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(up to 1o-4M final concentration) in the medium. Vanada te  concentrat ions (I.5" IO--5 to 3' Io-hM),  
which cause little or no decrease in growth,  failed to overcome inhibition by tungs ta te  in N~ 
fixation and in ni trate  assimilation. 

The data  presented here point  to a mo lybdenum sys tem for Nz fixation in Azotobacter in 
suppor t  of the reported s t imula tory  action of molybdenum observed by other  invest igators as 
indicated above. The results also suggest tha t  a molybdenum enzyme, probably  similar to tha t  
characterized in Neurospora and soy bean leaves, is involved in ni trate  reduction in Azotobacter. 
I t  is of interest  tha t  tungs ta te  has  no effect (in final concentrat ions ranging f rom IO - e  t o  i o - F M )  
on the part ial ly purified ni trate  reductase from Neurospora. I t  is not  unlikely tha t  the in vivo 
inhibition by  tungs ta te  can be ascribed to its action in replacing molybdenum.  In  addition to 
its direct role in electron t r anspor t  mo lybdenum apparen t ly  is necessary for the adaptive formation 
of ni t ra te  reductase 4 during growth, and by  extension, for the formation of the N2-fixing enzyme 
system, p resumably  in the synthesis  of the protein moiety(ies) of this system. 
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The effect of thyroxine on the oxidative phosphorylation of 
turnout mitochondria* 

Thyroxine  has been shown to uncouple oxidation from the accompanying phosphoryla t ions  in 
the respira tory chain of liver mitochondria  in vitro. In  order to achieve this effect ra ther  special 
conditions proved to be necessary. IV[ARTIUS AND HESS 1, KLEMPERER 2 and HOCK AND LIPMANN 3 
found tha t  uncoupling took place only after  preincubat ion of thyroxine with ra t  liver mito- 
chondria. I t  was concluded tha t  the hormone first had to pass the mitochondrial  membrane  before 
acting on the phosphoryla t ing enzymes and tha t  the rate of penetra t ion was very slow with 
" in t ac t "  mitochondria.  H o c k  AND LIPMANN also studied mitochondria  isolated f rom hamste r  
liver. For  thyroxine to act as an uncoupling agent, preincubat ion was not  necessary with these 
mitochondria ,  which were considered relatively " leaky"  in compar ison with rat  liver mitochondria.  
Recently TAPLEY, COOPER AND LEHNINGER 4 have shown tha t  a 1o minute  hypotonic  t r ea tment  
of ra t  liver mitochondria  at  o ° C is sufficient to result  in a nearly complete uncoupling on subse- 
quen t  incubat ion with thyroxine.  

In  the present  experiments  the ability of thyroxine to act as an uncoupler  of turnout  mito- 
chondrial  oxidative phosphoryla t ion  has been studied. The t u m o u r  mitochondria  were not sub- 
jected to a special p re t rea tment  intended to eliminate a possible s t ructural  barrier. This was 
considered unnecessary in view of (i) our  earlier observationsh,6, ~, which showed tha t  the mito- 
chondria from all the t ransplanted  tumours  studied exhibited a biochemical integri ty tha t  was 
less t han  tha t  of liver mitochondria,  and (ii) the possibility t ha t  this was due to, or a t  least ac- 
companied by, a change in the mitochondrial  s t ructure  and more especially in tha t  of the mem- 
brane. 
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T A B L E  I 

THE EFFECT OF THYROXINE ON THE OXIDATIVE PHOSPHORYLATION OF TUMOUR MITOCHONDRIA 

T u m o u r  mi tochondr ia  were isolated from homogenates  in o.25 M sucrose-o.ooI  M EDTA, p H  7.4, 
by  centrifugation for IO minutes  at  3ooo × g and washed twice by  resuspension and centrifugation 
at  io,ooo × g. 0. 3 ml of the suspensions (approximating 0.3-0. 7 mg N) were immediately added 
to "Warburg flasks containing IOO/zmoles KC1; 21 /*moles K phosphate  buffer, p H  7.4; i o / , m o l e s  
ADP;  o.oi /,moles cytochrome c; 1 .6#moles  DPN;  35/~moles MgSO4; 16 #moles NaF  and o.25 
/*moles DL-thyroxine in the main compar tment .  After tempera ture  equilibration (8 min), 12/*moles 
DL-BHB, 4 ° / , m o l e s  glucose and 3 ° units  (Kunitz-McDonald) hexokinase were t ipped in. Total 
volume, 1.6 ml. The centre well contained o.i ml 3 N KOH. Incubated  for 15 min at  27 ° C. 
O2-uptake by s tandard  Warbu rg  technique. Phosphate  determined by  the method of FISKE 

AND SUBBARO~V 12. 

