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The  p rob l em of even  smal l  gas leaks in  the  s y s t e m  is 
ve ry  i m p o r t a n t  because  of t he  smal l  gaseous phase  used 
(only 20 ml) a n d  t he  low oxygen  c o n s u m p t i o n  b y  the  in- 
tes t ine .  The  use of a glass s y s t e m  a n d  of T y g o n  tubes  
avo ids  gas leaks ; t he  d i s c r epancy  found  b y  some au t ho r s  3 
be tween  the  oxygen  c o n s u m p t i o n  o b t a i n e d  b y  t he  W a r -  
b u r g  t e c h n i q u e  and  the  oxygen  c o n s u m p t i o n  ob t a ined  b y  
a po la rog raph ic  m e t h o d  m a y  t lave been  due to t he  ma te -  
rials (Perspex and  rubber )  of wh ich  t he  per fus ion  c h a m b e r  
was  made .  I n  order  to  ca l ib ra t e  t h e  analyser ,  gas mix-  
tures ,  a t  increas ing  k n o w n  oxygen  con ten t ,  are used. T h e y  
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The complete equipment needed for the experiment. 

are b u b b l e d  t h r o u g h  a four -way  s top-cock  (these duc t s  
can  be c o n n e c t e d  in a d j a c e n t  pos i t ions  as shown  in  t he  
Figure) ,  i n to  t he  per fus ion  a p p a r a t u s  t i l l  equ i l ib r ium is 
reached.  The  oxygen  pressure  of these  s t a n d a r d  m i x t u r e s  
is cor rec ted  b y  t a k i n g  in to  accoun t  t h e  fac t  t h a t  t he  
gaseous mix tu re ,  en t e r ing  t he  sys tem,  decreases  to  t he  
a t m o s p h e r i c  p ressure  and  becomes  s a t u r a t e d  w i th  aqueous  
vapour .  A t  th i s  po in t  the  gas t i gh tness  of the  circuit ,  i.e. t h e  
t he  c o n s t a n t  oxygen  pressure  of the  sys tem,  can  be checkde  
b y  s imply  t u r n i n g  the  s top-cock,  which  isolates t he  sys tem,  
and  o p e r a t i n g  t h e  per i s ta l t i c  p u m p .  Fina l ly ,  t he  i n t e s t i n a l  
sac is i n t r o d u c e d  in to  the  vessel,  whose  glass jo in t  ha s  been  
r e m o v e d  and  t h e n  replaced.  B y  ope ra t i ng  the  four -way  
stop-cock,  oxygen  a t  the  h ighes t  c o n c e n t r a t i o n  (95 %) is 
m a d e  to b u b b l e  aga in  for a few m i n u t e s  to  let  ou t  t i le a i r  
wh ich  en t e red  du r ing  t he  i n t r o d u c t i o n  of t he  subs t r a t e .  
W h e n  t h e  ana lyse r  goes b a c k  to  i t s  p r e v i o u s  ca l i b r a t i on  
value,  a n o t h e r  r o t a t i o n  of t he  s top-cock  isolates t h e  sys- 
t e m  a n d  t he  biological  e x p e r i m e n t  can  s ta r t .  A t  t he  end  
of t he  expe r imen t ,  t he  vo lume  of t he  gaseous phase  can  be 
easi ly d e t e r m i n e d  b y  fil l ing t he  whole s y s t e m  w i t h  water .  

Our  f i rs t  d a t a  on t he  oxygen  c o n s u m p t i o n  (58 • 2 
#moles  g-1 we t  we igh t  h i) b y  t he  r a t  smal l  i n t e s t ine  
( je junal  t r ac t ) ,  i n c u b a t e d  a t  28~ do n o t  differ  f rom 
those  which  can  be  ca lcu la ted  f rom the  d a t a  r epo r t ed  b y  
WILSON a n d  WlSEMAN 4 w i t h  the  W a r b u r g  m e t h o d  u n d e r  
the  same e x p e r i m e n t a l  cond i t ions  (60 / ,moles g-1 wet  
we igh t  h - l ) .  

Riassunto. Viene  desc r i t to  un  m e t o d o  polarograf ico  pe r  
la d e t e r m i n a z i o n e  c o n t i n u a  del consumo di ossigeno in u n  
p r e p a r a t o  in t e s t ina l e  di r a t t o  perfuso in vi t ro.  I r i su l t a t i  
o t t e n u t i  sono in accordo con quell i  t r o v a t i  da  a l t r i  au to r i  
sullo stesso s u b s t r a t o  m e d i a n t e  u n  m e t o d o  manomet r i co .  
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Disc Electrophoresis of Proteins in the Presence 
of Sodium Dodecyl Sulphate 

Disc e lec t rophores is  1 is a powerfu l  tool  for s t u d y i n g  the  
p u r i t y  of p ro t e ins ;  bu t ,  since t he  po lyac ry l amide  gel acts  
as a molecu la r  sieve, i t  is o f ten  diff icul t  to  decide w h e t h e r  
a m u l t i b a n d  e l e c t r o p h o r e t o g r a m  ind ica tes  a n  impure  
p r e p a r a t i o n  or a complex  associa t ion  equi l ibr ium.  

