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TAZLA 1

ALETMAS CAPACTERISTICAS MOLECULARES DE LOS RECEFTORES ADPEMERSICOS Y COLINERSICOS MUSCARINICOS Y EL £0uiP)

CE ANTICUERPOS EM EL ISTUDIQ DE SU ESTRUCTURA

RECEFTOAES ADRENERGICOS

Keceptor
tascarinico®
CARACTER? Alfa, Alfaz Eetz, setaz
LigazZe Epi-ME Epi-NE Epi-NE Epi-KZ huetileciing
fridgmo
o]
{Midrcdinimizod g3y s SS ¥ ¢85 3 K (14 €3 K (ZN)
PN,
{Electroforesis) W 29 31 % (D) §3-72 X (1) 85-53 ¥ (23t g8 K (14)
Prcto Isasléctricn 3.9 2B 5.5 28 £.2 2 4.3 23
Taacztiracids per
®Ridiaci‘a 148 X (1&) 167 X (38 K (3ID 115 K {18 8L K (1O
(Target size)
Zstructuza Cixerc Meolwero? Dimescy Houimers
antizoerpes
eatirreceptnr Monoclesal (14} Heaozloual (14) Menociosal Honocleaal (id)
Futoanticaerps (15}
Peactividag Especifizo (14 51 {18 TI-13E
Cruzada s2lo para aléas, 33lo eatre
tecapiores
¢iferecices Rucztinitos en
e idcs diferantes

€P! - Epinefrina; ME, Morepincfrinai P.M., Pesc woleculir ¥= x 1€°

%y Mo se bas obigrvido Zifereciias eatre  cerebed,  corazde

e
=4

tejid

y sdstoloc 1iso de rata, cocbayo, ger:o y bsaand.
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guanina gqre participa en lz inhitticidn de iz zadenilats cicl
o, zubvnidad catalitica de la zdenilato ciclasas C¥, forma activa
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e lz zwbuni

2ad cat=litices R, receptor; Fras configuracidén de
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MEMBRANA PLASMATICA

' Zg TOXINA DEL COLERA

GTP

cAMP

ADENYLATO
CICLASA

ATP

TOXINA PERTUSSIS

Figura 2. Modelo de los componentes Que participan en la
ec*imulacidén e inhibiciZn hormonal de la ade=nilatc ciclasa. Epi,
epinefrinags 45, subunidad z1fa de la proteinma Nei 431, subunidad

21fFa cde 12 proteinra Nis 25, subunidad Seta (P.i1. 35,000 Da’ de
lae proteinzs Ms » Nij; 10, sutunidad gama (F.M. 16,000 D&d) de las
rocteinas N 2 NEL
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. Ca™”

<

) G1‘P  ‘Pa Interior
. |
A PLC-:;I::PHQ._.Plnﬁpl PIKC ~PKC*
' DAG
P Ep
Exterior

Epi AcCh

Figura S. HModelc ce los cocmponen tes que participzan

en 1z
hidrcdlisie de fosfatidil fnositol

bifosfaxto. Epi, epinefrinaj
Act, acetilcol inxs CA 1 g recepitor oLi-adrenérgices M, receptor
muscxriniccs N, proteinza regulazdorz Jdepsndiente de nucledtidos
2o geaninas PLC, fozfolipaza C3; FPI1P=, foefatidilinoisteol 4,5~

tifocfatos; PP, foefatidiline=zitel 4, fosfzato;s P, fosfzxtidil
incsi%tol g PKC, proteina kinasa C3; PKC¥®, forma =zctiva de l1a
proteins kinaza Cj IPa, inositol 1,4,5-trifosfato; RE, reticulo
endoplasmico.
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Communication

Differential Effect of Pertussis
Toxin on the Affinity State for
Agonists of Renal a,- and ax-
Adrenoceptors*®

(Receised for publication, January 31, 1984)

Jooi Luis Boyeris, Angelica Gare
Carlos Posadast, and J. Adolfo G

Frum the 2 Departemento de Endocrinologia, Instituto
Nacional de Cardindogio “lenacio Chares™ cned the
SIicprariamaento de Bioanerp L Centro de Tndestigacunes
en Fusicdogia Colular, Unac ad Nuecwnal Autonoma de
Mezico, Apariado Pastal To-6lnr, 1510, Meéxwea, D Y
Mexien

The effect of pertussis tonin treatment on the gguan-
ine nucleotide-induced modulation of the affinity of
renala,- and az-adrenergic receplors was ins estigated.
Pretreatment of rats with pertusais toxin did not in-
duce any chanie in the number of or affinity for antag-
onists of a- Oor az-receptors studied using [*H]prazosin
and {*H]yohimbine, respectively., Guanyl-5°-y1 imido-
diphosphate induced an “up-shift”in the number of a;
adrenergic receptors; this up-shift was not observed
for a,-adrenerygic receptors. Pertussis toxin treatment
decreased the affinity of epinephrine for the {*H]yvo-
himbine-binding sites and reduced the ability of guan-
ine nucleotides to modulate as-adrenoceptor agonist
affinity. The regulation by guanine nucleotides of a,-
adrenoceptor affinity for Honists was not altered.
These results suggest that the modulation of a,- and a,-
adrenoceptors by guanine nucleotides is probably ex-
erted throupgh different molecular entities.

Guanine nucleotides repulate adenvlate exelase activity and
the affinity ite for tonists but not for antagonists of
receptors linked to the adenylate evelase (1- 55 These actions
of guanine nucleotides are mediated through 1ts interaction
with proteins that couple the receptors to the eyvclase. A large
amount of evidence that the guanine nucleotide
regulatory proteins involved in receptor-mediated stimulation
and inhibition of adenylate o ase are different (termed N,
(stimulation) and N, Gnhibitionn (5-5

Interestingly, recent evidence indicates that guanine nu-
cleotides modulate the affinity state of receptors not linked
to adenylate ¢

indicates

‘clase such as the or-adrenoceptors (9, 10).

Pertussis toxin, an exotoxin produced by Bordetella pertus-
sis, abolishes receptor-mediated inhibition of adenylate cy-
clase in several tissu {6, 11-16). The effect of the toxin
seems to be due’to the ADP-ribosylation of a A, = 41,000
protein, putatively N, (17-19). Recently, it has been reported
that the action of the toxin decreases the affinity stute for

* This research was supported by a grant from the Fondo de
Estudins ¢ Investigaciones “Ricardo J. Zevada.” The coasts of publi-
cation of this article were defrayed in part by the pavinent of page
charges. This article must therefore be hereby marked “uduertise-

ment™ in accordunce with 18 U.S.C. Section 1734 solely to indicate
this fact.
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agonists of receptors coupled inhibitorily to the cvclase (20,
21).

Rat kidney cortex membranes contain a,- and o osdreno-
ceptors, and both of these subtypes of o adrennceptors seem
to be modulated in their affinity <tate for azonists by juanine
nucleotides (1), The ¢ffect of pertuccic toxin on the regula-
tion of the affinity <tate for aponists of renal o,- and az-
adrenoceptors was studied. It wie ohiaerved that the toxin
does nat affect the number of or affinity for antag
az-adrencceptors but markedly d

nists of

decreased their affinity state
for aponists; no effect of pertuscis tovin on g, adrenoc “pProTs
was observed, It e sugpested that
~titte by

vreyulation of the affinity
nucleotides of Gy and o adrenoceptors
oceurs through different molecular entities,

sunnine

MATHEHRIALS AND
3

METHODS
GppiNILip! and t- v
razonan 30 CiZmmnly w
Tune (T84 Cyim
Wi >

Periussis Toxin I'reparanon - Pertussis tonin wae purified from
whole pertussis vacoine as previously deseribed (12, 22, 23). By this
procedure, the toxin wae punfied approximately 1500 fold.

Treatment of Rate wath Prriucas Totin— Nule Wistisr rats were

-d intrag Prertuseis toxin at o dose of 500 Lg/100

o hods weight, Control = were injected with the vehicle used to
ssebve pertusas tonin. The ruts werd killed 55 dass after treatment.
Prreparation of Fena! Cortied ~Renal cortical mem-
branes were prepared by s modification of the method of Fitrpatrick
ot oal (24) short, Ridneys were quickly removed
caline 10.R5

ne were abtaned from Sizma: PH]
s from Amercham Corpe and | Hsohim-
A was from New England Nuclear.
1 from Ciba-Geipy

Phentalumine

Membranes

1 und washed with
Ch and the outer cortex was disnected, minced
bomogenized pentiy in 10 v olumes of hamaoy
ing 10 mM Pia 1 ms EDDTA, o)

zanion buffer (con
Mosucrose, pil 7.0 w # motor-
driven glassglase Potter-Elvelyern homogenizer (two strohes) fol-
lowed by i wecond homogenization with a tight Teflon-glass Potter-
Elvehjem homogenizer (three strokes). The crude homaogenate was
Dltered rough four lavers of choecsecloth and centrifuged 10 min at
the precipitate wis recuspendedan

2N sucrose, and mixing
wus uchieved with three strokes of the homoge nizer. The mixture was

centrifu 110 min at 13.000 s supernatant was diluted with
water (1:b, final .20 8t sucroset and centrifuged 10 min at 10,000 %
2 The supern imd the wpper pink predipitate were carefully
separated and centrifuged 15 mun at 35,000 = 2 The final peilet was
resuspended to o protein concentration of 5 mg il with incubation
butfer containing 50 ma Tris, pt 7.5, 10 ma MECl;.

Rodiolizand Binding Assavs-- Rinding was performed as described
by Bnavely and Incel (10) using "Hlprasosin and {"H]vohimbine,

Displacernent curves indicated that the bind
these !

tant

17 Sites detected with
sands displayed clearly the charscterintics expectoed for - or
adrenerpic receprors, i

000 fold mare potent th
prazosis

at the PHlprazosin sites, prazosin is
n yohimbine (IC.s 0.3 and 1000 nMm for
and yohimbine, respectively), wherens at the ["H]yohimbine
. vohimbine is =30-fold more potent than prazosin (JCw 23 and
680 n™M for yohimbine and prazosing, respectively). For competition
experimnents where the affinities of the nonradiocactive agonist epi-
nephrine were measured, {'Hprazosin and [*“H]vohimbine concentra-
tions were 0.2 and 20 nn, respectively. Hill coefficients or slope
factors for nonradicactive aponist competing for the radioligand-
binding sites were caleulated from the slope of a plot of log 1S¢ B/
Q00 = % B cersus log Inonradicactive agonist] where B is the
pereentage of rudioligand binding displaced by the competing agent.

Protein was measured by the method of Lowry et al. (25) using
bovine serum albamin as standard.

sites

' The abbreviation used is: Gpp(NHip, guanyl-5°-x1 imidodiphos-
phate.
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Differential Effect
RESULTS AND DISCUSSION

The binding of ["H]prazosin and ["Hlvohimbine to renal
cortical membrane was saturable, and Scatchard analyeis of
the data for both ligands gave straight hines indicating a single
class of noncooperative hinding sites (Fig. 1), In membranes
obtained from rats that had been treated with pertu
the number of bhinding sites (B,.,) and the dissocu
stant (Ky) for renal cortical a,- and az-adrencrpgic receptors
were nearly identical 1o those observed in the control rats, fe.
P*H]prarzosin sites: for control, F, 128 4 8 finol/my of
protein and K, - 0.21 V.01 nv, and for pertussis toxin,
B 120 ¢ 10 fimal/mg of protein and A, - 023+ 0.01 nag
{*H]yohimbine sites: for control, .., 307 = v fmol/mg of
protein and Ky, 20h 2 2 ns, and for pertucsis taxin, H..,
333 » 12 fmol/mg of protein and K, 21, 1 nat (e aleo
Fig. 1). These results indicate that pertussis toxin does not
change cither the numbier of sites or the atfinity for antago-
nists of the aden
() adrenergic re R

Incuhation of renal cortical membranes in the presence of
0.1 mxnt Gpp(NH)p produced a significant increase in the
number of | H vohimbine binding sites (Fig. 2). Neither the
number of {"H]prazosin-binding sites nor the affinity of the
binding sites for the radiolipands was modified by the presence

xis toxin,

tion con-

3 -

veliasercoupivd (a) and noncoupled

1201
A
90
o
> eof
o
= =0
o
130
E OBOUNDG(s' moi/ mz)
— ) - 1 2
= [*H] PRAZOSIN (NM)
5 2sof “
= )
[a%)
Q
Lo
8 125}
o
w
o 260 400
BOUND (1moi/mg)
o 25 50

3
[*H] yoHIMBINE (nM)

