This band corresponds to the smallest
band stained with EtdBr. When ten times more genomic
DNA (5 pg) was used as the substrate for PCR amplifica-
tion, a sccond specific band of about 330 bp was detccted

A B
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368 — .
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Fig. 4. PCR genomic analysis. Primers for genomle PCR amplifications
were synthesized ns described in the legend to Fig. t, The forward
primer (5-AAAGAAGGTTATCTGGTAAAC), corresponds to a wells
conserved DNA scquence that codes for the first 7 aa of mature C.
noxius toxins (sec Figs. 1 and 2). The reverse primer (3
AACTGCAATTAAGAAGCGTTA) ip complementary to a well-
conserved nt 246~266 sequence of cDNA (see Fig. 1). The source of the
DNA was the same as for the Southern blot genomic analysis. PCR
conditions weic the same as described in the legend 1o Fig. 1, except
that 0.5 pg or 5 pg of template DNA were used. (Pancl A) Products of
PCR amplification; lanes: 1, pBRI22 (Bolivar et al., 1977) digested with
Tuql as size marker; 2, PCR sample (1/20 of total reaction) using 0.5
ig of genomic DNA as template; 3, same as lane 2 bul using S pg of
template DNA, The gel was stained with EtdBr and photographed
under ultraviolet light. (Pancl B) Autoradiography of PCR products
shown in panel A hybridized with Cagtl insert. The pBR3I22 DNA was
also transferred and hybridized as a pegative control,



(Fig. 4B, lane J). It is important to obscrve that the 330-
bp band was detected only when high concentrations of
genomic DNA were used as a substrate for PCR, suggest.
ing that this band might correspond to a region that
might have an at least tenfold lower copy number than
the 270-bp band versions. Taking the cDNA sequences
shown in Fig. | as prototypes of DNA sequences that
encode CnH STox, these PCR results indicate that the
270-bp product should code for the mature part of CnH
STox closely related,to the ones encoded by the
Cngtll-CngtV cDNAL These results also indicate that
those genomic regions do not contain introns. However,
the results in Fig, 4B (lane 3) clearly show the presence
of a 330-bp fragment which could accommodate an
intron of about 60 bp in its genomic region. Another pos-
sibility is that the 330-bp band corresponds to a rarc
version of a closely related gene. Prcliminary results
aimed at verifying the existence of introns in the genomic
regions encoding the 5’ end of CnH STox cDNAs (includ-
ing the SP) did not detect introns. We have sequenced
some of the cloned PCR products, and we did not find
introns at least between the regions coding for the SP
and the C terminus (data not shown), An interpretive
review of the results presented in this work, including
detailed comparative analyses and recent data on the
STox structure-function relationship, is now in prepara-
tion for publication (B.B,, A.V,, C.G, M.C,, LD.P, and
F.B.).

(¢) Conclusions
(1) We have prepared and probed a Agtl1 ¢cDNA library
from (he venom glands of the Mexican CnH scorpion.
From this cDNA library we have isolated four ¢cDNAs
that code for diffcrent STox.
(2) We have determined the nt sequence of these cDNAs
nd deduced their aa sequences. From these sequences
we have shown that they are clossly related to the STox
Cnl of CnH and to variants 2 and 3 of CsE. CngtV corres-
ponded to STox 11-10 of CnH, which has been purified
and scquenced in our group.
(3) From the nt sequence dala, it scems that these CnH
¢DNAs derived from a common gene ancestor. We pro-
posc that this genc might have duplicated, and cach dupli-
cation then cvolved indcpendently.
(4) From Southern blot genomic analysis, it can be pro-
posed that this family of closcly related genes, including
at Jeast the genes coding for the four cDNAs reported
here, shows a2 minimal size of about 600 bp when the
genomic DNA is digested with EcoRl.
(5) PCR genomic amplifications of CnH DNA with
§pecific primers and hybridization with specific probes
suggest that the rcgion(s) cncoding the mature part of

"N\

1)

STox closely related to the ones reported here do not
seem to contain large introns.

(9), Comparison of STox scquences deduced from CnH
c¢DNAs provided background for their classification, in
terms of their similarity, in three different groups.