The  p ro te in -d i s soc ia t ing  power  of severa l  de t e rgen t s  is 
well  k n o w n  2. One of t he  mos t  of ten  s tud ied  a m o n g s t  t h e m  
is sod ium dodecyl  su lpha te  (SDS). Us ing  th i s  subs tance ,  
a ldolase  has  been  shown  to be t he  resu l t  of the  assoc ia t ion  
of t h r ee  sub -un i t s  3. I t  occur red  to us t h a t  t he  presence of 
SDS  in po lyac ry l amide  gels m i g h t  be  useful  for t he  s t u d y  
of associa t ions  of th i s  type .  Accordingly ,  t he  p rocedure  of 
ORNSTEIN and  DAVIS a was modi f ied  as follows: (a) The  

ac ry lamide  c o n c e n t r a t i o n  in t he  so lu t ion  for  the  la rge-pore  
gel layer  was ra ised to 4 %  a n d  e t h y l e n e d i a m i n e t e t r a -  
acet ic  acid, 6 m g % ,  was added.  (b) 0 .5% SDS was added  
to all gels. (c) On top  of t he  p r o t e i n - c o n t a i n i n g  layer ,  an  
add i t iona l  large-pore  gel layer  was deposi ted.  I t  func t ions  
as a reservoi r  of SD S and  replaces  the  d e t e r g e n t  mobi l ized  
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Disc electrophoresis of insulin, aldolase and bovine growth hormone (BGH) without SDS (a), and in the presence of SDS (b). 

by  the  electric current .  If  the  SDS is no t  kep t  above a 
m i n i m u m  concen t ra t ion  dur ing  the  run, the  p ro te in  m a y  
show associat ion p h e n o m e n a  in t h a t  region. SDS added  to 
the  buffer  solut ion foams excessively. (d) The s ta in ing 
procedure  was carried out  under  more rigorous condi-  
t ions:  the  gel was placed for 4 h in a mix tu re  of equal  
volumes  of me thano l  and 20 % acetic acid, and then  t rans -  
ferred to the  s ta in ing  b a t h  prepared  by  mix ing  equal  
volumes of 2% Amidoschwarz  in 10% acetic acid and 
10% acetic acid in methanol .  The gel was kep t  in th is  
solut ion for 12 h before proceeding to the  nex t  step.  

The me thod  wi th  the present  modif icat ions  was appl ied 
to insulin (E. Lilly, 25.2 U/mg),  aldolase (Sigma, crystal l ine 
suspension f rom rabb i t  muscle), and bovine g rowth  hor- 
mone p repared  according to the  me thod  of DELLACHA 
and SONENBERG 5. 

The electrophoresis  of insulin in a gel w i thou t  SDS 
(Figure, insulin a) gives a mu l t i componen t  p a t t e r n  formed 
by  a diffuse fas t -migra t ing  band  and several  slower minor  
ones. In  the presence  of SDS (Figure, insulin b), only  one 
compac t  band  is apparen t .  

Aldolase migra tes  ve ry  li t t le when SDS is absen t  
(Figure, aldolase a) bu t  is resolved in three  faster-  
migra t ing  bands  when  the  de te rgen t  is added  to the  gel 
(Figure, aldolase b). 

Bovine g rowth  ho rmone  gives three c losely-migrat ing 
bands  on the  po lyacry lamide  gel (Figure, B G H  a). The 
electrophoresis  of the  same prote in  in the  presence of SDS 
indicates  only  one c o m p o n e n t  wi th  grea te r  mobi l i ty  
(Figure, BGH b). 

The results  ob ta ined  wi th  insulin and aldolase can be 
correlated wi th  w h a t  is known about  these  molecules:  
insulin p repara t ions  are complex equi l ibr ium mix tu re s  of 
several  polymeric  forms2; and RAMEL et al.6 have  indi-  
ca ted  tha t ,  when  aldolase is degraded by  SDS, th ree  com- 
ponen t s  are found depending  on the  ratio of SDS to  pro-  
tein. 

The bovine g rowth  hormone  p repara t ion  used in the  
p resen t  expe r imen t s  is homogeneous  as judged by  ul t ra-  
cent r i fugat ion  and free-electrophoresis  analysisS, as well 
as end-group de t e rmina t ions  7,s. Nevertheless ,  s tarch-gel  9 
or polyacry lamide-ge l  e lectrophoresis  indicate  the  pres- 

ence of a complex  mixture .  The resul ts  ob ta ined  here sug- 
gest  t h a t  associat ion p h e n o m e n a  m a y  expla in  the  ob- 
se rved  facts. In  this  connect ion,  it  can be men t ioned  t h a t  
DELLACItA et  al. 10 have observed t h a t  the  s ed imen ta t ion  
coefficient  of bovine g rowth  hormone  is apprec iab ly  de- 
creased when  0.5 % of SDS is added  to the  buffer. Also, 
the  enzymat ic  act ion of ca rboxypep t idase  on bovine  
growth  hormone  is apprec iab ly  favoured by  the  presence 
of 0.1% of de te rgen t  7 in the  incubat ion  med ium n,12. 

Zusammen/assung. Die e lekt rophore t i sche  Trennungs-  
me thode  an Polyacr i lamidgelen  yon ORNSTEIN und 
DAVIS 4 wurde  so abge/indert ,  dass sic im Anwesenhe i t  
von Nat r ium-dodecy l - su l fa t  zu gebrauchen  ist. Dadurch  
ist es m6glich, Assoziat ionen und Dissoziat ionen yon 
Pro te inen  zu bes t immen,  wie Resu l ta te  mi t  Insulin,  Aldo- 
lase und  R i n d e r w a c h s t u m s h o r m o n  beweisen. 
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