FiG. 1. Effect of pertussis toxin on ["Hlprazosin and [*H]
yohimbine binding to renal cortical membranes. Binding ex-
periments were performed as described under “Materials and Meth.
ods” using [*H]prazosin (A) and °H]yohimbine (). Membranes were
prepared from contro} (®) and pertussis toxin-treated (O) rats. The
inscts show Scatchard nnalysis of the binding isotherins. The data

shown afte representative results of those obtained in at least four
experiments.

of Pertussis Toxin
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150 F A -
100+
—
o
£ .
>
E MOUND (tmoi/mg)
~— " S
— [+] ) 2 3
3
= [*H] PRAZOSIN (NM
Z B
=
{sn)
&)
o
(&)
(N8}
(s
w
f . o °© aoi:g “:g.o’m:‘oo
o z0 40

60
[*H] YOHIMBINE (nMm)

_Fic. 2. Effect of Gpp(NHp on [PHiprazosin and *Hlvohim-
bine binding to renal cortical membranes. Rinding experiments
w’erc perfurmed ac described under “Nateriats and Methoda™ using
UHlprazosin (A) and "Hlvobimbine (B) in membranes prepared
from control rats in the abeence (@) or presence (O} of 0.1 mM
GppINH)Ip. The insets show Seatchard analysis of the binding iso-

therms. The results showsn are representative experiments replicated
nt Jeast four times,

of Gpp(NHp (Fig. 2, inscts). The puanine nucleotide-induced
“up-shift” in the number of renal o

adrenergic receptors was
also observed although to a lesser extent in pertussis toxine.
treated rats, {e.a 95 = 13% increase in B by Gpp(NH)p
was observed in control membranes, whereas only a 50 =

increase was observed in membranes from toxin-treated rats
(p < 0.001). The mechanismts) involved in this guanine
nucleotide-promoted up-shift in the number of renal a.-ad-
renoceptors is not clear. Burgisser ef al. (26) have observed
that guanine nucleotides regulate the affinity state for antag-
onista of the muscarinic receptors of frog heart. Qur results
are different. Guanine nucleotides seem to alter the number
of sites rather than their affinity for the antagonist. The most
likely explanation for our results seems to be a nucleotide-
promoted release of tightly bound endogenous agonist from a
high affinity state which then frees up more receptors for
ligand binding. However, even taking into account this up-
shift, the total number of az-adrenoceptors is not very differ-
ent in control membranes as compared to memhranes from
toxin-treated animals (=598 fmol/myg of protein in control

membranes as compared to =530 fmol/mg in the pertussis
toxin group).

5%

The lack of effect of uanine nucleotide-induced modulation
in the number of a,-adrenergic receptors seems to indicate
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‘TAnLE 1
Effect of pertussis toxin on the Hill cocfficient of displacement by epinephrine and agonist affinity of the - and az-
adrenergic re ors
Agonist competition experiments were performed as deseribed under “Materials and Methods,” Values are the

means = S E. of four seParate experitnents. L - -

T T T - ) T PHIParomin T T 11 ¥ ohimt
Trestment Aments ECw © R e tficienm Tl T
oo O o L Seereiaen e
Control Epinephrine

Epinephrine ~ Gpp(NHp
Pertussis toxin Epinephrine
Epincphrine + Gpp(NHop
T T i parentheses is presented the fold displaceme
* p < 0.001 compared to control.
“p < 001 campared to control.

ntin

E [T-1-1 2 = e =
*
s '
z 2
<C z
= sor . =
<
xR S 8 7 6 5 4
-Log [EPINEPMEINE]
% A ’\\ [T
ot
= . . - " N
8 oo} =S5 =
= !
= &
(73] e
(@] =
~ -
< so} ) z
o g .
o 5 6 7 & 5 4
f ¥ -Log [ EPINEPHRINE ]
mI B ) }
o
—t . N
£ 8 T 3 5 a

-LOG [EPINEPHRINE] (M)

Fi1c. 3. Effect of pertussis toxin treatment on the displace-
ment by epinephrine of specific {THlprazosin binding in the
presence and absence of Gpp(NHp., Renal corti membranes
were prepared ns described under “Matesials and Methods™ from
control (A) and pertussis toxin-treated (F) rats. Membranes sere
incubated with 0.2 nn [PHiprazosin and varying concentrations of
(~)-epinephrine in the abience (@) or presence (O) of 0.1 m™
Gpp(NH)p. The data shown are the means 2 SE. of duplicate
dererminations of four <eparate experiments. The fnacts show the
Hill analyvsis of the competition studies.

that the regulation by juanine nucleotide is of a different
nature.

In order to determine whether pertussis toxin treatment
induced changes in the affinity of the renal o;-
adrenergic receplors for agonists or in its modulation by
puanine nucleotides, displacement of PHlprazosin and {"H]}
yohimbine binding by epincphrine was measured in the ab-
sence or presence of (1.1 M GpptNH)p.

In membranes fromm control animals, the displacemment of
["H]prazosin binding by epinephrine in the absence of
Gpp{NH)p gave a shallow curve with a Hill coefficient of 0.56

and -

0.46 - 012
2.65H = 040

0.03

026 > 0.05
091 = 005

3R 2 086

(14.9)°
0.64 = 0.03 1.04 + 0.68*
092 = 01 302

FCo for epinephrine by Gpp(NTHp. T T

= 0.03 (Fig. 3 and Table 1), suggesting the presence of heter-
reneous hinding sites. Addition of 0.1 my Gpp(NH)p causes
a G-fold shift to the right in the displacement curve of epi-
nephrine, as well as an increase in the Hill coefficient 1o 0.91
2 Q.05 (Table ). These recults indicate that quanine nucleo-
tides decrease the ability of epinephrine to inhibit [*Hlpra-
zosin binding, sugpesting a hift in the receptors to a homo-
geneous low affinity binding state for aponists (Fig. 34).

Pertussis toxin treatment did not alter the affinity state of
the ay adrenergic receptors fur agonists nor its modulation by
puanine nucleotides (Fig B and Table 1.

In renal cortical membiranes from control rats, the displace-
ment of [ Hlvohimbine binding by epinephrine in the absence
of GphpiNHIp produced o displacement curve consistent with
# heterapgencous population of «itesx ax suggested by a Hill
cocfficient of .53
to the r

0.02. Guanine nucleotides induced a shift
ight in the displacement cuarve of

15-fold, incressing
also the steepness of the curve with a Hill coefficient near 1

(Fig. 34, inset, and Table Ti. In renal cortical membranes
from pertussi

sohimbine

s toxin-treated rats. the displacement of [*H)
binding by epincphrine in the abcence of
Gpp(NHIp showed a significant increase in the ECw for
epinephrine as compared to the controls (Fig 4 and Table 1).
An inerease in the Hill coefficient from 0.53 = 0.02 in
controls to 083 = 0.07 in treated animals was observed (Fig.
4. dnsets), sugesting that pertussis tosin induces a decrease
in the affinity of the binding sites far aponists probably by
altering the ratio between receptors in high and low affinity,
as evidenced by the slope fuctors, L. favoring the low affinity
state for agonist conformaation.

The presence of guanine nucleotides produced only a fur-
ther 3-fold reduction in the affinity
pertussis toxin-treated rats and a sn
factor (Table 1.

Pertussis toxin blocks the transfer of inhibitory information
from receptors to adenylate clase (11161, as well as the
GTPase activity associated with inhibition of adenylate cy-
clase (27, 28). The diminished affinity for agonists and the
decrensed sensitivity to guanine nucleotides of az-adrenocep-
tors observed in the present study are consistent with the

findings of other authors (20, 21). It is possible that the
blockade by pertus

duce a gre

for ¢pinephrine in the
1 change in the slope

s toxin of the G'TPase activity may pro-
1 number of N, proteins to have GTP bound.
However, if =0, N, should bie in the “active”™ form, producing
a constant inhibition of ¢cyclase. which does not happen (6, 7,
11- 20, 27-30). Guanosine triphosphate inhibits adenylate cy-
clase (7, 8), and this inhibition is blocked by pertussis toxin
(14, 27, 29, 30). The data suggest that the toxin, in addition
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30

io7 (% 8/100-%0)

5 B 7T € % 4
SLog (B E seming ]

teay

S8 7 6 3 4
-teg[erinEPmENE ]

()

[31] YOHMBNE BOUND (% MAXMUM)

" . x
9 8 7

-LOG [EPINEPHRINE] (M)

FI1G. 4. Effect of pertussis toxin treatment on the displace-
ment by epinephrine of specific {*Hiyohimbine binding in the
presence and absence of Gpp(NH)Ip. Henal cortical o
were prepared as described under “Materiab and Methods”™ from
control {A) and pertassis toxin-treated () rats. Membra weTe
incubated with 20 nw ["H]yohimbine and varving concentrations of
(—)-epinephrine in the absence (@) or presence (O of 01 mm
Gpp(NHIip. Dawa shown are the means = 5 of daplicate determi-
nations of four se ate experiments The rraers show the Fill anatysge
fur competition studses.

ranes

to inhibiting the GTPase activity of N,, is prnh:’nhly deterio-
rating the functivnal interaction of N, with adenslate eyvelase.

Hydrolysis-resistant GTP analopues also inhibit adenyviate
cvclase activity (7, 2 3 31). Interestingly, the inhibitory
effect of these analogues is not completely abholished by per-
tussis toxin as is the effect of GTP (7, 27, 20, 30). The most
likely explanation of the differences between the effects of
GTP and those of Gpp(NHIp as affected by pertussis toxin is
the possible action of Gppe NFhp on sit
adenylate cyclase.

os besides N to inhibit

Guanine nucivotides putatively acting on a guanine nuclea-
tide regulatory protein maodulate

the affinity for agonists of
renal ap-adrenoceptors.

The abrence of effect of pertussis
toxinon these receptors, te ther with the inability of guanine
nucleotides to induce an up-~hift, sugpgests that the regulation
of the state of affinity for agonists of a,;- and az-adrenoceptors
is through different mechanisms probably involving different
guanine nucleotide regulatory proteins,

The functional significance of such pertussis toxin-insen-
sitive guanine nucleotide regulatory protein in the mechanism
of signal transduction of a;-adrenoceptors remains to be elu-
cidated.

The effect of pertussis toxin on as-adrenoceptors obeerved
in the present study probably has physiological significance.

8079
Recent experiments of our group? have shown that pertussis
toxin induces alterations in the adrenergic modulation of
renin release. This effect seems to be due to blockade of the

inhibitory action of renin release medinted through renal
corticnl a -adrenergic receptors,
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Administration of pertussis toxin to rats induced a significant
increase in heart rate that was evident as soon as 24 thours after
the administration of the toxin and that persisted for at least 15
days. Electrical stimulation of the vagus decreased dramatrically

the heart rate of control animals but was unable to do it
rats treated with pertussis towin., In

agonists decreansed adenylate
was obse rved in membranes

so in
ardiac membranes muscarinic
cyclase activity (=20-25%); no ef fect
obht ained from toxin-trested animals.
Agonist displacement of ant agonist  binding ([*H]Quinuclidinyl
benzilate) indicated that treatment with pertussis toxin decreased
the proportion of receptors in the high affinity state for agonists.
All this data sugpest that blockade of the parasympathetic tone
plays a key role in the induction of tachycardia by pertussis toxin.

Heart rate is dynamically repulated by
The sympathetic branch of the

effects through the norepinephrine that activates the beta-—-
adrenoceptors present in the myocyte plasma membrane. The parasympathetic branch
exerts ncgative chronotropism through the release of acetylcholine which
interacts with cardiac muscarinic—cholinergic receptors (1,2).
are coupled in an opposite fashion to adenylate cyclase,
activate adenylate cyclase whereas
enzyme (1,2). Tke

the autonomic nervous system.

nervous system ¢exerts positive chronotropic

nceurotransmitteoer

These receptors
i.e. beta-adrenoceptors
cholinergic-muscarinie receptors inhibit this
interaction between these receptors and the cyclase is
mediated through the guanine nucleotide-binding regulatory proteins (termed Ng
for activation and Nj for dinhibition) (3,4).

Pertussis toxin (PT) blocks the actions of hormones and neurotransmitters
that inhibit

adenylate cyclase by catalyzing the ADP-ribosylation of Ny (5-8).
We have observed that asdministration of pertussis vaccine (9) or purified
pertussis toxin to rats (10) induces a persistent tachycardia. Such tachycardia
can be exxplained on the basis of the effects of the toxin on Nj blocking the
actions of muscarinie cholinergic receptors., 1t has already been shown that

incubation of heart myocytes with pertussis toxin blocks the actions of
muscarinic receptors on adenylate cyclase (11). We have performed a systematic

To whom correspondence should be addressed.



