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The prote in  composi t ion  of s t r u c t u r e s  of  the r a t  b ra in  (premotor  co r t ex ,  a r ea  CA3 of the h ippo-  
c ampus ,  caudate  nucleus ,  f ronta l  a r e a  of the ce rebe l lum)  was compa red  by m a c r o -  and m i c r o -  
disc e l ec t rophores i s .  The pro te in  zones were  identified by the i r  r e la t ive  e l ec t rophore t i c  m o -  
bi l i ty ,  r e l a t ive  to the mobi l i ty  of  a " m a r k e r "  pro te in  (soy t ryps in  inhibitor).  Both methods  r e -  
vealed no s ignif icant  d i f fe rence  in the composi t ion  of the b ra in  s t r u c t u r e s  studied.  Compar i son  
of  the r e su l t s  of  e lec t rophore t i c  f ract ionat ion of bra in  p ro te ins  indicates  that  the m i c r o m e t h o d  
has  g r e a t e r  reso lv ing  power .  
KEY WORDS.- bra in  p ro te ins ;  m i c r o d i s c  e l ec t ropho re s i s .  

Data on the pro te in  composi t ion  of d i f ferent  s t r u c t u r e s  of  the m a m m a l i a n  b ra in  a r e  few in number  and 
con t rad ic to ry  in na ture .  Marked he te rogene i ty  of  the prote in  composi t ion of the m o t o r ,  s e n s o r y ,  and occipi ta l  
zones of the c e r e b r a l  co r t ex  has been desc r ibed  in monkeys  [10]. He te rogene i ty  in the composi t ion  of soluble 
and solubi l ized pro te ins  has  been found in s t r u c t u r e s  of  the audi tory t r a c t  in guinea pigs [6]. Quanti tat ive d i f -  
f e rences  have been found during the study of  pro te ins  of the bra in  s t em,  geniculate  body, c e r e b e l l u m ,  and c e r e -  
b ra l  cor tex  of m i c e ,  and it  is only in the composi t ion  of the o l fac to ry  bulbs that  a p ro te in  not found in o ther  
s t r u c t u r e s  has been identified [9]. Only quant i ta t ive d i f f e rences  have been found in the pro te in  composi t ion  
of the t ha l amus ,  basa l  gangl ia ,  b ra in  s t e m ,  c e r e b e l l u m ,  and c e r e b r a l  co r t ex  of monkeys  and man  [5] o No d i f -  
f e rences  have been found in the p ro te in  composi t ion  of the g r a y  m a t t e r  of the f ronta l ,  p a r i e t a l ,  and t emp o ra l  
lobes  of the human c e r e b r a l  h e m i s p h e r e s  [1] o r  in the pro te in  composi t ion  of the h ippocampus  and the visual  
and audi tory  a r e a s  of  the cor tex  of the ra t  b ra in  [11]. 

The e lec t rophore t ic  inves t igat ions  l i s ted above thus failed to answer  the quest ion whether  b ra in  s t r u c -  
t u re s  a r e  he te rogeneous  in the i r  pro te in  composi t ion .  No informat ion  was given in the pape r s  ci ted of  the r e -  
solving power  and sens i t iv i ty  of the methods  of e l e c t ropho re s i s  used; it can t he re fo re  be sugges ted  that  the 
con t rad ic to ry  c h a r a c t e r  of  the r e s u l t s  depended on the unidentical  methods  and conditions of f rac t ionat ion and 
methods  of the i r  quant i ta t ive detect ion.  

This  pape r  d e s c r i b e s  a c o m p a r a t i v e  study of the prote in  composi t ion of bra in  s t r u c t u r e s  by the method 
of disc e l ec t ropho re s i s  on the m i c r o  and m a c r o  sca le .  

E X P E R I M E N T A L  METHOD 

Exper iments  were  c a r r i e d  out on noninbred m a l e  albino r a t s  weighing 250-300 g. Weighed s a m p l e s  of  
t i s sue  (1-3 mg) were  quickly taken in t h e c o l d f r o m  the p r e m o t o r  co r t ex ,  a r e a  CA3 of the h ippocampus ,  the cau -  
date nucleus ,  and the r ight  and lef t  f ronta l  a r e a s  of  the ce rebe l lum.  A homogenate  of  four o r  f ive weighed m i -  
c r o s a m p l e s  was p r e p a r e d  as  desc r ibed  in [7], using g l a s s  tubes with a bo re  of  4 m m  as  the homogen ize r ,  by 
the addition of 5 p l / m g  of buffer  A (0.5% Tri ton X-100, 0.25 M s u c r o s e ,  0.06 M Tr i s -HC1,  pH 7.4, 0.002 M 
EDTA, 0.00015 M soy t ryps in  inhibitor) .  Centr ifugation was c a r r i e d  out for  1.5 h at  10,000g and 4~ The p r o -  
tein concentra t ion in the superna tan t  was de te rmined  as de sc r ibed  in [8]. Macrod isc  e l e c t r o p h o r e s i s  was p e r -  
fo rmed  in 7go po lyac ry lamide  gel [3], using g lass  tubes 10 cm long and with a bore  of  0.6 cm.  Instead of a con -  
cent ra t ing  gel ,  concentra t ing buffer  B (25% s u c r o s e  in 0.06 bi Tr i s -HC1,  pH 6.7) was used in a volume of  0.1 
ml  pe r  tube. Between 400 and 500 #g pro te in  was applied to the gel and e l e c t r o p h o r e s i s  was  c a r r i e d  out for  2.5 
h with a c u r r e n t  of  2.5 mA to the gel .  The gel was  s ta ined with 0.5% Amido Black 10B in 7~0 acet ic  acid.  The 

