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sites within the central nervous system. Such a possibility 
is supported by the recent findings of HAL~ and SYMING- 
TON32 who studied the effects of DA on F S H  release by 
isolated pituitaries in the presence of whole hypothalami, 
when release was increased, while in the presence of 
median eminence tissue release was decreased. 

Tl~ere is considerable evidence that  central e-adreno- 
ceptor stimulation induces the release of I R G H  in higher 
species. In dogs, phentolamine, administered intraventric- 
ularly, abolished the release of I R G H  induced by the NE 
precursor L-dopa (GANONG 9). In conscious cats similar 
results were obtained with phenoxybenzamine but not 
with the dopamine receptor  blocking agent pimozide 
(Ru th  and GALE, unpublished observations). BROWN 
and CHAMBERS s reported tha t  systemic administration 
of clonidine and DL-threodops (the immediate precursor 
of NE) induced an increase of I R G H  in rhesus monkeys. 

TOIVOLA and GALE 6 demonstrated that  microinjection 
of NE into or in the vicinity of the ventromedial  nucleus 
of baboons induced a release of IRGH. 

In humans, I R G H  release following insulin hypo- 
glycemia was at tenuated by phentolamine (BLACKARD 
and HEIDINGSFELDER1). More recently, it was demon- 
strated that  clonidine increased I R G H  in human sub- 
jects (LAY et al.4). 

Our findings provide evidence that  c~-adrenergic 
stimulation is one important  mechanism in the regulation 
of GH secretion in the rat, as already postulated by 
M/JXLER et al. 14. I t  seems, therefore, tha t  the control of 
Gt{ secretion through an e-adrenergic mechanism in this 
species is probably similar to that  found in higher species, 
including primates. 

3~ D. H. HALE and R. ]3. SYMINGTON, S. Aft. rned. J. 46, 787 (1972). 

Chromatographic Conditions in the Expression of Corticosteroid Receptor Specificity 

M. K. AGARWAL 

Ins t i tu t  Na t iona l  de la Santd et de la Recherche Mddicale, Unitd 36, 17, rue du Fer  g Mou l in ,  F - 7 5 0 0 5  Par i s  (France), 
7 October 1975. 

Summary .  I t  is shown that  cytosol preparations bound with various concentrations of a steroid are necessary to 
reveal physicochemically distinct, heterogeneous and polymorphic receptors present in the hormone specific target 
organ, that  these cannot be fully appreciated in one-shot experiments at suboptimal steroids levels, and that  they 
escape detection by equilibrium binding and Scatchard analysis alone. 

The first step in the mechanism of corticosteroid hor- 
mone action is currently believed to consist of the binding 
of the steroid molecule with its appropriate intracellular 
receptor leading, thereafter, to timely, sequential and 
selective genetic modulation a. Contrary to the usual 
association-dissociation studies used to reveal the pres- 
ence of high affinity hormone-specific binding sites in the 
target tissue, in 1970 we pioneered partial purification 
of corticosterone binders in rat liver and demonstrated 
that  the receptor moieties exist subdivided into physico- 
chemically distinct subpopulations which, naturally, 
cannot be revealed by Scatchard analysis alone 2. More 
recently, these same techniques were adapted to revealing 
a mineralocorticoid (aldosterone) specific receptor present 
only in the target tissue kidney, and absent from the 
liver 3. In the present report we describe the saturation 
characteristics and chromatographic beh-aviour of these 

latter in comparison with the glucocorticoid receptors 
that  appear to be identical in most tissues studied. We 
chose to employ DE-52 gels for this purpose since they 
appear to be ideally suited as compared to a number of 
other chromatographic procedures tested ~. 

Mater ia l  and method. Male, Wistar rats (150-200 g) 
were bilaterally adrenalectomized 2-3 days prior to 
sacrifice by exsanguination under light ether anaesthesia. 

I R. G. SMITH, C. A. IRAMAIN, V, C. BULTHAM and B. W. O'MALLEY, 
Nature, Lond. 253, 271 (1975). 
M. K. AGARWAL, R. E. SHEPHERD and] R. S. SNART, Biochem. J. 
118, 5 (1970). 
M. K. AOARWAL, Nature, Lond. 25d, 623 (1975). 

