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wi th  less cont ras t ,  such  as biological specimens.  The  microrad iogram (25oo volt) of a 5 # th ick  sect ion 
of a blood vessel  wall  is shown  in Fig. 3- I t  is clear t h a t  the  con t r a s t  is good, and  so is the  resolut ion.  
Figs. 5, 6 and  7 show mic ro rad iograms  of mic ro tome sect ions f rom rabbi t  ep iphysea l  cart i lage,  r abb i t  
ear  and  pathological  k idney  respect ively.  Fig. 4 t aken  wi th  a similar  tube  wi th  2oo/~ Be-window 
a t  5 kV i l lus t ra tes  t h a t  t he  t ube  also can  be used to s t u d y  the  d i s t r ibu t ion  of ca lc ium sal ts  in a 
g r o u n d  sect ion of bone  t issue.  A n o t h e r  examp l e  of th i s  type  of appl ica t ion  is Fig. 8 which  shows 
calcif icat ions in a k idney  (5/~ th ick  section).  

I t  was original ly sugges ted  t h a t  a smal l  reference s y s t e m  should  be r ad iog raphed  s i m u l t a n e o u s l y  
wi th  the  sample  s when  q u a n t i t a t i v e  m e a s u r e m e n t s  have  to be pe r fo rmed  in the  mic ro rad iogram.  
This  procedure  requires  a re la t ive ly  large l~onlogeneous field of X-rays .  The  reference s y s t e m  can 
be made  of t h in  nitrocellulose foils. B y  compar ing  the  dens i ty  of a biological s t ruc tu re  wi th  t h a t  
of the  s teps  in the  reference s y s t e m  the  weight  of the  s t ruc tu re  can  be compu ted  2. There  are cer ta in  
difficulties in p repar ing  a good reference s y s t e m  and  also in de te rmin ing  the  mass  of each stepa, ~. 
Several  m e t h o d s  have  been p roposed  b o t h  for the  p repa ra t i on  of the  reference s y s t e m  and  the  
m e a s u r e m e n t  of the  mass  of each step2,3, 7. The  s imple  cons t ruc t ion  of the  scaled off t u b e  as compared  
wi th  t h a t  of con t i nuous ly  p u m p e d  t ubes  enables  us, however ,  to e l imina te  the  necess i ty  of a reference 
sy s t em.  I n s t e a d  of expos ing  on ly  one spec imen  on each film, more,  e.g. six, dif ferent  samples  can  
easi ly be regis tered  on the  s ame  film. E a c h  sample ,  however ,  is exposed  differently,  i.e. t he  t ime  
is var ied  wi th  c o n s t a n t  X- r ay  i n t ens i t y  caus ing  different  densi t ies .  The  dens i ty  of the  X- r ay  image  
of the  s t r uc tu r e  to be inves t iga ted  and  t he  dens i ty  cor respond ing  to t he  inc iden t  X - r a y  i n t ens i t y  
are m e a s u r e d  in each of the  mic ro rad iograms .  As all s amples  are regis tered on the  s ame  film it is 
possible  f rom the  m e a s u r e m e n t  of t he  densi t ies  caused  by  the  inc ident  b e a m  to c o n s t r u c t  the  dens i ty -  
exposure  cu rve  for each ind iv idua l  pho tog raph ic  film, and  no s t a n d a r d  process ing  is necessa ry .  
F r o m  th i s  dens i ty  curve  the  X - r a y  t r an smi s s i on  of a n y  cytological  s t r u c t u r e  in a n y  of the  six different  
s amples  can be de te rmined .  In  order  to conve r t  X - r a y  t r an smi s s ion  into weight  per  un i t  area,  the  
n i t rogen  m a s s  absorp t ion  coefficient for the  rad ia t ion  m u s t  be known,  and  th is  coefficient is deter-  
mined  for each vol tage  used by  m e a s u r i n g  the  absorp t ion  of the  X- rays  in a cer ta in  d i s tance  of air. 

Summar i z ing ,  the  new t ube  descr ibed in th i s  c o m m u n i c a t i o n  m a k e s  q u a n t i t a t i v e  mieroradio-  
g r a p h y  simple.  The  ma in  a d v a n t a g e s  over  old e q u i p m e n t  for h i s t o r ad iog raphy  are : I. No con t i nuous  
p u m p i n g ;  2. Small  and  c o m p a c t  cons t ruc t ion ;  3. Simple h igh  vol tage  genera to r  of smal l  size; 4. No 
special  reference s y s t e m  requi red  if the  procedure  ind ica ted  above is followed; 5. H igh  image  reso- 
lu t ion  due to ve ry  smal l  focal spot .  

