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In v/vo inhibition of phosphorylation by menadione 

Several  recent  pub l ica t ions  b y  MARTIUS et a L L  ~, s sugges t  t h a t  v i t a m i n  K 1 is involved in ox ida t ive  
phospho ry l a t i on  and  electron t r anspor t .  I t  h a s  been d e m o n s t r a t e d  t h a t  v i t a m i n  K 1 i n  v i t ro  3 or 
menad ione  ( z -me thy l -x ,4 -naph thohydroch inone )  g iven  orally in smal l  a m o u n t s  2 (xoo -zooy) ,  
increases  the  P /O rat io for the  ox ida t ion  of ~ - h y d r o x y b u t y r a t e  by  liver m i tochond r i a  isolated 
f rom chicks fed v i t a m i n  K-free  diets.  W h e n  added  i n  v i t ro  to l iver mi tochondr ia ,  however ,  
menad ione  inhib i t s  phosphory l a t i on  w i t h o u t  d i s rup t ing  electron t r anspor tL  

As ear ly  as 194 ° MOLITOR AND ROBINSON ~ repor ted  t he  toxic  effects of excess ive  dosages  
of menad ione  and  phth iocol  admin i s t e red  p e r  os  or by  in t raper i tonea l  injection.  V i t a m i n  K 1 g iven  
in one h u n d r e d  t imes  th is  concen t ra t ion  was  wi thou t  dele ter ious  effect. I t  h a s  been s h o w n  by  
BALL et al .  s t h a t  2 - a l k y l - 3 - h y d r o x y n a p h t h o q u i n o n e s  inhibi t  t he  reduc t ion  of c y t o c h r o m e  c. 
A l though  n u m e r o u s  inves t iga tors  have  d e m o n s t r a t e d  the  s t i m u l a t o r y  effect of m e n a d i o n e  on 
resp i ra t ion  6d, to our  knowledge,  the  toxic  effect of menad ione  in an ima l  t i ssue  ha s  r e m a i n e d  
unexpla ined .  In  th i s  c o m m u n i c a t i o n  we wish to repor t  the  inhib i tory  act ion of excess ive  a m o u n t s  
of menad ione  on phosphory l a t i on  in t he  in tac t  rat .  

Table  I shows  the  effect of in t raper i tonea l  in ject ion of m e n a d i o n e  on the  incorpora t ion  of 
rad ioac t ive  o r t h o p h o s p h a t e  (3~Pi) into labile nucleot ide  p h o s p h a t e  ( ~ , P )  in liver and  hea r t  t issue*.  
Menadione  was dissolved in olive oil and  admin i s t e red  in a m o u n t s  of i i o to 120 m g / k g  body  weight .  

T A B L E  I 

Trea~men* T i m *  mg Glycogen/g Sf~cilic activity *~ Specil~ activity'* 
liver (tea wt) liver ~ P I~af* ~ P 

Control  20 m i n  z6.o 1235 238 
Menad ione  20 m i n  0.9 346 x 28 

Control  4 ° m i n  i4.2 189o 37 ° 
Menad ione  4 ° m i n  1.8 660 320 

Control  5 ° rain 15.8 194 ° 334 
Menad ione  50 mi n  o.o 581 207 

* T i m e  in te rva l  be tween  inject ion of s tP  i and  sacrifice. 
** C o u n t s / m i n / p M ~  P ca lcula ted  on t he  basis  of 5" zot c o u n t s / m i n  Pi in jec ted /kg  body  weight .  

Exc ised  o rgans  were i m m e d i a t e l y  i m m e r s e d  in an  ether-solid CO I solution.  T issue  was ex t rac ted  
a t  o ° wi th  io  % tr ichloroacet ic  acid. Glycogen and  t he  b a r i u m  sal ts  of p h o s p h a t e s  were prepared  
by  t h e  s a m e  m e t h o d  of SACKS TM. Nucleot ide  phospha t e s  were separa ted  f rom o the r  phospha t e s  
by  absorp t ion  on nori te  u and  t he  labile p h o s p h a t e  released by  hydro lys i s  wi th  N HC1 at  1oo ° 
for t en  minu tes .  

S ix ty  m i n u t e s  la ter  t he  ra t s  were given in t raper i tonea l  in ject ions  of 5 '  zo6 c o u n t s / m i n u t e  
s2P i in o . I 5 M  KC1/kg body  weight  to which  25 7 carrier  p h o s p h a t e  h a d  been added.  Menadione  
resul ted  in a p p r o x i m a t e l y  7 ° OJ/o decrease in t he  incorpora t ion  of 32P i into  ~ P  in t he  liver and  
a 30% decrease in t he  hear t .  The  grea te r  inhibi t ion in t he  liver is poss ibly  due  to the  g rea te r  
a c c u m u l a t i o n  of menad ione  in th is  organ.  A decrease in g lycogen s torage  in t he  liver was noted  
c o n c o m i t a n t  wi th  the  decline in phospho ry l a t i ve  capaci ty .  