ACKNOWLEDGEMENTS

This work was supported in part by grants of the
Universidad Nacional Auténoma de México project
DGAPA No. IN202689 to L.D.P.,, CONACyT (México)
project 0018-N9105 to L.D.P. and F.B. and Howard
Hughcs Mcdical Institutc No, 75191527104 to L.D.P.
Training received by B.B. in the laboratories of Dr. Ki-
Han Kim (Department of Biochemistry, Purdue
University) and Dr. Edward Ginns (National Institute for
Mental Hecalth, Bethesda) is greatly appreciated. Dr.,
Fernando Lopez Casillus and Dr. Brian Martin arc
acknowledged for helpful discussions. Oligos were syn-
thesized at the ‘Unidad dc Sintesis de Oligonucledtidos'
of the Instituto de Biotecnologia, with the assistance of
Paul Gaytdn. The technical assistance of Fernando
Zamudio is also recognized,

REFERENCES

Bolivar, F, Rodriguez, R.L., Grcene, PJ., Betlach, M.C., Heyneker,
H.L., Boycr, H.V/., Crosa, J.H, and Falkow, S.: Construction and
characletization of new cloning vehicles, Il A multipurpose cloning
system. Gene 2 (1977) 95-113.

Bougis, P.E, Rochat, H. and Smith, L.A.: Precursors of Androctonus
ausiralis scorpion neuroloxing, J. Biol. Chem. 264 (1989)
19259~19265,

Carbone, E., Wanke, E., Prestipino, G., Possani, L.D. and Maclicke, A.:
Sclective blockage of voltage-dependent K* channcls by a novel
scorpion toxin. Nature 296 (1982) 90-91.

Carbone, E., Prestipino, G., Franciolini, F., Dent, M.A.R, and Possani,
L.D.: Sclective modification of the tquid axon Ns currents by
Centruroldes noxius toxin 11-10, J. Physiol, Paris 79 (1984) 179184,

Catlerall, W.A.: Activation of the action potential Na* ionophore by
acurotoxins, An allostcric modcl, J. Bliol. Chem. 252 (1977)
8669-8616.

Couraud, F, Jover, E., Dubois, J.M. and Rochat, H.; Two types of
scorpion toxin receptor sites, one rclated to the activation, the other
to the inactivation of the action potential sodlum channel. Toxicon
20 {1982) 9-16. '

Dchesa-Davila, M.: Epidemiological characterislics of scorpion sting in
Ledn, Guanajualo, México, Toxicon 27 (1989) 281-286.

Fontccilla-Camps, J.C, Almassay, R.J., Suddath, F.L., Watt, D.D, and
Bugg, C.E.: Three dimensional structure of a proteln from scorplon
venom: a new structural class of neurotoxins. Proc. Natl. Acad, Sci.
USA 77 (1980) 6496-6500, '

Gimenez-Gallego, G., Navia, M.A., Reuben, LP., Kutz, G.M,
Kaczorowski, G.J. and Garcin, M.L.: Purification sequence, and
model structure of charybdotoxin, a potent selective inhibitor of
calcium-activated potassiuvm channels. Proc. Nell. Acad, Sci. USA
85 (1988) 3329-3333, :

21



Gurevitg, M., Urbach, D, Zlotkin, E, and Zilberberg, N.: Nucleotide
sequence and structure analysis of a cDNA encoding an alpha insect
toxin from the scorpion Leiurus quinquesirlotus hebracus. Toxicon
29 (1991) 1270-1272.

Gurrols, G.D., Molinar-Rode, R., Sitges, M., Bayon, A. and Possani,
L.D: Synthetic peptide corresponding 1o the sequence of
Noxiustoxin indicate that the active site of this K* channel blocker

is located on its N-1erminal portion, J, Neural Transm. 77 (1989)
11-20,

Jover, E., Couraud, F. and Rochat, H.: Two types of scorpion neurolox.
ins characterized by their binding 10 two separate receptor sites on
rat brain synaptosomes, Biochem. Biophys. Res, Commun, 95 (1980)
1607-1614.

