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sul3stance for  d e m o n s t r a t i o n  of t h e  e n z y m a t i c  f o r m a t i o n  
of t h e  su l fa te  de r i va t i ve .  

Materials and methods. 4 - M e t h y l u m b e l l i f e r o n e  su l fa te  
(MUS) was  syn the s i zed  b y  t h e  m e t h o d  of SHERMAN a n d  
STANFIELD 2, or  b o u g h t  (Koch-L igh t ) .  No  d i f fe rence  
b e t w e e n  t h e  two  p r o d u c t s  was  obse rved .  

F r o m  A T P  a n d  su l fa te - ions  in  t h e  p resence  of Mg 2+, 
t h e  e n z y m a t i c  f o r m a t i o n  of ac t ive  sulfa te ,  3"-phospho-  
a d e n o s i n e  5" -phosphosu l fa te  ( P A P S )  is poss ible .  Such  a 
P A P S - g e n e r a t i n g  s y s t e m  was  p r e p a r e d  in  t h e  Iyophi t ized  
f o r m  f rom sheep  b r a i n  3. F o r  t h e  a c t i v a t i o n  a n d  for  t h e  
t r a n s f e r  of su l fa te  f rom P A P S  to  t h e  accep t ing  pheno l ,  
we used  a lyoph i l i zed  p r e p a r a t i o n  f rom r a t  l ive r  4. T h i s  
p r e p a r a t i o n  con ta ins ,  however ,  b o t h  t h e  su l fa te  a c t i v a t i n g  
a n d  t r a n s f e r r i n g  enzymes .  T h e  f o r m e r  can  b e  i n h i b i t e d  
b y  t h e  a d d i t i o n  of E D T A  to  t h e  i n c u b a t i o n  m i x t u r e .  
I n  t h i s  way  i t  is poss ib le  to  use  t h i s  p r e p a r a t i o n  for b o t h  
reac t ions .  

Our  i n c u s a t i o n  c i r c u m s t a n c e s  do n o t  differ  e s sen t i a l ly  
f rom those  used  b y  o the r s  for  t h e  su l f a t i on  of o t h e r  
c o m p o u n d s  e . g )  -6 a n d  t h e  cond i t i ons  are  o p t i m a l  for  
t h e  s y s t e m  desc r ibed  here.  T h e  su l fa te  a c t i v a t i n g  e n z y m e  
s y s t e m  in our  e x p e r i m e n t s  c o n t a i n e d  21 m g  e n z y m e  
p r e p a r a t i o n ,  e i t h e r  f rom sheep  b r a i n  or  f rom r a t  l iver,  
in  4.5 m l  tris-HCl buf fe r  0.4M, p H  7.4, c o n t a i n i n g  2.2 m M  
MgC12, 11 m M  K2SO , a n d  3.3 m M  ATP.  Af t e r  i n c u b a t i o n  
for  1 h a t  37°C t h e  r a c t i o n  was s t o p p e d  b y  h e a t i n g  for  
60 sec in  bo i l ing  water .  Af t e r  cool ing  a n d  c e n t r i f u g a t i o n  
1.5 m l  of  t h e  c lea r  s u p e r n a t a n t  was  a d d e d  t o  1 m l  of a 
so lu t ion  of M U  a n d  E D T A  in tris-HC1 buf fe r  0.4M, 
p H  7.4, c o n t a i n i n g  14 m g  r a t  l ive r  p r e p a r a t i o n .  

T h e  f i na l  c o n c e n t r a t i o n  of M U  b e i n g  0.4 m M  a n d  of 
E D T A  50 r aM.  T h i s  m i x t u r e  was  i n c u b a t e d  a t  37 °C for  
45 min .  T h e  r eac t ion  was  s t o p p e d  b y  h e a t i n g  in  a bo i l ing  
w a t e r - b a t h  for  1 rain.  T h e  s u p e r n a t a n t  was  co l lec ted  
a f t e r  cen t r i fuga t ion .  Th i s  f lu id  was  i n v e s t i g a t e d  for  t h e  
p resence  of M U S .  