The  tube  is now being fur ther  tes ted  for h is toradiographic  work and  mos t  p robab ly  several  
modif icat ions of the  e q u i p m e n t  and  technica l  procedure  will be in t roduced.  The  goal is to get  an  
e q u i p m e n t  as easy  to use as an  o rd inary  l ight  microscope.  
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The enzyme  s y s t e m  t h a t  ca ta lyzes  the  phosphory la t ion  of A D P * *  coupled to t he  b reakdown  
of succinyl  CoA consis ts  of a t  least  two enzymes  I and  an  addi t ional  coenzyme 2. The  l a t t e r  ha s  been 

* Suppor ted  by  g r an t s  f rom the  Amer ican  Hea r t  Associat ion and  the  Nat iona l  Hea r t  Ins t i tu te ,  
N . I .H .  

* * T h e  following abbrev ia t ions  will be used:  adenosine  di-, and  t r iphospha tes ,  A D P  and  A T P ;  
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isolated f rom yeas t  by  adsorp t ion  on charcoal ,  followed by  h e a v y  meta l  prec ip i ta t ion  and  f inal ly  
c h r o m a t o g r a p h y  on Dowex-I  fornlate  a. The  absorp t ion  spec t ra  of t he  isolated c o m p o u n d  in acid 
and  in alkali  were ident ical  wi th  the  spec t ra  of guanos ine  and  GMP-5 '***.  The  base  ob ta ined  by  
acid hydro lys i s  was  ind i s t ingu ishab le  f rom guan ine  in two pape r  ch roma tog raph i c  s y s t e m s  4,5. The  
c o m p o u n d  con ta ined  r ibose s and  p h o s p h a t e  in the  propor t ions  shown  in Table  I. One  of t he  two 
p h o s p h a t e  groups  was labile in acid (i N HC1, ioo °, 15 min).  Nucleot ide  py rophospha ta se§  7 l iberated 
i mole of Pi f rom the  c o m p o u n d  per mole of base,  the  initial ra te  of hydro lys i s  being 27 t imes  fas ter  
t h a n  t h a t  for GMP-  5' unde r  t he  same  condit ions.  GMP-2 '  and  GMP- 3' were hydro lyzed  even more  
slowly t h a n  GMP-5' .  The  cleavage p roduc t  derived f rom nucleot ide  p y r o p h o s p h a t a s e  hydro lys i s  had  
the  same  RFas GMP- 5' in two so lven t  systemsS, s bo t h  of which  separa ted  the  th ree  guanos ine  mono-  
phospha te s .  I t  m a y  be concluded  f rom the  above  d a t a  t h a t  the  "phospho ry l a t i on  c o e n z y m e "  is 
guanos ine -5 ' - py rophospha t e  (GDP)3, 9. 

T A B L E  I 

C O M P O S I T I O N  O F  C O E N Z Y M E  

pmole per mg Molar ratio 

Guanos ine  (A2e0) 1.94 I.OO 
Ribose (Orcinol) 1.81 o.94 
P h o s p h a t e  (total) 3.59 1.85 
P h o s p h a t e  (labile) 1.74 o.9o 

The  react ion ca ta lyzed  by  e n z y m e  A can  be represen ted  as shown  in E q u a t i o n  (i). 

Succinyl  CoA + G D P  + Pi \A '  Mg++ ,~ Succinate  + CoA + G T P  (I) 

Cons i s t an t  wi th  th is  fo rmula t ion ,  t he  enzyme  A-ca ta lyzed  d i sappea rance  of succinyl  CoA (which is 
d e p e n d e n t  on bo th  Pi and  GDP) is equ iva len t  to the  CoA liberated.  W h e n  Reac t ion  i is coupled 
to t he  K G  dehydrogenase  s y s t e m  where  succ inyl  CoA is r e syn thes ized  (React ion  2) as described 

KG + CoA + D P N  + ---> Succinyl  CoA + D P N H  + H + + CO S (2) 

previously  ~, the  D P N H  produced  is equ iva len t  to G D P  added  which  forms the  basis  of t he  a s say  
for GDP.  GTP* TM has  been isolated f rom such  a coupled react ion carr ied out  in the  presence of radio-  
act ive  Pi. The  ident i f icat ion of the  G T P  res ts  on the  following proper t ies :  I. spec t ra  in acid and  in 
base;  2. paper  c h r o m a t o g r a p h y  of the  base released by  acid hydrolys is ;  3. presence of two acid 
labile phospha t e s  per  mole of base;  4. 32p specific ac t iv i ty  of the  p roduc t  was  the  s a m e  as t h a t  of 
the  Pi (Table II). The  A T P  produced  on incuba t ing  the  isolated G T P  wi th  ADP,  MgC12 and  e n z y m e  B 

T A B L E  II  

G T P  S Y N T H E S I S  

KG (15 #moles ) ,  p h o s p h a t e  (36 #moles ,  91,ooo CPM/pmole ) ,  MgCI 2 (4 o /zmoles) ,  CoA (o.13 
pmole) ,  cys te ine  (8/zmoles) ,  D P N  ( I2 /zmoles) ,  G D P  (2.2 pmoles ) ,  K G D H  and  e n z y m e  A in i2 ml. 
I ncuba t ed  i6 min  a t  25 °. The  G T P  was ob ta ined  by  adsorp t ion  on charcoal  followed by  precipi ta t ion  
of the  b a r i u m  salt.  The  isobutyric a c i d - - a m m o n i a  s y s t e m  s was  used  for t he  separa t ion  of the  
nucleotides.  

