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o b t a i n e d  w h e n  (/,2Zn l/Mg) :~*~oo  cal .  n lo le  1. l [ o w e v e r ,  the  d i f fe rence  is a c t u a l h "  10co {: *'(n~ 
cah  ::< m o l e , w h i c h  m e a n s  t h a t  t h e  r a t i o  l)zn/PMg is a b o u t  S: 5. 

In t c i m s  of the  t ra l i s i t i~m s t a t e  t h e o r y  l°, f '  is r e l a t e d  to  t he  e n t r o p y  of m ' t i v a t i o n .  The  ~ tand-  
d a r d  free e n e r g y  (11-~) ,  e n t h a l p y  ( l t t ~ = ) ,  a n d  e n t r o p y  (I.s'=~) ~1" a c t i v a t i o n  were c a l c u l a t e d  I r, ml 
t h e  e x p e r i n l e n t a ]  va lue s  ~)f ]¢ and  ]-. In t h e s e  c a l c u l a t i o n s  t h e  t r a n s m i s s i o n  coel l i t : ient  was  a s s u m e d  
to  be u n i t y ,  w h i c h  u s u a l l y  ho lds  for r e a c t i o n s  in s o l u t i o n  10. ii, a n d  u n i t  lU()]l/I" c o u e e n t r a t i o n  was  
chosen  as  t he  s t a n d a r d  s t a t e .  The  v a l u e s o f  11:4=, 1tt~ = ,and  I.S'=t = a t - ' 2  g i v e n  i n T a h h -  I. 

T . \  t31.F; 1 

KINETIC PARA1MI~TERS FOR THE FNOLASE RI~;ACTIONS AT 22 IN' PHOSPHATE IBL'trFI~R, p i t  0 . 7 5 . / i  : 0 . 0 5  

A c t i v a t ~ r  (sl'C. 1) (l'a[. :.imole i)  (ca[. • mole t) ( till, ~loh' i) illl[,  mlde  i l&'~rcC I) 

Mg ++ ~ 14 14000 i (700 140co 14000 I .~ 
Zn-~+(Mn -+) 39 i 0 5 o o  i 2oo 15xoo r59oo ~ -.~) 

To e x p l a i n  t he  l o w - t e n l p e r a t u r e  i n h i b i t i o n  a n d  t he  d i f f e r e n t  e n t r o p i e s  of a c t i v a t i o n  in  t h e  
r e a c t i o n s  c a t a l y s e d  b y  t h e  Mg :-~- a n d  Zn -+  e n z y m e ,  i t  is  s u g g e s t e d  t h a t  t h e  eno la se  m o l c u l e  c a n  
e x i s t  in  (a t  l eas t )  t w o  d i s t i n c t  fo rms ,  En a n d  E n ' ,  w h i c h  are  in e q u i l i b r i u m  w i t h  each  o the r .  I n  
t h e  a c t i v e  c o m p l e x ,  t h e  f o r m  of t h e  e n z y m e  is E n '  w h i c h  h a s  a less  o r d e r e d  (more  p r o b a b l e )  
s t r u c t u r e  t h a n  En. I n  t h e  Mg + e e n z y m e ,  t h e  f o r m  En" p r e d o n l i n a t e s  a t  h i g h  t e m p e r a t u r e s ,  w h i l e  
t h e  e q u i l i b r i u m  is  s h i f t e d  t o w a r d s  E~z a t  h iw t e m p e r a t u r e s ,  w h i c h  r e s u l t s  in  i n h i b i t i o n .  On t h e  
o t h e r  h a n d ,  Mn  +* a n d  Zn ++, due  to  t h e i r  g r e a t e r  s t r e n g t h  of i n t e r a c t i o n  w i t h  t h e  p r o t e i n ,  s t a b i l i z e  
t h e  m o r e  o r d e r e d  f o r m  E n  a lso  a t  t h e  h i g h e r  t e m p e r a t u r e s .  Thus ,  w i t h  t h e s e  ions  t h e  f o r m a t i o n  
of t h e  a c t i v e  c o m p l e x  i n v o l v e s  a t r a n s i t i o n  f r o m  En  to  En', w h i c h  w o u l d  e x p l a i n  t h e  p o s i t i v e  
e n t r o p y  of a c t i v a t i o n .  The  n l a g n i t u d e  of t h e  e n t r o p y  c h a n g e  is too s m a l l  to  i n v o l v e  a m a j o r  con-  
f o r m a t i o n  c h a n g e  I2 as s u g g e s t e d  b y  KAVANAIJ 5. T h e  s t r u c t u r a l  d i f fe rence  b e t w e e n  E~  a n d  E n ' .  
t he re fo re ,  p r o b a b l y  i n v o l v e s  t h e  a c t i v e  s i t e  on ly .  T h i s  is a l so  i n d i c a t e d  b y  t h e  effect  of t he  n a t u r e  
of t h e  a c t i v a t i n g  ion,  w h o s e  i n f l uence  m u s t  be  r e s t r i c t e d  to  g r o u p s  a t  or c lose  to  t h e  a c t i v e  s i te .  