Results. T h i n - l a y e r  c h r o m a t o g r a p h y  o n  si l icagel  (Merck, 
D a r m s t a d t ,  1.5 m m  th ickness )  revea led  u n d e r  U V - l i g h t  
one  spot ,  MU. To d e t e c t  M U S  on  t h e  c h r o m a t o g r a m  t h e  
t h i n - l a y e r  p l a t e s  were  s u s p e n d e d  in  fumes  of HC1 in  a 
closed vessel  for  a p p r o x i m a t e l y  10 min .  T he  c h r o m a t o -  
g r a m s  were t h e n  exposed  to  a c u r r e n t  of a i r  for  a s h o r t  
per iod,  t h e r e a f t e r  t h e y  were e x a m i n e d  u n d e r  U V - l i g h t  

TLC of authentic and enzymatieaUy formed MUS and of MU 

Developing fluid Rf value 
MUS MUS MU 
Formed Added 

Butanol-ethanol-ethylmethylketon- 0.6 0.6 
water (3:3:3:1) 7 
Butanol-ethanol-ethylmethylketon 0.3 0.3 
water (4:2:3:1) 
But anol-et hanol-ethylmethylketon 0.4 0.4 
(4:2: 3) saturated with water 
Butanol-ethanol-water (3:3:1) 0.8 0.8 
Butanol-acetic acid-water (10: 2 : 5) 0,6 0.7 

again .  I n  t h i s  w a y  M U S  was h y d r o l y z e d  a n d  could  be 
de t ec t ed  as MU. 

I n  t h e  T a b l e  t h e  R f  va lues  of a u t h e n t i c  a n d  e n z y m a t i -  
ca l ly  fo rmed  M U S  are  p re sen ted ,  a f t e r  t h i n - l a y e r  chro-  
m a t o g r a p h y  in  some d e v e l o p i n g  fluids.  As  c a n  be  seen  
f rom t h i s  Tab le ,  t h e  R f  va lues  of a u t h e n t i c  a n d  e n z y m a t i -  
ca l ly  fo rmed  M U S  are  in  exce l l en t  a g r e e m e n t .  

Af t e r  e l ec t rophores i s  on  cel lulose a c e t a t e  (Gehnan ,  
S e p r a p h o r e  I I I )  a t  p H  8.6 (vcrona l  b u f f e r  0.05iV/) a t  
350 V for  10 min ,  MU was  le f t  a t  t h e  a p p l i c a t i o n  l ine,  
M U S  b e i n g  d i sp laced  some  c e n t i m e t e r s  to  t h e  anode .  
H y d r o l y s i s  b y  HC1 fumes  r evea l ed  M U S  as MU, b e i n g  
v is ib le  u n d e r  UV- l igh t .  T h e  p r o d u c t  f o r m e d  b y  i n c u b a t i o n  
a p p e a r e d  a t  t h e  s a m e  place  as a u t h e n t i c  MUS.  

H y d r o l y s i s  of t he  fo rmed  p r o d u c t  w i t h  a h i g h l y  specif ic  
a ry l su l f a t a se  (Sigma,  t y p e  I I I )  r evea led  a g a i n  MU,  as 
d e m o n s t r a t e d  b y  c h r o m a t o g r a p h y  a n d  e lec t rophores is .  
N e x t  to  al l  this ,  t h e  fo rmed  M U S  a n d  t h e  hydro lys i s  
p r o d u c t s  e x h i b i t  t h e  same  e x c i t a t i o n  a n d  emiss ion  spec t r a  
on  a n  A m i n c o - B o w m a n  s p e c t r o f l u o r o m e t e r  as do t h e  

• a u t h e n t i c  c o m p o u n d s .  
Discussion. F r o m  al l  t hese  e x p e r i m e n t s  we cons ider  

t h e  e n z y m a t i c  f o r m a t i o n  of M U S p r o v e d ,  I n  o t h e r  exper i -  
m e n t s  we i n v e s t i g a t e d  t h e  e s sen t i a l i t y  of t h e  cofac tors  
m e n t i o n e d  above .  ATP ,  SO4 ~- a n d  Mg 2+ were found  to  
be  necessa ry  for  t h e  a c t i v i t y  of t h e  sys tem,  as were,  
of course,  t h e  e n z y m e  p r e p a r a t i o n s .  W e  r e a c h e d  t h e  
conclus ion ,  ba sed  on  t h e  a b o v e - m e n t i o n e d  resul t s ,  t h a t  
t h e  d e v e l o p m e n t  of a v e r y  sens i t i ve  a s say  of su l fo t r ans -  
fe rase  (E.C. 2.8.2) shou ld  b e  possible .  T h e  on ly  ques t i on  
t o  b e  so lved  r e m a i n s  t h e  q u a n t i t a t i o n  of t h e  a m o u n t  of 
M U S  formed .  P r e l i m i n a r y  e x p e r i m e n t s  in  ou r  l a b o r a t o r y  
p romi se  exce l l en t  r e su l t s  f rom t h e  use  of  a D o w e x  H +  
c a t i o n  e x c h a n g e r  r e t a i n i n g  MU, a l l  of t h e  M U S  pass ing  
t h e  co lumn .  A f t e r  ac id  h y d r o l y s i s  t h e  fo rmed  M U S  c a n  
be  v e r y  sens i t ive ly  m e a s u r e d  as  M U  8. 

