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Formation of Norepinephrine from Tyrosine in 
Isolated Rabbit  H e a r t  

The biogenesis oI norepinephrine involves the oxidation 
of phenylalanine to ~,rosine, the catalyzed conversion of 
tyrosine to 3, 4-dihydroxyphenylalanine, the decarboxyla- 
tion of 3,4-dihydroxyphenylalanine to dopamine (3,4-di- 
hydroxyphenylethylamine) by DOPA decarboxylase, and 
the fl-hydroxytation of dopamine to norephinephrine by 
dopamine fl-oxidase. Virtually nothing is known about 
the formation of dopa from tyrosine in mammalian en- 
zyme systems, except tha t  this reaction occurs in medulla 
and tha t  it is not  catalyzed by tyrosinase L I t  remains, 
therefore, to be elucidated whether organs innervated by 
sympathetic  nerves such as the heart  are able to perform 
all the enzymatic reaction steps from tyrosine leading to 
norephinephrine. 

The rabbit  heart  was perfused with dopamine-C x~, 
tyramine-C ~4, and tyrosine-C ~4 and the formation of cate- 
chols and fl-hydroxylated compounds were investigated. 

Rabbits  were pretreated with 100 mg/kg iproniazid and 
killed 16 h later. The thorax was immediately opened and 
the heart  removed and perfused by the LongendorfI tech- 
nique with oxygenated (95% O~, 5% CO2) Krebs-Ringer 
bicarbonate solution at 38°C. A stopcock on the cannula 
allowed continuous infusion of radioactive compounds 
into the perfusing fluid. The outflow from the hearts was 
collected during the perfusion time. The radioactive com- 
pounds in the heart  and perfusate were isolated and ana- 
lyzed by a method which involves extraction into organic 
solvents, ion exchange, alumina and paper chromato- 
graphy as well as acetylation procedures ~. 

After perfusion with dopamine-C 14, 1-3% was con- 
verted to norepinephrine which was accumulated in the 
heart  tissue. In the perfusate, unchanged dopamine-C 14 
and two O-methylated metabolites, 3-methoxy dopamine 
and 3-methoxy norephinephrine were found. No norepi- 
nephrine was detected in the perfusate. 

Perfusion with tyramine-C ~4 yielded norsynephrin as a 
major radioactive product in the heart  tissue (Table). 
Only negligible amounts of unchanged tyramine-C ~4 were 
found. The perfusate contained tyramine-C x4 and other 
metabotites which have not  been identified at  the present 
time. Neither dopamine-C la nor norepinephrine-C ~4 have 
been detected after perfusion with tyramine-C 14. When 
tyrosine-C la was perfused, norepinephrine-C 1~ as the main 
catechol, and dopamine-C ~4 as the minor, were isolated 
from the heart. In the perfusate a catectlol was isolated 
with chromatographic characteristics of dopa-C ~4. Whether  
tyramine or norsynephrin is formed after perfusion with 
tyrosine is now under investigation." 

The present s tudy shows tha t  the heart  is capable of 
performing all the enzymatic reactions necessary for the 
biosynthesis of norepinephrine. The finding tha t  tyrosine 
is hydroxylated to dopa while tyramine is not  converted 
to dopamine in the isolated heart  shows the specificity of 

this reaction. Of considerable interest now is to investi- 
gate whether other phenolic amino acids are also con- 
verted by this system to the corresponding catechols. 
At tempts  are now being made to isolate the enzyme from 
the heart  in order to study the co-factor requirements and 
the substrate specificity. 

Previously it  was shown tha t  the enzyme which con- 
verts dopamine to norepinephrine is not specific and tha t  
tyramine is also a substrate of the same enzyme 3. I t  may 
therefore be assumed tha t  tyramine was converted in the 
isolated heart  to norsynephrin by the same enzyme which 
formed norepinephrine from dopamine. 

The formation of norepinephrine from tyrosinc 
and norsynephrin from tyramine 

Perfusion Perfused precursor Product 
time Compound Weight c.p.m. C o r n -  c.p,m. × l03b 
in rain in mg x 10 ~ pound per 10 g 

tissue 

45 e Tyramine 0.04 1.6 Nor- 43.00 
synephrin 

120 Tyrosine 0.85 3,5 Norepi- 9.6 
nephrine 

The radiochemical purity of the products was established by paper 
chromatography in two different solvent systems of the free com- 
pounds and acetylated derivatives. 

b Figures represent averages of 3 experiments in each series. 
e The radioactive compound was perfused for 15 rain and the per- 

fusion was continued for the next 30 rain. 