T h e  a u t h o r  w i s h e s  to  t h a n k  Prof .  A. TISELIUS for  he lp fu l  d i scuss ions .  He  is a l so  i n d e b t e d  to  
Dr.  H.  G. I3OMAN for  a d v i c e  c o n c e r n i n g  t he  s t a t i s t i c a l  t r e a t m e n t  of t h e  d a t a  a n d  to  Mr. I.. E.  
WESTLUND for sk i l l ed  t e c h n i c a l  a s s i s t ance .  
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Photosynthetic activity of fragments of Spirogyra chloroplasts 
T w o  t y p e s  of c h l o r o p l a s t s  o c c u r  in p l a n t s .  As  a r u l e  h i g h e r  p l a n t s  c o n t a i n  g r a n a - b e a r i n g  

c h l o r o p l a s t s  w h i l e  in  s o m e  a l g a e  for i n s t a n c e  t he se  p l a s t i d s  a re  g r ana - f r ee .  I n  t h e  f o r m e r  ch lo ro -  
p l a s t s  l a m e l l a r  s t r u c t u r e  is p r i n c i p a l l y  r e s t r i c t e d  t o  g r a n a  e m b e d d e d  in a p r o t e i n a c e o u s  s t r o m a ,  
b u t  t h e  l a t t e r  ones  a re  c o m p o s e d  of l a m e l l a e  t h r o u g h o u t  t h e  w h o l e  b o d y  a n d  do  n o t  c o n t a i n  s t r o m a  
s u b s t a n c e .  T h e  p l a t e l e t - s h a p e d  3Iougeotia c h l o r o p l a s t s  a n d  t h e  s p i r a l l y  b u i l t  Spirogyra ones  a re  
e x a m p l e s  of t h e  l a m e l l a t e  t y p e .  
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Until recently, a t t empts  to prepare photosynthet ical ly active suspensions of grana-bearing 
chloroplasts failed. The occurrence in suspensions of quite a number  of seemingly intact  grana 
indicates tha t  isolated chloroplasts are readily damaged and also tha t  s t romasubs tance  is much 
more easily demolished than  are grana. The usually observed loss of photosynthet ic  capacity of 
isolated chloroplasts, even if they  look intact, may  be due to changes in the stroma. This suggestion 
is suppor ted by  data  of ARNON et al. 1, ~ who recently succeeded in preparing photosynthet ical ly 
active chloroplast  suspensions when taking special precautions. According to these authors  the 
chloroplasts mus t  be intact  ; f ragments  are inactive. 

The fact tha t  grana suspensions still show the Hill reaction suggests t ha t  a par t  of the enzyme 
systems is concentrated in grana while the par t  responsible for the remaining photosynthet ic  
reactions is located in the stroma. 

If this is t rue the question arises whether  in cells wi th  lamellated chloroplasts the lat ter  
enzymes occur in the cytoplasm or in the chloroplast lamellae, perhaps  acting in cooperation with 
pyrenoids. If these enzymes occur in the lamellae it may  be possible to prepare  photosynthet ical ly  
active suspensions of f ragments  of these lamellated chloroplasts. I t  may  even be possible to do so 
wi thout  taking the special precautions required for retaining photosynthet ic  act ivi ty of grana-  
bearing, stroma-rich; chloroplasts. 

