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lower than t h a t  for hea t - inac t iva t ion) .  The  fo rmat ion  of 
~zyrae-substrate complex  m a y  increase the  rigidness of 

e secondary s t ruc ture  of enzyme  pro te in  and m a y  
SUPpress the interference be tween  hea t  and photo-  
Chemical processes. Therefore ,  t h e  presence of subs t ra te  
~akes E1 higher. B y  apply ing  the  t heo ry  of absolute  

aChon rateS,~ to curves  1, 2, 3", 4", 5", and 6', the  hea t  
of activation (dH*),  the  free energy of ac t iva t ion  (AF*) 

i nd the ent ropy of ac t iva t ion  (A S*) were calculated and 
}~glven in Table  I I .  These values  decrease in the  order  

de2r eat, visible and  UV inac t iva t ions ,  depending  on the  
ee of the  in terference be tween  h e a t  and pho to-  

~hera!cal processes. The  i m p o r t a n t  feature  of the  results  
Tillable I I  is the abnorma l ly  high entropies  of ac t iva t ion .  
t ~ is explains the  abnormal ly  high ac t iva t ion  energy for 
ue heat- inact ivat ion.  The  high va lue  of en t ropy  of 

~n ctivati°n suggests t h a t  a p rofound  s t ruc tura l  change is 
~:'~Olved, The  tow va lue  of A S* for the  UV- inac t iva t ion  

uue to a s t rong interference be tween  hea t  and photo-  
~itl:~ ical processes. The  values  of t h e r m o d y n a m i c  quant i -  

o xor the UV- inac t iva t ion  are no t  apprec iab ly  changed 

:2bl:I~r:;];: ~ergies of activat~n (AF*), heats of activation (AH*) 
activation (AS) for thermal processes ot various 

inactivations 

Inactivation °C ~ F* /_1 H * z] S* 
(KcalIM) (Kcal/M) (eal/M) 

}{eat 
55 24.7 84.5 183 

25.9 (s} 90.5 (s) 197 (s) 

IJltravi°let 50 23.7 40.9 53 
23.7 (s) 41.2 (s) 54 (s) 

Visible 
50 24.9 56.4 99 

25.5 (s) 77.0 (s) 160 (s) 

(s) ~ value in the presence of substrate. 
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by  the  presence of subst ra te .  This  means  a lack of sub- 
s t ra te  effect, as s ta ted  above.  The  p ro tec t ive  effect  of 
subs t ra te  is t hough t  to be a t t r i bu t ab l e  to the s tabi l iza t ion 
of the  secondary  s t ruc ture  of enzyme  pro te in  - the  con- 
fo rmat ion  change f rom disorder  to rigid and order  - by  
the  fo rma t ion  of enzyme-subs t r a t e  complex.  Such a 
fo rmat ion  of comp lex  gives rise to the  decrease of en-  
t r o p y  7. This  m a y  expla in  the  increase of AS* by  the  
presence of substra te .  No t  only  pro tec t ion  f rom the  hea t  
process bu t  suppression of the  interference be tween hea t  
and pho tochemica l  processes by  the  fo rmat ion  of enzyme-  
subs t ra te  complex  inhib i t  the  visible inac t iva t ion .  F o r  
this  reason,  t he  difference be tween  AS* in the  absence 
and presence of subs t ra te  is large for the visible inac t iva-  
t ion.  

T A A  forms enzyme-produc t  complex  as well  as enzyme-  
subs t ra te  complex,  so t h a t  the  protec t ions  observed are 
considered to be due to the  combined  effects of subs t ra te  
and its decompos i t ion  products .  

Zusammen/assung. Es werden die B e s t i m m u n g  der  
t he rmodynamischen  QuantitS, ten  fiir die Inak t iv ie rungs-  
reakt ionen,  die "WArme- und  Pho to - Inak t iv i e rungen  der  
Taka -Amylase  A und die Schu tzwi rkung  des Subs t ra t s  
gegen diese Inak t iv i e rungen  diskutier t .  
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The difference of 14 callM between the entropies for the heat- 
inactivation in the absence and presence of substrate (Table II) 
is considered to be concerned with the entropy change upon the 
tormation of enzyme-substratc complex. 

