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A S I M P L E  I N E X P E N S I V E  B A C T E R I A L  C O L O N Y  C O U N T I N G  D E V I C E  
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SIMS~AND JORDAN 1 have  descr ibed a m e t h o d  of coun t ing  bac ter ia l  colonies which  utilise~s an  
e lec t romagne t ic  device for a u t o m a t i c  count ing .  Fig. 1 i l lus t ra tes  an  a p p a r a t u s  simplified by  us ing  
a mechan ica l  coun te r  in place of the  e lec t romagne t ic  type .  The  
design of SIMS AND JORDAN is fu r the r  improved  upon  by  the  
bui l t - in  i l lumina t ion  provided.  

The  counter ,  C, is a Veeder  mode l  opera ted  by  a lever car- Z 
ry ing  two spr ing  coils, S 1 and  S~, a Uno  pen  (Size 2) U, being 
a t t a c h e d  to t he  coil by  a piece of rubbe r  tub ing .  The  coun t ing  
procedure  is as follows :- 

The  pen,  filled wi th  sui table  m a r k i n g  fluid, such  as I n d i a n  
ink, is pul led down towards  t he  Petr i  d ish  to m a r k  wi th  a dot  
the  posi t ion of a colony.  J u s t  before the  pen  reaches  the  d ish  
the  coun te r  lever  regis ters  a coun t  and  s i m u l t a n e o u s l y  p roduces  
an audible  click. The  spring,  S~, enables  the  pen  to reach  a n y  
po in t  on t he  dish, whicb r ema ins  in a fixed posi t ion.  As the  pen  
touches  the  dish, a second click is heard .  F ina l ly  the  ' spr ing S 1 
r e tu rns  t he  lever to its res t ing  posi t ion (producing a th i rd  click) 
when  t he  downward  pul l  is released,  r e ady  for the  nex t  coun t .  
Tile r h y t h m i c  sequence  of the  th ree  clicks on coun t i ng  provides  
an  audible  proof  of the  faul t less  work ing  of the  procedure .  

The  Petr i  Dish,  /9, need no t  be m a r k e d  ou t  in squares ,  as 
the re  is no possibi l i ty  of coun t ing  a colony twice or forge t t ing  
the  n u m b e r  of colonies coun ted .  

The  l amp  house,  H,  is m a d e  f rom a t in  box,  the  b o t t o m  
being r e m o v e d  a n d  vent i l a t ion  holes drilled near  the  top.  A 25 
W a t t  L a m p ,  L,  gives t he  r ight  l ight ing and  ve ry  litt le heat .  The  
Petr i  d ish  res t s  upon  an  opalescent  plate,  O, secured over  a hole [ 
in t he  top  of t he  box,  and  is t h u s  viewed in diffuse l ight .  
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The ma in  electron t r an spo r t  s y s t e m  of aerobic cells is associa ted  wi th  par t ic les  readi ly  sedi- 
m e n t a b l e  ill low g rav i t a t iona l  fields and  insoluble in aqueous  med ia  a t  neu t ra l  or acid p H  1. Our  
p r e sen t  knowledge  of th i s  s y s t e m  is based  a l mos t  exc lus ive ly  on s tudies  of the  behav iou r  of m i x t u r e s  

* Th i s  inves t iga t ion  was  suppor t ed  by  a g r a n t  f rom the  H e a r t  I n s t i t u t e  of the  Na t iona l  I n s t i t u t e s  
of Hea l th .  
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of pa r t i cu la t e  e n z y m e s  con t a i n i ng  all or m o s t  of the  c o m p o n e n t s  necessa ry  for t r a n s p o r t  of e lec t rons  
f rom var ious  subs t r a t e s  to molecular  o x y g e n  1-3. In  recent  years  severa l  inves t iga to r s  4-s have  directed 
the i r  efforts towards  s epa ra t i ng  the  different  c o m p o n e n t s  of the  e lect ron t r a n s p o r t  s y s t e m  by  w a y  
of t he  differential  solubi l iza t ion of par t ic les  wi th  desoxychol ic  acid, and  t h e n  f rac t iona t ion  of t he  
n l ix tu res  of solubil ized enzymes .  The  resu l t s  ob ta ined  by  these  m e t h o d s  hav~  clearly d e m o n s t r a t e d  
t he  feasibi l i ty  of s epa ra t i ng  t he  ind iv idua l  pa r t i cu la te  c o m p o n e n t s  of the  e lectron t r ans fe r  sy s t em.  

The  p re sen t  c o n l m u n i c a t i o n  is the  first in a series deal ing wi th  the  p rob lem of isola t ing par t icu-  
late enzymes .  The  work ing  hypo t he s i s  is t h a t  such  e n z y m e s  af ter  release f rom mi tochond r i a  are 
discrete  en t i t ies  in t h e  s a me  sense  t h a t  a soluble enzym~ is a defined chemical  subs t ance .  Tile par -  
t icu la te  e n z y m e s  differ f rom the i r  soluble c o u n t e r p a r t s  only  in respec t  to the  re la t ive ly  h igh  concen-  
t r a t ion  of lyophobic  g roups  a t t a c h e d  to t he  pro te in  molecule  which  conduce  to comple te  :0solubi l i ty  
in water .  