Meves, H., Simard, M.J. and Watt, D.D.: Biochemical and elecirophysis
ological characteristics of toxins isolated from the venom of the
scorpion Centruroides sculpturatus. ). Physiol. Paris 79 (1984)
185-191.

Meves, H., Simard, M.J. and Watt, D.D.: Interactions of scorpion toxins
with the sodium channel, In: Kao, C.Y. and Levinson, S.R. (Eds),
Teirodotcain, Saxitoxin and the Molecular Biology of the Sodium
Channel. Ann, NY Acad. Sci. 479 (1986) 113132

Miller, C.. Moczydlowski, E., Latorre, R. and Phillips, M.
Charybdotoain, s protein Inhibitor of single Ca®*-activaled K*
channels from mammalian skeletal muscle. Nature 313 {1989)
Ji6-318.

Miranda, F., Kopeyan, C., Rochat, H., Rochat, C. and Lissitzky, S.:
Purification of animal neurotoxins. Isolation and characterization
of eleven neurotoxins from the venom of the scorpions Androctonus
australis Heclor, Buthus occltanus tunetanus and Leiurus quinquestri-
atus quinquesiriatus. Eur, J. Biochem. 16 (1970) 514-523,

Nonner, W.: Effccts of Leiurus scorpion venom on the ‘gating' current
in myclinaled neeve. In Ceccarelli, B. and Clementi, F. (Eds),
Advances in Cytopharmacology, Vol. 3. Raven Press, New York,
1929, pp. J43-281,

Possani, L.D. Struciure of scorpion toxins. In: Tu, A.T. (Ed),
Handbook of Natural Toxins, Yol. 2. Marcel Dekker, New York,
1984, pp. $13-350.

Possani, L.D., Dent, M.A.R., Martin, B.M., Maclicke, A. and Svendscn,
I.: The N-terminsl sequence of several toxins from the venom of the
Mexican scorpion Centruroides noxius Hoflmann, Carlsberg Res.
Commun, 46 (1981) 207214,

Possani, L.D., Martin, B.M. and Svendsen, 1.: The primary structure of
Noxiustoxin: & K* channel blocking peptide, purified from the
venom of the scorpion Centruroldes noxius Hoffmann, Carliberg
Res. Commun. 47 (1982) 285-289.

Possani, L.D,,Gurrola, G.B, Portugal, T.0., Zamudio, F.Z, Vaca, L.D,,
Caldcron, E.S.A. and Kinch, G.E: Scorpion toxins: a model for
peplide synthesis of new drugs. In: Oliveira, B, snd Sgarbicri, V.
(Eds.) Proceedings of the First Brazilisn Congress on Proteing.
Editora da UNICAMP, Campinas, Brazil, 1991, pp. 352-367,

Sirichariz, G., Rando, T, and Wang, G.K: An integrated view of the
molecular toxinology of sodium channel gating in excitable cells.
Annu, Rev. Neurosci, 10 (1987) 237-267,

Strong, P.N,, Weir, 8.W., Dcecn, DJ., Hicstand, P, and Kocher, H.P.:
Effects of polassium channel toxins from Lelurus quinguestriatus
hebracus venom on responses 10 cromakaliin in eabbit blood veasels,
Br. J. Pharmacol. 98 (1989) 817-826.

Thomsen, W.J, end Catterall, W.A.: Localization of the receptor site
for a-scorpion toxins by antibody mapping: implications for scdium
chanucl topology., Proc. Naill. Acad, Sci. USA 86 (1989)
10161-101865.

Valdivia, H.H,, Fuentes, O, El-Hayek, R., Morrisselte, J. and Coronado,
R.: Activation of the ryanodine reocptor Ca?* release channel of
sarcoplasmic reticulum by a novel scorpion venom. J. Blol. Chem.
266 (1991) 19115-19128,

von Heijne, G A new method for predicting sequence cleavage sites,
Nucleic Acids Res. 14 (1986) 4683~46%90.

Wheeler, P.K., Watt, D.D. and Lazdunski, M. Classification of Na
channel teceplors specific for various scorplon toxins, PGgers Arch.
397 (1983) 164-165.