Vstudy on the actions of pertussis toxin administration on the heart muscarinic
receptor functions; the study includes physiological, pharmacological and
biocdhemical approaches and is the matter of this communication.

Materials and Mcthods

Guanyl-5'-yl imido diphosphate, atropine sulfare, dithiotreitol (DIT),
cyclic adenosine monophosphate, adenosine triphosphate, guanosine triphosphate,
phosphoenol pyruvate, pyruvate kinfse, oxotremorine sesquifunarate, and
isoburyl methyl xanthine (IBMX) were obtained from Sigma. [H]Quinuelidinyl
benzilate ([ HIQuB), (30.2 Ci 101) was obtained from Mew England Nuclear.

€

Fertussis toxin was purificed from pertussis vaccine concentrates obtained
from the National Inustituvte of Hygicene of Mexico (Secretaria de Salud) as
descrited previcusly (12 13) or by the method of Sckura et al (14); both
procedures result in preparatjions with identical activities., Male Wistar rats
(200-250 g) were injected i.p. with either PT (50 ug/100 g of body weight) or
the vehicle used rto dissolve PT. Rats were used for the
2-3 days after treatment.

m

experimental protocols

Xegative Chronotropic Effect Induced by Electrical Stimulation of the Vagus:
Rats were ancsthetized with ether, a tracheal cannula was inserted and a-D-
glucochloralose was administered (80 mg/kg i.v.). The right cervical
vagosympathetic trunk was transected. Electrical stimuli were applied to the
cardiac end of the ncrve through bipolar platinun electrodes at 0.5 m
duration and intensity of 10 VvV, the stimuli obtained from a Gr
were delivered at frequences from 10 to 50 H
indicated prostigmine at dose of 0.1 mg/kg i
electrical stimulation.

sec.

2os S-8 stimulator,
» in trains lasting 2 sec. Where

v. was administered before

Preparation of Heart Membranes: Rats were sacrificed, hearts quickly removed and
washed with ice cold saline solution (0.85% NaCl), membranes for adenylate
cyclase activity and bxndlng experiments were prepared by a procedure similar to
that described by Burgisser et al (15). The pellets were resuspended in 50 mM
Tris, 10 m MgCl,, 1 =™ EDTA, pH 7.5 for binding experiments or in 50 mM Tris,
5 mM MgCl,, O.1 m EGTA, 1 mM IBMX, 100 m NaCl, pH 7.4 for
ssays

adenylate cyclase

Adenvliate Cyvclase Activity: After

embranes were resuspended , 5 wmM DTT (final
concent Yation) was added. Incubations were in a final volume of 110 ul in the
presence of 50 m Tris, 5 mM MgCl,, 0.1 mf EGTA, 1 mM IBMX, 100 mM NaCl, 1.5 mM
ATP, 10 uM GIP, 7.5 mM phosphoenolpyruvate, and 130 ng/ml pyruvate kinase,

pH 7.4 for 10 min. at 37°C. Cyclic AMP was guantified by the method of Gilman
(16).

Binding Experiments: Plasma membranes (250 yg/tube) were incubated with 0.2
["HIQNB 50 mM Tris, 10 mM MpClz, ! mM EDTA, pH 7.4 in a final volume of 1 ml
25°C for 60 min in the presence of different concentrations of unlabeled
oxotremorine, where indicated, 100 pM Gpp (NH)p was present. Non specifiec binding
was determined with 1 UM atropine.

Incubation was terminated by rapid filtration over Whatman GF/C filters,
and washed with 20 ml ice-cold buffer. Binding experiments were analyzed by a
computer version of the Ligand program developed by Munson and Rodbard, that
performs iterative non-linear regression analysis of the data (17) Protein was
measured by the method of Lowry et al (18) using bovine serun albumin as
standard.



Results

In agrecment with our previous reports (9,10) administration of pertussis
toxin induced a significant tachycardia (from 379 + 7 beats per min in the
controls to 524 + 6 in the pertussis toxin-treated group; mean F+ SEM of 15
determinations using different animals;p < 0.001). This was observed as early
as 24 hs after trecatment and persisted for at least 15 days (not shown).
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Effect of Electrical Stimulation
of the vagus on Heart Rate.

Plotted are the mcans and vertical
lines represent the S.E.M. of

five animals in cach case. Controls
(®), rats pretrecated with atropine
(0.5 mg 1 Kg) (&) and pertussis
toxin-treated rats (O).

Time-Course of the Effect of
Prostigmine Administration on
Heart Rate. Controls (@),

pertussis
toxin-treated rats {0).

Administration of chloralose decreased the heart
toxin-treated rats to values similar to those observed
425 beats/min). Electrical stimulation of the vagus in
a dramatic decrease in heart rate (Fig. 1).

rate of the pertussis
in control animals (375-
control animals produced
The decrease in heart rate was
rapid and clearly dependent on the frequency of electrical stimulation employed
(Fig. 1). Administration of atropine (0.5 mg/kg) blocked the effect of
electrical stimulation (Fig. 1). Admwinistration of prostigmine (0.1 mg/kg)
decreased heart rate in control animals (Fig. 2) and magnified the effect of
electrical stimulation, i.e. the frequency of stimulation—-response curve was
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the Effect of Electrical Cyclase Activity. Results are
Stimulatfion of the Vagus on Heart presented as % of basal activity
Rate. Control (&);pertussis toxin- which was 27 + 2 and 28 + 2 pmol/
treated rats (0). Plotted is the min per mg protecin for membranes
average of 3 experiments in each from control and pertussis toxin—

treated rats, respectively. Plotted
are the means and vertical lines
represent the SEM of 6 experiments
using different membrane prepara-—
tions. Control membranes (®)
membr ancs from pertussis toxin-—
treated rats (O).

case.

clearly shifted to the left (Fig. 3). Under all this conditions (Figs. 1 - 3) no
effect on heart rate was observed in pertussis toxin—treated animals indicating
that the action of muscarinic receptors was blocked. :

In order to further substantiate the findings the effect of cholinergic
agents on adenylate cyclase activity was studied. Carbachol consistently induced
an inhibition of basal adenylate cyclase activity of =20-25% in cardiac membrane
preparations obtained from control animals (Fig. 4). In contrast, no significant
inhibition was observed in membranes from toxin-treated rats (Fig. 4). The beta-
adrenergic agonist, isoproterenol, stimulated 60-70%Z adenylate cyclase activity
in control membranes (ECsp =2 x 10—% M) (Fig. 5). The stimulation produced by
isoproterenol in cardiac membranes from toxin-treated rats was bigger than that
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Effect of Isoproterenol con Effect of Carbachel on Isoproterenol-
Adenylate Cyclase Activity.

stimulated Adenylate Cyclase.
Control membranes (8), Membranes from control (@) or
membranes obtained from pertussis pertussis toxin-treated rats (0O) were
toxin—-treated rats (0O). Other incubated in the presence of 10~ %M
indications as in Fig. 4

iseprotercnol and different
concentrations of carbachol. Results
are expressed as % decrease in

activity. Absolute 100%
45 4+ 2

values were
+ and 55 + 4 pmol/min per mg
protein for membranes obtained from
contrel and pertussis toxin-treated
rats. Other indications as in Fig. 4.
in the controls (i.e. 120-130Z increcase) and the concentration-response curve
was shifted to the lefr as compared to the control curve (ECgpg ~3 x 1077 M),
Carbachol clearly diminished isoproterenol-stimulated adenylate cyclase activity
in control membranes (Fig. 6) but no effect was produced by the cholinergic
agonist in membranes from toxin-treated rats (Fig. 6).

[®>H]QNB binding to cardinc membranes was rapid and reversible as shown
by other authors. No significant change in number of sites in membranes f{rom
control or pertussis toxin-treated rats was observed (Bmax 194 + 8 and 211 * 16 -
fmol/mg protein in membranes from control and pertussis toxin-treated rats
respectively; mecan + S of five determinations in each case).

Binding
competition experiments with the cholinergic agonist oxotremorine indicated that



TABLE 1.

Parameters derived from the competition curves of oxotremorine with
[3H)JQNB in heart membranes from Control and Pertussis Toxin-Treated -

Rats.
Control +Cg;;12:}1{)p Pertussis-Treated Periu?;i;s(;;;saced
Ky (D) 8.9+ 2.7 - 12.6 %+ 4.4 -
K, (mM) 967 + 205 B840 * 165 632 + 52 885 + 73
R, (Z) 60.5 + 2.2 - 37.5 + 1.0% -
Ry (%) 39.5 + 2.2 100 62.5 + 1.0% 100

9y <0.001 compared to control group.

in control membranes two affinity states for agonists were clearly evidenced
(Table 1I). The hydrolysis—resistant analogue of GTP, Gpp (NH)p, shifrted the
affinity state for agonists towards the low affinity state (Table 1I). In
membranes f{rom toxin-treated rats two states of affinity were also detected but
the proportion of sites in low affinity state was significantly increased;
Gpp(FH)p shifted the remaining recepror in high affinity state towards the low
affinity conformation (Table T).

Discussion

The action of in vivo administration of pertussis toxin was

a=d studied at
different levels: whole animal (tachycardia), heart preparation (electrical

stimulation of the vagus) and cardiac membranes (adenylate cyeclase activity and
binding studies). All the information obtained is consistent with blockade of
the muscarinic cholinergic effects in the heart by the action of the toxin. On
the basis of the data of this study and what is already known about the actions
of the toxin (5, 6) the following sequence of events can be propesed for the
induction of tachycardia: A) the toxin interacts with the cardicomyocytes and
after a lag of several hours (required for internalization and processing of
the toxin) ADP-ribhosylates Njj; B) ADP-ribosylation of Nj blocks the formation
of the high affinity state for agonist of receptors coupled through it (i.e.
receptors coupled in an inhibitory fashion) to adenylate cyclase; C) blockade of
the action of the mediators that act through those receptors.

Heart rate is controlled by two opposing systems: the sympathetic system
and the parasympathetic system. Our results clearly show that pertussis toxin—
induced tachycardia is due to an imbalance between these two systems, i.e. the
toxin blocks the acrtion of the parasympathetic action. Furthermore an increase
in the sympathetic action was also observed in this study. Increased action of
agents that stimulate adenylate cyclase has been observed in a variety of models
(see references 5 and 6) and possibly results from an altered interplay between
the subunits of the guanine nucleotide regulatory proteins (Nj and Ng) (19).

It is worth mentioning that a small percentage of the receptors remained
in the high affinity state for agonists in spite of the treatnent with the
toxin but activation of these receptors did not result in any significant

_ These



data can be e¢xplained by the presence of
receptors not coupled to Ny
(pertussis toxin-ins
the regulation of

a small population of muscarinic

but to another guanine-nuclcotide regulatory protein
LI\'wilee). We have prescented cvidence of such protein for
affinity of the renal ,olphal adrenoceptor (20) and Evans et

al (21) for muscarinic receptoers of cultured cells. In cultured chick heart
Telis pertussis toxin blocks the ability of muscarinic agents to inhibit
adenylate cyclase but not their action on phesphoinositide turnover (22). Other
authors (23) have obscerved that treatiment of cardiac membranes with pertussis
toxin shifts the muscarinic receptors to the low affinity state for agonistg
unfortunately these authors did not present a detailed of their binding
data. ITn a recent paper it we reported that in vivo with
pertussis toxin the heart wearinic receptors are affinity state
for agonists but that the treatwment with the toxin was unable to block the
inhibition of adenylate cyclose induced by muscarinic agents (24) . The
for the diffuervnce ween our finding and the

at the present unclear.

analysis
treated
in the low

in chichs

reason
study with chick heart (24) is

Finally, it is important to emphasize that our findings have clinical
importance. Pertussis toxin vaccines current ly available
pertussis toxin (25). It has been reported the case of that developed
paroxysmal supraventricular tachyeardia after pertussis vaccine administration
(26); interestingly, the

alteration in heart rate was controlled with the
administration of propranolol (26) Ovviously pertussis vaccines devoid of such

contain active
a patient

side effects are required (25).
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ABSTRACT

J.L. BOYER, M. MARTIMNMEZ-CARCAMO, J.A.

AND J.A. GARCIA~-SAINZ. *"Effect of pertussis toxin on the

muscarinic receptor affinity.