Zusammen/assung. Die Bildung des Noradrenalins aus 
Tyrosin konnte im isolierten Kaninchenherzen nachge- 
wiesen werden. Die Reaktion scheint fiir Tyrosin spezi- 
fisch zu sein. Aus Tyramin wurde kein Noradrenatin ge- 
bildet. Ebenfalls wurde die Umwandlung yon Tyramin in 
Norsynephrin und yon Dopamin in Noradrenalin nachge- 
wiesen. 

M. GOLDSTEIN and J. M. MUSACCHIO 

New York University College o~ Medicine, Department o/ 
Psychiatry and Neurology, Neurochemistry Laboratory, New 
York (U.S.A.), April 1, 1963. 

x N. KIRSIINER, Adrcnergic Mechanisms. Ciba Foundation Sympo- 
sium (Little, Brown & Co., Boston 1960), p. 17. 
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PRO E X P E R I M E N T I S  

A M e t h o d  of Measuring the Intensity of 
Electron Spin Resonance Absorption 

In  this brief note a new quant i ta t ive  approach to the 
s tudy of electron spin resonance (ESR) absorption is 
described. In its essence, i t  is a method of comparing the 
intensity of E S R  signals. Thus, it makes possible the 

relative measurements of the concentration of paramag- 
netie centres, but  not  the absolute determinations. 

The method has been elaborated in the course of bio- 
physical investigations x and is adapted to the range of 
concentrations in which free radicals are shown to be 
present in biological materials (i.e. 10-~-10 -8 mole]g of 
dry weight2). I t  may, however, be applied as well to the 
measurements of other paramagnetic species in a wider 
range of concentrations, provided tha t  the investigated 
substance is isotropic, powdered, or dissolved. 
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T h e  q u a n t i t a t i v e . c o m p a r i s o n  of E S R  s ignals  b e c o m e s  a 
s o m e w h a t  i n v o l v e d  p rob lem,  if t h e  samples  u n d e r  exami -  
n a t i o n  h a v e  d i f fe ren t  d ie lect r ic  p roper t i es ,  s ince in  t h i s  
case t h e y  p roduce  d i f fe ren t  d ie lec t r ic  losses, a n d  af fec t  t h e  
Q-va lue  of the  r e s o n a n t  c a v i t y  unequa l ly .  Th i s  is a serious 
diff icul ty ,  because  t he  i n t e n s i t y  of E S R  s ignals  depends  
u p o n  Qe value .  As a resul t ,  t h e  a b o v e - m e n t i o n e d  d i f f icu l ty  
m a y  be t he  source  of cons ide rab le  e r rors  w h i c h  h i t h e r t o  
could  on ly  be  avo ided  b y  a p p l y i n g  e i t h e r  t h e  e x t r a p o l a -  
t ion  m e t h o d  3 or  specia l  t y p e s  of r e s o n a n t  cav i t i es  4& 

A n o t h e r  so lu t ion  of t h e  p r o b l e m  is p r e s e n t e d  in th i s  
c o m m u n i c a t i o n .  The  essen t ia l  f ea tu re  of t h e  m e t h o d  de-  
sc r ibed  here  is t h a t  b o t h  s t a n d a r d  a n d  s a m p l e  can  be  
p r e s e n t  s i m u l t a n e o u s l y  in  t h e  c a v i t y  d u r i n g  t h e  measu re -  
m e n t ,  as in  t he  case of t he  d o u b l e - c a v i t y  t echn ique .  As 
opposed,  however ,  to  t he  l a t t e r  m e t h o d ,  no  mod i f i ca t ions  
of t h e  c a v i t y  or of t h e  m o d u l a t i n g  s y s t e m  are  necessary .  
One  p a i r  of m o d u l a t i n g  coils a n d  a s imple  cy l indr ica l  
c a v i t y  of H 0 n  mode,  as c o m m o n l y  used,  a re  qu i t e  sat is-  
f ac to ry .  The  on ly  r e q u i r e m e n t  is t he  poss ib i l i ty  of c h a n g -  
ing t h e  o r i e n t a t i o n  of t h e  m a g n e t i c  field in  t h e  p l ane  per-  
p e n d i c u l a r  to  t h e  c a v i t y  axis.  