These  d a t a  sugges t  t h a t  t he  tox ic i ty  of menad ione  is due, a t  least  in par t ,  to a loss of the  
phospho ry l a t i ve  efficiency of the  an imal .  The  deplet ion of the  ca rbohyd ra t e  reserve  appa ren t l y  
represen ts  an  a t t e m p t  on t he  pa r t  of t he  an i ma l  to c o m p e n s a t e  for the  r e su l t an t  energy  deficit. 
These  d a t a  are in a g r e e m e n t  wi th  resul ts  ob ta ined  in i n  v i t ro  expe r imen t s  on t he  effect of menad ione  
in ox ida t ive  phosphory la t ion  1, and  also wi th  the  conclusions  of I sL~a  et al.  s and  MARTIUS AND 
NITz-LIrzow ° t h a t  menadione ,  p e r  se, exhib i t s  no v i t a m i n  K act ivi ty .  MARTIUS AND NITz-LITzow 
pos tu la t e  t h a t  menad ione  is a precursor  of v i t a m i n  K and  t h a t  the  p h y t y l  cha in  is requi red  for 
a t t a c h m e n t  to the  e n z y m e  molecule.  I t  s eems  reasonable  to suppose  tha t ,  when  op t ima l  a m o u n t s  
of 2 - m e t h y l - i , 4 - n a p h t h o q u i n o n e  are fed, the  an i ma l  con juga tes  th is  s t ruc tu re  wi th  a p h y t y l  chain.  
Excess ive  a m o u n t s  of menadione ,  then ,  m i g h t  su rpass  the  abi l i ty  of t he  an ima l  to effect  th is  
con juga t ion  wi th  the  resul t  t h a t  u n c o n j u g a t e d  menad ione  is free to man i f e s t  i ts  uncoup l i ng  effect 
on ox ida t ive  phosphory la t ion .  

* The  radioact ive  o r t h o p h o s p h a t e  was  suppl ied  f rom an  Atomic  E n e r g y  Commiss ion  Project ,  
No. A T 0  I-1)-34 (Kleiber). 
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We' have been unable to demons t ra te  the  uncoupling of phosphoryla t iou  and respirat ion 
in liver mi tochondr ia  isolated from menadione- toxic  rats.  Fur the r  exper iments  are in progress 
to invest igate  the  possibility t h a t  menadione  is lost during the  isolation and prepara t ion  of the  
mitochondria l  suspension. 
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Complex nature of the proteolytic system of the thyroid gland 

Crude prepara t ions  of thyroid  protease were previously shown to hydrolyse  N-acetyl-L-phenyl-  
alanyl-L-di-iodotyrosine 1. Fur the r  s tudies have demons t ra ted  tha t  acetone fract ionat ion of hog 
thyro id  extracts ,  while providing a substant ia l  purification of the  protease  2, can also lead to 
a separat ion of the  pept idase  ac t iv i ty  ment ioned.  The fract ionat ion procedure,  which will be 
described in detail  elsewhere, utilised E x t r a c t  I I  s as s ta r t ing  material .  The main  protease fract ion 
(PRO/BI6)  used in t he  exper iments  cited below separated at  higher acetone concentra t ion and 
assayed at  62o units/rag§, whereas the  fraction (PEP/BI6)  showing s t rong pept idase  act ivi ty  
(substrate:  N-acetyl-L-phenylalanyl-L-tyrosine) was only weakly act ive towards  haemoglobin  
(1.5 protease units/rag) and separa ted  at  lower acetone concentrat ion.  The difference in behaviour  
of the  two fractions towards  various pept ides  is i l lustrated in Table I. 

T A B L E  I 

COMPARISON OF THE ACTION OF THYROID PEPTIDASE (PEP/BI6)  AND PROTEASE (PRO/BI6)  
FRACTIONS ON PEPTIDE SUBSTRATRS 

Incubat ion:  i h at 37 ° C; p H  3.5 ( o . i M  ammon ium acetate).  
Es t ima t ion :  chromatographical ly  (n-butanol-acet ic  ac id -wate r  (80: 20: 2o), n inhydr in  sprayed).  

Pet~id* (o.oj ted) P ~ t ~  (o.o5 4 )  P ~ e  (o.05 t.l) 
(o.or M) W~ ( ~  R~,dt Us~ Rewl* 

(I) N-Ac.-L-Phe.-L-Tyr." o.o86 s t rong tyrosine spot  265 no hydrolysis  
(approx. 
5o% hydrolysis) 

(II) L-Phe.-L-Tyr. Amide o.I 7 no hydrolysis  ioo no hydrolysis  
(III) Cbz.-Gly.-L-Phe. o.2o very weak lO 4 no hydrolysis  

phenyla lanine  spot  
(IV) Phth.-Gly.-Gly.  o.x 7 no hydrolysis  lO 4 no hydrolysis  

(V) Gly.-L-Tyr. o. 17 no hydrolysis  lO 4 no hydrolysis  
( V I )  L-Lys.-L-Tyr.-L-Leu. 0.20 weak leucine spot  zoo no hydrolysis  

(VII) L-CySH.-L-Tyr. ** 0.27 negligible hydrolysis  io8 approx.  
75 % hydrolysis  

* This pept ide  and its di-iodo der ivat ive  behaved  similarly. 
** o .o4M. N-Ethy lmale imide  (o.o5M; o.o 5 ml) added before chroma~.ography 4. 

I One uni t  is the  am oun t  of enzyme required to l iberate xo -4 miHiequiv, tyrosine in 3 ° minu tes  
a t  37 .0 C (haemoglobin subs t ra te ;  p H  3-5); compare  ANSON s. 