Labo ra to ry  of Physiological  Mechan isms  of Memory  Control ,  Inst i tute of  EXperimental  Medicine,  A c a -  
demy  of Medical Sciences of the USSR, Leningrad.  (Presented by Academic ian  of the Academy of  Medical 

I 

Sciences of  the USSR N. P. Bekhtereva. )  T rans la t ed  f rom Byulleten '  Ekspe r imen ta l ' no i  Biologii i Medits iny,  
Vol. 84, No. 11, pp. 556-559, November ,  1977. Original a r t i c l e  submit ted  January  11, 1977. 

1576 0007-4888/77/8411-1576 $ 07.50 �9 1978 Plenum Publishing Corpora t ion  



TABLE i. Values of Eelative Eleetrophoretic Mobilities of Solubilized Proteins of 
Brain Microregions Obtained by Macrodise Electrophoresis 
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L e g e n d .  V a l u e s  o f  E r ( r andom e r r o r s )  w e r e  c a l c u l a t e d  for  p r o t e i n  z o n e s  wi th  CNRA 
o f p  -> 0.95;  *) p r o t e i n  zone  d e t e c t e d  wi th  CNRA of  0.95 > p -> 0 . 5 0 , t )  wi th  CNEA o f  
p = 0.2O. 

T A B L E  2. V a l u e s  of E e l a t i v e  E l e e t r o p h o r e t i c  M o b i l i t i e s  o f  S o l u b i l i z e d  P r o t e i n s  o f  
B r a i n  M i c r o r e g i o n s  Ob ta ined  by  M i c r o d i s c  E l e c t r o p h o r e s i s  
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Fig .  1. D e n s i t o g r a m s  of s o l u b i l i z e d  p r o -  
t e i n s  of  m i e r o r e g i o n s  of  r a t  b r a i n  o b t a i n e d  
by  m i c r o -  (A) and  m a e r o d i s e  03) e l e c t r o -  
p h o r e s i s  and of  " m a r k e d "  p r o t e i n  (soy 
t r y p s i n  i n h i b i t o r  - C ) .  N u m b e r s  deno te  
p r o t e i n  z o n e s .  A r r o w  m a r k s  s t a r t  and  
d i r e c t i o n  of  m i g r a t i o n  of  p r o t e i n s  d u r i n g  
e l e c t r o p h o r e s i s .  
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gel with the stained bands was scanned on an "Integraph" densi tometer  (Switzerland). The sensi t ivi ty of this 
method was about 4 gg protein per  zone. The protein composit ion of each weighed m i c r o s a m p l e  (1-3 rag) of  
the above-ment ioned s t ruc tures  f rom the right hemisphere  and right frontal  a rea  of the cerebel lum was d e t e r -  
mined 3 t imes by mierodise  e lec t rophores i s .  Capil lary tubes with a bore of 0.8-1.0 m m  were  used as the 
homogenizer .  Bomogenization and centrifugation were  ca r r i ed  out as indicated above. Microdise  e l ec t rophor -  
esis  was per formed by the method in [4] in capi l la ry  tubes 30 mm long with a bore  of 0.36-0.40 ram, filled with 
7% polyacry lamide  gel. Approximately 1 ~g protein in a volume of 0.15 gl  was applied to the microge l .  The 
mic roge l s  were  stained with 0.5% Amido Black 10B in 7% acet ic  acid and the unfixed dye was washed off in 7% 
acetic acid. The stained gels were scanned in a two-color  mic ropho tomete r ,  made by the Design Office of the 
Novosibirsk Institute of  Organic Chemis t ry ,  Siberian Branch,  Academy of Sciences of the USSR, in which the 
sensit ivity of the recording  sys tem was 5 ng per  prote in  band. The mobil i ty of the protein zones was compared  
with that of a "marke r"  protein,  namely  soy t ryps in  inhibitor (molecular weight 21,500), the position of which 
on the gel af ter  e lec t rophores is  coincided with that of the protein zone with the highest  e lec t rophore t ic  mobil i ty.  

