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counter  ion, TCA. If  intracel lular  receptor  site exists for 
methanthe l ine ,  as is the  case for the t e r t i a ry  amine local 
anesthet ics  such as procaine 1~ 11 then  a character is t ic  
devia t ion  in the  log dose-response curve  for acetylchol ine 
should occur qnder  condit ions which improve  the  drug 's  
accessibil i ty to the  intracel lular  space. However ,  as has 
been stated,  the  regression lines for acetylcholine in the  
Presence of methan the l ine  and methan the l ine -TCA did 
no t  differ s ta t is t ical ly  f rom one another .  In  l ight  of t h e  
fact  t h a t  the  ant imuscar in ic  ac t iv i ty  of methan the l ine  
was unaffected by  enhancing the  drug 's  lipid solubili ty,  
i t  is unl ikely tha t  an intraeel lular  locus of act ion exists. 
I n  addit ion,  s o m e  inferences m a y  be made  concerning the  
na tu re  of the  membrane  receptor  env i ronmen t  for meth-  
anthel ine.  Under  the  condi t ions  employed in these ex- 
per iments ,  the  methan the l ine -TCA ion pair  would  exist  
only  in a non-aqueous  med ium such as the  cell membrane .  

Consequently,  if the  methan the l ine  receptors  were located 
in an aqueous  envi ronment ,  only free drug would  be 
avai lable  and no fur ther  devia t ion  in the  log-dose response 
curve  for acetylchol ine would be expected when TCA was 
present~2, xa. The results presented in the figure suppor t  
the hypothes is  t ha t  fo rmat ion  of an ion pair  wi th  TCA did 
not  influence the  ant imuscar in ic  ac t iv i ty  of me than the l ine  
in the isolated tissue preparat ion.  
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Summary. Several  pept ides  were separated f rom a-chymot ryps in - t rea ted  physa laemin  by  high vol tage paper  electro-  
phoresis, and inhibi t ion of the  exci tabi l i ty  of a molluscan giant  neurone (tonically au toac t ive  neurone) by the  t r ipep-  
tide, Lys-Phe-Tyr ,  was demonst ra ted .  

Physa laemin  is a hypotens ive  endecapept ide  isolated by 
Er spamer  et  al. 2, 3 f rom amphib ian  skin. I ts  biphasic ef- 
fect  ( inhibi tory-exci ta tory)  on the exc i tab i l i ty  of a g iant  
n e u r o n e ( t h e  TAN,  tonica l ly  au toac t ive  neurone) 4, 5 in the  
subesophageal  ganglia of the  Afr ican giant  snail (Acha- 
t ina  fulica F6russac) has been repor ted  previous ly  6. Ex-  
c i ta t ion was much  more marked  than  inhibi t ion.  E n z y m e  
t r e a t m e n t  of physalaemin showed t h a t  marked  inhibi t ion 
of t h e  T A N  could be produced by  the  cr 
(CT)-treated physa laeminL In  the  present  s tudy,  each 
f r agment  of this CT-t rea ted  physa laemin  was separa ted  
by  high vOltage paper  electrophoresis.  Of the  separated 
f ragments ,  a t r ipept ide  (Lys-Phe-Tyr)  and an oc topept ide  
including the  t r ipept ide  (Pyr-Ala-Asp-Pro-Asn-Lys-Phe-  
Tyr) (Pyr:  L-pyrog lu tamic  acid) were shown to have  a 
s t rong inhib i tory  effect on the  TAN.  
Physa laemin  (Protein Research Foundat ion ,  Osaka ; 
2.5:• 10-4 kg/1 in 0.1 M a m m o n i u m  aceta te  buffer, p H  8.2) 
was t r ea ted  wi th  CT (Worth ington  Biochemical  Corpora- 
tion, 55 un i t s /mg;  5 •  kg/1;z/z 0 vo lume of physal-  
aemin solution) a t  37~ for 6 h. Af te r  the t rea tment ,  
t rasylol  (Bayer  AG) was added to stop enzyme act ivi ty .  
H igh  vol tage paper  electrophoresis  of CT- t rea ted  physal-  
aemin (Anastasi et al. s) was performed under  the  following 
condi t ions:  paper,  Toyo No. 51A; 50 V/cm;  90 min ;  pH,  
1.9; running buffer, CHaCOOH-HCOOH(98~  
(87 : 25 : 888). The whole paper  was stained wi th  fluoresca- 
mine af ter  electrophoresis,  the  guide strip being stained 
by  n inhydr in  and a pept ide  reagent  9. F ragmen t s  of phy-  
salaemin were recovered f rom each of the  pept ide  bands.  
The  amino a c i d  sequences of  each f ragment  were deter-  
mined  af ter  acid hydrolysis  a t  105 ~ for 16 h. 
A glass micropipe t te  was implan ted  into the  T A N  soma, 
the  intracel lular  b iopotent ia l  recorded by  a pen-wri t ing 
ga lvanometer ,  and the  number  of spike discharges per  
minute  counted wi th  a spike counter .  Substances to be 
examined  were applied in 2 ways:  by  ba th  appl icat ion 

