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ohne  wei teres  au f  den  B o h r - E f f e k t  zur i i ckzuf i ih ren  sei. 
E r s t e n s  t r i t t  eine auff~illige F o r m / i n d e r u n g  de r  K u r v e  auf,  
die b e i m  e in fachen  B o h r - E f f e k t  (auch in s t a r k  v e r d i i n n t e n  
L6sungen)  fehl t .  Zwci t ens  is t  de r  H i s t i d in -Ef fek t ,  wie aus  
de r  A b b i l d u n g  h e r v o r g e h t ,  a m  st~irksten bei  den  n ied r igen  
K o n z e n t r a t i o n e n ,  wo die p H - V e r s c h i e b u n g  r e l a t i v  ger ing 
sein muss .  D a  die B e z i e h u n g  zwischen p H  n n d  to~ (50%) 
zwischen  p H  7,50 u n d  6,50 bei  m e n s c h l i c h e m  H/ imog lob in  
l inea r  i s t  ( auch  ftir  v e r d f i n n t e  H b - L 6 s u n g e n  !), wfirde m a n  
fiir den  Einf luss  des  H i s t i d i n s  au f  die Lage  de r  Dissozia-  
t i o n s k u r v e  eine a n d e r e  B e z i e h u n g  e rwar t en ,  als in  I{LYN- 
STRAS K u r v e  in E r s c h e i n u n g  t r i l l .  Se lbs tve r s t ' and l i ch  
werden  neue  E x p e r i m e n t e  m i t  m e n s c h l i c h e m  H/~moglobin 
h i e r  e n t s c h e i d e n  mtissen.  KLYNSTRAS bisher ige  Ve r suche  
lassen we i tgehende  t h e o r e t i s c h e  Sch luss fo lge rungen  n i e h t  
Z l l .  

H .  P. W'OLVEKAMP 

Zoologisches Ins t i lu t ,  Leiden,  3. A p r i l  1959. 

Da der HauptanIass zum vorausgehenden Disputandum die de- 
taillierten theoretisehen Uberleg,mgen yon F. t~LYN~TRtK waren nnd 
diese in ihren weitgehenden Sehlussfolgerungen auch yon Herrn Prof. 
WOLVgKAMP zurfiekgenommen wurden, kSnnen wit jetzt Schluss der 
Diskussion erklfiren. 3I 

A M e t h o d  f o r  

P u r i f y i n g  R a t  M y o g l o b i n  f o r  K i n e t i c  S t u d i e s '  

R e c e n t  i nves t i ga t i ons  dea l ing  w i t h  t he  f u n c t i o n a l  role 
of m y o g l o b i n  (Mb) d u r i n g  a l t i t u d e  a c c l i m a t i z a t i o n  of 
r a t s  nece s s i t a t ed  t he  p r e p a r a t i o n  of f resh ly  pur i f ied  Mb 
for use in  k ine t i c  s tud ies  2. Whi l e  t he  c h e m i s t r y  of M b  
o b t a i n e d  f rom o t h e r  m a m m a l i a n  species has  been  ade-  
q u a t e l y  i n v e s t i g a t e d  3,4, v e r y  l i t t le  i n f o r m a t i o n  is ava i l -  
ab le  on  t he  pu r i f i ca t i on  of r a t  Mb~. 

The  p r e sen t  r e p o r t  descr ibes  a r e l a t ive ly  s imple  m e t h o d  
for o b t a i n i n g  pu re  r a t  Mb w h i c h  can  be  used  for k ine t i c  
m e a s u r e m e n t s .  I t  is b a s e d  on  a p rocedu re  or ig ina l ly  
descr ibed  b y  THEORELL 6 for  pu r i fy ing  horse  Mb. 

The  s teps  in t h e  pu r i f i ca t i on  are  as follows: 
(1) Muscle o b t a i n e d  f rom r a t s  is c ru shed  whi le  f rozen 

in d r y  ice a n d  t he  Mb is e x t r a c t e d  w i t h  a n  equa l  v o l u m e  
of dis t i l led  w a t e r L  The  e x t r a c t  is a d j u s t e d  to  p i t  7.0 
w i t h  0.1 M N a O H .  