In all the exper iments  of this s e r i e s  the frequency of  appearance  of individual prote in  zones was d e t e r -  
mined. The probabil i ty of nonrandom appearance  of  each protein zone was determined by the c r i te r ion  of signs.  
When values of the frequencies differed from those given in the tables ,  the probabli ty of nonrandom appearance  
of  the protein zone was est imated by the equation [2] ". 

p = ! - -  [C~ + '  H- C~ +~ -~ . . .  -F C."] ('/~)" (2) 

where n is  the total number  of  exper iments  in the given se r ies ;  m the number  of  exper iments  in which the 
given protein zone was identified. For protein zones with p >- 0.95 the value of random e r r o r s  of their  re la t ive 
e lect rophoret ic  mobil i t ies  was calculated.  

EXPERIMENTAL RESULTS 

The results of the comparative study of the protein profiles of microareas of the rat brain are given in 
Fig. 1 and Tables 1 and 2. By maerodisc electrophoresis 9-11 protein zones were distinguished within confi- 
dence l imits  cor responding  to a probabi l i ty  of  nonrandom appearance  (CNRA) of  p ", 0.95; the protein prof i les  
of the paired b ra in  s t ruc tu re s ,  m o r e o v e r ,  did not differ  f rom each other .  By miorod isc  e lec t rophores i s  11-14 
prote in  zones were  recorded  with CNRA of p = 0.95. Both methods also revealed a se r i e s  of protein zones with 
CNRA of 0.95 TM p -~ 0.50 (Tables 1 and 2)~ Protein zones 9, of the p r e m o t o r  cor tex  and frontal area of  the c e r -  
ebellttm, 10 in all the s t ruc tu res  studied, and 11 of the p remoto r  cor tex and frontal a rea  of the cerebel lum had 
CNRA of 0.95 > p > 0.75 in mac roe l ec t rophore s i s .  It mus t  be emphasized that these  same  zones were  found by 
mic roe l ec t rophores i s  with CNRA of p = 0.95. Protein zone 11, belonging to the caudate nucleus,  was recorded  
with CNRA of p = 0.20 by mac roe l ec t rophore s i s  and p = 0.50 by mic roe lec t rophores i s .  Zone 12 was recorded  
by the micromethod  with CNRA of  0.95 > p -~ 0.50 in the p remoto r  cor tex ,  caudate nucleus,  and frontal a rea  
of the cerebe l lum,  whereas  in the hippocampus this zone was recorded  with CNRA o f p  = 0.95; zone 12 was not 
detected by the micromethod .  

The two methods gave approximately  equal values of 1~ x for protein zones s tar t ing with the third.  The 
zone with R x = 0.79 in the mic romethod  probably cor responds  to the protein zone with R x = 0.84 in the m a c r o -  
method,  and the difference between their  numer ica l  values may  be due to des t ruct ive  changes in the proteins  
composing this zone as the resu l t  of the longer  t ime of e lect rophoret ic  fractionation.  The same reason could 
also account for the appearance of prote in  zone 2 ~ in the macromethod .  Protein zones 2 '  and 2" were  not found 
by maerodise  e lec t rophores i s ,  evidently because of the diffuse widening of the zones ,  which is proport ional  to 
VT, where t is the fractionation t ime. 

The protein prof i les  of the s t ruc tu res  studied were roughly the same and the re la t ive  distr ibution of p r o -  
rein among the zones cor responded to that given in Fig.  1. 

It can be concluded from these resu ls  that there  a r e  no significant dif ferences  in the protein composit ion 
o f  the s t ruc tu res  studied and that the mic romethod  has the g r ea t e r  resolving power,  for  both m a c r o -  and m i c r o -  
e lec t rophores i s  were  c a r r i e d  out with approximately  the same rat io of  amount  of prote in  applied to the g e l /  
sensi t ivi ty of  the method.  

The author is grateful  to V. S. Repin for constant  advice during the work and for g rea t  a ss i s t ance  with 
prepara t ion of the manuscr ip t  for publication. 