Mitochondr ia  l rom Thyrox ine  - -  zl P i  - -  J 0 P :  0 
I~moles I~atoms 

T26473-hepatoma --- 2.8 i .o 2.8 
+ 1. 5 1.2 1. 3 
--  4.5 1.9 2.4 
+ 2.3 2.5 0.9 

- -  3.3 i . I  3.0 
+ 1.8 1.2 1. 5 

T5358-interstitial cell - -  4.3 1.9 2.3 
carcinoma testis -- 1.5 1.2 i .3 

T28012-hepatoma - -  7.7 3.7 2.1 
+ 7.2 3.6 2.0 

- -  5.5 4.7 1.2 
+ 6.5 3-4 1.8 

T544i-granulosa cell .-- 3.6 2. 4 i .5 
t u m o u r  ovary  + 0. 4 i .8 0.22 

* The following abbreviat ions have been used: ]3HB for f l -hydroxybutyrate ,  EDTA for 
ethylenediaminetetraacetate,  D P N  for diphosphopyridine nucleotide, ADP for adenosine di- 
phosphate ,  Pi for inorganic phosphate ,  P: O for  the ratio of the micromoles of inorganic phosphate  
esterified to the microatoms of oxygen utilized. 

Tumour  mitochondria  t ha t  were the least intact  from the biochemical point  of view could 
not  be studied since they  did not  oxidize readilyS,e, 8. Therefore, those t u m o u r  mitochondria  tha t  
had been shown to be capable of oxidizing the D- bu t  not  the L-isomer of B H B  were used. The 
particles were isolated in o.25 M sucrose containing o . o o l M  EDTA, p H  7.4, and immediately 
used for the measurement  of oxygen and inorganic phosphate  uptake  in the absence and presence 
of thyroxine  (DE-, 1 .5"Io-4M) and substrate .  Addition of fluoride was necessary to effect net  
phospha te  uptake  in view of the adenosine t r iphosphatase  activities of the mitochondria.  DPN,  
glucose, hexokinase and Mg ~+ were also present.  The results of these experiments,  i l lustrated in 
Table I, show tha t  thyroxine  markedly  bu t  not  completely uncoupled the phosphoryla t ions  
associated wi th  the oxidat ion of DL-BHB b y  the mitochondria  from the hepa toma T26473 and 
the test icular  tu rnout  T5358. In  the  last exper iment  listed in Table I, pyruva te  together  with 
a trace amoun t  of L-malate served as subs t ra te  for the mitochondria  from an ovarian t u m o u r  
(T544I). The immediate  uncoupling action of thyroxine  is illustrated part icularly well in this 
case since thyroxine  was added from the side a rm of the W ar bu r g  flasks after the period of tempera-  
ture equilibration. Under  the lat ter  condit ions using mi tochondr ia  from T26473 and DL-BHB a 
lowering of the P: O ra t io  from 2. 7 to 1.2 was found. 

However,  an effect of thyroxine  on oxidative phosphoryla t ion was not  a general p roper ty  
of t n m o u r  mitochondria ,  since the P : O  ratios obtained wi th  the mitochondria  from another  
hepa toma  (T28oi2) were not  decreased. In  a small n u m b e r  of experiments  with mitochondria  
f rom this  hepa toma  and f rom some other  t umours  thyroxine  has even been found to favour  
phosphory la t ion  (cf. ref. 11). 