Zamudio, F,, Saavedra, R., Marlin, B M., Gurrola-Briones, G., Herion,
P.and Possani, L.D.: Amino acid sequence and immunological char-
actcrization with monoclonal antibodies of two toxins from the
venom of the scorplon Centruroldes noxius Hofmann. Eur,
). Biochem. 204 (1992) 281-292.

Zlolkin, E., Miranda, F. and Rochat, C.: Chemistry and pharmacology
of Buthinac scorpion venoms, In: Bettini, S{Ed), Handbook of
Experimenial Pharmacology, Vol. 48, Springer-Verlag, Betlin, 1978,
pp. 317369,

22



3. DATOS NO PUBLICADOS

3.1. OBTENCION Y COMPARACION DE LA SECUENCIA DE
NUCLEOTIDOS DE cDNAs

Siguiendo la metodologia descrita en los articulos incluidos en la seccion anterior, se
aislaron y secuenciaron otras clonas de cDNA encontrandose que varias de ellas
(incluida la Cngtl, CnH41 y Cn141) son clonas truncadas. Contienen, a pattir de lo
que corresponderia al residuo de cisteina 25 hasta el sitio de la cola de poliA, la
secuencia de un cDNA que codifica para una toxina bloqueadora de canales de sodio

aun no reportadas por secuencia directa de los peptidos (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
¢ D X E C K A K N Q G G S Y G Y C Y A F A C 22
CAN GGA GGT AGT TAC GGC TAT TGC TAC GCT TIT GCA TGC 39

Q G G S Y G Y C ¥ A F A C 13

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

Q G G S Y G ¥ ¢ Y A F G C€ 13

TGG TGC GAA GGT TTG CCC CAA AGT ACA CCG ACT TAT CCC CTT CCT AAT AAA TCA TGT GGC AGA AAA 132
W C E G L P E s T P T X P L P N K S € ¢ R K 44
TGG TGC GAA GGT TTG CCC GAA AGT ACA CCG ACYT TAT CCC CTT TCYT AAT AAA TCA TGT GGC AGA AAA 105
W C E G L P E 8 T P T X P L S N K s € 6 R K 35
TGG I'GC GAA GGT TTG CCC GAA AGT ACA CUG ACT TAT CCC CTP CCT AAT ARA ACA TGC AGC AAA AAA 105
W € E G L P E S8 T P T X P L P N K T € 8 K K a5

TAA TGGCAACGAGTGTTTATPGTCTACCAACAGAAAT ATTGTAACGCTTCTTAAT TGCAGTTAARTAARATARRATGTAATATC 216
TAA TGGCAACGAGTTTTTATTGTTTACCAACAGAAATATTGTAACGCTTCTTAATTGCAGTTAAATAAAATAAAATGTAATATC 189
TAA TCGGCAACGACTTTTTATTGTCCACCAACAGAAATAT IGTAACGCTTCT TAAT TGCAGTTAAATGARATARAATTAATAGCA 169

TTAAAAAAMAAARRAA 232
TAAAAAANAAAAAMAA 205
TTATTTTAAATATCTTTATTATGTGTATACAGT T TACAGAAAATAMAACCGTTATGTTTATTCTCTGAAAAAARARAAA 252
Figura 3. ,

Secuencla de nucledtidos de las clonas: Cngti, CnH41 y Cni141, respectivamente. En
letras oscuras se indica la secuencia de aminoacidos deduclda, el coddn de
terminacion (TAA) y la posible sefial de polladenllacion (AATAAA), |
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Ademas, se encontré una clona que tiene caracteristicas muy peculiares: dentro de la
region §' se encuentran duplicaciones e inversiones de lo que equivaldria a la
secuencia nucleotidica que codificaria para el péptido sefial y la correspondiente a
ios residuos de aminoacidos de la regién amino terminal. El significado que pudiera
tener este hallazgo, desde un punio de vista evolutivo ain no se ha podido desciirar,
pero se sigue trabajando con esta clona 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 clonas aisladas y secuenciadas
resultaron ser la Cngtll, una toxina contra insectos, lo cual podria reflejar la
abundancia de dicha toxina dentro del veneno de este alacran. Se ha menciqnado
también que dentro del veneno de C. sculpturatus las toxinas mas 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 mamiferos, lo cual resulta ldgico, ya que los alacranes se alimentan

principaimente de insectos.
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3.2. COMPARACION DEL PEPTIDO SENAL Y LA REGION 3' QUE NO SE
TRADUCE

Como se puede ver en la figura 4, los péptidos sefial 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,

ajustandose a lo propuesto por von Heijne (1986) para un péptido sefial funcional.