(substances were dissolved in the  snail 's  physiological  so- 
lut ion z~ and applied to the  dissected ganglia) and by  
microdrop applicat ion (a microdrop about  100 ~xm in dia- 
mete r  of the  solution to be examined  was formed at  the  
t ip  of a second micropipet te ,  and the  microdrop placed 
precisely on the  T A N  surface) (diameter  of this neurone 
was about  200 vm). 
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Fig. 1: Peptide bands of chymotrypsin-treated (for 6 h) physalaemin 
separated by high voltage paper eleetrophoresis (schematic drawing). 
Amino acid sequences of each fragment of physalaemin were deter- 
mined to be as follows (Pyr: L-pyroglutamic acid): fragment (F) 1, 
Lys-Phe; F 2, Met-NH2; F 3, Lys-Phe-Tyr; F 4, Pyr-Ala-Asp-Pro- 
Asn-Lys-Phe-Tyr-Gly-Leu; F 5, Gly-Leu-Met-NH2; F 6, Gly-Leu- 
Met-NH2; F 7, Tyr-Gly-Leu; F 8, Tyr-Gly-Leu-Met-NH~; F 9, Pyr- 
Ala-Asp-Pro-Asn-Lys-Phe; F 10, Pyr-Ala-Asp-Pro-Asn-Lys-Phe- 
Tyr; F 11, Pyr-Ala-Asp-Pro-Asn and Gly-Leu-Met; F 12, Pyr-Ala- 
Asp-Pro-Asn and Gly-Leu-Met. 
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Fig. 2. Effects of untreated and chymotrypsin-treated physal- 
aemin and its 2 fragments (F 3, Lys-Phe-Tyr; and F 10, Pyr-Ala- 
Asp-Pro-Asn-Lys-Phe-Tyr) oi1 the TAN (tonically autoactive neu- 
rone) excitability (bath application). Ordinate, the number of 
spike discharges per min. Abscissa, time course, each histogram is 1 
min. We applied untreated and chymotrypsin-treated physalaemin 
(1.6 • 10 --4 M), F 3 (5 • 10 .5 and 5 • 10 -6 M) and F 10 (5 • 10 -'5 and 
5• 6M). 

Af ter  paper  e lect rophoresis  of CT- t rea ted  physa laemin ,  
12 separa ted  pep t ide  bands  could be dis t inguished,  as in 
figure 1. The amino acid sequences  of these  pept ides  were 
de t e rmined  as descr ibed in the  legend. 
As shown in figure 2, the  b a t h  appl ica t ion  of un t r ea t ed  
physa laemin  had  a marked  exc i t a to ry  effect  on the  TAN 
(its s l ight  inh ib i to ry  effect  was masked  by  the  exc i t a to ry  
one in the  b a t h  applicat ion) .  However ,  th i s  subs tance ,  
when  t r e a t ed  by  CT, showed an inh ib i to ry  effect  on the  
same neurone,  in con t r a s t  to  t h a t  of u n t r e a t e d  physa l -  
aemin. Of the  f r agment s  of physa l aemin  separa ted  by  
high vol tage pape r  electrophoresis ,  f r agmen t  (F) 3 (Lys- 
Phe-Tyr)  and  F 10 (Pyr -Ala -Asp-Pro-Asn-Lys -Phe-Tyr )  
showed a marked  inh ib i to ry  effect .  The cri t ical  concen-  
t r a t ion  of b o t h  f r agment s  in the  p roduc t ion  of th is  effect  
was abou t  5 • 10 -6 M. The inh ib i to ry  act ive  sites of the  2 
subs tances  are p resumed,  therefore ,  to  be identical .  
The inh ib i to ry  effect  of the  au then t i c  t r ipep t ide  (Lys- 
Phe-Tyr ,  d o n a t ed  by  Dr A. Inoue  of Daiichi  P h a r m a -  
ceutical  Co.) was conf i rmed on TAN exci tabi l i ty .  A micro- 
drop  of 500 pg of the  au then t i c  t r ipep t ide  caused a marked  
inhib i t ion  of the  TAN b iopoten t ia i  (figure 3). The bio- 
po ten t i a l  r e tu rned  comple te ly  to normal  af ter  washing  
the  ganglia w i th  physiological  solution. 
We  have  previously  ll r epor ted  t h a t  amino acids na tu ra l ly  
occurr ing in the  snail 's  ganglia 12, including Lys,  Phe  and  
Tyr,  had  no effect  on the  TAN, and, in the  p resen t  s tudy,  
also observed  t h a t  f luorescamine- t rea ted  Lys,  Phe  and 
Tyr  had  no effect.  I t  would appear ,  therefore ,  t h a t  the  
effect  was p roduced  by  the  t r ipep t ide  as a whole, r a the r  
t h a n  by  the  respect ive  amino acids. 
The ques t ion  of w h e t h e r  or no t  the  inh ib i to ry  act ive si tes  
of the  above -men t ioned  t r ipep t ide  are ident ical  to those  
of the  sl ight  inh ib i to ry  effect  of un t r ea t ed  physa l aemin  
remains  unanswered  by  the  p re sen t  s tudy.  However ,  the  
poss ibi l i ty  t h a t  some ol igopept ide  hav ing  the  same act ive  
sites as the  t r ipep t ide  (Lys-Phe-Tyr)  migh t  p lay  a physio-  
logical role in the  nervous  sys tem,  pe rhaps  act ing as a 
n e u r o t r a n s m i t t e r  of some neurones  including the  TAN of 
Acha t ina  fulica, seems likely. 
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Fig. 3. Effects of authentic tripeptide (Lys-Phe-Tyr) on the TAN ex- 
citability (mierodrop application). A, the full-spike recording of the 
TAN biopotential. B, the high gain recording of A (spike peaks were 
cut by an electronic voltage clipper). A microdrop (about 100 ~xm in 
diameter) of 2.2 mM authentic Lys-Phe-Tyr (total amount of this 
substance estimated to be about 500 pg) was placed on the TAN sur- 
face (arrow). 25 min after washing with the physiological solution, the 
biopotential returned to normal. Upper vertical bar, calibration for A 
(50 mV), Lower vertical bar, calibration for B (20 mV). Horizontal 
bar, time course (30 see). 
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