4 R. S. S~ART, R. E. SHEPHERD and M. K. AOARWAL, Hormones 3, 
293 (1972). 
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Fig. 1. Dose dependant separation of aldosterone binding proteins in rat kidney. 
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e lephan t  se rum enzyme we have  s tudied  in more  detai l  7, 
a-amylase,  and the  p resen t  group of enzymes  (Table II).  
This  is no t  unexpec ted  since se rum amylase  is pr imar i ly  
of pancrea t ic  and sa l ivary  origin. 

Analysis  of all t he  enzyme resul ts  showed t h a t  there  
was no var ia t ion  due to the  age or sex of the  animals  nor  
any  due to the  season or location.  The serum amino-  
t ransferase  levels have  been  repor ted  to al ter  due to a 
va r i e ty  of env i ronmen ta l  and  o ther  factors  in some 
breeds  of hea l t hy  ca t t le  ~-~'~ b u t  n o t  in others~K These 
include age, weight ,  sex, s tage of lacta t ion,  season and 
env i ronmen ta l  t empera tu re .  However ,  in our p resen t  
results  we found no evidence of such factors  hav ing  an 
effect  in the  Africa~i e lephant ,  a l though  4 individual  
animals  did have  one or more  of the  enzyme levels well 
outs ide  the  95% probabi l i ty  l imits.  All l iver func~cion 
tes ts  (including ALT levels) in these  animals  were normal  
and none of t h e m  had  any  o the r  chemical  evidence of 
disease. In  the  absence of fu r ther  informat ion ,  therefore ,  
the  causes of these high levels m u s t  remain  unknownl i .  

7 R. L. SKINNER, 1. R. F. BROWN and P. T. WHITE, CollIp. Biochem. 
Physiol., in press (1976). 
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Labile Protein-Methyl  Ester: Comparison Between Chemically and Enzymatical ly  Synthesized ~ 

S. KIM and  W. K. PAIK 

The Fels Research Institute and Department o/Biochemistry, Temple University School o/ Y[edicine, Philadelphia (Pem,- 
sylvania 191d0, USA), I December 1975. 

Summary. The ra te  of hydrolys is  of p ro t e in -me thy l  ester, the  enzymat i c  p roduc t  of S -adenosy lmeth ion ine :  pro te in-  
carboxyl  me thy l t r ans fe ra se  (EC.2.1.1.24) act ing on oxidized r ibonnclease,  was measured  at  p H  7.1 and 8.6 a t  37~ 
The half-life of the  hydrolys is  of t he  ester is 25 min at  p H  7.1, and 4 min at  8.6. The ra te  of hydrolys is  of the  enzy-  
mat ical Iy  formed esters  a t  p H  7.0, in 0.1 M phospha t e  buffer, was a b o u t  25 t imes  faster  t han  t h a t  of esters formed 
chemicalIy by  reac t ion  wi th  m e t h a n o l  in HC1. The labil i ty of the  enzymat ica l ly  synthes ized  p ro te in -methyI  es ter  
suggests  t h a t  the  es ter i f icat ion is specific to sites such t h a t  ionizat ion of ne ighbor ing  amino acid side chains  enhances  
the  ra te  of the  hydrolys is .  

Among  the  various m e t h y l a t e d  amino acid residues in 
pro te ins  (polypeptides)  formed pos t - t r ans la t iona l ly  by  
enzymat i c  m e thy l a t i on l ,  the  one t h a t  is fo rmed by  the  
m e t h y l a t i o n  of ca rboxyl  group is unique  in t h a t  the  
p roduc t  is labile in aqueous alkaline pHK I t  has  been 
indica ted  t h a t  the  m e t h y l  group is l inked as an ester  bond  
a t  the  free carboxyl  groups  of proteinS, ~ To suppor t  the  
con ten t ion  fur ther ,  it  has  been repor ted  t h a t  the  methy l -  
accept ing  capac i ty  of subs t r a t e  pro te in  is lost  af ter  the  
blockage of free carboxyl  groups by  chemical  modifi-  
ca t ion  '5. P ro te in  me thy iase  I I  (S-adenosy lmeth ion ine :  
pro te in  mefhylase  I I  (S-adenosy lmeth ion ine :  prote in-  
carboxyl  me thy l t r ans fe rase ,  EC.2.1.1.24) t h a t  me thy la t e s  
(esterifies) free carboxyl  groups of pro te in  subs t ra te  has 
been puri f ied f rom various m a m m a l i a n  tissues6, L The 
p resen t  communica t ion  repor t s  the  compara t ive  ra te  of 
hydrolys is  of enzymat ica l ly  and chemical ly  fo rmed  
p r o t e i n - m e t h y l  ester.  

