
it is generally agreed that  amino acid compositionL en 
"ophoretic mobility 4, metabolic fate ~ and antigenic pr 
abbit  y globulins are identical**. The formation of aw 
le or a combination of the following processes: a. a 
,mration and folding of the y globulin molecules, b. a p: 
'esylathesis of the parts  into antibodies, c. a de novo 

o acids. The work reported here supports the last pos 
poration of labelled amino acids into antibody prot, 
nistration of the antigen and precedes the appearanc 
irculation by several days. 

;yntheses. Carboxyl labelled laC-glycine with a specific activ 
viously described 7. 
¢Iixtures of amino acids were obtained by  growing the fresh 

presence of D~O, 15NH4C1 or 14CO~. The algae were extrac 
hot aqueous  5% trichloroacetic acid. The residual protein 
days, the digest concentrated to dryness, taken up in war, 
[. This highly coloured solution of amino acids was found to ] 
or intravenously.  The laC mixture  contained a quan t i ty  of ai 

ino nitrogen and 0.02 mC of 14C per  ml; the lSN mixture  wa 
en per  ml and the ni trogen contained about  35 a toms per  ce: 
were present  at  a concentrat ion corresponding to o.22 m M  c 

~nalytical procedures. In  some experiments,  0. 5 g of benzoic 
iDouric acid isolated from the urine. The isotooe concentra t  

activity of o.i mC/mWl was prepar~ 

the fresh water  algae, Scenedesmus D- s** 
:ted wi th  alcohol-ether ( t : I )  ai 
was then hydrolyzed in 6 N H 

water,  filtered, and neutralized wi 
be non-toxic to rabbi ts  when giv 

of amino acids equivalent  to 0.22 m 
was equivalent  to 1.4 m M  of ami~ 

)er cent excess X~N; the deuterio amil 
~f amino nitrogen per  ml and h~ 

acid was added daily to the di 
'1~ nt ra t ion of the glycine por t ion of t~ 

g equal to tha t  of the glycine of the so-called "metabol ic  pool"  

Tas isolated by  chromatographic  separat ion on Dowex 5 ° af ter  ac 

3 compounds  were burned,  the I*CO e converted to bar ium carbona 
)unter.  In  exper iments  C to F the proteins were prepared for dire 
dures. The protein was precipitated with 5 % trichloroacetic aci 
thoroughly  dried over P205 at  ioo ° in vacuo for 24 hours.  The fi 
aded in ether in a counting cup. The ether was allowed to evapora 
tl. Finely powdered hippuric acid was plated from ether suspensi 

concentrat ion were determined in the mass spectrometer.  
.~ 14C concentrat ions of the glycine port ions of the various materi~ 
r an infinitely thick sample of ba r ium carbonate of 3.5 cm 2 ar~ 
m of the 14C concentrat ion of the glycine port ion of the differe 

y a grant  from the U.S. Atomic Energy Commission. 
pplies to rabbi t  antibodies. Antibodies of other  species fall in 
their chemical properties. 
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acids 
about  60 a toms  per  cent excess 2H. 

Anal 
and hipp 
compound was regarded as bein 
the animal  s . 

In  exper iment  A, glycine was 
hydrolysis  9. 

In  exper iments  A and B, 14C 
and this counted in a gas flow counter.  
counting by  the following procedures.  
washed twice with acetone and thoro 
powder  thus  obtained was suspended 
leaving an even layer of material .  
and counted. Deuter ium and 15N 

in  exper iments  A to D, the 
arc expressed as counts /min  for 
This permi ts  a direct comparison 

* This work  was  suppor ted  b 
** The following discussion app 

different classes wi th  respect  to their  
**" Kindly supplied by  Dr. H. 
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t r s  and  then  washed  three  t imes  wi th  cold 0.9 t?{, NaC112. Co: 
l m  pro te in  was  negl igible  since if p rec ip i t a t i on  of unlabel le  
sence of added  label led serum proteins,  less t h a n  4 % of the 
:opic p l a s m a  proteins•  

Af te r  r emova l  of an t ibody ,  the  r e m a i n i n g  serum pro te ins  
!ate a t  33 and  5 ° % sa tu r a t i on  to  give respec t ive ly  a y giobuli l  
h the  a l b u m i n  r e m a i n i n g  in the s u p e r n a t a n t  la. In  e x p e r i m e  
t -an t ibody  ~ g lobul in  f rac t ion  had  the  same laC concen t ra t io r  
expe r imen t s  C and  D serum pro te ins  were f r ac t iona ted  on 
c ip i t a t ion  of the  l a t t e r  w i th  5 ° % s a t u r a t e d  a m m o n i u m  su 
sma  pro te ins  were no t  separa ted .  

Experiment A. 25 ° m g  of carboxyl labelled glycine 
abbit  and 5 mg of ovalbumin were injected intravem 
e isotope concentrations of the serum albumin, globt 

io DO ~ . . . . . .  