Zusammenfassung. Die A k t i v i t i t t  von  Sul fo-Transfe-  
r a sen  wi rd  m i t  Hilfe  de r  4 - M e t h y l u m b e l l i f e r o n - M e t h o d e  
nachgewiesen .  
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A Method for Determining the Maximal  St imulus  Strength for Massive St imulat ion of Skeletal Muscle 

Massive  s t i m u l a t i o n  w i t h  s q u a r e  pulses  is n o w  wide ly  
used in e x p e r i m e n t s  where  t h e  s i m u l t a n e o u s  e x c i t a t i o n  
of al l  p a r t s  of a muscle ,  or  a musc le  f iber  p r e p a r a t i o n ,  
is des i red 1-4. The  p r e p a r a t i o n  is usua l ly  p laced  long i tud i -  
na l l y  b e t w e e n  2 para l l e l  p l a t i n u m  or s i lver-s i lver  ch lor ide  

p l a t e  e lec t rodes  s u r r o u n d e d  b y  a phys io log ica l  sa l t  solu- 
t ion .  E x c i t a t i o n  is ef fected b y  pass ing  br ie f  e lectr ic  
pulses  t h r o u g h  t he  so lu t ion .  

The  su i t ab i l i t y  of a s t i m u l a t o r  for  m a x i m a l  mass ive  
s t i m u l a t i o n  is usua l ly  t e s t e d  b y  d e t e r m i n i n g  if t h e  
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Fig. 1. Strength-response curves of frog sartorious 
muscle at different stimulus durations: a) 0.18 msec; 
b) 0.22 msec; c) 0.27 msec; d) 0.42 msec, 

i n s t r u m e n t  is c apab l e  of de l ive r ing  a m i n i m a l  s t imu lus  
wh ich  resu l t s  in  a m a x i m a l  response  f rom t h e  p r e p a r a t i o n  
u n d e r  i nves t iga t ion .  Th i s  t e s t  requi res  t h a t  t h e  s t i m u l a t o r  
be capab l e  of de l ive r ing  a s u p r a m a x i m a l  s t imulus .  T h e r e  
is, however ,  no  t e c h n i q u e  for  d e t e r m i n i n g  t h e  power  a n d  
c u r r e n t  c a p a b i l i t y  w h i c h  a s t i m u l a t o r  m u s t  h a v e  in 
o rder  to  s t i m u l a t e  m a x i m a l l y  u n d e r  t h e  ex i s t ing  exper i -  
m e n t a l  cond i t i ons  if t h e  ava i l ab l e  i n s t r u m e n t  is inade-  
qua te .  T h e  e x p e r i m e n t s  desc r ibed  in t h i s  r e p o r t  were  
p e r f o r m e d  w i t h  a v iew to  so lv ing  t h i s  p rob l em.  

Sa r to r ious  musc les  of Rana pipiens were  used in  al l  
t h e  e x p e r i m e n t s .  The  p r e p a r a t i o n s  were  s u s p e n d e d  be-  
t w e e n  2 p l a t i n u m  p l a t e  e lec t rodes  i m m e r s e d  in f rog 
R i n g e r  so lu t ion  k e p t  a t  6 °C. T h e  musc le  b a t h  used  was  
essen t ia l ly  t h e  s ame  as t h a t  desc r ibed  b y  McCRoREY, 
GAL~ a n d  ALPERT 5. T h e  e lec t ron ic  swi t ch  desc r ibed  
p rev ious ly  6 was  used  for  s t i m u l a t i o n .  