Materials and methods. S-Adenosyl-L-(methyl-14C ) me- 
thionine,  60 mCi/mmole  was ob ta ined  from New Eng land  
Nuclear  Corporat ion,  Boston,  Mass., and ~iC-methanol,  
58 mCi/mmoIe f rom Amersham/Sea r l e  Corporat ion,  Ar- 
l ington Heights ,  Illinois. y-Aspar t ic  and  d-glutamic acid 
me thy l  es ters  were ob ta ined  f rom Schwar tz /Mann .  Bovine 
pancrea t ic  r ibonuclease A (5 • crystall ized) was ob ta ined  
f rom Sigma, and o ther  reagents  were f rom local sources 
and of the  bes t  commerc ia l  grade available.  P ro te in  
me thy lase  I I  was purif ied f rom calf t h y m u s  6 and the  
p repa ra t ion  t rans fe r red  6440 picomoles  of me thy l  groups/  
min /mg  pro te in  using dena tu red  calf t h y m u s  cytosol  
pro te in  (F-P-100, ref. ~) as subs t ra ted .  

Enzymatic methylation (esteri/ieation) o~ oxidized ri- 
bonuclease. The general  condi t ions  for the  m e t h y l a t i o n  
were essent ia l iy  the  same as those repor ted  previous lyK 
The incuba t ion  mix tu re  conta ined  20 mg oxidized pan-  
creat ic  r ibonuclease,  0.3 ml of c i t r a t e -phospha te  buffer,  
p H  6.0, 0.3 ml (30 ~ g) of pro te in  me thy lase  I I  arid 
47.8 V moles of S-adenosyl-L-(methyl-14C) me th ion ine  in 
a f inal  volume of 0.6 ml. The mix tu re  was incuba ted  a t  
37~ for 1 h, a t  which  t ime 23.9 ~ moles of S-adenosyl-  
me th ion ine  and 0.1 ml  of pro te in  me thy lase  I I  was added  
again, and  the  incubat ion  was con t inued  for an addi t iona l  
period of 2 h. The reac t ion  was t e r m i n a t e d  by  the  ad- 
di t ion of 10 ml of cold ethanol-1 N HCI (39:1, v/v) and 
the  resul t ing  pro te in  prec ip i ta te  was r emoved  by  cen- 
t r i fugat ion.  The prec ip i ta te  was washed  5 t imes  wi th  the  

1 Acknowledgments. This work was supported by Research Grailts 
AM 09603 from the National Institute of Arthritis and Metabolic 
Diseases, CA 10439 and CA 12226 from the National Cancer 
Institute, 1-P01-HD-05874 from the National Institute of Child 
Health and Humau Development, National Institutes of HeaIth, 
GM 20594-03 from National Institute of General Medics1 Sciences, 
USA. 
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phic subpopulat ions  if appropr ia te  assay procedures are 
employed  3, 4. The  single most  i m p o r t a n t  cont r ibut ion  of 
these findings is the  observat ion  t h a t  c h r o m a t o g r a p h y  
mus t  be per formed wi th  var ious  concent ra t ions  of the  
s teroid vs the  receptor  to avoid  nega t ive  or  even erro- 
neous conclusions such as have  a l ready appeared in o ther  
reports  6. I t  is to be hoped  t h a t  these considerat ions m a y  
lead to be t t e r  unders tanding  of the  mechan ism regula t ing 

s tero id- target  organ specificity. The most  f rus t ra t ing  
aspect, however,  remains the  technical  l imi ta t ions  t h a t  
have  h i ther to  p reven ted  unequivoca l  demons t ra t ion  of a 
direct  re lat ionship be tween receptor  a c t i v i t y  and physio-  
logical act ion of the  hormone  in question. 