-20 -1
CngtlII M-NSLLMITACLFLIGT-VWA
CngtIII M-NSLLMITACLVLFGT-VWA
CngtIV M~-NSLLIITACLVLIGT~-VWA
CngtVv M-NSLLMITACLALVGT~VWA
TsVII MKGMILFIS-CLLLIGIVVEC
LgqhoIT M-AHLVMISLALLLLLG~VES
AaHI M~-NYLVMISLALLLMIG~VES
AaHIII M-NYLVNISLALLLMTG-VES
AaHIT M~KFLLLFLVVLPIMG-~-VES

Figura 4.

Comparacion de péptidos sefial de algunos cDNAs secuenciados
de: Cn C. noxius; Ts Tityus serrulatus; Lqh Lelurus quinquestriatus
hebraeus, AaH Androctonus australis Hector.

Los residuos -1y -3 son los méas importantes para el sitio de ruptura del péptido sefial,
en donde -1 debe ser pequeiio (Ala, .Ser, Gly, Cys, Thr o Gin) y -3 no debe ser
aromatico, cargado, grande o polar. Como se observa en la Fig. 4, en todos Ios
péptidos sefial comparados, en -1 hay un residuo de aminoacido pequefio y en -3 se
encuentra una valina en todos los caéos.‘Ademés todos contienen una region central
hidrofobica.
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En la figura 5 se muestra la comparacién de la regidn 3' que no codifica y que se
axtiende desde el codén de terminacion, 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. Aun 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. | TGGCAACGAGTGTTTATTGTCTACCAACACAAANTATTGTAACCCTTCTTAATTGCAGTTARAATAAAATAAAATG-TAATATC-TT
Cngtll TCGGCAACGAC-TTTTATTGTTTACCAACAGANATATTGTARCGCTTCTTAATEGCAGT TAAATG

CngtIIl TGGCAACGACTTTTTATTGTCCATAAACAGAAATATTGTAACGCTTCTTAATTGCAGTTAAATGAAATAAAATGCTAATAGCATT
Cnqt IV TGGCAACGACTTTTTATTGTCCACCAACAGAAATAGTGTAACGCTTCT TAATTCCAAGT

CngtV TGGCAACGACTTT'ITATTGCCCACCAACAGAAAYATTGTAACGCTTCTTAATTTCAATYAAATGAARTARAATATTA-TACCTTT

TsVIT ANTTTGTTTCCCTGAMAANTCCTTTACAANTGAACTGTAATAAG=- ~==TTIGCA==A--~=AAATARAAAAAT - --~G-TTC
Lqhal? A=-TCTGTAGAACATAAACACAAAGAATCTATCC TANGAAT ~=—— =~ -TGATC=~w—w~ AMATAAA----TAA

Aol AC-=-CTGTAGAGTAAANTCAGAAAGAATGTATCCTAAAAATAAC === TGG == === NAAATAAA--CATAA~-~-GTATA
Aalll Tl AC==CTGTAAAGCAAAA-CACAANGAATG T ATCCTGAAARTAAC === =TGG == m=m == AAATAAA~~-CATAA--GTAAT
AaRllr TTGTAATAATTAY ~=~--~~GAA-GIAT=~-GAA==T~~—===== TOGATCTA~-~-AAATAAAATGCACATA
Figura 5.