To test  this possibility, suspensions of chloroplast f ragments  of Spirogyra spec. were prepared 
by grinding the algae at p H  7.2 with sand in a pre-cooled mortar .  The suspensions were then  centri- 
fuged at  o°C to remove sand and cell debris. The superna tan t  was used wi thout  fur ther  washing. 
Thus  no a t t empt  was made to remove cytoplasm remnants ,  nuclei, and mitochondria.  Gas ex- 
change was measured manometr ical ly  at 18 ° C. Oxygen readings were done by  using PARDEE buffer 
in the side bulbs equilibrated with 3 % carbon dioxide in air. Carbon dioxide fixation was deter- 
mined in nitrogen with 5 % carbon dioxide, with the side bulbs containing white phosphorus.  

We are much indebted to Dr. ANNA MARIA ~VILLIAMS who, in 3 exper iments  determined 
light-induced phosphoryla t ion  in aliquots of suspensions used for gas exchange measurements .  
According to a modification of the method of KINa 3 phosphoryla t ion was measured as a disappear- 
ance of inorganic phosphate .  

The results are shown in Tables I and II .  

TABLE I 

OXYGEN EVOLUTION AND CARBON DIOXIDE CONSUMPTION OF CHLOROPLAST FRAGMENTS 
AND INTACT CELLS OF Spirogyra IN LIGHT 

Observation Number 
Object Condition period of 0 a in CO 2 in 

in minutes readings l*l/h pl/h 

Ext rac t  

dark 5 31 - -22.4  ± 3  .0 
light 25 31 - -2 .0  -LI.9 
light i s t  15 22 - -22.0  ±4 .3  
dark 15 24 +2 .4  ~2 .9  
light 2nd 15 22 - -8 .  4 ±1 .  7 

In tac t  algae 

dark 5 14 --31.2 ±4 .5  
light 25 14 -[- 16.o ±6 .  5 
light Is t  15 i i  - -13 .9  ±9.0*  
dark 15 8 +1 .5  ±5-3* 
light 2nd 15 IO --3-9 -----3.3" 

Heated algae light 45 18 - - i . o  i i . 3  
dark 45 18 - -2 .  4 ±0 .8  

* cell concentrat ion -- I/2 

TABLE I I  

C A R B O N  D I O X I D E  U P T A K E  A N D  P H O S P H O R Y L A T I O N  O F  

F R A G M E N T S  O F  Spirogyra C H L O R O P L A S T S  I N  L I G H T  

CO, in Pi  in 
Expt. Condition Fdlh pM/h 

a light - -33 .7  ± 7. I - -2 .  I 
dark - -2 .  5 ±6 .0  + o . I  

b light - -12 .9  ±7.1  - -o .8  
dark +6 .8  -[-8.2 - -  

Out  of 18 experiments,  2 yielded 
negative results. In  these two cases, 
however, even the intact  algae did not 
show photosynthesis .  This may  be as- 
cribed to the bad condition of the cells 
due to the end of the vegetation period. 
One of these two experiments  was 
done in combinat ion with phosphor-  
ylation determinations,  and no phos- 
phorylat ion was observed. 
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17ntess otherwise stated, the chlorophyll c()m entratii)ns (1i the samples ~l /tltGle ;Hid fr;tgtueut 
suspensions were (~f the sanle ()rtler. 

Since the PARDEE bufIer requires a considerable equilibration period, and the ac t i \ i tv  of the 
suspensions declines with time, the mentioned results allow unly qua[i tat i \  e deductions. ()\xing I() 
the ending of the vegetati(m period ()f 5pirogyra the exper iments  had t,* 1,' discontinued unliI 
next  spriug. It  is hoped t() obtain more complete data at tha t  tinle. 