E a c h  e x p e r i m e n t  was  p e r f o r m e d  a t  t h e  l e n g t h  of 
m a x i m u m  c o n t r a c t i l i t y  of t h e  p r e p a r a t i o n ,  d e t e r m i n e d  
e x p e r i m e n t a l l y .  The  p r e p a r a t i o n  was s t i m u l a t e d  once  
e v e r y  5 min  t h r o u g h o u t  t h e  d u r a t i o n  of t h e  e x p e r i m e n t ,  
w h e t h e r  or  n o t  a n y  records  were b e i n g  t a k e n .  T h e  force 
deve loped ,  if any,  was  r ecorded  on  a T e k t r o n i x  s to rage  
c a t h o d e  r a y  oscilloscope, mode l  564, f rom w h i c h  t h e  
t w i t c h  forces were  r ead  a n d  p h o t o g r a p h i c  records  made .  

The  e x p e r i m e n t a l  d a t a  were  col lec ted  as fol lows:  A 
s t imu lus  d u r a t i o n  was  se lected b y  s e t t i ng  t h e  d u r a t i o n  
d ia l  of t h e  Grass  s t i m u l a t o r .  (However ,  due  to  t h e  
i n a c c u r a c y  of t h e  con t ro l s  of t h e  Grass  $8 s t i m u l a t o r ,  
t h e  a c t u a l  s t i m u l u s  d u r a t i o n  was  r e a d  on  t h e  c a t h o d e  
r a y  oscil loscope.)  The  s t imu lus  c u r r e n t  was  t h e n  inc reased  
in  s teps  u n t i l  a de f in i t e  p l a t e a u  was reached .  A t w i t c h  
a n d  a t e t a n u s  were  t h e n  recorded  us ing  a s u p r a m a x i m a l  
c u r r e n t  of 1 . 4 a m p  app l i ed  for 0 . 2 r e s e t .  T h e  t e t a n i c  
force was  o b t a i n e d  w i t h  a s t i m u l u s  f r e q u e n c y  of 40 Hz  
app l i ed  for 400 msec.  

F igu re  1 shows t y p i c a l  s t imu lus  r e sponse  cu rves  ob- 
t a i n e d  for  1 p r e p a r a t i o n  a t  d i f f e ren t  s t imu lus  du ra t ions .  
Ana lys i s  of t h e  d a t a  o b t a i n e d  f rom 4 d i f fe ren t  p r e p a r a -  
t ions  showed  t h a t ,  a t  a n y  s t imu lus  du ra t i on ,  t h e  t w i t c h  
force r ises h y p e r b o l i c a l l y  as a f u n c t i o n  of t he  c u r r e n t  
f lowing t h r o u g h  t h e  musc le  b a t h .  Th i s  r e l a t i ons h i p  was  
b e s t  descr ibed  b y  t h e  e q u a t i o n  P = P o -  K/I ,  where  
Po is a c o n s t a n t  w h i c h  is equa l  to  t h e  t e t a n i c  force 
o b t a i n e d  w i t h  a s u p r a m a x i m a l  s t imulus ,  P is t h e  t w i t c h  
force o b t a i n e d  w i t h  a s u b m a x i m a l  s t imulus ,  I is t he  

c u r r e n t  in  a m p e r e s  f lowing t h r o u g h  t h e  musc le  b a t h  a n d  
K is a c o n s t a n t .  T h e  slope of t he  regress ion  of P on  1/I 
was found  to  b e  h igh ly  s ign i f ican t  a t  al l  s t imu lus  du ra -  
t ions .  P lo t s  of such  regress ion l ines o b t a i n e d  for  I p r e p a r a -  
t i o n  are  s h o w n  in F igu re  2. The  va lues  of Po o b t a i n e d  
b y  ex t r apo l a t i on ,  as shown in F i g u r e  2, were  found  to  
be  iden t i ca l  w i t h  t h e  co r r e spond ing  r eco rded  va lues  of 
t e t a n i c  forces. T h e  m e a n  r a t i o  of p r e d i c t i o n  to  obse rva -  
t i o n ' w a s  1 + 0.01 SE(14).  