The  p r inc ip le  of t he  m e t h o d  is b a s e d  on  t h e  f ac t  t h a t  t he  
p r o b a b i l i t y  of t r a n s i t i o n s  i n d u c e d  b y  m a g n e t i c  dipole  
coup l ing  va r i e s  w i t h  t h e  ang le  b e t w e e n  t h e  l ines of force 
of i n t e r a c t i n g  m a g n e t i c  fields, i.e. t h e  d.c. m a g n e t i c  field 
a n d  t h e  m a g n e t i c  c o m p o n e n t  of t h e  m i c r o w a v e  field 
(Figure  1). Hence ,  b y  c h a n g i n g  th i s  ang le  b e t w e e n  90 ° a n d  
0 °, a g r a d u a l  d rop  of E S R  a b s o r p t i o n  i n t e n s i t y  m u s t  be  
ob t a ined ,  r a n g i n g  f rom a ce r t a i n  m a x i m u m  value ,  a t  t he  
p e r p e n d i c u l a r  pos i t i on  of t h e  l ines of force (Figure  2b) to  
t h e  comple t e  d i s a p p e a r a n c e  of t h e  signal ,  a t  t he  para l le l  
or  ' z e ro -pos i t i on '  (F igure  2a). 

? 
Fig. 1. Magnetic component of the microwave field in a cylindrical 
resonant cavity of H011 mode (dotted lines). Positions in which stan- 
dard can be placed marked by the broken lines. The sample (shaded) 

is fixed, as usually, in the axial part of the cavity. 

M 
l= 

Fig. 2. Scheme illustrating the principle of the 'magnet-rotation 
method' (top view), a, parallel or 'zero-position', b, perpendicular or 
'cross-position' of the magnetic fields. The positions of standard and 

sample in the resonant cavity are marked. 

Th i s  c an  eas i ly  be  d e m o n s t r a t e d  if t h e  p a r a m a g n e t i c  
s u b s t a n c e  is p l aced  a t  some d i s t ance  f rom t h e  axis  of t he  
r e s o n a n t  cav i ty ,  p r e f e r a b l y  in  t h e  m i d d l e  of i t s  r ad ius  
(e.g. a t  t h e  b o t t o m  or  in  t h e  t o p  of t h e  cav i ty ) .  R o t a t i n g  
t h e  m a g n e t  in  t h e  p l ane  ve r t i c a l  to  t h e  c a v i t y  axis,  one  
c a n  ' cance l  ou t '  or increase  t h e  E S R  a b s o r p t i o n  occur r ing  
in  t h e  s u b s t a n c e  loca ted  in  such  a n  ' u n u s u a l '  pos i t ion .  

T a k i n g  a d v a n t a g e  of t he  above  re la t ions ,  i t  is poss ible  to  
f ix  a p e r m a n e n t  s t a n d a r d  in  t he  r e s o n a n t  c a v i t y  p lac ing  i t  
eccentr ica l ly ,  as p rev ious ly  desc r ibed  (Figure  1), whi le  
t he  samples  are p u t  in  t he  ' n o r m a l '  place,  i.e. in  t h e  c e n t r a l  
p a r t  of t h e  cav i ty .  I f  t h e  m a t e r i a l  to  be  e x a m i n e d  is iso- 
t ropic ,  p o w d e r e d  or  dissolved,  t h e  a b s o r p t i o n  i n t e n s i t y  
r e m a i n s  c o n s t a n t  in  sp i te  of m a g n e t  ro t a t ion .  T h i s  offers 
t h e  poss ib i l i ty  of c o m p a r i n g  t h e  i n t e n s i t y  of E S R  s ignals  
f rom a s t a n d a r d  a n d  a s ample  s i m u l t a n e o u s l y  p r e s e n t  in  
t h e  cav i ty ,  s ince t h e  r o t a t i o n  of t h e  m a g n e t  inf luences  
on ly  t h e  a b s o r p t i o n  b r o u g h t  a b o u t  b y  t h e  s t a n d a r d .  