The effect of pertussis toxin on the affinity for agonists

and antagonists of the heart muscarinic cholinergic receptor was
studied using the radioclabeled antagonicst L2143 quinuclidinyl

benzylate ({THIAQNB). In cardiac membranes from control rats the

displacement of [*HIGNB by carbachol was caonsistent wiith two

classes of binding sites: Kdey 25 = 10 M and KDL 30086 + 8&% nMj;

the proportion of sites in the high and low affinity state for

agonists were 395% and 45% respectively. In the presence of 100 uM

Guanyl1-5*-v1 imido disphosphate (Gpp(NH)p), only the low affinity

state for agonists was observed (Kde 3404 £ 259 nM)y. In cardiac
membranes $rom pertussis toxin-treated rats, two binding sites

with similar affinities to those seen in the controls were also

observed in the absence of guanine nucleotide (KD’s 3% + 12 and

3315 > 345 nM) but the proportion of sites was 20% and 80% in
high and low affinity respectively. Gpp (NH)p shifted the

remaining 20 percent of sites in high affinity to l1ow atfinity
state (Kd 4093 % 2744 nM). The receptor Kd for antagonists was
decreased by pretreatment with pertussis toxin from 83 + 7 to Sé&

+ s pM (p <O0.01)3 Gpp(NH)p induced a further change in the

affinity for the antagonist in membranes from both control and

pertussis toxin—-treated rats.

The change suggested positive

MONROY-SANCHEZ, C. POSADAS



cooperativity.

The total nurbsr of sites was rot ncdi

ifie significantly by
either pertuecssis toxin freatmment or guanine nuclestides. These
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1. IMTRPODUCTION

v ma2distors {(rormones, nevurctransmitters

c¥ adenylats cyclase zctivity.

Tvis enzyme can e stimaelsted or inkikited by the recepiors for
thrhe=e rediators throusgh their interazcticn ~with glranine
nuclectide-binding regulstory Erotcocins, tormed = far the

regulatory

iation of the

return cf Lthe receptor to

. For mast of the receptltors

for zntojsonists seems to be

1ie cycle. Thi= Frzse teen shown for a variety oFf
receptrors covplad in oan 2ctivatory fashicn {(i.e.

through Ns) or

o
manns=r (3.e. throuegh Mi) to adenylate cyclase.
Interceztinely the adenylate cyclase-cocupled muscarinic

receptor seems to bs rather

unigue. Sone evigcence
evamazrts that reciprocal —changes in its affinity for agonists and

rlace during the zZycle of interacitiaon with i
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Pertazsis tox in, zne cf the toxinz produced by Bordetella
oer¥ycs=ic, is ‘known to Rleck the shility of a large number oF
rezeptore Calph2a-a2drensrgic, M=rmuzcar inic chol inergic, i-
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tachycardia
and csuvecgected th

oxin is due 1o blockade of

the azti=on 2oF muscarinic cholinrergic receptors (Boyer et al.,
1922, 1982>. 1t hae teen 21zC obzerved that pertu=ssis toxin,
added to cultured keart celle (Hazeki znd Ui, 181> or

using
c2rdizc memrbrarnee <Hurcse and Ji, 19249

tr

lcche the ability of the
heart muzcsrinic recs inhibit adonylate cyclacse. In the

effect cf pertusszis tox

[

n on the

antagonict of the hear t muscarinic

|
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are concsistent with EY possible reciprocal
modulatisn of the zffinity for zgonicts and antagonists, and with

the induction of positive ccocoperativily for antagonizt binding by

guanine nucleoctides
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2. MATERIALS AMD METHODS -7
2.1 Materials

Carbachol chloride, guanyl-57-y1 imido diphosphate

CGpp(NH>P>, atropine sulfate, oxotremorine sesquifumarate and GTP

were obtained from Sigma: ¢~>-[*H ] Quinuclidinylbenzylate

< [H ] aNB)Y, 30.2 Ci/m mole was from New England Nuclear

Corporation.
2.2 Pertussis Toxin Preparation

Per tussis toxin was purified from whole pertussis vaccine as

previously described (Martinez-0Olmedo and Garcia-Sainz, 1983>, or

by the method of Sekura et al. 19835, by both procedures the

toxin was purified approximately 1800-fold with similar

pPurity
and potency. The second method was preferred because it is
simpler and faster.
2.3 Treatment of Rats with Pertuessis Toxin.
Male Wistar rats were injected intraperitoneally with a

single docse of pertussis toxin (50 ugri00 g body weight). Control

rats were injected with the vehicle used to dissolwve the toxin.

The rats were killed 3 days after treatment.

2.9 Preparation of Rat Heart Membranes.



Whole heart was Quickly removed and rinsed with ice-cold

homogenization buffer (containing 20 mM Tris-maleic pH 2.4, S mM

MgCla, 0.25 M sucrose, T mM EDTA, 12.5 mM g-mercaptoethanoly,

minced and homogenized in 15 volumes of homogenization buffer

using a polytron (Brinkmann Instruments) two times for 15 seconds

at mild speed. The homog9enate was filtered through four layers of

cheesecloth, and centrifuged at 700 x g for 15 min; the resultant

supernatant was then centrifuged at 30,000 x g for 15 min. The

pellet was resuspended in incubation buffer (containing 50 mM

Tris, 10 mM MgClz, 1 mM EDTA, pH 27.4) to a protein concentratian

of 3 mga/ml.
2.4 Radioligand Binding Assay

For saturation experiments plasma membranes (250 ug/ tube)

were incubated with 0.008 to 1.0 nM L®HJ-GNB in a final volume

of 2.5 ml at 25°C during &0 min. The membrane suspensians wiere

iltered over Whatman GF/C filters and the filters washed with 20

ml of ice cold incubation buffer. Non specific Binding was

defined as the bindirng of [(®"H]-QNEB in the presence of 1 uM

atropine, and it was less than 10% of the total binding. Where

indicated Gpp(MHIp was present at 100 uM., Competition experiments

using unlabeled carbachol or oxotremorine were performed in the

Ssame conditions using 0.2 nM [®H1I-GNB in the presence aor absence

of 100 uM Gpp (NH)p. Data from saturation and competition

experiments were analyzed by a computer program that performs

iterative non—-linear regression analysis (Munson &and Rodbard,

10
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3.7" RESULTS

?

3.1 Binding Affinity for Agonists.

In agreement with previous reports (Berrie et al., 197235

Rosemberger et al., 1979 Wei and Sulakhe, 1979; Rosemberger et

al., 198035 Burgisser et al., 19825 Harden et al., 19823 Kurose

and Ui, 19843 Martin et al., 1284), the displacement of [*H]I-QMNB

by the agonist carbachol in heart membranes from control rats,

vyielded shallow curves (Hill coefficient 0.50 + 0.02) consistent

with the presence o+ heterogeneous binding sites (Fig. 1A)Y .

Computer modelling of these data, indicate the presence of two

types of binding sites with different affinities for carbachol

(Fig. 1A and Table I). The difference in affinity between these

receptors was of approximately 100-fold. Ve found that S5SS5% of
the receptors are in the high affinity state for agonists and 45%
in the low affinity state for agonists (see Table 1). In the

presence of 100 uM Gpp(hNH) P, the displacement curve was steeper

and only the low affinity binding sites viere found (Hill

coefficient 0.7% + 0.05). The Kd of these receptors was identical’

to that of the receptors in the low affinity state for agonist in
the absence of guanine nucleotides.

In the membranes from pertussis toxin-treated rats, the

computer analysis of the displacement curves for
the absence of guanine nucleotides were less shallow than that in

the controls (Hill coefficient 0.4638 £ 0.002) but also were

better fitted to a two~-sites model (see Fig. 1B and Table I).

The affinities for carbachol were identical to those observed in

12
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control membranes <Table I). Howewver, the proportion of sites in

the high affinity state for agonists, was decreased as compared

with those found in control rats (Table 1>. In the presence of

guanine nucleotides the displacement curve was steep CHill

coefficient 0.84 *+ 0.15S> and the goodness of the cne—-state fit

was not significantly improved when the two—-states model was

tested (Table 1>.

These results indicate that pertussis toxin treatment

decreases the formation of the high affinity state for

agonists,

as we previously reported for alphazx—adrenoceptors in rat kidney

(Boyer et al., 184> and hamster fat cells (Garciax—-Sa&ainz et al.,

194> an other authors have reported for other models (Kurose et

al., 19833 Kurose and Ui., 1984; Evans et al., 1985>.

3.2 Binding Affinity for Antagonists.

Saturation exper iments with the antagonist [=H]l-atuB in
control membranes were saturable, and the Scatchard analysis of

the data gave straight lines indicating a single class of non
cooperative binding sites (Fig. 2> computer modelling of these
data were also in agreement with thies statement. Pertusesis toxin-

treatment induced a significant increase in the receptor affinity

for the antagonist (from 83 + 7 to 56 + 35 pM in control and

Pertuscsis Toxin treated rats respectively mean =* S.E.M.

of re

simul taneocus experiments {p < 0.01d> (Fig. 235. The number of

binding sites was not altered by pertussis toxin treatment (171 =+

4 and 191 £ 9 fmol/mg protein in the control and Pertussiec Toxin-

13
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FIGURE LECGCENDS

Fig. 1. EFFECT OF PERTUSSIS TOMIN TREATIHEMT ON THE DIZFLAC

BY CARRBACHOL OF SP=CIFIC [(®™10HE EIMDING IN THE FREZENCE AND

AZSENCE OF CGpp(MNHip.

erfcrmrad as descr ibsd

u

under
moenbranes obtaiced From control
(closed
ir=zle=s) of lOO‘PH Gpp{HNHIp {the

the competition studiess). The

cf fiwve separste expsrinesants.

[34] onNB BOUND (% MAXIMUM)

o S w S
© I=) S o =3 [=3
= — - -

[ - ¥
o] @ | >
L= od -
]
—
o -~ o
-3
o 8 o o
>
Pl
S -
o -
<:§ & © o ~Log (% B/OO-% 8) | -Log (% BNOO-%B)
— ~ - o - - o =
[ . d = . C =
o r . - x
= 5f g =l
— —
el £
- 2 <}
s
= Jool
ESPS R




LFFETT CUF

Fig. FPERTUZIZIZ ToMin Dl LTHIQIIE LIS S0
AT HEART MTMERANMES.
BRinding cxper iner.ts ST e pEerforued as dezcrited under
“Moterials and rMetheds® in Lle ztecance {clzezd circles) and ir
L]
tre Prescnce tczen circlse) cf LOC b CTERillt)p using hieart
- ro N
memtraznes in—treated rats (B).
The inse he btinding isotherias.
- -
The data Plients oFf 7 performed in
cach cace -
o = Py ~ o S (= ~
o v R N M W
ac x>
—
o
=1 B
—_ (=0 od BOUND / FREE <1 BOUND / FREE hs
— < =3
= <
x a2
“_a
]
[»]
= A
w 3 7
- =3
o
= ]
rg 'R 1 b N
o




VoiT134, No. 1, 1986

BIOCHEMICA > AND BIOPHYSICAL RESEARCH COMMUNICATIONS . Vol 134.No. —
January 14, 1986 Pages 172-177 .
v fhe state of
.
GUANINE NUCLEOTIDE-1NDUCED FOSITIVE COOFERATIVITY s @lso for am
- IR MUSCARINIC-CHOLIKERGIC ANTAGORIST BINDING Y
. fect of gum
. Jos€ Luis Boyer™'?, Mipuel Mgrlfnuz—cﬁrc:unob, 3. Antonio, Monroy-Sinchezl . < Pn1aus
Carlos Posadas® and J. Adolfo Carcfa-Siinz>"" ' aNsey,
Apepartamentd de Blocnergftica, Instituto de Fisiologfa Celular, ¢ sules indic.
- Universidad Nacional AutGnoma de MExico, : with tn
Apart ado Postal 70-600, 04510, México, D.F. . e re.

bhepartamento de Fndocrinolopfa,
Instituto

cooperativis
cional de Cardiologfa "Dr. Tgnacio Chive

Juuan Badiano @ 1, 14080, Mixico, D.F. .
— ! . - Cuanyl

. 2 e 22 198
‘Re‘ceived Novembe . 5 obtained fr

P . Male W
— The effect of guanine nucleotides on the

binding of [>H)Quinuclidinyl
benzilate to heart muscarinic receptors was studfed. Tt was observed that GTP
and Cpp(NH)p increased antagonist binding. Scatchard transformation of the
data resulted in curvilinecar plots (downward concavity) consistent with posi-—
_— tive cooperativity. Graphic analysis for cooperativity indicated that guanine
nucleotides: a) increased slightly but consistently the affinity for the an—

tagonist (independent of receptor occupancy)

and b) induce positive coopera-—
tivity in the binding of [{3H)JQNB (dcpendent of recepror occupancy).
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Heart muscarinic-cholinergic receptors are responsible of modulating
- heart vate. Activation of these receptors result din inhibition of adenylate
— cyclase,

decrcased levels of cyclic AMP and chanpes in don conductance (1). It

48 well known that receptors coupled to adenylate cyclase exist in two inter—
— converctible affinity =

states for agonists. Such

intcrconversion of the affinity

_ T >ulQr
_ state for agonists seems to reflect the interactfon with the guanine-nuclcotide . : . isotherm 1=
regulatory proteins and therefore is modulated by guanine-nucleotides (2). - T e o (Figs. 1 :;r
Thus. it has been shown that guanine nucleotides shifts the cquilibrius between 196 + 14 fo
- the affinity states of the receptors towards the low affinity state for 1 each_cnse).
— agonists (3,4). This has also been shown for cholinergic muscarinic receptors ; P < 0.001;

- - 3 ate n .
o {(5-9) although the existence of 3 affinity states (or agonists has been ; ) of GTP (Fijg
— proposed (10). Interestingly, guanine nucleotides seem to modulate not only . affect the
s < increased 1
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. the state of affinity of the muscarinic cholinergic receptors for agonists but
.
also for antagonists,
v

4n a reciprocal fashion (9, 11). We have studsed the ef—

fect of guanine nuclecotides on the binding of [ H)Quinuclidinyl benzilate
--SSncbez?