(2) E x t r a n e o u s  p ro t e in s  are  t h e n  p r e c i p i t a t e d  b y  t h e  
dropwise  a d d i t i o n  of s a t u r a t e d  bas ic  lead a c e t a t e  (~/4 
v o l u m e  of so lu t ion  to 1 v o l u m e  of ex t rac t ) .  Af t e r  d i scard-  
ing the  p r ec ip i t a t e  the  excess lead ions are  p r e c i p i t a t e d  
f rom the  e x t r a c t  b y  t he  a d d i t i o n  of a s l igh t  excess of 
Na~HPO~ a n d  N a H ~ P O  4. D u r i n g  p r ec ip i t a t i on ,  t he  p H  

1 This research was aided by the U.S. Air Force School of Avia- 
tion Medicine, Randolf AFB, under contract AI r 18(600)-940 and 
the National Institutes of Health under grant RG-5112(Rt). This is 
paper No. ~342 in the Pennsylvania Agricultural Experiment Station. 
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Mb must be kept around 0-I0°C throughout the purification. 
On several occasions when 2lib solutions warmed to ~25°C for several 
hours, changes were detected in the 530585 mp~ region of tile COMb 
spectrum. 

is ca re fu l ly  m a i n t a i n e d  b e t w e e n  7 a n d  8. Af te r  cen t r i -  
fnga t ion ,  t h e  p rec ip i t a t e  is d i s ca rded ;  t h e  s u p e r n a t a n t  is 
r e a d j u s t e d  to p H  7-0 an d  b u b b l e d  w i t h  c a r b o n  monox ide .  

ca - - - r a t  COMb; 80% [Nf~}2SO ~ \ 
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Comparison of the absorptioa spectra of rat COMb extracts (after 
dialysis against different saturations of ammonium sulfate solutions) 
with that of rat COHb. All solutions were in M]15 phosphate buffer, 

pH 7"8. 

(3) H a v i n g  c o n v e r t e d  t h e  M b  to c a r b o n y t m y o g l o b i n  
(COMb) s, t h e  e x t r a c t  is d i a lyzed  a g a i n s t  6 0 %  s a t u r a t e d  
(Nt-t4)2SO ~, p H  7.0, for 18 h.  N e x t  t h e  r e su l t i ng  p r ec i p i t a t e  
is c en t r i fuged  d o w n ;  t h e  s u p e r n a t a n t  is r e c o n v e r t e d  to  
COMb a n d  d ia lyzed  a g a i n s t  8 0 %  s a t u r a t e d  (NH4)2SO4, 
p H  7,0, for 12 h 9. T h e  l igh t  red  p r ec i p i t a t e  c o n t a i n s  all  
spec t roscop ica l ly  d e t e c t a b l e  hemoglob in ,  some Mb, a n d  
o t h e r  p ro te ins .  T h e  p r ec i p i t a t e  is r e m o v e d  b y  cen t r i -  
fuga t ion  a t  14000 g. 

(4) T h e  s u p e r n a t a n t  is c o n v e r t e d  to COMb a n d  d ia lyzed  
a g a i n s t  M / 1 5  K 2 H P O  ~. Af te r  12 h of d ia lys is  t h e  pur i f ied  
e x t r a c t  con t a in s  O.~Mb wi th  a m i n i m a l  a m o u n t  of m e t -  
myog lob in .  

On a n u m b e r  of occas ions  a t t e m p t s  were  m a d e  to  fo rm 
O2Mb b y  o x y g e n a t i o n  of e i t he r  r educed  M b  or COMb. 
T h e  o x y g e n a t i o n  of r ed u ced  M b  was u n s a t i s f a c t o r y  since 
i t  c o n s i s t e n t l y  r e su l t ed  in t h e  f o r m a t i o n  of m u c h  m e t m y o -  
globin.  In  con t r a s t ,  t he  o x y g e n a t i o n  of COMb s o m e t i m e s  
y ie lded  pu re  O2Mb, t h o u g h  genera l ly  some m e t m y o g l o b i n  
was also p resen t .  T h e  l a t t e r  m e t h o d  was n o t  used since 
i t  was  more  t i m e  c o n s u m i n g  t h a n  t h e  dia lys is  m e t h o d  a n d  
usua l ly  gave  on ly  s l igh t ly  less m e t m y o g l o b i n  c o n t a m i -  
na t ion ,  

T h e  u n s t a b l e  n a t u r e  of Mb necess i t a tes  t h a t  i t  be  pur i -  
fied as q u i ck l y  as possible  a n d  t h a t  the  pur i f ied  so lu t ions  
be used for k ine t i c  m e a s u r e m e n t s  w i t h i n  a few hour s  a f t e r  
p r e p a r a t i o n .  Af te r  s to r ing  Mb a t  5°C for a few days ,  
m e t m y o g l o b i n  could n o t  be  c o n v e r t e d  to O~Mb. 