S M. BEATO and P. FEIGELSON, J. biol. Chem. 247, 7890 (1972). 

P R O  E X P E R I M E N T I S  

A Preparation for the Study of Muscle Metabolism During Rest and Activity 

G. J. PARTINGTON1 and J. K. WAL~s 

University o/ Leeds, Department o/ Medicine, Leeds General [n/irmary, Leeds LS1 3 E X  (England), 23 October 7975. 

Summary. A method  for the  inves t iga t ion  of metabo l i sm in the  isolated ra t  extensor  d ig i to rum longus muscle has been 
described. This muscle was shown to be sui table for invest igat ions  of skeletal  muscle metabol i sm during rest  and 
act ivi ty .  

In  m a m m a l s  skeletal  muscle makes  up about  40% of 
the body  weight.  Ye t  inves t igat ions  into the  biochemical  
propert ies  of the  muscle a t  rest  and dur ing exercise are 
compara t ive ly  rare. I t  has of ten been considered t h a t  
whole muscles incuba ted  in physiological  solutions are 
no t  sufficiently th in  to rely on diffusion of substra tes  and 
oxygen  from the  medicine. I t  is also diff icult  to ca theter ize  
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the  vessels of small  l abora to ry  animals  if perfusion is 
considered as an a l ternat ive.  The  ra t  d iaphragm,  which is 
widely  used for insulin assay 2, is clearly no t  representa t ive  
of the  bulk of skeletal  muscle a. 

The  present  s tudy  was under taken  to explore  the  
sui tabi l i ty  of the  isolated ra t  ex tensor  d ig i to rum longus 
(EDL) muscle for studies of muscle metabol i sm during 
rest  and ac t iv i ty .  This  muscle has m a n y  features which 
make  i t  par t icular ly  suitable for in v i t ro  exper imenta t ion  : 
i t  is th in  and cyl indrical  therefore al lowing easy diffusion, 
the  fibres are longi tudinal ly  ar ranged and there  are long 
well-defined tendons a t  each end which can be l igatured 
wi thou t  interfer ing wi th  any  of the  muscle tissue, and as 
each animal  yields 2 muscles a paired control  technique  
can be used. 

Materials and methods. Male Wis ta r  rats  weighing 
240-260 g were kil led by  cervical  fracture,  and wi th  mini-  
mal  handl ing  the  E D L  muscle was quick ly  r emoved  and 
weighed. A small  co t ton  loop was fixed to the  distal  
t endon and a 10 cm length of fishing line (breaking s t rength  
0.5 kg) fixed to the  proximal  tendon.  Use of fishing line 
avoided the  shrinkage found when co t ton  was placed in 
the  perfusate.  Tile muscle was t ransferred to the  incuba-  
t ion chamber  (Figure) conta ining 4 ml  Krebs b icarbonate  
buffer  4. A one-gram load was a t t ached  on the  recording 
a rm as a counterbalance  and the  rest ing muscle was 
adjus ted  so t h a t  i t  was s l ight ly  s t re tched by  the  load. 
In  order  to s tudy  muscle metabo l i sm during rest, ac t iv i ty  
and pos t -ac t iv i ty  periods the  fo l lowing incubat ion  pro- 
cedure was employed :  15 min pre incubat ion,  30 min  rest, 
30 min  s t imula t ion  and 30 min  post-s t imulat ion.  Af te r  
each period the  med ium was wi thd rawn  and fresh 
med ium added, tn  exper iments  involv ing  measuremen t  
of in t ramuscu la r  metabol i tes ,  2 muscles were incuba ted  
in separate  chambers  and the  metabol i te  concentra t ions  
could be de te rmined  in one muscle a t  the  beginning of 
the  period, and in the  o ther  a t  the  end of the  period. 

1 Recipient  of a Medical  Research Council  Scholarship for t ra in ing  
in research methods .  
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