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A new procedure for staining lipoproteins in ionographic separations 
D u r i n g  very  recent  years  there  has been an upsurg0 of in te res t  shown in the s t u d y  of lipo- 

proteins,  largely  because  of the i r  im p l i c a t i on  in the  genesis  of atherosclerosis .  One of the most  con- 
ven ien t  ways  of s epa ra t i ng  the a- and  /~-lipoproteins from blood is to f rac t iona te  serunl  ionographi-  
t a l l y  1. In  p rev ious  s tudies  of l ip ids  and  l ipopro te ins  by  th is  method,  in paper - s tab i l i zed  electrolytes,  
the chief difficult ies encounte red  were in the  i n a d e q u a t e  s t a in ing  of the  ] ipoprote in  bands,  in the 
r e t en t ion  of the  s ta in  by  the  paper  itself, and  in the undue  length  of t ime  often requi red  for the  
s t a i n i n g  procedure,  somet imes  at m a t t e r  of several  hours. By the  new procedure  descr ibed here, 
i nvo lv ing  p re - s t a in ing  of the  l ip ids  before app l i ca t ion  of the  serum sanlple  to the paper,  all  of these 
diff icul t ies  have  been overcome.  

Of the several  s t a ins  which have  been proposed for l ipopro te ins  1, the most  favorable  exper ience  
in th i s  l abo ra to ry  wi th  the  conven t iona l  me thod  of s t a in ing  the ionograms,  namely,  af ter  a run, 
was o b t a i n e d  wi th  Sudan  Black  B 2, or so-called ace ty l a t ed  Sudan  Black B a, which produce ionograms  
h a v i n g  da rk  blue bands  cor responding  to  the  areas  covered by l ipoproteins ,  aga ins t  a l igh t  blue 
background .  W i t h  the  ace ty l a t ed  dye, the color i n t e n s i t y  of the l ipopro te in  bands  was increased 
and the b a c k g r o u n d  l ightened,  l in t  the  resu l t  s t i l l  left much to  be desired. 

By the  new procedure,  the  l ipopro te ins  are p re -s ta ined  d i rec t ly  in  the  blood serum slunple 
before app l i ca t i on  to the  paper,  as follows: To t ml of blood serum in a smal l  tes t  tube  there  is added  
slowly (to avo id  p rec ip i t a t ion)  o. t ml s l t tu ra ted  so lu t ion  of a ce ty l a t ed  Sudan Black  B in 95 % e thanol  
(or for smal le r  r e l a t ive  amounts ,  the  saine io  to i rat io).  The tube  con t a in ing  the serum is now 
shaken  and al lowed to s t and  a t  room t e m p e r a t u r e  for 3 o m i nu t e s  (a l though eveu 3 5 mi nu t e s  wil l  
y ie ld  fair  results) .  The excess a lcohol  is evapo ra t ed  by a p p l y i n g  a suc t ion  to the  tube  and a l lowing 
a fine s t r eam of n i t rogen  (or air) to be pul led over  the  se rum th rough  a t h i n l y - d r a w n  cap i l l a ry  tube.  

teive micro l i te rs  of the  se rum c o n t a i n i n g  the s ta ined  I ipoprote ins  are now appl ied  from a micro- 
p ipe t  to  the fil ter paper  ( \Vhatn lan  No. i, 0. 5 inch width)  its a s t r eak  across the paper  r ibbon.  The 
hor i zon ta l  open-s t r ip  method,  e m p l o y i n g  the Precis ion Ionograph,  was  used in m a k i n g  the sepa- 
ra t ions .  The o ther  expe r imen ta l  cond i t ions  genera l ly  used for op t i ma l  resul ts  were:  veronal  buffer; 
p i t ,  8.6; ionic s t r eng th  o.o5; p o t e n t i a l  g r ad i en t  6 vol ts /cnt ;  a tmosphere ,  wa t e r - s a tu r a t ed  hel ium 
a t  o 5 '~ C, a l though  runs  in a s imple  w a t e r - s a t u r a t e d  a i r  a tmosphere  at  room t e m p e r a t u r e  were also 
qu i t e  sa t i s fac tory .  An adequa te  sepa ra t ion  is ob t a ined  in 4-5 hours. Both the ~,- and  the  /~-lipo- 
p ro te ins  in ig ra te  in t im usual  luanner  and appea r  as blue zones aga ins t  a whi te  background.  

Since the  dye is phys i ca l l y  d issolved ill the  l ipopro te ins  and is insoluble in  water ,  there  is no 
smea r ing  of the  colored zones. No d i s soc ia t ion  or b reak-up  of the colored ma te r i a l s  was evident ,  
its is observed when serum pro te ins  are p re -s ta ined  wi th  l ) romophenol  blue 4. This  can be exp la ined  
as follows: the Sudan Black  B dissolves  phys ica l ly  in the  l ip id -p ro te in  moie ty  whereas  the prote in-  
b romopheno l  blue complex  invo lves  an ionic bond and an equ i l ib r ium which can be upse t  due to 
the l eak ing  away  of the b rnmopheno l  blue ions from the  complex,  under  the influence of the  electr ic  
fiehh Using the  same technique ,  excep t  t h a t  the Sudan Black B was replaced by Sudan l 1I, Sudau [V 
and  Oil Red O, the  resul t s  were nmch less sa t i s fac tory .  