T h e  pu r i f i ca t i on  of M b  for k ine t i c  e x p e r i m e n t s  necessi-  
t a t e s  t h e  r e m o v a l  of a n y  p r o t e i n  i m p u r i t y  w h i c h  m i g h t  
in f luence  "the m e a s u r e m e n t  of t h e  r e a c t i o n  ra tes .  H e m o -  
g lobin  a n d  c y t o c h r o m e  c are  p r o b a b l y  t h e  on ly  p r o t e i n  
i m p u r i t i e s  t h a t  would  in te r fe re  w i t h  m e a s u r e m e n t s  of 
O~Mb kinet ics .  T h e  absence  of a b a n d  a t  550 m a  (Figure)  
shows t h a t  c y t o c h r o m e  c was  n o t  p r e s e n t  in  t h e  pur i f i ed  
so lu t ions .  

During purification Mb should be kept as COMb, which seems 
to be less susceptible to denaturation than O~Mb. In order to form 
COMb, a pinch of NaoS204 is added to the solution after it has been 
saturated with CO. 

"rile 80% saturated (NHa)2SO l should have a specific gravity 
of at least 1.o05 at ~5°C to assure removal of hemoglobin. 

Exper. 18 
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The  absence  of spec t ra l ly  d e t e c t a b l e  h e m o g l o b i n  a f t e r  
the  80% s a t u r a t e d  (NH~)2SO 4 dia lysis  was e s t ab l i shed  in 
the  following way. In  the  region 530 mb~ to 585 m~,, car-  
bony l  hemoglob in  (COHb) a n d  COMb h a v e  d i f fe ren t  ab-  
so rp t ion  spec t r a  so t h a t  a c h a n g e  in t he  p e r c e n t a g e  of 
C O H b  in the  so lu t ion  resu l t s  in changes  in the  a b s o r p t i o n  
s p e c t r u m  of the  mix tu re .  I f  the  log op t ica l  dens i t y  (OD) 
is p lo t t ed  aga ins t  w a v e l e n g t h  in the  530-585 mix region,  
the  shape  of the  cu rve  will d e p e n d  on ly  on the  pe r cen t ages  
of each a b s o r b i n g  c o m p o n e n t  p resen t .  F r o m  the  F igure  
i t  can  be seen t h a t  a f t e r  the  80% s a t u r a t e d  (NH~)2SO 4 
dialysis  the  pe r cen t ages  of C O H b  and  COMb r e m a i n e d  
u n c h a n g e d  upon  dialysis  aga in s t  more  s a t u r a t e d  (NH a)~SO4 
solut ions .  Since h e m o g l o b i n  s t a r t s  to  p r ec ip i t a t e  a t  a 
lower ionic s t r e n g t h  t h a n  Mb, i t  is p r o b a b l e  t h a t  the  
curves  o b t a i n e d  f rom the  s u p e r n a t a n t  a f t e r  the  80% a n d  
100% s a t u r a t e d  dia lysis  were iden t ica l  because  all spec t ro-  
scopical ly  d e t e c t a b l e  h e m o g l o b i n  was r emoved .  

A l t h o u g h  t he  a b o v e  p rocedu re  yie lded pur i f ied  M b  
e x t r a c t s  which  p roved  su i t ab l e  for k ine t ic  expe r imen t s ,  
severa l  a d d i t i o n a l  a t t e m p t s  were m a d e  to ca r ry  the  pur i -  
f ica t ion  one s tep  f u r t h e r  b y  c rys ta l l i z ing  Mb. The  pur i f ied  
Mb so lu t ion  was f r a c t i o n a t e d  aga in s t  more  c o n c e n t r a t e d  
(Ntf , )2SO 4. Af te r  severa l  days  the  r e su l t i ng  p r ec ip i t a t e  
c o n t a i n e d  par t ic les  which  r e sembled  t he  g lobu l i fo rm 
crys ta l s  descr ibed  b y  ROSSI-FANELH et al. ~o; however ,  no 
macroscopic  c rys ta l s  were o b t a i n e d  on  c o n t i n u i n g  the  
dia lys is  for six weeks. 