(13H)Q¥B). a cholinergic antagonist. to heart muscarinic receptors; our re—

S oM MgCl

pH 7.4), wminced
ion - of the

FDTA, 12.5 oM B-mercapto«cthanol.,
with posi—

2. 0.25 M sucrose, 1 mM
of homogenization buffer using

and homogenfzed in

sults indicate that guanine nucleotides changes the interaction of the ligand
ula . -
) with the receptor 1n a cumplex fazhion con=isitent vith the induction of positive
- cooperativity. .
B N MATERIALS AND METHODS
— 1 Guanyl-5-y1 i{mido diphosphate (Gpp(NHIp), GTP and atropine sulfate vere
. obtained from S$igma. (-)[‘z'x(]QNB (37.2 Ci/mmole) was from Mew England Nuclear.
- b . Male Wistar rats (200-250 g) were sacrificed by decapitation and
: exanguinated. The heart was quickly temoved and washed with ice-cold homogeni-—
werdinyl : zation buffer {(containing 20 mM tris-maleic,
- at GTP N
.
H

15 volumes
a polytron (Erinkmunn Instrusments) two times
for 15 :conds at mil1d speed. The homopenate was filtered through four layers
rat——uvanine of cheesecloth, and centrifuged at 700 » g for 15 min; the resultant super—
for The an- natant was then cunmri{uucq at 30,000 x g for 15 min. The pellet was resus—
se -.opera- - pended in incubation buffef (containing SO =M tris, 10 mM MpCla, 1 ™M FDTA,
el e 13 pH 7.4) to a protein concentration of 3 my/ml. i
N - Plasma membranes (200-250 ug/tube) were fncubated with 0.008 to 2.0 n™M
R [PH]QNB in a final volume of 3.5 m1 at 25°C during

60 min. The rembrane suspen—
sions were filtercd over Whatman GF/C filters and the filters washed with 20 ml
of ice cold incubation buffer. Yon snpecific binding was defined as the binding
of [3H]Q.\'B in the prescnce of 1 pM atropine, and it was less than 10T of the
total binding. Where indicated Gpp(NH)p or GTP were present at 100 uM. Protein
was measured by the method of Lovry et al (12) using bovine serur albumin as
standard. Analysis of the data was performed by the method of Scatchard (13)
and the possibility of cooperativity by the graphic analysis of De Meyts and
Roth (14). -

duY "ting
adv..ylate

anr- (1). 1t

e ns caas et
e secer s

.t inter- B RESULTS
the. affinity 12HIQNE binds rapidly and reversible to cardiac membranes. A saturacion
ne__ucleotide _ .- -

isotherm is presented in Figs. 1 and 2 panel A. Scatchard
des (2).

analysis of the data
(Figs. 1 and 2 panel B) indicated that the

i

¥, was 63 + 3 pM and the - Bmax
.bx__=m betveen

196 + 14 fmol/wg of protein (mean + S.E.M.

- .

of 6 experfiments in duplicate in
‘e for each case). Linear regression analysis was consistent with
c . gJceptors

a straight line
(p < 0.001) and correlation coefficients of 0.98-0.99. Interestingly, addition
: been

‘ of GTP (Fig. 1) or the hydrolysis resistant analogue Cpp(¥NH)p (Fig. 2) markedly

[ §

1
B t“_’: only . affect the ligand receptor interaction; in both cases guanine nucleotides

: fincreased [SHIQNB binding and the ascending part of the saturation curves

i N 5
) became much steeper. Similar results have been observed by Burgisser et al
.

. N .

In none of these cases the Scatchard transformatfon of the data gave
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Figure 1. SATURATION 1SOTHERM (A) AYD SCATCHARD PLOT (B) OF [3H1QuB BINDING

TO CARDIAC MEMEBPANES IN THE AESENCE (O) AND FPRESENCE (@) OF GTP.

a representative experiment out of 10 uith identical results.
Z - the average of duplicate doterminations with less

FPlotted 1s
Fach point is
than 10X variation.

Fipure 2. SATURATION 1SOTHERM (A) AND SCATCHARD FLOT (B) OF 1>ni1qus BINDING
TO CARDI AC MEMEBKANES IN THE ABSENCE (0) AND PRESINNCE (e) OF Cpp(h’)!)p. Ot her
indications as in Figure 1.

straight lines but were clearly curvilinear, f.e. downward concave (Figs. 1

and 2 panel B), suggesting the existence of positive cooperativity in the

presence of guanine nucleotides (15).

In order to overcome the problews due to the possible existence of site-

site interactions and to obtain mcaningful information the data were replotted

using the graphic analysis of De Mcyts and Roth (14). 1n this analysis the ~—-

average affinicy (¥) calculated as (Bouhd/free)/(max—ﬁ) is plotted as a

function of the factional occupancy (B/BEmax). Using this graphical analysis

the differences seen in this Scatchard plots wvere more clcarly observable. In
the absence of guanine nucleotides the K was constant indicating the absence

of cooperativity (Fig. 3). On the contrary in the presence of GTP (Fig. 3,

panel A) or Gpp(NH)p (Fig.

3 panel B) the average affinity varied markedly
1

(from 20 to 100 nM~ " 4.e. the KDs varied between 50 to 10 pM) as a functionm of
Teceptor occupancy. As shown in Fig. 3, in the presence of guanine nucleotides,

as the recepror occupancy increased the average affinity increased. Calculation
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Figure 3. GRAPHIC ANALYSIS FOR COGPERATIVITY OF THE DATA PRESENTED 1IN FIG. 1
CA) AND FIG. 2 (B). Open symbols Iindicate the absence of puanine nucleotides
and closed symbols indicate the presencp of 100 UM GTP (panel A) or 100 1M
Cpp (FH)p (panel B). (¥ units are: nM7')

«
of the Hill coefficients ny, as indicated by De Lean and Rodbard (15) gave the

following results: 1.0 in the absence of guaninc-nucleotides, 1.46 in the

presence of GTP and 1.50 in the presence of Cpp(NH)p. These results are clearly

consistent with guanine nucleotide-induced positive cooperativity.

DISCUSSION

The main finding of our studies is the effect of guanine nucleotides on
the binding of a cholinergic antagonist, [SHJQNB. to the heart muscarinic—

cholinergic receptors. Our results clearly show a downward concavity in the

Scatchard analysis of the saturation isotherm-consistent with positive coopera-
tivity. Previously other authors had studicd. the action of Ag‘\‘;anlne nucleotides
7-9, 11, 16). In
most instances an increase in antagonist affinity by guanine nucleotides has
been reported without detecting changes in the shape of the Scatchard plots
(probably due to a small range of radioligand concentrations used in their
assays). However, in some cases in which straight Scatchard plots ue’rg ’
presented, careful inspection of the data evidenced downward concavity (17,18).
A graphic analysis (l14) was successfully used to further document the

underlying phenomenon responsible for the curvilinearity of the Scatchard
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plots. The data are markedly simil}:r to the theorctical plors for positive
cooperativity (14). It should be mentioned that,

as expected, the process of
positive cooperativicty 1s dependent on receptor occupancy (sce Fig. 3) and not

just an increase in receptor affinity for antagonists.

Burgisser et al (9)
bave proposed that guanine nucleotides modulate in an opposite fashion the

affinity of muscarinie receptors

for agonists and antagonists, 1.e. decrease
the affinity for agonists whereas incre

thar for antagonist. This phenome—
non does not depend ON receptor occupancy. Our results do not allow us to discard
the proposed roeciprocal modulation of affinity.

On the contrary, we consistently .
observed that the average af finity (K)

at the lowest receptor occupancies
(5-15%), was higher in the presence of

guanine nucleorides than 4in thelr
absence. The

change in affinity duc to guanine nucleotides was small (1.e.

60 pM to a )\D of 50 p™ in the absence and presence of guanine
respectively).

from a K, of
nucleotides,

Other authors have malnly interpreted their data
on the effect of guanine nucleotides

as the resvits of

an increase in affinicy.
As already mentioned, it is very po

;ible that both processes (i.e.

incrcase
in affinity and positive cooperativity) may coexist.

The effects of guanine nucleotides on the affinity of receptors seem to

take place through the guanine nucleotide Tegulatory proteins (Ni, Ns and Nx)
2).

Current ideas indicate that the receptor-N (regulatory protein) complex

4= the form of the receptor with high affinity for agonists (and low affinity

for antagonist in the case of the muscarinic receprors). Guanine nucleotides

seem to dissociate the receptor~N complex and decrease the affinity for
agonist (and increase that for antaponists in muscariniec receptors).

It is
possible that the induction of positive copperativity by guanine nucleotides

observed in the present study may result from receptor dissociation of the

guanine nucleotide regulatory protein. However, more direct approaches are

required to address this possibility.

After this research was finished, a paper appeared describing similar
effects of guanine nucleotides on antagonist binding (19).

176



i NICATIONS'™

J08 ive

srocess of

-3 and not .
t al (9)
hic  the

. decrease

is “Thenome—

w us to discard
e e—nsistently
pan.ies

» th—dir

111 - i.e.

. guanine

th r data

» Sn affinity.

t. crease

ors seem to
, » and Nx)
in) complex

lon affinity

nucleotides
ty or

s). It is
nu¢ rotides
on "Gf the

;acl 's are

Vol 134, No. 1, 1936

22620). The authors thank Ms.

manuscripe. " J. A,

1.
3.

4.
5.

6.
7.
8.
9.
10.
11.
12.

13.
14,

15.
16.
17.

18.
19.

ACKNOSLEDCEMENTS
This research was partially. supported by a Grant from CONACyT (PCSAERA-
Cuadalupe Ramfirez for ski1llfully typing the

Carefa-Siinz 1s a 1985-1986 CGuggcenheim Fellow.

REFERENCES

Pappano, A.J., and Inoue, D. (1984) Fed. Proc. 43,
Rodbell, M. (1980) Nature 284, 17-22.

Hoffman, B.B., Michel, T.,
Endocrinolegy 110, 926-932.
Michel, T., Bof n, B.B. and Lefroewriz, R.J. (1980) Mature 288, 709-711.
Berrie, C.P., Birdsall, N.J.M., Burgen, A.S.B., Hulme, E.C. (1979)
Biochem. Biophys. Res. Commmun. 87, 1000-1005.

Rosemberg. L.B., Roeske, W.R., Yamamura, H.I. (1979) Eur. J.
56, 179-180.

Hulme, E.C.. Berrie, C.P., Birdsall, N.J.M.
J. Pharmacol. 73, 137-142.

Fhlert, F.J., Pocske, W.R. and Yamamura, H.I. (1981) Fed. Proc. 40, 153-
159.

Burgisser, E., De Lean, A. and Lefkowitz, R.J. (1982) Proc.
Sci. USA 79, 1732-1736. "
Birdsall, N.J., Burgen, A.S.V.,
726-736.

Martin, M.W., Soith, M. M.
230, 424-430.

Lowry. O.H., Rosenbrough, N.J.. Farr, A.L.,
Biol. Chem. 193, 265-275.

Scatchard, G. (1949) Ann. N.Y. Acad. Sci. 51, 660-672. .

De Meyts, P. and Foth, J. (1975) EBiochem. Biophys. Res. Cormun. 66, 1118-
1126,

DPe Lean, A. and Rodbard, D. (1979) In The Receptors
treatise (O'Brien, R.D. F4.).
and London.