>. 
l n t r a t v e n o u b l y  ~ I t e l  . JO ,  4 ° ~ l lCd  D U  l i t )  

lobulin, the excreted hippuric 
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Fig. I. E x p t .  A: The ar rows  ind ica te  
the  in jec t ion  t imes• The  o rd ina te  gives  
the  I*C concen t r a t ion  of the  glycine 
por t ion  of the  compounds  as c t s /min  
of an inf in i te ly  t h i ck  sample  of BaCO a 

of 3.5 era2 area. 
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glycim'  \ tas  isolated and burned.  In 
] 0  for tho i.~rf~tcins counted dire¢ i ly,  al 

on factors \~ert' de te rmined  b} cIInlt)aI 
ob ta ined  altcr i sola t ing and burn ing  th 
i te ly  thick samplv  of the whole protein 
~cipi tah formed at  the equiva lence  ra t i  
concen t ra t ion  oi tilt" an t ibody  \ \as  obt  
r ee ip i t a te  By i.~. 
o v a l b u m i n  (Armour) was used as an 
used af ter  their  a n t i b o d y  l i t e r  had eith( 
~nals, one or two in jec t ions  of an t igen  i 
ed sufficient a n t i b o d y  to pe rmi t  its isola 

therefore  secondary  respones. 
t i l e r  was  e s t i m a t e d  by  d e t e r m i n a t i o n  

)rtion of an t igen  the  p rec ip i t a t e  was all 
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qg. 4- Expt .  D: Symbols as in Fig. i. 

co mg of ova lbumin  were a dmin i s t e r e d  a t  the  beginning 
d 26 hours  in expe r imen t  C and  a f te r  24, 72 and  IOO hou 
mh of 14C label led glycine were given. Per iodical ly ,  blo~ 
2o mg of ova lbumin  again  in jec ted  (Figs. 3 and  4). 
i 23 ml of the  mix tu res  of amino acids  label led  wi th  14C, 1~ 
injected 6, 4 ° and  9 ° hours respect ive ly  af ter  the  admin  

J 

I 0 0 0 ~  

0 2 4 

]:i 

Experiments C and D. Io  
the  exper iments .  A f t e r  2 and  
in expe r imen t  D, 25 mg each 
samples  were r emoved  and 20 

Experiment E. 23, 7 and  
and  ~H, respect ive ly ,  were in 
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) lated on the 8th day  a f te r  the  inj 

ma pro te ins  were ob ta ined  from a 
ag of labe l led  glycine.  T w e n t y  ml c 
y in to  the  expe r imen ta l  an imal  a 
ys la ter .  The resul ts  ob ta ined  are s 
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l;ig. Expt. 1:: Ordinate as in Fig. 
}reins as ets/min 
~-5 cm~ area; the 
given as atoms 

ole protein. 

B {Fig. I and  2) where labelled mater ia l  was administeI  
n, the isotope concentra t ion  of the resul t ing an t ibody  
the serum protein fractions at any  t ime during the peri 
:ation. However, the isotope concentra t ion  of the ant ibo  

hippuric acid glycine at a t ime about  4 days earlier. 
D (Fig. 3 and 4) the procedure was modified in tha t  anti~ 
e labelled material .  In  bo th  experiments  the first sample 
a higher isotope concentra t ion  than  tha t  of the correspondi 

500 - 

t f ~ oAYS 
14  15 N 2 H An C 

Fig. 5. Exp gJ 
concentration of the whole proteins 
of an infinitely thick sample of 3-5 
15N and ~H concentrations are 

per cent excess for the whole 

In  exper iments  A and  
before the ant igen  injection,  
lower t han  tha t  of any  of 
following ant igen adminis t ra t  
glycine was the same as the 

In  experiments  C and  D 
was adminis tered  before the 
an t ibody  was found to have 
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nlabelled antibody faster than seems possible by tu 
• iments B and E (Figs. 2 and 5). In experiment C (] 
mtibody sample had a lower isotope concentration tt: 
day and approached that  of the urinary hippuric ac 

['he results of experiments A to D inclusive thereff 
,,ntration of the antibody glycine depends on the isot( 
in glycine rather  than o11 the isotope concentration 
ins. 
~_ssuming that  incorporation of labelled amino acids C 
in, experiments E and F were designed to determin 
1 antibody protein is made from amino acids at ( 
Lion and before appearance of circulating antibody. 
in experiment E (Fig. 5) three different labelled ar 
H) were administered separately at increasing time int 
:oncentration of each isotope in the final circulatin~ 
tors: the length of time during which the labelled 
.ool, the concentration of the isotope in the pool, m 
in synthesized in the presence of each isotope com F 
ody protein made, i.e., the relative rate o/synthesis. 
:n order to estimate the relative rate of synthesis it 
late the data in such a way as to eliminate the effect 
r portion of isotope incorporation into antibody as 

nllnO acid mixtures (**L, ,o 
intervals after antigen injectio~ 

g antibody is proportional t 
amino acids were present i 

and the quanti ty of antibod 
)ared to the total amount c 

is therefore necessary to r~ 
effect of the first two factors. Tt: 

well as into plasma proteir 
tours after injection of the labelled amino acids, since 
ltration of the metabolic pools becomes negligible*L Th 
) all three isotopes in an identical manner. In the stead 
nthesized at a constant rate and the isotope concentratio 
~portional to the isotope concentration of the amino aci 
concentration of the antibody to the isotope concentratio 
ore depends only on the relative rate of antibody protei 

ith the three isotopic markers can be directly compare( 
)pes are treated similarly by the animal. The data for tk 

r a t s  i n t r ace l lu l a r  p ro te ins  of the  l iver  and  other  organs  tu rn  ow 
a pro te ins  15. If  s imi la r  r a t e s  also a p p l y  to  r a b b i t  a n t i b o d y  protei  
od, t hen  the  ra t io  of the  isotope concen t ra t ions  of a n t i b o d y  protei  
lden t  of the  t u r n o v e r  rates .  

