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Table I. The effect of dialysis on the inhibition of proteolytie activity 
by the 90,000 g supernatant fraction of E. coli 

Incubation mixture meq % of 
tyrosine control 
released/ activity 
h/btg T 
or CT, 
• 103 

T, alone 0.975 100 
T + 90,000 g supernatant fraction, undialyzed �9 0.0 0 
T + 90,000 g supernatant fraction, dialyzed a 0.108 9.6 

CT, alone 0.825 100 
CT + 90,000 g supernatant fraction, undialyzed �9 0.292 35.5 
CT + 90,000 g supernatant fraction, dialyzed �9 0.296 35.1 

2.33 mg protein. 

Table II. The effect of heating on the inhibition of proteolytic activity 
by the 90,000 g supernatant fraction of E. coli 

Incubation mixture meq % of 
tyrosine control 
released/ activity 
h/big T 
or CT, 
• 103 

T, alone 1.07 100 
T + 90,000 g supernatant fraction, unheated �9 0.44 41.2 
T + 90,000 g supernatant fraction, heated �9 0.53 49.5 

CT, alone 1.21 100 
CT + 90,000 g supernatant fraction, unheated �9 0.64 52.9 
CT + 90,000 g supernatant fraction, heated ~ 0.71 58.7 
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The inhibition of the tryptic and chymotryptic hydrolysis of casein 
by the 90,000 g supernatant fraction of sonieated E. coli cells. 
O, T; e, CT. 

resemblance  to  t he  hea t - s t ab le  inter-a-globul in  4 and  a s- 
globulin s obse rved  in blood, which are also non-dialyzable .  

The func t ion  of an inhib i tor  of pro teoly t ic  ac t iv i ty  
in an in tes t ina l  bac te r ium is subjec t  to  conjecture.  I t  
m a y  func t ion  to  p ro tec t  the  bac te r ium f rom degrada t ion  
by  the  pancrea t i c  pro teases ;  it  m a y  regulate  pro teoly t ic  
ac t iv i ty  in t he  E. coli cell; it  m a y  also serve as an evo- 
lu t ionary  precursor  to one or more  of the  m a m m a l i a n  
or p l an t  inh ib i to rs  of t r y p t i c  ac t iv i ty  14. 

Rdsumd. Nous  avons observ6 l ' inhib i t ion  de l 'act ivi t6  
t r y p t i q u e  et  c h y m o t r y p t i q u e  pa r  ex t ra i t s  d'Escherichia 
coli. L ' inh ib i t i on  n 'es t  pas  d6t ru i t  pa r  chauffage et  pa r  
dialyse. 
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Inhibit ion of Deiodinat ion  of Di iodotyros ine  in vivo; Relat ion to Catecholamine  B iosynthes i s  

Various  ty ros ine  analogues are specific inhibi tors  in 
v i t ro  of the  enzyme  tyros ine  hydroxy la se  1, the  enzymat i c  
ra te  l imi t ing  s tep in ca techo lamine  b iosynthes i s  2. W h e n  
given to  animals  3 or m a n  4, mos t  of these  compounds  
inh ib i t  noradrena l ine  (NA) product ion .  The ring iod ina ted  
analogues  of tyrosine,  3-iodo-L-tyrosine (MIT) and  3,5- 
di iodo-L-tyrosine (D!T) are a m o n g  the  mos t  p o t e n t  
inh ib i tors  of ty ros ine  hydroxy tase  in v i t ro  1. However ,  
when  given to  animals  5 or m a n  e, the i r  inh ib i to ry  effect  
on ca techo lamine  syn thes i s  is weak.  This  lack of ac t iv i ty  
in vivo appears  to be Secondary to  a rap id  inac t iva t ion  
of these  c o m p o u n d s  by  a specific de iod ina t ing  enzyme  5. 

The p resen t  communica t i on  d e m o n s t r a t e s  t h a t  par t ia l  
inh ib i t ion  of the  de iod ina t ion  of the  in jec ted  D I T  by  

menad ione  (2 -me thy l - l , 4 -naph toqu inone )  results  in a 
marked  fall in NA tissue levels. 