The  t l leory of t he  isolat ion p rocedures  which  we have  developed is essent ia l ly  the  following. 
If two par t ic les  differ in size, shape  or specific g r a v i t y  t h e y  can  be sepa ra ted  by  different ial  cen-  
t r i fuga t ion  p rov id ing  t h e y  do no t  associate .  Given  a chemical  difference be tween  two part ic les ,  a 
basis  is p rov ided  for effecting differential  changes  in specific g r a v i t y  since t he  e x t e n t  to which par t ic les  
will b ind  or associa te  wi th  alcohols,  sa l t s  and  ions a t  different  p H  va lues  will be de t e rmined  by  the i r  
respec t ive  chemica l  proper t ies .  These  dens i t y  differences t h e n  pe rmi t  separa t ion  of tile par t ic les  in 
the  u l t r acen t r i fuge .  

By  appl ica t ion  of a f rac t iona t ion  t echn ique  based  on t he  pr inciples  d iscussed above  succinic  
dehyd rogenase  has  been isolated f rom beef hea r t  m i tochondr i a  15-2o t imes  more  ac t ive  t h a n  t he  
s t a r t i ng  mi tochondr i a l  suspens ion .  The  following e n z y m e s  are a b s e n t  f rom tile p r epa ra t i on :  cy to-  
ch rome  oxidase,  D P N H  dehydrogenase ,  cy tochro lne  c and  all t he  known  e n z y m e s  of tile citr ic 
acid cycle. 

The  dehyd rogenase  ca ta lyzes  tile ox ida t ion  of succ ina te  by  ferr icyanide,  qu inones ,  ox ida t ion-  
r educ t ion  dyes  and  cy toc h rome  c b u t  no t  by  molecular  oxygen  (even in presence  of added  cy toch rome  
c). One m g  of the  l ipin-free e n z y m e  ca ta lyzes  the  ox ida t ion  by  fer r icyanide  of 7 /2inoles  of succ ina te  
per  m i n u t e  a t  38° . 

A s s u m i n g  t h a t  a n t i m y c i n  A combines  wi th  one mole of succinic  dehydrogenase  9 the  va lue  f¢,r 
the  m i n i m a l  molecular  we igh t  of t he  l ipin-free e n z y m e  is 8. 3. io  5. Since t he  e n z y m e  con ta ins  6 1 %  
by  weight  of lipin the  uncor rec ted  va lue  for the  molecular  we igh t  is ca. 2. IO 6. 

Each  molecule  of suecinic  dehyd rogenase  as defined above  con ta ins  4 molecules  of heroin a n d  
12-16 a t o m s  of non-hero in  iron. Ne i the r  copper  nor  flavin is p r e sen t  in de tec tab le  a m o u n t s .  There  
is no evidence of the  presence of c y t o c h r o m e  c in tile e n z y m e  as isolated.  H o w e v e r  each molecule  
of e n z y m e  can  b ind  up to 16 molecules  of c y t o c h r o m e  e. Once bound ,  cy toch rome  c is no t  r emovab l e  
by  repea ted  wash ing  by  cen t r i fuga t ion  of the  pa r t i cu la te  enzyme .  

In  1.5 % desoxycho la t e  solut ion the  reduced  e n z y m e  shows  3 bands  wi th  m a x i m a  a t  428, 523 
and  558 in/,  while tile oxidized e n z y m e  shows  on ly  one b a n d  wi th  a peak  a t  415 m/~. The  b a n d s  
of tile pyr id ine  hemochromogei1  of the  e n z y m e  are  ind i s t ingu ishab le  f rom those  of the  pyr id ine  
h e m o c h r o m o g e n  of iron p r o t o p o r p h y r i n  - -  the  m a x i m a  being a t  420, 522 and  555 m/~. 

On add i t ion  of succ ina te  to t he  oxidized e n z y m e  the  p ros the t i c  h e m i n  is reduced  a t  once. The  
reduced  heroin is par t ia l ly  reoxidized by  fumara t e ,  comple te ly  reoxidized by  qu inone  b u t  no t  re- 
oxidized by  nlolecular  oxygen .  In  presence  of a n t i m y c i n  on ly  half  of the  reducible  p ros the t i c  heroin 
is r educed  a t  once by  s u c c i n a t e - - t h e  o ther  ha l f  being reduced  only  af ter  some minu te s .  We  have  
conc luded  f rom th i s  obse rva t ion  t h a t  there  are a t  least  two types  of h e m i n  in succinic  dehyd rogenase  
- - t h e  r educ t ion  of one being a n t i m y c i n  insens i t ive  and  the  reduc t ion  of the  o ther  a n t i m y c i n  sensi t ive .  

I t  should  be s t a t ed  expl ic i t ly  t h a t  no add i t ions  o the r  t h a n  the  par t i cu la te  e n z y m e  are necessa ry  
for tile ox ida t ion  of succ ina te  by  cy t och rome  c and  by  a n y  of the  o ther  e lec t ron acceptors .  Accord ing  
to our  ev idence  t h u s  far  the  pa r t i cu la te  succinic  dehydrogenase  which  we have  isolated is a comple te  
un i t  w i th in  wh ich  the  ent ire  enzymic  sequence  proceeds.  
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