From the present data it inglv be concluded that  f rag lnen ls  (d' ,~pil'o£q'*a chlnnq)lasls are able 
to show photosynthet ic  activity with a relatively high rate c(mlpared to tltat in intact algae. Th,- 
few exper iments  (hme by l)r. {VH.LIAMS suggest tha t  the Iragments  are alls<) c;/pable ~)t lighi in- 
duced t)hosphorylation. 

l ' ;xperiments with f ragn)en t s  (if 3lou~,,eolit~ chloroplasts were uusuccessfnl .  Suspensions el these 
fraginents readily turned  brown and did not  show any photosynthet ic  rea( tion. 

A detailed report  of this s tudy  will appear  in a forthcoming issue of this journal. 
j .  H. THoMA~, 
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Note  on the mechanism of activation of human accelerator 
91obulin by thrombin* 

The purification of the essential components  and cofactors involved in ttw coagulation of 
m a m m a l i a n  blood has facilitated studies of the complex mechanisms involved. Recent progress 
in  the isolation and concentrat ion of accelerator globulin (Ac-globulin, proaccelerin, labile factor, 
Factor  V) has aided in establishing the essentiali ty of this enzyme in tile clotting of bovine bloodL 
Accelerator globulin (AcG) appears  to play a similar role in the clotting of human  blood, tIowever,  
this has not  been thoroughly  invest igated because of the relative instability and unusnal  adsorption 
characterist ics 2 of AcG in h u m a n  plasma. 

AcG exists in two forms:  a precursor  form, plasma AcG, and a potent  accelerator form, serum 
AcG. During the early stages of clotting, the conversion of the precursor  to the active form is 
mediated by minute  amounts  of th rombin ;  a mechanism which may contr ibute to the biological 
autocatalyt ic  conversion of p ro th rombin  to thrombin.  The exact mechallism whereby th rombin  
elaborates a po ten t  ca ta lys t  from the precursor  is not  known. There are iudications thai  this reac- 
t ion may  involve proteolysis  since th rombin  clots fibrinogen by splitting off a peptide a and it also 
dissolves the fibrin clot under  certain conditions a. Thrombin  has esterase activity 5 similar to other 
proteolytie enzymes 6. 

i n  the present  co nlmunication,  we wish to provide evidence that  throm|)ill activates hunlaI /  
AcG bv a proteolytic mechanism. 

P'lasma AcG was  prepared in relatively purified form from freshly colletted human  plasma 7 
and was assayed by a one-stage procedure ~. One unit  of ,\cG activity is equivalent to tha t  dis 
played by o.ol 1111 of freshly-collected, citrated hulnan plasma. Human  thrombin  was prepared 
from purified h u m a n  p ro th rombin  v by sodium citrate actiwttion", and, in some preparations.  
addit ional purification was acc(~mplished by zone electrophoresisnL The commercial bovine product  
Thrombin  Topical (Parke, Davis and Co., Detroit,  Michigan, U.S.A.), was also employed after an 
initial purification procedure '2. Thrombin  actix ity was measured by clotting of fibrinogen s tandard-  
ized according to tile two-s tage method for the assay, of p ro thrombin  u. 

In Fig. I, data  are presented for the act ivation of h u m a n  AcG by purilied human  thrombin.  
Under  the condit ions of the experiment,  one unit  of thrombin  is capable of eliciting a Io ~5 fold in- 
crease in AcG activity.  The activity reaches a m a x i m u m  and then decreases somewhat  depending 
o n  the relative propor t ion  o f  e n z y m e  and substrate .  Similar results were obtained with I ) o v i n e  and 
h u m a n  th rombin  both  of which had been purified by zone electrophoresis. 

in  Fig. 2 is depicted the increase in 5 ~;, trichloroacetic acid (TCA) soluble material  following 
the activation of plasma AcG with thrmnbin .  TCA soluble material was measured at 28o m/~ in at 

* This investigation was supported by grants  from the L-.S. Public Health Service (tI-1o49 (C4))  
and the Research and Development  Board, Office of tile Surgeon General, Depar tmen t  of the 
Army (DA-49-OoT-MD- ~93). 