Materials and methods. All c o m p o u n d s  were admin-  
is tered by  the  i.p. route .  D I T  7 was dissolved in 9O/o 0 
NaC1 by  the  add i t ion  of 1 N HC1 and  the  p H  was ad jus ted  
to  2 wi th  0 . 5 M  p h o s p h a t e  buffer  p H  7. 181I-labelled 3, 5- 
di iodo-L-tyrosine was p repa red  according to FELBER s. 
Fas t ed  male  W i s t a r  rats ,  weighing 140-200 g, were used. 
Noradrena l ine  (NA) was  essayed in t issues spect ro-  
f luor imetr ical ly  by  the  m e t h o d  of CROUT et a12 

The ra ts  were divided in to  4 groups. Animals  of group I 
received no drug.  Ra t s  of group I I  were given 2 in jec t ions  
of menad ione  (50 mg/kg) a t  in tervals  of 16 h. R a t s  of 
group I I I  were  given 2 in jec t ions  of menad ione  (50 mg/kg) 
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a t  i n t e rva l s  of 16 h a n d  200 m g / k g  of D I T  1 h a f t e r  each  
a d m i n i s t r a t i o n  of menad ione .  R a t s  of g roup  I V  received 
2 in jec t ions  of D I T  (200 mg/kg)  a t  i n t e rva l s  of 16 h. A 
few an ima l s  of g roups  I I I  a n d  IV  received x31I-labelled- 
D I T  w i t h  t he  second in j ec t ion  of DIT .  Al iquo t s  (0.2 g) 
of l iver  f rom an ima l s  which  were g iven  131I-labelled-DIT 
were d issolved in 0 . 2 m l  3 0 N K O H  and  t h e  radio-  
a c t i v i t y  was de t e rmi ned .  T he  l iver  was  chosen  for radio-  
a c t i v i t y  d e t e r m i n a t i o n  because  th i s  o rgan  is v e r y  r ich  
in de iod ina t ing  enzyme.  I n  addi t ion ,  i den t i f i ca t ion  of 
t he  r ad ioac t ive  c o m p o u n d s  f rom the  l iver  e x t r a c t s  was  
pe r fo rmed  b y  p a p e r  c h r o m a t o g r a p h y  w i t h  t h e  so lven t  
s y s t e m  n - b u t a n o l  - ace t ic  acid - wa te r  ( 1 2 : 3  : 5), a n d  au to-  
r a d i o g r a p h y  of t he  c h r o m a t o g r a m s .  

Results.  (1) Ef fec t  of m e n a d i o n e  on  D I T  de iod ina t ion .  
I den t i f i c a t i on  b y  p a p e r  c h r o m a t o g r a p h y  of t he  radio-  
ac t ive  c o m p o u n d s  of t he  l iver  f rom 13~I-labelled-DIT 
t r e a t e d  an ima l s  (groups I I I  a n d  IV) gave  a s ingle b a n d  
of r a d i o a c t i v i t y  w i t h  t he  same  Rf  as DIT .  There fore  t h e  
c o n c e n t r a t i o n  of t h i s  a m i n o  acid could be  m e a s u r e d  in 
t he  l iver  e x t r a c t s  (Figure  1). 1 h a f t e r  t he  second in jec t ion  
of th i s  a m i n o  acid, t h e  c o n c e n t r a t i o n  of D I T  in t he  l iver  
was s ign i f ican t ly  h i g h e r  in t he  m e n a d i o n e - p r e t r e a t e d  
t h a n  in con t ro l  r a t s ;  however ,  4 and  8 h a f t e r  th i s  injec-  
t ion,  t he  dif ference in D I T  levels be t w een  t he  2 g roups  
of an ima l s  was no  longer  s ignif icant .  

(2) Ef fec t  of D I T  on N A  c o n c e n t r a t i o n  in t he  h e a r t  a n d  
b r a i n  s tem.  The  effect  of D I T  on N A  levels in  t he  h e a r t  
a n d  b r a i n  s t e m  is s h o w n  in F igure  2. Our  resu l t s  ind ica te  
t h a t  t he  t i ssue  c o n c e n t r a t i o n  of N A  is s l ight ly  r educed  
a f t e r  2 in jec t ions  of D I T  (ra ts  of g roup  IV). However ,  
t he  m e n a d i o n e - t r e a t e d  an ima l s  ( ra ts  of g roup  III) 4 h 
a f te r  the  second in j ec t ion  of D I T  h a d  s ign i f i can t ly  lower 
N A  t issue  levels t h a n  t he  r a t s  t r e a t e d  w i t h  D I T  only  
(group IV). 