Hosey, M-M. (1982) Biochem. Biophys. Res. Commun. 107, 314-321.

Murphy, K.M.M. and Sarre, A. (1983) Biochem. Biophys. Res. Commun. 113,
280-285.

Cheng, J-B. and Townley, R.G. (1983)° Eur. J.

Mattera, R.., Pitts, B.J.R.. Entman, M.L.
Biol. Chem. 260, 7410-7421.

2607-2612.

Brenneman, T.B., and Leflowitz, R.J. (1982)

Pharmacol.

and Burgen, A.S.V. (1981) Eur.

Natl. Acad.
and Hulme, E.C. (1978) Mol. Pharmacol. 14,
and Harden, K.T. (1984) J. Pharmacol Exp. Ther.

and Randall, R.J. (1951) J.

A Comprehensive
vol. 1, pp 143-192, Plenum Press, New York

Pharmacol 88, 269-272.
and Birnbaumer, L. (1985) J. h

177

BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

»



v

o

AT

o

(K24

—<f

~izlz

oy
J

-

ki

]
N
W

=

&

(R}

Lbage

"

I

=

tz-

i

ey 2

3



. R R om0 9
N 30 PR I T T L T
ok ‘— "4 .v ] [l ‘._ —.— . a5 .
Voir ST i - HER
aon S0 o R - Moy
9 e R TR T S T B -
) 1 - 3w o
IR 18 Qo o oot
y R [ R
a 3 L
) S i ¥ 3
4 - ] . ] K o [N} "t R
L o oa b
oy u N B u 'ﬂ
S B | [ i g A
[ I I S R Y I N
w o v § me o
A J o T L
X - S B
oo 1 " N
2 a P ' - T -1 4
- ] ) A A - o » oot
M a4 o ' P
T " A "
W a S
e W e M e
.. i 0 -t - v f e wt .
R BT .o N
. N \.. 19 ) ' C
: . PR ¥
o P o
. GoooiL ) &
R A .
.
. p e 4]
. K o
P EE .
v - e H_
o ' o
‘ ‘ ' .
.. . ot
[y . (2] i
v ' ;
L i . L
“ . .
T N
W o :
S e .
w O & u ot P
yoeom ook .
wt ~t i ' Li b R
. v - 1 il !
EE T Wt ! -
. 5 - ¢ p o Y LR} [
! (O 3 oo . - ‘ < ' ‘ Toa
v PO L T L L wobo Lo
T T L v ¢ & - U ‘,
“ N “ T - T :
LN 7 —, Y o * n —
[P S b ” " :
. i e K ¢ ) “ "o %
AP A e o ,



sem ot . 5 -~ e los pare
i Tz 7 T A | Lar 220! S Z4id embis

= oA g

zF3n ¢ 2ot c - = Ze

- - - R s JEn—

moALEionz I LA A jesti »

1z ouwre cug i s TR =

R RN - da

t-s, Te o mItic T s: .

v o g s 1. S

msloetiotan ir ”

P P - PR [ e =
hl =S =0-S n Ee = » ERREA-
s = P A R )
.- . 1, - - - .
< - = - =
. e e el ey . .y - PR PR, e
Sz T lzee il oIt = Il enn ez iz, TZ.
R . P - e L - P - =
z . A . oz FA S Sees owL Lizlomilntis won
Tat o S v o d PR S S G S o Liflaided el vooweptor
T Yomo ozt 3o - o z de receptor Lo, 1. . T &l
e au e . i
L i T ol L b 0l =l Fug -
S T ey

O SR ., el LR A

,,.
(
{3,
r

"

14

fos
"



L I |

&

a =
T (I B - ' o 5 B
g - i .
4 g M . - 3
5 Y ] J . G J R ~)
N B Y G S ) K] T = 1 oa
" Jotoay g 3 ¥ 4
Al AR I PR 9 NI
- 3o o " y )
! - " 3 { Y ! :
4 o o . -
o X ! ; ,
&0 A ] o a4
-~ M e 3 J] - oy ) B
SR %l " ! ' oa , |
L ¥ 1]
A T W i
i J+ 0N K] A i [}
‘e L . [
i - H U
) BN -
W X i b W 4 ,
M| N e ) . "
it AT i 4
o A v I )
T I a r a
(X} A\ f N at o A 0
LI 4% " - . R
‘ o l
[ TR |
. Wy :
g SN .
B il t o ‘o 0
| " i ' . .
rr 1 0 " I
. .,ﬁ
o AT TR
ioo ey oA
or e 0
o ‘o ’ e o
v = N . !
k] } “ . o
B V e . A
I A e, . , K . N
LI B Vv “ E e e S e . o oo N
13 i, & ' o ' - R " . . . o B -
v et e . . A o , Lo
8 - 1 ot o - s : . . v , )
“ Rd 1 4 v THRY “ e Y - ;
& “ : ! - [ ~ . 0 i <
Looes . kAl “ - N 4 . . B R v . ;
f . “ v , En . t - 1
oo 3 1 ' [
U [ P S TS ! !
13 [ T oo Vo PO,
: oo N X . o
e A LS § . u 3 w ¢ .
R S B Y (I . IR (A R
i .. ( N i 8 P o . i v , N ¢
v R S S R A @ e g vow
LA e ot [ U A Ve
non [ | @ P T
d X (3 { % [ 5 R . v .
L ) " N i . - Vo o - ¢ u v
N Lo e T P S S &




. “ o ] - (LI | i
e 4 e o 3 a0 4 P I
- ki T R T | N w7 .
3 o0 ‘. “ oy 3 k! o
N it { i 1} 2 ) R p B 3
) 1 ] Y 4 ) ook
i 4 4 ‘. e 1 A
4 L 3 y U I b
e i be S I if T [P | PN he]
'K : L 4D 4r - [N R L
o A el .t o a o T o
) ) I U] o 3 \ a by
i PN a e . 1 1
i Lowoa oo B S N R
I . "t L] y (B | . CRY B R | s
el - i I Y R T T T N
D ITR A 3 1 ] u el PR
1] [ [} .n o . b A ) k] P I A
4 Y i 8] i [ v « b
¢ N K] - 4 N i E] i "~ q
o X ot R R CR] L3 I
X} " . in 1 A . v ot “ PO -l B
e M i " i e " w ! <
] X ,_ A4k =1 i PR ot 1} K § K| B
ot t PR P Ml § LT T
i [ aooe i . i 1 il M
- Aot Vo ) < o= 1 W A ]
11 i ‘- r {] .. 1 Y ] o e et
B - . R Y | o t f [ R '
K [R] - " 4 - " ol = N B -t
a it} vt f o) bl 3 3
kil N o i ty 1 "
3 IS P . oooen oo -
" - w . iy o o H & o
aor Lo uooLr ; 8]
ot et ] B W I i
I . z . IS T i f 1 e . 4} .
s) AT : A - , . v
oo N . - . " E
- 1. ~ Lo i 1 o
. . 1 P R MRS A -
S PLEN [ e Nt boomn T s AT
e 1t woT : .o M [T N -
éi e . N3 Vi . 8 I + 1 . .’ .
- Iy i % - 0 L ' w o
i 1 w - ] n l. ad Y I3 " s - It
. w LS o . LN e e Ut -
: i . ] . : n PRI - ¢ .-
1] f 'y x 4 d W P . M
R . . . . .. i b FERE B
I [ . e R v o
™ . m T e 4 g .- w f . g " ) PR ) o
i v e .. e b R
£ e 4w [T ! ! T (S
N - .- s - i E X e B PR v
i N i i M K "
i i v 1 i - 1 i N t N
oMo 1 . voe . ‘ 1 i 4
I (N L T ' [T TR @
- K 1, . % [N i o N I8 i [ B & A\ O H P
o - . . ' ¢ ™ - . . i v " ' " W i i
« D 0 e oo - (RS 0 ( (AN VN
[ . e [ . [ “ v vooa
E e R A R . W ow e v ¥
L TR B [ HE T i P 1| PO S I

P



4 \ k] L i
2 105 . aaa
o 14 3 “ . t)
oo 1 1w
B [ ~ modd
i Y NS ]
z I i | * .
" g a4 4
. : \ " 3 3 1 N 4
N " . N - LS T B s
o *l a0 Ao ..
“ a0 WL : !
S e A o
42 o 1 4
I - B ! 3 -
z Vo ] ! nou
5. S S 4 -
DoF W ) v "
WA b " W 4D P
e FEEY K IR I IS N
T ; oo ] [
4 n il " - L
- o U N ret A z o 0 N 4
: . “w 1 oo " B
o P . 3 !
W 9 ' T ; K "
" " i o
(] ' o a '
Do PR - -
X s P . e [ '
o ik " + 1 b ' !
P - oo 0 L t N !
u " I8 ! " o
. ol . : o o v ¢
U 0 - v ; 4 i
¢ i N L t [ B
- l 3 &
N W - con ;
W O : T T
! . . “o
W - e K et
o L oo
o : o : p
S ' S
[T A i : v '
- B T T [ "
o P N “
W or v ST ) .
Wi ‘ o . i
( R v e D .
PR ‘ T S R )
, R | . - W " i
. ‘ fl & i ' i 14 -
" . ~ t 3 d v
L ! B ) y B
f [ TR w e
| { TR T | : - N oo
v S T ! [ O S
gon [ ¢ or % [ S AR L L SR
& " - [ T LA W
o [ o0t L S R
[ S B ¢ r Lo t LA v Lo v
F N VA [ S v PR i,
PR 4 LS TR VR | : o o O “
. w0 1 r ¢ w E



bl
k]

Nl N
N
IR

<4

[ IR
iU h
.y
[ :
PR
o J
]

1
"

3

' .
"

o

K [
™~
9 3

a

s

[
k1

[P

FRNEpTY 8

‘.

AN S S

‘-
'

o

laoddadl .

£
¢

el ol

LI ST

c

s 2l

@




GTP GDP

4////, ‘ Afinmnidad para

t Afinidad para -
agonistas agonistas
Ni
] Afinidad para . t Afinidad para
o antagonistas

antagonistas

Figura s, Modelo d&s Regulacidn reciprcca de la afinidad para

agonistas » antagonistas de 1leos receptores ceclinérgicos

muzczrinicos del corazdn.

S



1

T S I TR S-S B | -

B Y B S S I N L ER
[ ' 1 i 3 o 4} o e

ot ot o 1 ) V,_ H ] A ot il ]

('R z [ Y T i bl

L k] ] 0 (I ~
) - R B B i

T T S e 3 2 -

- TS I B T e e i ool
1o oy 0o . §
e 4 R [ o M B! m ] i

. - 4 %Y - i 4

LI B ) 3 By BV

e [N i R " a "1

I @ ] L i} Al ) . a Nl A

N R oo , ;__ s

i, ! M . L A @ 1 -

) i ' i i TR v H

e o “ i 1 ) 1 Wt i} o

ol <} NI | 3 “ &1 " AN

S e 4 . oo [N i e

ot : bl i
(A N 1 FEERX 1 ‘e 3 1 k] 1

L EOE (S| i w -y -

- ' 2 - . f ] o R
A ‘8 . Y . Bl o K}
] i 1 W [F] ot - 4 1 .t
Dol 0 : [ a N i
e i 1 i i - ' e
i e e A = - _—

. T . )

. [ LYRERY qoon " B

Il . N i M W . B i i N .

.t 1 v () . . oy . !

Loow IR Loy o n . .

I, - A o Jion I .
N “ [ I v ; ; . ' . o v w
DR . 4 FER . v L e

-~ . g fr o - .. . b
“ o T " T
o , SO e . . ) .
+ & B [ ‘ \ ' [P -
i ¢ i . - . 1
. e PRI - :
Gy “ e Vi it [ '
i e . .
WM . [ . . .

. oo A A (1 ’

2 X A ” £ i [ - I
it - N [ B .- -

lﬂ I + 1 - . D i n
1 ; 1 5 - \ ' ) , ) 1 P

. - Ve wooo ' 1 .~ e N (K N - (¥ [

W 7 o Tt . SL woo U PRt R
& w .~ . - 1 1 ' . - - .. " N ,

i e Y [ § b PR O 1 ] i N

P v ' I 1 - ' . f 3 L el 1 i .
i » T \ L 1 i . ) " - w4 1 - "

i e " ] e oo IS i e PO 11 1} I \ -
oo . 1 e oot Vi [ERN A R PO S R
' - [ . . . & i { [ o 5 T B 1 " - '
I ’ ' i ve X 1 3 f I ' - { 1 3 e
3l W ‘ ) .. (4 1 " e Py + 2 3 ' A9
[E N S ¢ I § AR T L & oo T A
1 P 1 . Y 3 [P N [ ' IR ¥ (R I ¢




o ]
1 g
“
4
Wl
99 b
o r
s
- .
a9 A
. o
[ ]
“l 3] -
P BETH
PO
o i
w %
J H
‘ot gl
- 2
- ) oa
TR G

b

.