Direct Aromatization of Clg-Steroid 
Sulphates 1 

hi }n the course of recent  inves t iga t ions  on the  in v i v o  
a~sgenesis of 7e-3H-dehydroepiandros terone  (DHEA)  
wi',~SUlphatide and its metabol ism,  es t rogen sulphat ides  
l)e~ a the  original aH/a~S ra t io  could be demons t r a t ed  in 

lPheral 1 2 " ' ' t r a - -  p a s m a .  On theore tmal  grounds this d~rect 
~USlormat ion  of neut ra l  Ct ,-s teroid sulphat ide  into 
~y;nOlic Cls_steroi d su tpha t ide  should involve  the  de- 
~li- r°geaat ion of D H E A  sulphat ide  to the  corresponding 
ate~o! sulphat ide  of androst-4-ene-3,17-dione (andro- 
~r:,*~e~i°ne) as the  first  s tep in the  react ion sequence.  In  
~iu:: to Substant ia te  such an hypothesis ,  the  convers ion 

Yathetic andr~ " sul ha te  into estro ens has ueea . . . . .  s tenedmne p g , 
• a t t empted  under  i n  v i t ro  condit ions.  

par ] h e  3,5-dienol su lphate  of andros tenedione  was pre-  
its ~ by rout ine  me thods  3, using chlorosulphonic  acid or  
th e ~ ethyl ester  in absolute  pyridine.  The sodium salt  of 
l~hy~Uolpha.conjugate, purif ied by  thin  layer  ch romatogra -  

n silica gel G in ch lo ro fo rm-methano l -ammonia  

(20:5 :0 .2  V/V) ( R f =  0.20), on DEAE-ce l lu lose  in iso- 
p ropano l -wate r - fo rmic  acid (65:33:2  v/v)  (Rf =~ 0.21) 
and pape r  c h r o m a t o g r a p h y  on W h a t m a n  DE-20  in 1 .0M 
ace ta te  buffer  of p H  4.74 (Rf = 0.36), had  a mel t ing  po in t  
of  194-200°C (uncorr.).  The  UV-spec t rum in me thano l  
exh ib i t ed  an  absorp t ion  m a x i m u m  a t  238 nm, the  I R -  
spec t rum s t rong absorp t ion  bands near  1742 cm -1 (17- 
ke to  group), 1638 cm -1 (3, 5-dienol ester group), 1245 cm -1 
and 1048 cm -1 (assymetr ic  and symmet r i c  S -O  vibrat ion) ,  
while the  charac ter i s t ic  absorp t ion  band of A4-3-keto- 
steroids near  1618 cm -1 had disappeared.  

W h e n  1.95 ~tg (5 nmMol)  of 7~-~H-androstenedione ~bS- 
su lpha te -Na  wi th  310,000 d p m  ~H and 161,000 d p m  adS 
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(aH/85S = 1.92) and 1.96 /~g (5 nmMol) 7a -ZH-DHEA 
~S-su lpha te -Na  wi th  528,000 d p m  ZH and 271,000 d p m  z~S 
(ZH/a~S = 1.95) were incubated  in dupl ica te  wi th  pla- 
cental  microsomes ~, equ iva len t  to 250 mg  of wet  tissue, 
in 0 .1M phospha te  buffer  of p H  7.2 and in the  presence 
of 1.5 mg  N A D P H , ,  22.6% and 17.2% of ZH-act iv i ty  
were found in the  f ract ion of free and con juga ted  phenolic  
steroids. Fol lowing the  ion exchange  c h r o m a t o g r a p h y  oI 
s teroid conjugates  on D E A E - S e p h a d e x  A-50 s and th in  
layer  c h r o m a t o g r a p h y  of the  s teroid sulphates  on silica 
gel G in ch lo ro fo rm-me thano l - ammonia  (20:5 : 0.2 v/v) ,  
on DEAE-ce l lu lose  in i sopropanol-water- formic  acid 
(65:33:2  v /v) ,  and paper  c h r o m a t o g r a p h y  in isopropyl  
e the r - l ig ro in - t -bu tano l -ammonia -wa te r  (5: 2 : 3:1 : 9 v /v )  r, 
the  rad ioac t ive  compound  wi th  the  mobi l i ty  of au then t i c  
es t rone sulphate  (Rf = 0.17; RI  = 0.12; R T  = 1.05) rep- 
resented 15.9% ZH of incuba ted  andros tenedione  su lphate  
and 10.4% aH of incubated  D H E A  sulphate .  The  cor- 
responding ZH/z~S rat io  of the  isolated fract ions a m o u n t e d  
to 2.03, 2.14 and 1.98 or  2.10, 2.04 and 2.01 respect ively .  
Af te r  c leavage of estrone su lphate  by  solvolysis in e thy l  
ace ta te / su lphur ic  acid the  l iberated estrone was isolated 
and charac ter ized  by  reverse isotope di lu t ion and purif i -  
ca t ion  to cons tan t  specific ac t iv i ty .  