1578 



LITERATURE CITED 

1. G. Sh. Burbaeva  and D. V. Lozovski i ,  Vest.  Akad. Med. Nauk SSSR, No. 1, 50 (1971)o 
2. B . L .  Van t ier  Waerden,  Mathemat ica l  Sta t is t ics  [Russian t r ans la t ion] ,  Moscow (1960), po 322. 
3. Ho 1% Maure r ,  Disk E l ec t ropho re s i s  and Related Techniques of Po lyac ry l amide  Gel E l ec t ropho r e s i s ,  

De Gruy te r ,  [Russian t rans la t ion ;  Moscow (1971), pp. 130-131]. 
4. V . S .  Bepin,  L M. Aldmova ,  and V. B. T e r o v s k i i ,  Byull. t~ksp. Biol. Med.,  No. 7, 50 (1974). 
5. G . R .  Caplan,  S. C. Cheung,and  G. S. Omenn,  J.  Neurochem. ,  2_22, 517 (1974)o 
6. W . E .  Davies ,  J. Neurochem. ,  17 ,297  (1970). 
7. D. E icher ,  Exper ien t ia ,  22 ,620  (1960). 
8. R . F .  I tzhaki and D. M. Gill,  Anal. Biochem. ,  9 , 401  (1964). 
9. F . L .  Margo l i s ,  Proc .  Nat. Acad. Sci. USA, 69, 1221 (1972). 

10. B . D .  Monte and G. P. Ta l wa r ,  J.  Neurochem. ,  14 ,743  (1967). 
11~ N. Pop .v ,  S. Schulzeck,  S. Schmidt ,  et a l . ,  Acta Biol. IVied. G e r m . ,  34, 583 (1975)o 

EFFECT OF THYROTROPIN RELEASING HORMONE AND THYROXINE 

ON CYTOCHBOME OXIDASE ACTIVITY IN THE PAT ADENOHYPOPHYSIS 

L. G. Morozova and V. P. Fedotov UDC612.433.015.1.014.46:612.433.441.018 

Thyro t rop in  r e l eas ing  hormone  (TRH), in a dose  of 0.01 and 1.0 p g / m l ,  sha rp ly  inc reased  
cy toch rome  oxidase  ac t iv i ty  in the adenohypophysis  of r a t s  fed for 6 weeks with me thy l th iou r -  
aci l .  Th i s  effect  of  TRH on enzyme  act ivi ty  was blocked by thyroxine(T4),  if  added to the 
incubation med ium in a concent ra t ion  of 20 p g / m l .  Act inomycin D (20 p g / m l )  p reven ted  
the blocking of cy toch rome  oxidase  by T 4. TRH in a concentra t ion  of 0.01 p g / m l  and T4, in 
a dose of 2.0 p g / m l ,  caused  no change in cy toch rome  oxidase  act ivi ty  in the adenohypophysis  
of intact  and par t i a l ly  thyro idec tomized  ra t s .  
KEY WORDS: thyro t rop in  r e l ea s ing  hormone;  thyroxine;  cy toch rome  oxidase;  adenohypo-  
physis .  

Lit t le informat ion is ava i lab le  on the effect  of  r e l ea s ing  ho rmones  on metabol ic  p r o c e s s e s  accompanying  
the sec re t ion  of the p i tu i tary  t ropic  ho rmones .  The s t imula t ing  effect  of  thyro t ropin  r e l eas ing  horming  (TBH) 
on the fo rmat ion  of  14CO 2 f rom [I4C]glucose by pig [7, i l ]  and ra t  [8] p i tu i tary  glands and the blocking of this e f -  
fect  by thyroxine  (T4) have recen t ly  been desc r ibed  [7, 11]. 

Since the intensi ty of t i s sue  r e sp i r a t i on  is known to depend on the s ta te  of the cy toch rome  s y s t e m ,  in-  
cluding cy toch rome  oxidase  act ivi ty  [4], it was decided to study cy tochrome  oxidase ac t iv i ty  in ra t  p i tu i tary  
glands under  the influence of TRH and T 4. 

E X P E R I M E N T A L  M E T H O D  

Intact  r a t s  and r a t s  in which the sens i t iv i ty  of  the thyro t rophs  of the adenohypophysis  was inc reased  by 
par t i a l  t hy ro idec tomy o r  by feeding the an ima l s  dai ly  for  6 days  (5 mg  p e r  animal)  with methyl th iourac i l  were  
used. The adenohypophysis  of the r a t s ,  a f t e r  decapi ta t ion,  was divided into halves  (one h a l f  was the cont ro l ,  the 
o ther  exper imenta l ) .  Five or six halves  of  adenophypophyses  w e r e  washed,  weighed toge the r ,  and placed in 
E r l e n m e y e r  f lasks  with 2 ml  of Hanks '  m e d i u m ,  ae ra t ed  with a m ix tu r e  of  95% O 2 + 5% CO 2 to comple te  s a t u r a -  
tion. The s a m p l e s  were  then placed in an appa ra tus  of  Warburg  type for  preincubat ion.  After  1 h, TRH (from 
Hochst ,  West  Germany) ,  T4, o r  ac t inomycin  D (from Re , r ea l ,  Hungary) in 0.5 ml  Hanks '  medium was added to 
the exper imenta l  s am p l e s  and 0.5 ml  of Hanks '  m e d i u m o n l y  to the control .  Cytochrome oxidase  ac t iv i ty ,  de -  
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