(1

v .

1 I ti

1 .

t LE

- [

¥ oL

L ov f
T

[ O

IH] «




"
]
v

- -
-

-~
-

g = =

= e

toex, LG So I N A A A 57z PULERES Lo PR PR -
. « e, e - _— [P
> T tet. S0 2 , ITZ- T

P R S LI et

0]
o

2 xdlLnsrgic g
LN TLli. UWlaZ.AaL TF,
oL, LT ) Laitomriilz, PR L IFTE



“
1

-
’

t

0

e

s

“
ny

Gy

,e

-
(

oy be
Nz Rybe

Lad

o,

-~

[




Y,
Falire,

ul
M

a4

-

b

'
L

e,

v

[3

< a

P et
P
EApAret N

\

1

"
1
B

L ke D

ra

2

Lol

e

RN

-N
.

e



FERCEAN

vt

f
vl
(0]
o
-
t
N

1
it -
4ot
oo I
rl
.

Al el

i

"
+
.
(
[\
i
e
i
-
h
I8
2] hel
weoo
U
v «
G
v é
] 28

P 8-

am.




P o e \ U . . [T [ S :
30 P P -4 - by I | K I ) ]
K TS fl 4 % ] . ] e “ i
Mo 0 oLk . 9. j
R a " w e e . - Jo N “ -
1 ' s Y| N )

Fi N B M 1 - . B . v}
a ) | ERNEY Y N
o R . n i : ] X 3
- - i i i [ 11} ! il ot .
S a0 e - J 1 N IS 3
4 . i 1] ] i} - -
i@ " at F] 4 e N ) . 1
- oo 9 N e - W i
- a. e A " ]
t) - . i . t | . 2] . '
. . oS sy 1 . 1
" [N T P .
) |. ' v R N “ ) ' AV Y Qg
I i . E oo N . (R
“j . o LA toou Ve . D] PR I o Ty
,., .. o TS {1 . - k. o be oM
. . a1 " 1 § .o ' (A W
~ D . O t (S T [N . W
. o . 1 XY [iN i . -t f - .- o . o .
- 1. e . Wy ot () ' ) oo :
. 5 N ARV ] B ! L PR
Jdoow "o 4 e { L, ' L0 L
- it ) e . . b i . [ "~
. f 1 e N W X 11 11 » : i
) i TR . N WG e - U
N R X u‘ £} -t I X R ] - - 0. 1] 2] U1
" P G P -t -
i . RS B n - w' W I Kl LR} Lal i
- I P . vl * UL i} o N Y ‘1
“ PR 0 IR TS oo - [N 2
T ee '3 L - c e IR . o X .
. N G [ERNTY LRI} [ER— I
] i 1 o a i . o = N
O @ X CON N 31 9 Lo Y i i
" s . IR ™ . e E e I
v e ] % ( - . oo I - R
e ‘o I = 1 1 -
ont “ o [ o f i . ] .
R ty - %] [ - . "
N i [ 1 I o -
" . N f T 4 “ ! ¥}
S fono - T Y R :
i [ B L 0o . ¢ [ . bl v
[ . { . ¥ . by s C
- t 3 " I: i i [d] . e f " - et
{ A | £ N « ey »
: o s ; X t & - - P T .
[ v i I e o e R A N !
d P ' -t L .- i, - 2— ~r " . ” r.‘ a "
e . [ - ] ' \i Iy A 139 . o
om0 [ - - .~ . ¥ v 1 I
m S - r P i Ci e £ i ' L N ¢
i [t o | oot PSR SR ] I A P U (e
0 I A 6 G b (O no- 2

-~
o~
-
o
-~

~—
~
0
1



P
e

e

- e~

- -

-t

t

~

~

s
-t

]

i

~ o

o

e
-

-z

[ A S AP RSP )
o
-




)

Tt

[ ol e

(AN paial




.
i

sl

—_—— v =

ta
[
I
-t

8]

wivarl e

-i,0

-t

-t

.

A

.

n

i
i
gl
L

N

€

~

i

s

[P I

indc

N
)




N

8]

e

1oanr,

“

3]
1t
.
s

.

——- -

L
Ih
[
[ B
5 o
L
Lo
e
o

s
¢:
I

-
-4

RSO RYIG

1

i



. - . L

. A B . ! :
} ] ) : . . R q o
s A : 1 - y o) gl [N
) u._u ¥ ! ! o 3 ' -t R t)
: i Cod o .o ki TS
S a oo 90 ;] B .
oo PR ] M 3
PR &« 0 - . 0 o . it
ot . N B s At " ; ; i
Y] S ) L " ' ! \ - e
wt . e : ,— “ E
. 13 a4 b \ k
ony . @b ! :
, iog _
R . e ; B
B’ " a ) .
N . - . | -
. v [ ! B
. . vy [ :
. : i n
L ] " )
o Y L vt .
" o i &
- ' I aoo
. i a 1 )
4 X "y PP Yo
N A i " T
% p W] N * s .
; . R oo
: o - e (B
b 1 - O o Y
. e e R
. < . : G
Dox : Y ‘ y
] o 0 DR ; P
I3 & o o
IS o0 LR . :
. .e fl . N v :
. . oo N I 3
v o 6 - ,
N o R ' 5 -
IE .o Lo at A vt : :
veoodqo ; [ a
- (B Vi i 1 [F2EN ) A L o
SO e ) , g
b R N . . i “ . -
L - . . N ' ¢ : oo '
1y e L ' . i i v :
P TR VR R PO LY A RN . :
eoon e A A TR SO T R X
[ g Lo - S o
M S - . o . FE
" g H PR & " U, ‘. - ¢ : T
T i . < " ~ a9 [ S x . B . ' " i £
' I I VR S O . e R R (RS oo v
ot g : ¢ ¢ Lo N . Voo i [ i \ o
ool ¢ ; Co I g R . v : ] § v . i Vv
[PV R P i L N L S ' ot
oot S S S . e (SR ST L Soenoer
- i R T TR R S L N L
oo RO R r T IR T S (R S t.
, . , . . r r
v b < I t p [
b N “ N N; .



. ; b KIS | o te )
¥ 0 ¥ I 2
. 5 “ d 4N : 3 h
1 = S , I
. i EI SRS BRI | "
. - -t (LU j "
i o 1 N » - —-—
o 4 ey i
. 1 u o & .
. s u ' M
., , - i
n R N a H . i
- vt e K RN o
- " ' AR 11
. ) o6 w7
P B 2 .
o G “ 9 o - ¥
" o i I R i .
' i [ s ;! = = "
CE = J (i L N
“ ' i N O " ' )
o ut . A -1 o -
. . : [. v e -t 3
. pw N Y n Wt LR
I 5o A L
. i I " : ; DA
o Soa e 3 v
g N - PO YR - O o
! . o a L . 0 hou
" i N ] Y i W o w. n«
. K . el DS B : L i
- i LR b ' o < R ! !
- R vy R ot T . [ o a
O . s | TR . A A
Lo P R -
oo o " o ¢ - : I
S i + [T [P N oo
e ( - R .o W
o - oL : W
. R (R & : o =
© A . ' o -
" P X . . . P N
1. . . .- oo o . n N
U« P S R - . *
Y I f . : W b .o . .. - o g
i T O Y W e "
I N : . v * .
P v : L b ]
. [ [ N 3 . N
', i ‘o i [ R ) : ! : ' :
RO . T L I T ¢ o
. P R s N . L
ot u [ Lo 6w t [ SRS '
.. - ( P N AR * M
[T “ . N N LA [ e * R
“ | - [T i [ T & N ! ,
" - s N L oo b e . v T
LR S N R R & u oo Voo Y oo oG
o vt i [ O [ [ N - Coe o
o b e b " Cn RS v o Ny NS
- W oG . © 0oL v vooa Lot o

—

—
—_m
—




Th

i

W

e S ita,

SrtintTtralt

Ix
I

(@

)

t
4

a,
¢

\

1o
e

i
;

—~oe

o

‘
!
¢
¢
A"

.
1}

13l

<
i




“

~

j=8

3

4

PP ST,

t

.
¥l
v

3

200 ot

w

(ESR SN

13
(

—~e e

.t

S

b

P FREC A Y ]

L2}

"

r
-

Y

iF,

v
i




. N [ Aoy 4 o & 1

“ T .9 an o0 o o 5

b Joo a - - 1 ! o !
aoon wro o ~ 3 !

-f -t ,..“ ’s o o1 ¥} -t S0o- e
o e e ) . . +f ) P 3|
b Moo 28 oo o

PR [N S TR . 3

i o KR Rl L 1

! R A P B ] J
e a E oo : 3

e o [ [ S o 9

D] 1 . . . B N - o D] .t B
D T 3 i o ! O 4
P . A 0 . ' :

oo - ' ! .

R i ! Jo v

" - u "

3 . PRRIN 1 o . PR [ |

e R N S o o

N i " g J b 4 i '

a ; " oD . St = -

b et 0o [ S " ! gl " N

o - I ao i B vl N
o “ Xl . L B Lt L i o VO e 1

oo o i £1 " 1o R

U n 0 . . i 1 R

I . 4 - " .o . . v iy

f. " veoon e " 2 -

- “ f. e O h oo

" " . o K . . w : [

e B S S ‘ b
1 e - ) . 1 . . ] . [ [§]
. ‘. .o r. a I3 . 1. t i (R} ol .
i v P - ( A VI AR
. :
\ . . ot y IR NN -
o 0 . o B B e . oo

- G - o . Lo oo “ R

i S e : * B N . EL A [} -

4w (0 C— LI TR M ' [ S I o

R i . . ¥ G s i v © 0

G e e v . w . - - m I

B A 1] A Y ol o0

R T L - 5 [ N ' v oo - v o

M [Tt . . 3 PRI i Y| v :
- i b « o P EE o ° i PR
il A a W . : R v o X

T T T S e oo G “ e " ot

uofr 1 \ . .o y we [} IN .

R ; ; y . : b Con

] S T R . . v . -~ . . '

- oo . “ s §- a0 ! ERC

" . ; - , . . \ .. s . . i N 51 - '

\ . = D T o Ll A R

[ (R o DR ] - - LI | | CR

P T . . . o N S T

o T T ¢ P LA A S ' AL

1 o [ N £ ¥ Lo [ ¥ a (SIS s L.

-~ | T A S T Y (SR N [ T oo (SIS y [

& T T - 405 O N I O T N U

¥ A VA | B T 2 t (. W ST B

r ’ "
” .. ¢ v 4

<«

sl
o
~



.

L[]

13

)

o

.
‘-

o A
R~

adr ey

ﬁ_

[

1.

et

—~9

-
po

‘
(.
¢

o

(8]

-t

.t



g
"

t

t

e

v

PN

-

o
[ 8]

ot
o

1~2T

.

. -~

t
)
i

T AT

-

8
{
§
n,
l§
§

o

L
4
t
}

*»
]

o
.

“hiza- adr e

R y

“

.