For  A T P  s y n t h e s i s - - G T P  (o .7#mole ) ,  MgC12 (2 pmoles) ,  T H A M  buffer  ( hpmole s ) ,  A D P  
(o.9/zmole) and  e n z y m e  B were i ncuba t ed  in 0. 4 ml  a t  p H  7.2 for 5 m in  a t  3 o°. 

R F CPM/l~mole 

G T P  o.15 95,600 
A T P  o.31 74,3oo 

guanos ine  mono-,  di- and  t r i -phosphates ,  GMP, G D P  and  GTP;  inosine di- and  t r i -phosphates ,  IDP ,  
ITP ;  di- and  t r i -phosphopyr id ine  nucleotides,  D P N  and  T P N ;  coenzyme  A, CoA; a -ke tog lu ta ra te ,  
KG and  inorganic  phospha t e ,  Pi- 

*** GMP-5 ' ,  GMP- 3' and  GMP-2 '  were gif ts  f rom Dr. WALDO CONN. 
§ Kind ly  suppl ied  by  Dr. T. SINGER. 
t G T P  has  been s imu l t aneous ly  syn thes ized  by  STROMINGER f rom G D P  and  p h o s p h o p y r u v a t e  

(reported a t  t he  Meet ings  of t he  Amer ican  Society of Biological Chemis ts ,  see % 

32 
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was radioact ive,  the  specific ac t iv i ty  being on ly  s l ight ly  less t h a n  t h a t  of the  GTP.  The  A T P  was  
identified by  paper  c h r o m a t o g r a p h y  and  by  T P N  reduc t ion  in the  hexok inase -g lucose -6-phospha te  
dohydrogenase  sys tem.  G T P  was  essent ia l ly  inac t ive  wi th  hexok inase  unde r  these  condit ions.  Thus ,  
enzyme  B ca ta lyzes  the  t r a n s p h o s p h o r y l a t i o n  be tween  G T P  and  A D P  (Equa t ion  3) and  m a y  be 
des igna ted  G T P - A D P  t r ansphosphory l a se .  

G T P  + A D P  Mg++~ G D P + A T P  (3) 

Of a series of nucleot ides  t h a t  h a v e  been tested,  only  I D P  will replace G D P  in t he  p r i m a r y  
phosphory la t ion  react ion.  F r o m  t he  c o n s t a n t  ra t ios  of act iv i t ies  with G D P  and  I D P  (sl ightly above  2) 
a t  different  s tages  of purif icat ion of e n z y m e  A, prepared  f rom beef hear t  muscle  as well as f rom 
pork  kidney,  it appears  probable  t h a t  the  same  e n z y m e  ca ta lyzes  Reac t ions  i and  4. For  t he  syn thes i s  
of succinyl  CoA from I T P  only  enzyme  A (but  no t  enzyme  B) is requi red  (Table II l ) .  T h a t  tbe  

Succinyl  CoA + I D P  + Pi A ,  Mg++ , Succinate  + CoA + I T P  (4) 

G T P - A D P  t r ansphospho ry l a se  p repa ra t ion  ca ta lyzes  also the  I T P - A D P  t ransphosphory la t ionS,  11 is 
shown b y  expe r imen t s  coupled to the  ke toglu ta r ic  dehydrogenase  s y s t e m  (compare  2). 

T A B L E  I I I  

SUCClNYL CoA SYNTRESlS WITH I T P  

The  comple te  s y s t e m  consis ted of CoASH (o. 13 # mole), I T P  (0.82/~ mole), succ ina te  (5 # moles), 
T H A M  (5/ ,moles) ,  MgCl~ (I / ,mole),  K B H  4 (i #mole )  and  e n z y m e  A (3 ° y) in 0. 3 ml  a t  p H  7.5. 
I ncuba t ed  for 5'  a t  3 o°. The  pract ical ly  comple te  ut i l izat ion of CoA sugges t s  a m e t h o d  for CoA assay .  

,uraole A-  S H 

Comple te  s y s t e m  - -  o. 12 
No I T P  o.oo 
No succ ina te  + o.oi  
No ITP,  no succ ina te  + o.oi  
No succinate ,  no enzyme  o.oo 

I t  m a y  be noted  tha t ,  unde r  the  condi t ions  described in Table  I l l ,  the re  is no decrease in - S H  
wi thou t  added  suec ina te  (line 3)- W e  have  also observed  t h a t  bo th  G D P  a n d  Pi are required for 
the  b reakdown  of succinyl  CoA ca ta lyzed  by  e n z y m e  A. These  las t  two obse rva t ions  indicate  t h a t  
stoichiometric a m o u n t s  of an  in te rmedia te  involv ing  Pi and  CoA (e.g., phosphory l  CoA) are no t  fo rmed  
a l t hough  fo rmat ion  of ca ta ly t ic  a m o u n t s  is no t  excluded.  
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