S ince  t h e  regress ion l ine of P on  1/I a t  a n y  s t imu lus  
d u r a t i o n  can  be  ob t a ined  w i t h o u t  k n o w i n g  t h e  m a g n i t u d e  
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Fig. 2. Regression lines of the submaximal twitch force on the 
reciprocal of the current flowing through the muscle bath for the 
same preparation discussed in Figure 1. The coefficients of deter- 
mination (r a) were 0.91, 0.92, 0.97 and 0.93 for a, b, c, and d respecti- 
vely. Extrapolations of the regression lines are shown as dashed lines. 
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of the maximal twitch force, and the maximal tetanic 
force can be obtained from the regression analysis, the 
value of the maximal stimulus strength can be determined 
even if the available stimulator is inadequate for massive 
stimulation, provided that  the maximal twitch to tetanus 
ratio can be estimated by direct stimulation or from the 
literature. The magnitude of the minimal current giving 
the maximal  response - usually called the maximal 
stimulus - is calculated from the value of 1/I  which 
corresponds to the maximal tw,itch force. The maximal  
stimulii obtained by this method were found to be in 
good agreement with those obtained experimentallyL 

Zusammen/assung. Eine Methode zur Bestimmung des 
zur maximalen, anhaltenden Reizung yon Froschmuskeln 
ben6tigten Reizstroms wird beschrieben. 

O. OKONG'O 

Department of Medical Physiology, Nairobi University, 
Nairobi (Kenya), lO September 1970. 
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CONGRE S SU S 

Hungary 
Second International Congress  of Psycho-  
Neuroendocrinology 
in Budapest, 1-3 July 7977 

The program will consider the following topics: De- 
velopmental neuroendocrinology; Biosynthesis and re- 
lease of pi tui tary trop-hormones; Drug actions on neuro- 
endocrine and  brain mechanisms; Hormonal effects and 
brain mechanisms; Developments in clinical neuroendo- 
crinology. 

Each session will be followed by a free discussion of 
6 rain duration and presentation of new unpublighed 
data by registered participants. 

A registration fee of U.S.$20.-  or of 20 rubels (for 
participants from socialist countries) will be requested 
from participants till March 31, 1971, at the following 
address: Hungarian National Bank, in favour of the 
IBUSZ account No. RCS 505019. 

Further information from: Secretariat of the Congress 
of the Internat ional  Society of Psycho-Neuroendocrin 
ology, Motesz, Aprod-ut. 1-3, Budapest (Hungary). 

Switzerland 
Third International Congress for Stereology 
in Berne 26-31 August 1971 

Under the auspices of the Internat ional  Society for 
Stereology the meeting shall comprise interdisciplinary 
sessions on basic stereological methods, their mathematical  
foundations and their application to various disciplines. 
Analysis of shape, topological properties, size distribution 
and number  of particles on microscopic sections shall 
receive special attention. Further  topics include sampling 
problems and instrumentation,  .particularly automatic 
image analysis and data processing. Information and pro- 
visional program by:  Third Internat ional  Congress for 
Stereology, Anatomisches Ins t i tu t  der Universit~t, Biihl- 
strasse 26, CH-3000 Bern (Switzerland). 

CONSTRUCTIONES 

European Training Awards in Brain and Behaviour Research 

In  cooperation with the Organization for Economic 
Cooperation and Development, a group of European 
Scientists have initiated an experimental schema under 
which younger scientists working on Brain and Behaviour 
can apply for awards to enable them to acquire training 
in a specialized area. The money to finance this t raining 
program has been provided by the Max-Planck-Gescll- 
schaft. Successful applicants will receive travel and 
living expcnses to enable them to s tudy . in selected 
laboratories. The normal duration of an award will be 
three months, bu t  some longer term awards can be made. 

Eligibility. 'To be eligible for an award, a candidate 
must already by undertaking research in the field of 
Brain or Behaviour in a laboratory situated in a member 
country of O.E.C.D. Applicants must  produce evidence 
that  their own research will benefit by the training for 
which they apply. In  making the awards, preference will 
be given to candidates applying for a type of training 
that  will assist thcm to follow an interdisciplinary 

approach in their own research. Candidates are expected 
to return to their original laboratory at the expiry of 
their training. 

Nature o/ training courses. Some of the training pro- 
grams incorporate formal course work, others involve 
the leaxning of techniques whilst undertaking closely 
supervised research on a particular problem. Training 
programs exist in the following subjects: Animal be- 
haviour, brain bit)chemistry, brain modelling, ethology, 
experimental psychology, histochemistry, morphology, 
neuroanatony,  neuropharmacology, neurophysiology etc. 

Method o/ application. Further  details of the scheme 
(including a list of laboratories participating in the 
training programs) and application forms can be ob- 
tained from : 

The Executive O]]ice, Foundation FUNGO, 
Laan van Meerdetvoort 53I), Den Haag (The Netherlands). 