Thus ,  each  m e a s u r e m e n t  consis ts  of two  successive 
s c a n n i n g s  of t h e  m a g n e t i c  f ield:  one  a t  ' ze ro -pos i t ion '  
(F igure  2a), a n d  t he  o t h e r  a t  ' c ross -pos i t ion '  of t h e  mag-  
n e t  (F igure  2b). I n  t h e  f i r s t  run ,  t he  s ignal  f rom the  s t an -  
d a r d  is e l imina ted ,  t h e  s p e c t r u m  of t he  sample  b e i n g  re- 
co rded  exclus ively .  I n  t h e  second  scanning ,  b o t h  s t a n d a r d  
a n d  sample  a b s o r b  t he  mic rowaves ,  g iv ing  r ise  to  a re-  
s u l t a n t  a b s o r p t i o n  curve ,  t h e  i n t e n s i t y  of w h i c h  is de te r -  
m i n e d  b y  two  o v e r l a p p i n g  signals .  I f  we d e n o t e  t h e  
i n t e n s i t y  of t h e  f i r s t  E S R  s ignal  b y  'I0',  a n d  t he  i n t e n s i t y  
of t h e  n e x t  s igna l  b y  'I90', we m a y  wr i t e :  I90 -- I 0 = Ist,  
where  t h e  di f ference I s t  shou ld  co r r e spond  to  t he  s ignal  
i n t e n s i t y  f rom t h e  s t a n d a r d  alone.  I n  t h i s  w a y  t he  r a t i o  
I0 : I s t  c an  be found,  se rv ing  as a c o n v e n i e n t  r e l a t ive  ex-  
press ion  for  c o m p a r i n g  t h e  s ignal  i n t e n s i t y  f rom d i f fe ren t  
samples  (I0) w i t h  t h e  a b s o r p t i o n  i n t e n s i t y  of t he  p e r m a -  
n e n t  s t a n d a r d  (Ist). 

I f  t he  c o n c e n t r a t i o n  of p a r a m a g n e t i c  cen t r e s  in  t he  sam-  
ples is to  be  ca lcu la ted ,  i t  is necessa ry  to  ' c a l i b r a t e '  t h e  
s t a n d a r d  signal.  I t  m u s t  be  r e m e m b e r e d  t h a t  t h e  s ame  
a m o u n t  of p a r a m a g n e t i c  cen t res  gives w e a k e r  ab so rp t i on ,  
w h e n  t r a n s f e r r e d  f rom the  ax ia l  p a r t  of t he  cav i ty .  Th i s  is 
due  to  t h e  f ac t  t h a t  t h e  i n t e n s i t y  of t h e  m a g n e t i c  compo-  
n e n t  of t h e  m i c r o w a v e  field decreases  w i t h  inc reas ing  dis- 
t a n c e  f rom t h e  axis. T h e  c a l i b r a t i o n  is p e r f o r m e d  in  t h e  
same  w a y  as t h a t  descr ibed  for  t h e  m e a s u r e m e n t  pro-  
cedure.  T h e  on ly  d i f ference  is t h a t  i n s t e a d  of a sample ,  
t he  s u b s t a n c e  c o n t a i n i n g  a k n o w n  a m o u n t  of p a r a m a g -  
ne t i c  cen t res  is i n t r o d u c e d  i n to  t he  cav i ty .  

T h e  poss ib i l i ty  of p lac ing  s t a n d a r d  a n d  sample  in  t h e  
c a v i t y  is of specia l  i m p o r t a n c e  if m a t e r i a l s  h a v i n g  differ-  
e n t  d ie lect r ic  p rope r t i e s  a re  e x a m i n e d ,  since in  t h i s  case 
t h e  lowered  Q-va lue  af fec ts  s ignals  f rom b o t h  s t a n d a r d  
a n d  sample .  

1 The investigations were carried out during the author's tenure of a 
Fellowship of the Italian Government at the University of Palermo 
under the direction of Professor A. MONROY (Institute of Compara- 
tive Anatomy) and Professor U. PALMA (Institute of Experimental 
Physics), to whom the author is deeply indebted for their most 
valuable advice, stimulating suggestions, and for making accessible 
the modern equipment. The author wishes also to express his 
gratitude to all the members of the two Institutes, and in particu- 
lar to Dr. L. BELLO~fONTE and Dr. F. PERSICO for their very 
friendly helpfulness. 
B. COM.UOtCER et al., Nature 174, 689 (1954). 