F r o m  these findings it  becomes ev iden t  indeed t h a t  the  
3, 5-dienol sulphate  of andros tenedione  'can be conver ted  
b iosynthe t ica l ly  into es t rone sulphate.  The  yields of this 
b io t r ans fo rmat ion  appa ren t ly  exceeded those  obta ined  by  
incuba t ion  of D H E A  sulphate  s'o, thus  favour ing  the  con- 
cept  t h a t  the  biosynthesis  of estrogens f rom D H E A  sul- 
pha te  m a y  proceed v ia  andros tenedione  sulphate.  

Zusammen/assung. Bet Bebr i i tung  yon  synthetische# 
7x-aH-Androst-4-en-3,  17-dion-S~S-sulfat mi t  MikroS°~e$ 
aus menschl icher  P lacen ta  in Gegenwar t  yon  NADYrJi 
wurden  15.9% des Subs t ra t s  in doppelt_markierteS 
0s t ron- su l fa t  mi t  unvef i inde r t em ~H/8~S-Verhiiltnis tl#: 
gewandel t .  Da  die Ausbeute  vergleichsweise hSher lag ~= 
bet Verwendung  yon 7~-SH-Dehydroepiandroste  ron's~5" 
sulfat ,  wird angenommen,  dass die Biosynthese  v #  
0s t ron- su l fa t  aus Dehydroep iandros te ron-su l fa t  fiber e ll~ 
d e m  Andros t -4-en-dion en tsprechendes  3, 5-Dienot-sull~ 
verl~tuft. 
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Studies  on the Regional  B io sy nt he s i s  and Metab-  
o l i s m  of Catecho la mine s  in the Central  N e r v o u s  

S y s t e m  of the M o n k e y  

Recen t ly  it  was shown tha t  norep inephr ine -H a in- 
jec ted  into the la teral  ventr ic le  of the ra t  can accumula te  
in the  brain, and t h a t  exogenous norepincphr ine  intro-  
duced in this  way  mixes wi th  the  endogenous s toresL In  
the  present  s tudy  the  biosynthesis  and me tabo l i sm of 
ca techolamines  was inves t iga ted  in specific regions of the 
central  nervous sys tem (CNS) of the  monkey  following 
in t raven t r i cu la r  in ject ion of tyrosine-C 14 and of dopamine-  
H ~. Also, the  tyrosine hydroxylase  ac t iv i ty  was deter-  
mined  in the  specific regions of the  CNS. 

In  all exper iments  green monkeys  (Cercopithecus 
sabaeus) weighing 2.0-3.5 kg were used. The  animals  were 
in jec ted  with  d o p a m i n e - l - H  8 (50 pc, 5 /~g) or wi th  
tyrosine-C ~4 (25 #c, 11 /~g) into both  la tera l  ventr ic les  of 
the  bra in  by  a s te reotaxie  technique.  I n  exper iments  
wi th  dopamine -H  3 the  animals  were pre t rea ted  wi th  
pheniprazine  (10 mg/kg  i.p.) 4 h before the  in t raven t r i cu-  
lar  in jec t ion  of the  labeled amine.  2 h af ter  admin is t ra t ion  
of the  labeled compounds  the  animals  were killed and the  
brains  were removed,  The  labeled amines  and the i r  
metabol i tes  were isolated and de te rmined  by  previous ly  
described procedures  ~. The  catecholamines  were absorbed 
on a lumina  and de te rmined  f luor imetr iea l ly  a,~. Tyrosine  
hydroxylase  ac t i v i t y  was de te rmined  by  the  procedure  
Of NAGATSU et  al.5. 

Studies with tyrosine-C 14. Fol lowing in t r aven t r i cu la r  
inject ion of tyrosine-C *i the catechols  represented only a 

Table I. The in vivo and in vitro formation of catecholamines fro- 
tyrosine-C l* in different regions of the CNS 

Catecholamines formed 
cpmlg tissue" 

in vivo in vitro 
experinlents experiii~erds 

Caudate nucleus 8500 -_k 600 25,000 ~ 1500 a~ 2000 
Putamen 400 ~ 50 32,000 ~ 600 
Hypothalamus 4000 :h 500 4800 
Brainstem 1500 i 150 N.E. 
Cerebellum 1050 :h 100 N.E. 
Spinal cord 1000 2t2 100 N.E. 

/ 

Each value is the mean from 3 experiments ~ S.E.M. b The tissae 
homogenates were incubated with tyrosine-C 14 for 30 min at 37~" 
N.E. = not estimated. 
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