P r e l i m i n a r y  s tud ies  showed t h a t  an ima l s  of g roup  I I ,  
wh ich  were g iven  2 in jec t ions  of m e n a d i o n e  (50 mg/kg)  
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Fig. 1. Effect  of menadione  on di iodotyrosine  (DIT) content  in the 
l iver  of ra ts  t r ea ted  wi th  label led  DIT  (specific ac t iv i ty :  50,000 to 
400,000 cpm/mg). DIT (200 mg/kg) was given twice (at 1 and 17 h). 
Menadione (50 mg/kg) was administrated twice (at 0 and 16 h). 
Each value represents the average (~  S.E.M.) of 5-7 experiments. 
N.S., non-significant. 

a t  16 h in t e rva l s  w i t h o u t  DIT ,  h a d  n o r m a l  N A  t issue  
levels. 

Discussion. BASTOMSKY a n d  ROSENBERG 1~ h a v e  s h o w n  
t h a t  a v a r i e t y  of e lec t ron  accep tors  i n h i b i t  t he  de iod ina-  
t ion  of D I T  in v i t ro ,  p r e s u m a b l y  b y  o x y d a t i o n  of N A D P H  
which  is r a t e - l im i t i ng  for  th i s  reac t ion .  Menad ione  ha s  
been  found  b y  these  a u t h o r s  to  be  a v e r y  ac t ive  i n h i b i t o r  
of D I T  de iod ina t i on  in v i t ro .  I n  t he  p re sen t  work,  t he  
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Fig. 2. Effect  of d i iodotyros ine  on t issue levels  of noradrenal ine  ill 
r a t s  p re t r ea ted  wi th  menadione.  Each  value  represents  the average  
(-[_ S.E.M'.) of 5 7 exper iments .  The protocol  of the exper iments  is 
described Under Figure 1. 
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menad ione - t r ea t ed  ra ts  show a slower init ial  ra te  of 
d i sappearance  of D I T  f rom the  liver;  th is  effect  of 
menad ione  very  likely resul ts  f rom inhibi t ion of the  de- 
iod ina t ing  enzyme;  however ,  d i rect  proof  for th is  mecha-  
n ism is still lacking and  a toxic  effect  of menad ione  on 
the  l iver c anno t  be excluded.  

Our resul ts  show a re la t ionship  be tween  the  ra te  of 
D I T  de iodina t ion  and  the  effect  of th is  amino  acid on 
the  ca techolamine  t issue levels. W h e n  the  ra te  of dis- 
appearance  of the  in jec ted  D I T  is decreased by  menadione ,  
a marked  fall in t issue NA levels occurs;  th is  resul t  
suggests  t h a t  the  concen t r a t ion  of DIT  is h igh  enough 
to  compe te  w i th  the  normal  subs t ra te  of ty ros ine  hydro-  
xylase  and  to  cause enzyme  inhibi t ion.  

The ques t ion  arises whe the r  MIT and  DIT,  the  phys i -  
ological precursors  of thyroxine ,  could p lay  a physiologi-  
cal role in the  regula t ion of ca techolamine  biosynthesis .  
This  appears  to  be unl ikely because these  iod ina ted  
amino acids, syn thes ized  in the  thyro id  gland, are no t  
usually released into the  circulat ion.  However ,  in a few 
pathological  condi t ions ,  MIT and  D I T  can appear  in the  
per iphera l  blood. A defec t  in de iodina t ion  of MIT and  
D I T  has been  r epo r t ed  in a few cases of familial  cret-  
inism n,  in which  a con t inued  leakage of these  amino  
acids f r o m  the  thy ro id  gland occurs. Iden t i f i ca t ion  of 
MIT and  D I T  in t he  se rum f rom pa t i en t s  wi th  thyro id i t i s  
or t hy ro id  carc inoma has  also been  descr ibed 12. Studies  

are now in progress  in our l abora to ry  to see w h e t h e r  such 
pa t i en t s  could show a d iminu t ion  of the i r  ca techolamine  
p roduc t ion  ra te  13. 