3 A. ]~IIRENBERG and L. EURENBERG, Arkiv Fysik 14, 133 (1958}. 
W. K6HSLEIN and A. MOLLER, in Free Radicals in Biological 
Systems (Academic Press, 1961), p. 113. 
A. EtfRENBERG, in Free Radicals in Biological Systems (Academic 
Press, 1961), p. 337. 
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The  ques t ion  to w h a t  degree the  effects p roduced  by  
the  d is tor t ion  of the  mic rowave  field in the  cav i ty  are sig- 
n i f icant  requires  separa te  t r ea tment .  I t  will  be discussed 
elsewhere toge ther  wi th  a more detai led descr ipt ion of the  
method.  The  results  of p re l iminary  tests,  however ,  are en- 
couraging and indicate  t h a t  the  'magne t - ro t a t i on  me thod ' ,  
a l though  compara t i ve ly  simple, does no t  appear  to be 
less exac t  t h a n  o ther  techniques  a t  present  in use. 

s t anda rd  e il campione  su cui si esper imenta  sono contem-  
p o r a m e n t e  present i  dent ro  la cavi t~  r isonante.  I1 campi-  
one s t andard  viene  s i tuato  in modo  tale  da  rendere  possi- 
bile l ' e l iminazione de l l ' assorb imento  a cui esso da  luogo, 
ro tando  il magne te  a t to rno  all 'assc della cavith.  

ST. LUKIEWlCZ 

Riassunto. Si descrive un me todo  che pe rme t t e  di  misu- Department o/ Experimental Zoology, Polish Academy o/ 
rare l ' in tens i t~  di assorbimento  E S R  quando  il campione  Sciences, Krahbw (Poland), March I 1, 1963. 

B o v i n e  M u s c l e  P r o t e i n s  

IV. P r e p a r a t i o n  of M y o s i n  and  A c t o m y o s i n  

F o r  our  ear ly  s tudies of bovine  myos in  1, several  classi- 
cal  procedures  2-~ for the  p repara t ion  of r abb i t  myos in  
were adapted .  However ,  because of the  size of the  animals  
used, and the  s laughte r ing  techniques  involved,  muscle 
samples  general ly  are  no t  avai lable  for ex t rac t ion  unt i l  
as m u c h  as 1 h a f te r  s laughter .  Dur ing  this  period the  p H  
of the  muscle decreases m u c h  more  t h a n  occurs in the  
shor t  period (5-15 min) before ex t rac t ion  of r abb i t  myo-  
sin is begun;  this  p H  drop can be compensa ted  for by  
ex t r ac t ion  wi th  solutions of h igher  ini t ia l  pH.  Any  fur ther  
de lay  resul ts  in g rea t ly  decreased yield, for myos in  loses 
ex t r ac t ab i l i t y  as the  onset  of r igor approaches  (2-4 h 
a f te r  s laughte r  for lean beef  muscles). 

F o r  rabb i t  myosin,  an  ex t rac t  conta in ing  the  myos in  
f rom 1 kg of muscle  mus t  be d i lu ted  to 35 1 in order  to 
prec ip i ta te  t he  pro te in  by  the  usual  procedure  2-4 of 
lowering the  ionic s t rength.  To prec ip i ta te  bovine  myosin,  
the  ionic s t reng th  mus t  be lowered more  by  di lu t ing the  
ex t r ac t  to 70 1; even  then  the  prote in  is pa r t i a l ly  soluble, 
and so the  yield is poor. F u r t h e r  losses occur  when adeno-  
s ine t r iphosphate  (ATP) is used to prec ip i ta te  ac tomyosin .  
Such prepara t ions  also are no t  a lways  free of tu rb id i ty .  
Moreover ,  bovine  prepara t ions  using the  procedure  of 
SZENT-GY()RGYI a usual ly  give a p roduc t  which is unsat is-  
factory,  showing polydispers ib i l i ty  in the  u l t racentr i fuge.  

Fo r  our  recent  studies on the  proper t ies  of bovine  
myos in  s,e, we have  developed a more  sa t i s fac tory  me thod  
of prepara t ion ,  based in pa r t  on DUBUISSON'S findingV 
t h a t  ac tomyos in  is prec ip i ta ted  a t  a lower concen t ra t ion  
of a m m o n i u m  sulfate  t h a n  is myosin.  