Comparacion de Ia regidn 3' dque no se traduce de algunas secuencias do ¢DNAs de:
Cn Centruroides noxlus; Ts Tityus serrulatus; L.gh Lelurus qulnquastrlatus hebraeus;
AaH Androctonus australls Hector.
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3.3. ANALISIS Y COMPARACION DE LA SECUENCIA DE AMINOACIDOS
DEDUCIDA DE LOS cDNAs CON LA SECUENCIA DE AMINOACIDOS
REPORTADAS

En la figura 1 (pagina 6) se muestra la estructura prirnaria 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 aminoacidos. 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, pagina 8). Dichas asas conectan
diferentes partes de los principales motivos estructurales y por ellc pueden tener

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

dichas asas coinciden con la division de toxinas tipo o o0 del viejo mundo y toxinas

tipo B o del nuevo mundo, lo cual podria estar indicando que ésta &s una

caracteristica estructural importante para determinar el modo de accién de la toxina,
excepto para el caso de las toxinas que tienen actividad dual, contra insectos y
mamiferos en las que se puede ver que presentan pane 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 estd presente en péptidos neurotéxicos con una
actividad comun: bloquean canales idnicos. Dicho motivo estructural es un par de
cisteinas espaciadas por tres residuos de animoacidos (Cys-X-X-X-Cys), unidos por
puentes disulfuro a uh segundo par de residuos de cisteina con solo un residuo de
aminoacido 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, pagina 6).

Ménez y colaboradores (1992) sefalan que las toxinas de origen animal tienehn varias
caracteristicas en comun: son generalmente pequenas (menos de 120 residuos de
aminoacidos), con un alto contenido de disulfuros, estables a condiciones de
desnaturalizaciéon y atague enzimatico. Aunque expresan multiples funciones, las
toxinas animales generalmente tienen un niimero muy limitado de patrones de
conformacion. En el veneno de alacranes se da principalmente una estructura
tridimensional basica y en el veneno de serpientes se han encotrando seis
conformaciones. Se ha visto también'que la estructura general de las toxinas permite
multiples inserciones, deleciones y/o mutaciones (asa J y asa B). La variabilidad que
se encuentra en la estructura de las toxinas relacionada con su funcién en el canal,
podria 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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De la misma manera, puede observarse que a pesar de la gran similitud que existe en

la region amino-terminal en todas las secuencias comparadas, en la regién carboxilo
terminal existen grandes diferencias, haciéndose evidente la riqueza de residuos de
prolina en algunos casos (3 o 4) en tanto que en otros solo se presentan uno o dos.
Ha sido propuesto por Loret y colaboradores (1990), que la falta de prolinas en la
region carboxilo terminal le confiere a la molécula menor rigidéz, lo cual podria

guardar relacion con la especificidad de accidn de la toxina (mamifero o insecto).

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

la toxina y su especificidad (por canales idnicos; insecto o mamifero; o o B}, se

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

estructura y la funcién 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 biologia
molecular del aladrén mexicano C. noxius Hoftmann. Las clonas de cDNA obtenidas
durante la realizacion de este trabajo pueden ser utilizadas para llevar a cabo
estudios como:

1. Mutagénesis dirigida y expresién genética, con el fin de obtener mayor informacion
con respecto a la relacion que hay entre la estructura y la funcion de las toxinas del
veneno de los alacranes (tesis de Doctorado de Consuelo Garcia).

2. Estudiar como se encuentran organizados los genes que codifican para las toxinas
del veneno de este alacran y determinar cual es la estructura general de los mismos
(Tesis de Maestria de Miguel Corona).

3. Disefiar una estrategia para poder obtener los cDNAs que codifican para toxinas
aspecificas contra mamiferos (Cn2 y Cn3).

4. Con base en los datos obtenidos en los puntos anteriores, disefiar una vacuna
hibrida y comparar su compottamiento inmunolégico con los datos que se tienen en
nuegtro laboratorio con péptidos sintéticos (Calderon, 1992).

5. A partir de las toxinas obtenidas por la combinacion de mutagénesis dirigida y
expresion genética junto con técnicas de resonancia magnética nuclear y difraccién
de rayos X, ampliar la informacion que se tiene referente a la relacion que existe entre
la estructura de las toxinas del veneno de los alacranes y su funcién sobre los

canales de sodio.
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