The new techn ique  e l imina te s  a long and ted ious  s t a i n i n g  procedure,  inc lud ing  wash ing  of the 
ionogram,  conserves  r a the r  cos t ly  reagents  and yie lds  crisp, we l l -demarked  zones which enable  the 
r e l a t i ve  a m o u n t s  of a- and  f l - l ipoproteins  to be de t e rmined  more accura te ly .  
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Some components of the oxidative phosphorylation system* 
A t t e i n p t s  a t  f r ac t iona t ion  of the  n l i tochondr ia i  phospho ry l a t i ve  ox ida t i on  system, ou t l ined  in 

th is  communica t ion ,  have  led to the  iden t i f i ca t ion  of Mn ~e and cy tochrome c as essent ia l  componen t s  
in the  over-al l  process. ERNSTV:R AND LINDBERO l have  recent ly  repor ted  t h a t  the i nh ib i t i on  of coupled 

* The i n v e s t i g a t i o n  was suppor ted  by  a g ran t - in -a id  (No. A-590 ) from the  Na t iona l  I n s t i t u t e  of 
A r t h r i t i s  and  Metabol ic  Diseases, N.I .H. ,  and ano the r  from the Anler ican H e a r t  Associat ion,  Inc. 
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phosphory la t ion  by  Ca +2 is relieved by Mn +2, and have concluded tha t  Mn +2 is necessary for the 
system. 

The Mn +2 requi rement  for phosphoryla t ion  becomes apparen t  after pre incubat ion of the mito- 
chondria  in phosphate  buffer (Table I). Dur ing the pre t rea tn lent  a considerable amoun t  of protein  
becomes soluble bu t  the rate of succinate oxidat ion remains  constant  or sometimes increases slightly. 
The coupled phosphory la t ion  is lost, bu t  can be part ial ly (5o%) restored by  Mn +2. Activat ion of 
phosphory la t ion  by  Mn +2, to a lesser extent,  has been observed after other  types of t rea tment .  

TABLE I 

Mnq2 REQUIREMENT FOR PHOSPHORYLATION 

Expt .  M n +  2 Oxygen/* *toms P,  O 

None 14. 7 o.oo 
1. 7. io 4 ,,ll 16.2 o.8z 
1.7. io 43.1" 18.o 0.87 

None 21 .o o. 23 
0.67 • IO 4 M 19. 5 0.73 

1. 7 • lO ,t M 18.2 o.84 
3.3" lO-4 M 18.6 0.82 

The mi tochondr ia  were suspended in o.o 3 M phosphate,  p H  7.o, and incubated at  3 °°  for i hour. 
The reaction mix tu re  contained digested mi tochondr ia  (o. 5 nil f rom o.5 g rat  liver), succinate (5 ° 
/tmoles), Mg +2 (io/~moles), ATP (5/~moles), K F  (2o/,moles),  glucose (ioo/zmoles),  hexokinase 
(o.o 5 ml) and phospha te  (48/tmoies) in 3.0 ml of o.25 M sucrose. The P/O rat ios with the unt rea ted  
mi tochondr ia  were 1. 5 and 1.6, and the oxidat ion rates I4. 7 and 14.2 in Expts .  i and 2 respectively 
(2o min at 3o°). 

* Mn +2 was present  during the pre t rea tment .  

Fig. I. Effect o[ cytochrome c o~z the oxidation of succinate and D P N H .  Closed circles represent  succinate 
oxidat ion measured in terms of l* a toms of oxygen 
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uptake, as in Table I, in the presence of i .7" io 4 I]~ r 
Mn +2. Open circles represent  D P N H  oxidation 
measured by the decrease in absorbancy (log Io/I ) 
at  34 ° m/~ as follows. The reaction was started by 
adding the enzyme prepara t ion  (o.5 mg protein) 
to a mixture  of phosphate  ( io/ tmoles) ,  D P N H  
(o.z #moles), MgCI= (5/,moles) and cytochrome c 
in 3.o ml at p H  7.2. The rate was measured at 
3 o°. For  the exper iment  wi th  succinate the mito- 
chondria  were suspended in o.ool 3I  KC1 for 3 ° 
minutes  at o ° followed by washing with o.12 M 
KC1. D P N H  oxidation was measured with a prepa-  
rat ion exposed to o.oo 5 M KC1 and washed. For 

details see Table II .  