. @ ey vao

T e, Tl = . et
-~ -~ - - - -t - .- - w1l \
oL, LA = . » [t e UL, - - B A L T S AP -
B ) v . el B
T .- PP EAPRe P HP S S
LroupT foy %o RS S L S il . z i R A
A=t i [ Y -~ - - - —— et 11
=t i -z Frc .. T < Tlieon. ZTE, LLZTI-LIZZILL
[ - Tt
1 R T, Tunio,
e Y. ot . L.
« e - -
: . [ RE b
* ey VA e o A - PR — - . - - :
' d S 3 T T .o Cotise . e
B . ; . = PEa w i s el Hilapes » .. :
[ - ) - - - o mm e e . .. .
b s b . - . = Tlrato . —-- LIzl TN Lo nasdd !
f
LU R N I r U - - - e P St .t P - 2 -
R g A T S I,yTinzEs Sio e - —ia i it
- - -t e -t - el e, e _— -
Tz bor L T wtedie Tl tTah ool Lonelwl 322, TIoi-TIT.
e
[ .- el SR e a ee e = e e e . - . e :
L S =1 I, . . oD Tl iz~ Zlinnag, Sul. PO, - I
- = e . T T - RO P - - -5 - -3 :
St I o = P R, I Z,oias ‘
et . S . - ., - 1 N e 2
> T = PPN Ciooh - Clostl, 4 e L T32S, L5
—~— e H
e R —— - - s e PR PR PO s 3
M : = . - Ly L. - .22 is 2t Liiw PAE e SRR S
frgm m Ao - wr - $ - R . e e . . ! -
Froamz = i s 42 Z PR P S U S 5 Yy i - i
PP — e oo .. .- e e
et S , I o - Ea " ERTN . PN R
- - R - . . . . .- .
= . I .~ . - v o2z S H ’ hd Lo 2
. . . il o o, R ST
v

ER T 2

37 . Izlat-
-




T a . ) U Ky ¢
4N - T Soa 5
U o ! Voo Jo i
ul 3 R t 5 ] ) wh 4 N
PG N 3 3 . 4
. N ] -4 -
= R 9 A
3 “l 4 A L 3
. N Y P S w N
2 s ) L -
- S ) f 4 :
; 3 e i P N
A 4o a " i M
o SR wod !
- [ T R
. T vl 5 :
3 . .. - T 3 i i c
oo oo A o N
e LIS N ! o bl i i
. : R ' N o “
2 R K P ‘o 1
AN t P R A :
” . W . \ 3 P U
NI : AT e . !
1 » E oo - i
. o R o P T : .
o o w [ ! y
hi . [ ! oo ' v
b . B - NH
, ; : " . » R . (W]
. PO Pt { . e W
n YR KL ol I o
el PR : . ! R % b -
-t - - £ * o N " ) . .
. . T - "
no i ' N AR oot ) i
. ) . ] . . « o1t (o
T ' o . SO L Lo
- ' [ wt (B P SN t v B
ool . Lo [ . ' v A .
o ( 3 ; : i (i . [
: ) : P o ot e o
(o W e ¢
: N T T T
' . LY Yooe .t
“ “ - a Lot ;
.- Y . w0
Lo S oL s CoB
» " i o (%) B W A L) %)
) Lo . < K ¢ I
0 " it ' — ;
wt " : N 200 " sk
v ! R - r; 4l LY . . -
4 S P Y b
A R S . FANN 1
o i [ TS P S X
Fi . £ oo i’ L . . . - i I8
PR D i Pk oot Y
“ oo ¢y o~ soe ot >
.- ‘ 4




N 4 X .
o 5 I I - o ) 4
4 a 0 L] J 3 i
: 1 T - g ¥
,,_ . ;i N ' L
4 ) . v} ) -
» Ao o .
A a9 -t X ..
_/ e . 1Y " | .
S By b : v i :n
4 ) W 5 )
v -...u
)
o .
_ o 1}
i . ;
- e
; 1)
v— e . +
S " o0 L
T % Lo .
T SN o 1 : 4
o ' p D ;
EC R N 2 " )
: s . X W fl
| ! . ,_ K by W N
o . A o [w
| ; | . o . i o
. . : * 1
.t V “ ' : - h
r ! N ) g . :
o \ « " M’ o o :
; i : ; ) 3 “ b3
- ot " i3 T
! : , Al ¥ 5
v N *
o
-t e -
Ia b , : _
: r, - ) &l 1
: v oo . [ S L
' = 18 - v o ¢ k " .
R : . AR R B
oo L . ooc e ; -
. S b PR et 8 ;
[y Cot " K. (& : ol
.. - , O o " H ! o b
“ s - 0 oo o oo )
i w F . . PR T u A v
A N ( g i § ' "
J : ‘ i ] E . s “w . i -y ot
i PR [ RN N ot ! S
I3 & B v v 4 N N ¢ ¢ ]
. 1 ! ; - . ¢ - ooy i 4 -
(S .- [ R G P P v
¢ 0 1" PR PR (RN ] woe ; ' ¢
- & i ¢ - T oL u AN o b b
[ ' [ w UG ¢ ouovo e ¢
X R . e ’
. : ‘ b N
3 Y : . :
o . e -



. | H ) Yo e ] . |
O T R w 1000 b Y
. b § i 1] T .
o1 n e o oo
a0 T N . A
- b | “ - ) )
a4 ) H
! o <) - . . 4
9 ] S ) it ) ;] -t
1 .u Rl Al a R ]
I B ] - e o
M oo d K 1 L) N
: PR T [SRY T S A ) 3
i i I B 2 . 9 i)
O T B L ORI s o
- P R T N P I il
f I {0 « J w1 )
i1 . 0 RN o " [ ™ [
N e bt M . - . o . . i
1 oo ovk oo R X} " - K &
. e B PR ' I T
o - . k] ot 4 - ‘
- S I I L [} ot U] ¥]
I (S T L 1o a wmooa
A voonou 8o \ A
Al .t T ' 1 -t .
. . -M..J ' w W
I ' Bi] S
i oG-
i) ) i~ P B ) a4
; P B P ; - . .
A ! K [ S TR N 8. . ]
! . . . vt - 2t 5 " -t
- i . S 1 e 1 N » 4 -t
oo feooee . v ) o N
| Y ot [ . o e 4 - W
ot Rl [ TR TR N . i [§]
« I P - g \ (8 ' [P
EY o tt - 0 " - B *, 0 “ Pt i
o . L - L.
“r [ I - ' v, - LS
" W - . Te i B 3 i\) - v .
v U . 5l ool
I . [T P } " v
[ b iy o - ! . kRl "
v wood . At : I
- S v : I - o i 1 .- - 3 i i Lt .
: ' : i N i . M ‘“ R v
{ . R A [T § o a1 “ TR |
R N . ' v .G [ 8
i 4 i + t P M 3 {- T .
. s K3 v & } . [ i N N
FERER T . ] N N (R TR tH g
» . ¢ L . - - . i “ . i . voo0
[ : - wo b o v O « -
LR ) N . w oo [ v b { -~ P I
PR o - [ I8 Hoon ¥ [ NG . " ooon PO P
VI § DL TR PIE N v . Ji [ & G ( ¢ oy ¥
e [T TS| PR S S VIR B FE ¢ - [ NP SR s T LR A
[V N P L PP A L O sy ¢ [CI S O Vie
' . r N ¢ ' ’
| i ¢ t - {: ;
G 4 ¢ L% < s g
. . . - v . o



1

[CTEpE IR R

W

haisg

Y

it

s

"

——— L L .
i edb -

oh

e

P R W

.
.l

it

— e

e

i)
]

(2]

Lol

-




ey @

LIRS,

Ikhoac

-~

i et adad

T

LIy

ol
1
[
NI
LN
oot
[
HE
S
I.
)
v b
B

.A..
N
+
1)
oo
0 -

R
TR L
Loow
" “t

&
)

P SO

-1

-
-

o

£ =

—aT

.ot

o4

Gt T o

[

L

@]



) - ] . , o " [
. A BT woa 3 :
e . ’ N 1} o i "
o i : t P K
18 § - S [
4 . 9 w 5O da
. i } 2] i LS g G
w0 ) - 4 ! 5 0
-t Fl ' 4 B ¢ B
. L BN | o ! X : :
b, e ¢ ‘ : ) N 5
I X i} a0
. . . } . 1 ’l o 9 » "
» .t Bl Wt " .t =1 w 4 "
o (SR N ! D
" M 9 o . oo
N oy - w Hi M
4 U A
0 w oy v .
3 b R 2o 0 G
N . - « N ' I !
o KR ot _ i
P R oG . ...
a0 [ S @t - ¢
N T N 8 E
™ i i H * " .
[ T TR i t o
" n B - Xl t .
o - I | i R .
R K " P
! o ) yooan
i d . ’ : i
L4 W W N o
[k} B — H ERY
. ; , ) ki B it
oo qa N
.. i . [ I
. ; L. Y ; B i I
LA E ] [ R ] 1 aol
- PR - . i O
. . b 0 - dd
[ - B I - A "
. . . [T L. "
X X [ . i3 - . "
, . o : ; " u
G oo O + nt
M . " T v i : )
N - . (t Al . ! v
. [T . " v . oo N . :
o Lo ( s e " : :
o FEE t [T A (e B 8
nt ' . & ( MR : " : . .
P P o v W - .
oo . I | “ . N "
.- b v [ T VI Lon oo "
Y v SR R YR (S . v "
v Lh ¢ " 4 " " " [ C § o
vor DR ¢ O U ¢ % e DL
L YR N T AR oy
@ 0 P L I (R T Poroen oo
’ ‘ 4 H ¢ g
¢ v : - ¢ :
. e v ¢ . v
. L . v .

.



t .o P ; :
K ] P BT o . s
o 44 wooer A & G
A 1 " SR ) X >
Wl v o 5 ? ;
- I R S 1 \

g . SR 8}

.
"

o

W HIO
R ] ’ i N >
4 N 24 } IR I o !
IS - L “ o g - :
. * E i ! oo
. R Ao
: | e R LR
Lo g - N S 4 B ‘)
S S SN bt : : "
SR Bt o N § !
< mo RN sk 3
a0 . ) p / Doz
2 : - . (I
. '} gy Moo k v
D v El -
- N " . A_ - ..-. a
W J N o : 5
“ u : - '\
A L X A ot
: N \ . h . ot b
. o a A K
0 -~ o o ¥ " 4 )
K Lo e I 5 R N
; : o N . ] K N . ! (&)
N0 s HERTEE oo 1o
S R T Y E P R
of . oo N S T BT N - Do :
0 A W R U Con Ryt
L. : : S o . °
aoon v by REEETR b v vl
2 i i A oot A noY
. : - RIS v
: K ‘. - - —v : "
.t a4 . oo N
L0 e s N n -t
w o . i, [ ) " o i Vo
. , @ : . \ - ' : (]
v ' . [ R :
. . o . " . Vo "
PR oro Lo AT 5 5 .
Y PR o [ S S ooor
o R . CobEo e L
. [ . . . W 3 Con v v
v - " - [T 2 T - Y "
I8 . e T :
. I PR [ SR TR N
N e e v : v P O U S o » ' o
N ¢ w3 e . ' Ty e "
w4 oo .. o e BT . {
- : " FREES N ' [T T 1] u 1 I3 (%
o & 0 I T Tt poE s ‘
N S A R - U S : N

S
PR
o~
-~
-
-

-
-

NG
-

s

-1

« Qem——



AN PR TT e et mr s T . i : T e
e o o . g . R ' PR * . 0 AN
ey a1 o 5 a oo = -
R I 3 k I ) "5
B 4 o " e o Gn ) a
.o o I P a il
Lol z wr a3 B . P,
bl g A 4 ] . 1o : §
. . i , 4 . FE Rl it L3 S ] B
R kK P - 2 ! " i 05
o ! ! v s ! 4 o
oo + | 4 N b W i
-t : . S i o cod -
L . B o ! a .t FE ] B ‘.
. X ] R NI B " o ! i o
. - S i 't A Vo
3 . oot ! v
- 4 : " : E N
W~ FUR | [.. N 5 1 o :
a0 { k 4 4 " Tl . .
wo L = it o e ' ] '
4 4 . , T b ;
: S P . ' IR N o
P I f Iz o " - 2
e Wl oo AT bi A s YA
0 R N poaoa . N
.o e i [ O P b i T
e g o I f i i ]
g P oo . : _ -
- ~ a0 cot " | X
v S i oo " e S
SURL A TR non > o0 v
- RN [ 1 - i ' . oo
P L i . : ¢« . po no
. ‘e w o o i b N o
‘. RV ' v com s
_ o e oo o v v 1 1 .
: . R N R X ) . ' w1 .
bt . N " "~ t ' ‘ N i —. :
i - - . - 3 - IR
- 4N . g MR % " :
[ I f i Lok L
- PO . ; oo e e :
SR \ p A . TR i 8] -
N R PR R t
PSS R . N coo ! v
¢ 9 S . GG e “ -
- . “ f wi .t i . o s b : )
Lo . s " . - . o oo Y .
" . . o ( U . N ’ N.. o o i N L ~ -t
PR I . g o B S
wt [ S} , . vy ¥ . [} [ M R N
. L A _ B
: ;oo Lo . . . C o .
[ ) 0 - ¢ v N s :
" o ) N N voof O S -
n, B f i (1 - " voeoan b =
[T £« LE ¢ o . A U
) ‘. I y 5 .o A TR [ T
vooe 0 oe 3L £ R G YR R TR S AR -
s - 06 ] L N O R L "

o)
3
-
-
o

- an
-
-
-

)

b

r=a
.~



e b P

-

'
$
A
|
p)

)

)
$
A
i
i

N

v

"

.

Py

-

-~

«re

e he

1




	Portada
	Índice
	Resumen
	I. Introducción
	II. Objetivo del Estudio
	III. Antecedentes y Modelo de Estudio
	IV. Experimental
	V. Resultados
	VI. Comentarios Generales a los Resultados de los Trabajos
	VII. Referencias