We  have  found t h a t  a m m o n i u m  sulfate  solutions can bc 
used to  ex t r ac t  myos in  and ac tomyos in  d i rec t ly  f rom the  
muscle tissue. F r o m  the  ex t r ac t  obta ined,  first  ac tomyo-  
sin, and then  myosin,  can be prec ip i ta ted  select ively  by  
increase in a m m o n i u m  sulfate  content .  W i t h  this  proce-  
dure, the  m a x i m u m  vo lume  of l iquid needed is abou t  61/kg 
of meat .  Fur ther ,  the  yield of the  f inal  purif ied prote in  
general ly  is be tween  15 and 20 g /kg  for myosin.  

Bovine  myos in  can then  be prepared  in water -c lear  solu- 
t ions up to 3% concent ra t ion  in 0 . 6 M  KC1 (pH 6.5). F r o m  
analysis of sed imenta t ion  pa t t e rns  such as t h a t  shown 
in the  Figure,  the  intr insic sed imen ta t ion  coeff icient  
(s20,w) of bovine  myos in  has  been ca lcula ted  to be 5.78 
Svedberg  units.  B o t h  the  cus tomary  A T P a s e  5 and 5'- 
adeny la te  deaminase  act iv i t ies  are present  in myos in  and 
the  der ived  meromyos in  e products .  These procedures  have  
also been appl ied to the  isolat ion of r abb i t  and lamb myo-  
sins w i th  comparab le  yields in b o t h  cases. 

The  procedure  we have  used is descr ibed below in de ta i l  
as i t  has  been appl ied to bovine  muscle tissue ob ta ined  

wi th in  1 h af ter  s laughter .  The  lean is separa ted  quick ly  
f rom visible fa t  and connect ive  tissue, sliced into  th in  
strips, chil led in ice and then  ground in a pre-chi l led 
H a m i l t o n  Beach  8 grinder.  

Each  500 g of ground tissue is washed twice wi th  1 1 of 
cold 0 .05M KC1 solut ion;  af ter  each washing press ou t  
the  l iquid th rough  cheese-cloth.  Make a slurry of the  m e a t  
residue wi th  1 1 of cold 30%-sa tu ra ted  a m m o n i u m  sulfate 9 
solut ion (pre-adjusted wi th  K2HPO 4 to p H  6.8). Af te r  10 
min  of gent le  stirring, add ano the r  l i ter  of the  same solu- 
tion, and squeeze qu ick ly  th rough  cheesecloth.  Ad jus t  the  
p H  be tween  p H  6.5 and 7.0, and measure  the  vo lume  of 
the  ext rac t .  Because of the l iquid in t he  original  m e a t  resi- 
due,  the  ex t r ac t  a t  this po in t  conta ins  abou t  25%-sa tur -  
a ted  a m m o n i u m  sulfate.  For  each  l i ter  of ex t rac t ,  add 
120 ml  of 90%-sa tu ra t ed  a m m o n i u m  sulfate  solut ion to 
raise the  concen t ra t ion  to 32% of sa tura t ion .  Using the  
GSA ro tor  wi th  the  Serval l  SS-3 centr i fuge,  separa te  ou t  
the  ac tomyos in  prec ip i ta te  by  centr i fuging the  mix tu re  
a t  9000 × g, 10 rain, a t  4°C. 

The  myos in  in the  supe rna t an t  can be prec ip i ta ted  b y  
careful ly  s t i r r ing in, for each l i ter  of solution, 185 g of 
f inely granula ted  a m m o n i u m  sulfate,  t he reby  br inging 
i ts  concen t ra t ion  up to 60% of sa tura t ion.  The  prepara-  
t ion is again cent r i fuged as above ;  the  sed iment  conta ins  
t he  myosin.  Fo r  each 12 g (which is equ iva len t  to 10 ml  of 
60%-sa tu ra t ed  a m m o n i u m  sulfate  solution),  add 10 ml  
of cold water ,  followed by  an equa l  vo lume  of cold 30%- 
sa tu ra t ed  solut ion;  ad jus t  the  p H  between p H  6.5 and 
7.0, if necessary.  

F u r t h e r  pur i f ica t ion  is achieved by  two  or three  re- 
precipi ta t ions ,  un t i l  the  color of t race amoun t s  of myo-  
globin is e l iminated.  Af te r  dissolving the  myos in  pel let  
wi th  5/6 vol  of cold water ,  the  solut ion a t  this  po in t  should 
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