The uncoupling effect of thyroxine  was reached with particles isolated in the presence of 
E I ) T A  and incubated in the presence of Mg 2+, bo th  of which compounds  may  counteract  some 
of the changes induced b y  the hormone  in liver mitochondria  9,1°. 
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P : O  rat ios of mouse and ra t  liver mitochondrial  controls were not  affected by  thyroxine.  
In  conclusion it may  be s ta ted t h a t  thyroxine  has ready access to certain t u m o u r  mito- 

chondria  in vitro. 

Department o] Biochemistry, 
.4ntoni van Leeuwenhoek-Huis, The Netherlands Cancer Institute, 

Amsterdam (The Netherlands) 

P. EMMELOT 
P. J. BROMBACHER 

1 C. MARTIUS AND B. HESS, Biochem. Z., 191 (1955) 326. 
2 H. G. KLEMPERER Biochem. J., 60 (1955) 122. 
2 F. L. HOCH AND F. LIPMANN, Proc. Natl. Acad. Sci., U.S., 4 ° (1954) 909. 
¢ D. F. TAPLEY, C. COOPER AND A. L. LEHNINGER, Biochim. Biophys. Acta, 18 (1955) 597. 
5 p. EMMELOT AND C. J. Bos, Rec. tray. chim., 74 (1955) 1343. 
s p. EMMELOT AND C. J. Bos, Biochim. Biophys. Acta, 19 (1956) 565. 
7 p. EMMELOT, C. J. Bos  AND P. J.  BROMBACHER, Brit. J. Cancer, IO (1956) 188. 
s p. EMMELOT AND C. J.  BoG, Enzymologia, (in the press). 
2 A. L. LEHNINGER, in O. H. GAEBLER, Enzymes: Units o/ Biological Structure and Function, 

Academic Press, New York,  N.Y., 1956, p. 217. 
10 j .  H. PARK, B. P. MERIWETHER, C. R. PARK, S. H. MUDD AND F. LIPMANN, Biochim. Biophys. 

Acta, 22 (1956) 4o3 . 
11 C. MARTIUS 5" Colloquium der Gesellscha/t /i~r physiologische Chemie, (Mosbach/Baden), Springer 

Verlag, Berlin, 1954, p. 143. 
13 C. H. FISKE AND Y. SUBBAROW J. Biol. Chem., 18 (1929) 629. 

Received November  I9th,  1956 

The exclusive assay of the pro-activator of plasminogen 
by lysis of bovine fibrin clot 

The pro-act ivator  of plasminogen is a factor in blood p lasma tha t  forms a stoichiometric complex 
with streptokinase,  which in t u rn  acts catalytically in plasminogen activation 1. 

A now obsolete method  of "p la smin"  assay depended on determining the rate  at  which 
s tandard  clots of bovine fibrin were lysed in the presence of the plasmin prepara t ion 2. However,  
the discovery firstly t ha t  the bovine fibrinogen employed contained plasminogen 8 and secondly 
t ha t  the p lasma act ivator  was involved in the reaction 4, indicated t ha t  the lyric powers  of the 
prepara t ion  might  be determined by  the content  of pro-activator,  p lasmin or plasminogen. In  
fact, it was demonst ra ted  ~ t ha t  under  the conditions of assay then employed, the pro-act ivator  
predominated  in determining potency.  

I t  appeared tha t  the lytic sys tem might  be modified to form a sensitive and rapid method 
of measur ing pro-act ivator .  I n  subjecting the assay to an  e lementary kinetic analysis, it has 
been assumed tha t  the interaction of s treptokinase and pro-act ivator  is so rapid t ha t  it does 
not  determine the rate  of lysi#, l .  

Let 

a = concentrat ion of pro-act ivator  in the sys tem 
p = concentrat ion of plasmin formed by t ime t 
F = the quan t i ty  of fibrin t h a t  mus t  be digested in order t ha t  the clot may  lyse 
D = extent  of fibrin digestion a t  t ime t 
T = clot life. 

I f  now streptokinase and plasminogen are present  in excess 

dp/dt = kxa 
and p = klat 
Hence the  rate  of proteolysis dD]dt = k2p = kzk2at 

and D = (kzk2[2) a.t  2 
where k I and k s are rate constants .  

At the t ime T, D will be equal to F ,  which is a constant ,  

.'. a = k z /T 2 
where k = 2F/kak v 
Hence log a = log k + 2 log I]T 
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