When rat  liver mitochondria,  isolated in 0.25/~M sucrose ~, are exposed to distilled water  a or 
preferably to low concentra t ions  of salt, the endogenous cytochrome c becomes extractable wi th  
o.1.2 M KC1. The only hemoprote in  tha t  is easily detectable in the KC1 extract  is indist inguishable 
spectroscopically from cytochrome c. The concentrat ions  of cytochrome c necessary to restore the 
oxidat ion of succinate and D P N H  are extremely low (Fig. i) and of the same order of magni tude  
as the  cytochrome c tha t  is taken out by the washing. The washed residue, obtained under  carefully 
controlled conditions, retains much of the phosphoryla t ive  act ivi ty coupled to succinate oxidat ion 
when supplemented wi th  cytochrome c (Table II) .  Approximate ly  one-half of the protein  in the 
mi tochondr ia  is lost dur ing the pre- t rea tment  wi th  no loss in potent ial  oxidat ive activity. This 
system is apparent ly  different from the D P N H  oxidase purified from beef hear t  4. Our studies suggest 
tha t  oxidat ive phosphorylat ion,  under  appropr ia te  conditions, may  be stable enough to be studied 
by  classical methods  of fract ionation.  
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T A B L E  I I  

COUPLED PHOSPHORYLATION IN FRACTIONATED MITOCHONI)RIAL RESIDUE 

1 ) r e l r e a l m e n  I P r o t e i n  C V t .  c O. t  , g e n  H M o m s  P 0 
Jn£ t I) • 1 0  - 7  i~1 " 

None i i i0. 9 ~ 1. 5 

Dist .  w a t e r  5.o -.o 
i IO.~ o.7t 

o.oo5 kl  KC1 7.o -- -.o - 
F ~6 .7  1.19 

o.oo~ 31 Phosphate ,  p H  7.o 5.r 1.2 
} 27.o 0.89 

0.005 :lt Phospha te ,  p H  7.0 7-" I.() 
! 1 7 . o  I .z  4 

The m i t o c h o n d r i a  in 0.25 M sucrose were cen t r i fuged  a t  20,000 ;~ g, and the  res idue was sus- 
pended  in the  above  med ia  for 5 m i n u t e s  a t  o °. One- ten th  the  volume of 2. 5 M sucrose was then  
added  and cent r i fuged.  The res idue was washed  twice  wi th  o.12 3 I  KCI and resuspended  in the  
original volume of sucrose. The p h o s p h o r y l a t i o n  coupled to succ ina te  o x i d a t i o n  was measured  as 
in Table  I in  the  presence of 1. 7. lO -4 3 I  Mn +2, w i th  o. 5 ml  of enzyme  p repa ra t ion .  The pro te in  
concen t r a t ion  is i n d i c a t e d  in the  second column.  
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Flavoproteins involved in the first oxidative step of the fatty acid cycle 

i t  was recognized two years  ago t h a t  the  first o x i d a t i v e  s tep of the  f a t t y  acid cycle, the  de- 
h y d r o g e n a t i o n  of the  s a t u r a t e d  to the  u n s a t u r a t e d  f a t t y  acyl  CoA, is c a t a lyzed  by  an enzyme  sys t em 
of the  f lavoprote in  class I-4. E v i d e n c e  was also ava i l ab le  a t  t h a t  t i m e  t h a t  two d i s t inc t  f lavoprote ins ,  
one specific for subs t r a t e s  of shor t  carbon cha in  and  the  o ther  for subs t r a t e s  of i n t e r m e d i a t e  or long 
carbon chain,  are invo lved  in  th i s  ca ta lys is l ,2 ,  s. The former enzyme,  a green coppe r -con ta in ing  
f lavoprote in ,  had  been ob ta ined  in h igh  p u r i t y  and was descr ibed in  detail6,L 

In a t t e m p t s  to  i so la te  the  f lavoprote in  specific for CoA de r i va t i ve s  of longer carbon cha in  i t  
became a p p a r e n t  t h a t  a I toge ther  four f lavoprote ins  are p a r t i c i p a t i n g  in the  dehyd rogena t i on  of 
f a t t y  acyl  CoA's in p ig  l iver.  These four enzymes  have  now been sepa ra t ed  from each other  and  
o b t a i n e d  in a s t a t e  of h igh  pur i ty .  There is no ev idence  t h a t  add i t i ona l  enzymes  are imp l i ca t ed  in 
the  p r i m a r y  d e h y d r o g e n a t i o n  step. The func t iona l  r e l a t ionsh ips  of the  four f lavoprote ins  are ou t l ined  
in  the  fol lowing scheme, the  arrows i nd i ca t i ng  d i rec t ion  of hydrogen  t ransfer  or e lectron flow: 

NC 4 C 6 ~ G 

f a t t y  acyl  CoANC~ C16 ~ YI-~  E T F  --* aeceptors  

NC6-Cz6 --~ Y ~ f  

G is a green copper  p ro t e in  s imi la r  to  t h a t  descr ibed earlier6, 7. Y1 and Y~ are yel low f lavoproteins .  
g I has  a broad  specif ic i ty  range s, whereas  Y2 does not  reac t  s ign i f ican t ly  wi th  b u t y r y l  CoA. G, Y1 
and Y2 accep t  hyd rogen  from s a t u r a t e d  f a t t y  acyl  CoA's. The co inc iden t  reduc t ion  of the i r  p ros the t i c  