Rdsumd. La d i iodotyros ine  est  un  pu i ssan t  inh ib i teur  
in v i t ro  de l ' enzyme  l imi t an t  la syn th6se  des cat6chola-  
mines,  la ty ros ine  hydroxylase .  Or, adminis t r6e  in vivo 

des rats ,  la d i iodotyros ine  n ' inh ibe  que tr6s peu la 
p roduc t ion  endog6ne de cat6cholamines.  Cependant ,  en 
ra len t i s san t  la rap ide  d6s iodura t ion  de la d i iodotyros ine  
inject6e par  le m6nadione ,  on observe  une inhib i t ion  
marqu6e  de la synth6se  des ca t6cholamines  in vivo. 
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T h e  Ef fec t  o f  X - I r r a d i a t i o n  on  t h e  C i t r a t e  C o n t e n t  in  M o u s e  L i v e r  

Changes in t he  c i t ra te  con t en t  in liver dur ing  d i f ferent  
physiological  s ta tes  are of in teres t  for several  reasons.  I t  
is known t h a t  c i t ra te  inhib i t s  hepa t ic  phosphof ruc to -  
kinase 1-4, and,  as th is  enzyme  m a y  be regula tory  for 
glycolysis, an e levated  or decreased c i t ra te  con t en t  migh t  
p lay  an i m p o r t a n t  role in the  regulat ion of th is  enzyme.  
On the  o ther  hand,  c i t ra te  is an ac t iva to r  for acetyl-CoA 
carboxylase,  a r egu la to ry  enzyme in f a t t y  acid synthes is  5, 
and,  moreover ,  c i t ra te  is considered to be the  source of 
ex t r ami tochondr i a l  acetyl-CoA for f a t t y  acid syn thes i s  
via  t he  c i t ra te  Cleavage enzyme  react ion 6 

Rad ia t ion  effects of c i t ra te  me tabo l i sm in m a m m a l s  
are repor ted  only by  D u B o l s  et  al. 7, who found a de- 
creased c i t ra te  con t en t  in f luorace ta te  t r ea t ed  ra t s  af ter  
800 R. D a t a  on the  effects of i r radia t ion  on c i t ra te  
me tabo l i sm in mice are lacking. 

I t  was therefore  considered in teres t ing  to measure  the  
con t en t  of c i t ra te  in mouse  l iver af ter  who le -body  X- 
i r rad ia t ion  wi th  690 R (LD 80/30 days).  

Materials and methods. Male whi te  nfice of the  ins t i tu te  
were used. W a t e r  and s t anda rd  food (Altromin) were 
p rov ided  ad l ibi tum,  ' s t a rved  mice '  were fas ted  24 h 
before killing, wa te r  was given ad l ibi tum. 

Mice were i r rad ia ted  wi th  690 R (148 R/min) ,  a t  150 KV, 
20 mA, f i l tered wi th  0.43 m m  copper,  a t  a t a rge t  d is tance  
of 30 cm. The dose cor responds  to  a LD 80/30 days.  The 
livers of 8 indiv idual  mice were r emoved  by  the  freeze- 
s top  t echn ique  under  l ight  e ther  anaesthesia .  E a c h  l iver 
was placed in a mor t a r  and  groun d af ter  the  add i t ion  
of a fourfold volume of 5% tr ichloroacet ic  acid (TCA). 
Af te r  homogen iza t ion  in a Po t t e r -homogen ize r  for 2 min, 
the  h o m o g e n a t e  was cent r i fuged a t  10,000g and  the  
s u p e r n a t a n t  kept .  

F r o m  an a l iquot  of t he  s u p e r n a t a n t  cor responding  to 
0.8 g liver, the  TCA was ex t r ac t ed  3 t imes  wi th  7 ml 
e ther  each t ime,  and  the  aqueous layer  was b rough t  to  
dryness  in vacuo. In  t he  residue the  c i t ra te  co n t en t  was 
e s t ima ted  by  the  m e t h o d  of SPENCER and  LOWENSTEINS. 

E a c h  po in t  in the  Figure  represen ts  the  mean  value 
of 8 livers, w i th  s t a n d a r d  dev ia t ion  of the  mean.  

Results. The c i t ra te  con ten t  in the  l iver of normal ly  
fed m i c e  was 0.333-4-0.011 ~moles/g wet  liver t issue 
(48 mice), and ill 24 h s ta rved  mice  was 0.259 ~moles/g 
wet  wt. (48 mice). These a m o u n t s  of c i t ra te  are of the  
same order  as in rats,  a l though  the  da t a  repor ted  on 
c i t ra te  con ten t s  in the  livers of fed and s ta rved  ra ts  are 
confl ic t ing 8,9. 
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