Fo l lowing  t he  fai lure  to  o b t a i n  c rys ta l l ine  M b  b y  
(NH4)2SO 4 f r ac t iona t ion ,  t he  samples  o b t a i n e d  a f t e r  s tep  
3 in the  a b o v e  p rocedure  were c h r o m a t o g r a p h e d  on  
Amber l i t e  IRC  ~0. Some n o n - c h r o m o p r o t e i n  c o n t a m i n a n t s  
were s e p a r a t e d  by  th i s  ion e x c h a n g e  resin.  The  resu l t s  of 
th i s  e x p l o r a t o r y  i n v e s t i g a t i o n  are  s u p p o r t e d  b y  s imi la r  
f indings  for Mb f rom o the r  a n i m a l  species u a n d  sugges t  
t h a t  ion exchange  c h r o m a t o g r a p h y  m a y  be used for 
f u r t h e r  pur i f ica t ion .  An a d d i t i o n a l  m e t h o d  of Mb pur i -  
f ica t ion which  mer i t s  c o n s i d e r a t i o n  is c o n t i n u o u s  p a p e r  
e lec t rophores is ,  wh ich  was r ecen t l y  used in pu r i fy ing  fish 
Mb 12. However ,  i t  is ou r  bel ief  t h a t  the  dia lysis  t e c h n i q u e  
descr ibed in the  p r e sen t  r epo r t  is s imple r  and  more  l ikely 
to yield larger  a m o u n t s  of M b which  can  be used in spec t ro-  
scopic m e a s u r e m e n t s  of k ine t ic  reac t ions .  

E. H. STRICKLAND, A. ANTHONY, 
and  E. ACKERMAN 

Biophysics Laboratories, Pennsylvania Slate University, 
University Park (Pennsylvania), February 26, 1959. 

Rdsumd 

Une  t echn ique  es t  d6cr i te  p o u r  p r6pa re r  de la myo-  
globine pure  pa r  f r a c t i o n n e m e n t  avec  su l fa te  d ' a m m o -  
n ium.  
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P R O  E X P E R I M E N T I S  

Rapid  S ta in in~  of M i t o c h o n d r i a  

Several  m e t h o d s  have ,  u p  ti l l  now, been sugges ted  for 
t he  d e m o n s t r a t i o n  of m i t o c h o n d r i a  in p e r m a n e n t  m o u n t  

t i ssues ;  b u t  mos t  of t hem,  r equ i r ing  special  f ixat ives ,  
m o r d a n t s  a n d  l engh t  of t ime,  are no t  su i t ab le  for rou t ine  
l a b o r a t o r y  work.  

Mitochondria in hepatic cells of Guinea pig ( × 1500). 

1 h a v e  o b t a i n e d  exce l l en t  resu l t s  w i t h  the  fol lowing 
rap id  a n d  s imple  me t h o d ,  a n d  I adv ice  i t  n o t  on ly  for 
rou t ine  b u t  also for special  h i s to logica l  s t u d y  (pa thologi -  
cal changes  as c loude swelling, a n d  so on). 

Fixation: fix exc lus ive ly  in 10% formal in .  E m b e d  in 
paraf f in .  

Method o~ slaining 
(1) Af ter  r e m o v a l  of t h e  pa ra f f in  in the  usua l  way,  

r inse in w a t e r  an d  place the  sec t ions  in to  a w a r m  n o r m a l  
so lu t ion  of hyd roch lo r i c  acid ( abou t  60°C) for 3 min.  

(2) Rinse  in water .  
(3) Place  the  sec t ions  in fuchs in  acid aq u eo u s  so lu t ion  

1% for 30 see. 
(4) Rinse  in water .  
(5) P lace  t h e  sec t ions  in l igh t  green  aqueous  so lu t ion  

l r)~ for 1 to  3 min.  
(6) Rinse in water .  
(7) D e h y d r a t e  in  95% an d  abso lu t e  alcohol.  
(8) Clear in xylol  an d  m o u n t  in ba l sam.  

M i t o c h o n d r i a  s t a n d  o u t  sha rp ly ,  s t a i n ed  purp le - red  
wi th  pe r iphe ra l  wall green,  c h r o m a t i n  a n d  col lagen green,  
muscle  t i ssue  purpI ish ,  e r y t h o c i t e s  b r i l l i an t  red. 

A. NOVELLI 

Department o/ General Pathology o] the University o/ 
Genova (ttMy), March 6, 1959. 

Riassunlo 
Viene  d e s c r i t t a  u n a  n u o v a  sempl ice  t ecn ica  per  la colo- 

raz ione  r a p i d a  dei m i t o c o n d r i  nelle sezioni  di t e s su t i :  i 
pezzi devono  essere f issati  in fo rmal ina ,  le fe t t ine ,  dopo 
s p a r a f f i n a m e n t o ,  v en g o n o  i mmer s e  in u n a  soluzione ca lda  
(60°C) di ac ido c lor idr ico n o r m a l e  per  3 ra in  e poi  co lora te  
con  fucs ina  ac id s  (1°,o) per  30 sec e con ve rde  luce (1%) 
per  1-3  rain. I m i t o c o n d r i  r i sa I t ano  i n t e n s a m e n t e  colora t i  
in rosso con u n a  sot t i le  p a r e t e  co lo ra t a  in verde .  