The concentration 
3 factors: 
the pool, 
protein 
antib~ 

In 
calculate 
maj or 
probably occurs within i8 hot 
this t ime the isotope concentration 
result presumably applies to 
state plasma proteins are synthesize 
of the plasma proteins is proF 
pool. The ratio of the isotope 
of the plasma protein therefore 
synthesis*. 

The results obtained with 
provided that  the three isoto 

* I t  has  been shown t h a t  in 
a t  a b o u t  the  same ra te  as p l a s m a  
pr ior  to  i ts  appea rance  in the  blood 
to  p l a s m a  pro te in  wil l  be independ 
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iment D (Fig. 4) the first blood 
ae glycine injections, so that  the is 

been near the maximum at this 
nalyzed prior to the time the firs 
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ion s . 
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7% of the total antibody p r o t e i n  were  synthesized,  
ctively. These results are given in Fig. S. 

" t  • - 14C 

I I I I I I I I I I I 
2 4 6 8 f 0 DAYS 

Expt.  E: Relative isotope concentrations 
plasma proteins. The value obtained 24 

after injection of the corresponding amino Fig. 8. Expts. E 

n experiment F (Fig. 6) the labelled amino acids u 
to maintain the isotope concentration of the po( 

I 2 3 4 5 6 7 EXR E 

I I I I I I I ii ii I I 
0 I 2 3 4 5 6 EXE 

~ DA~S 
An Tmox. 

>ts. E and F : Fraction of total antibod 
protein synthesized per day. 

were  i n j e c t e d  e v e r y  12 horn 

pool  a p p r o x i m a t e l y  c o n s t a n t * '  

~trat ion,  i, of t h e  s e r u m  p r o t e i n s  will  r ise l inea r ly  a t  firs 

~tically t h e  i so tope  c o n c e n t r a t i o n  ot t h e  a m i n o  ac id  poo 

of i so tope  i n t o  t h e  s e r u m  p ro t e i n ,  di /d t  will be  p r o p o r t i o m  

m t o p e  c o n c e n t r a t i o n  of t h e  a m i n o  ac id  pool .  A l t h o u g h  

:he time of isotope administration a straight line is obtained whic 
of maximum titer. The product of each isotope ratio and the tin 
Adds the amount of antibody protein synthesized in the presen( 
, under this line from zero time to maximum titer gives the tot 

given to an animal, the isotope concentration in the amino ac 
dl to a few per cent of the peak value within 12 hours ~4. In exper 
dno acids remaining in the metabolic pool at the time of a subsequm 
t it therefore assumed that  the average daily isotope concentratk 
bly during the time of the experiment. 
m a continuous administration of isotopic amino acids is not co 
ble error in the interpretation of the results. 

Fig. 7. 
of the 
hours 

acid mixture is taken as i. 

In 
SO as 
Therefore the isotope concentration 
and then approach asymptotically 
The net rate of incorporation 
to ( I - - i ) ,  where I is the isoto 

* Plotting the ratios against the 
can be extrapolated to the time 
the label is present in the pool y 
of a particular isotope. The area 
quanti ty of antibody produced, 

** If labelled amino acids are 
pool will rise sharply and then fall 
ment F the amount of labelled amino acids 
injection is relatively small and it 
of the pool will not rise appreciably 

The intermittent rather than 
sidered to introduce an appreciable 
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e l ) l o t t e d  ill Fi~: 7 so t h a t  tl~c sc 

ld  the  t i lm. scale is based  on the  

~. I t  can  hc seen t h a t ,  for the  p u r p o s  

tppr~:ciably for  t he  t h r e e  isotol)cs.  

e t h r e e  i so top ic  m a r k e r s  are  lost 

(t:ig. 5). 

p l a s m a - p r o t e i n  r a t i o s  arc o. 9 for  1 
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ecay ra tes  of the  serum pro te in  for the  two isotopes  
mt ra t ion  of the  amino acid  pool could also not  be n 
aken of the  i d e n t i t y  of the  rates .  A scale for the  14C, 
:herefore adop t ed  in Fig. 6 so tha t  t hey  para l le led  t] 
ratio of the  two scales then  gives the ra t io  of the i: 
o ac id  pools and  the 14C concent ra t ion  of the  pool can 

the HC label led amino  acids  were not  present  thr( 
ody  synthesis ,  the  ~4C concen t ra t ion  of the  a n t i b o d y  J 
pool. The ra t io  of the  14C concen t ra t ion  of the  ant ibo 
represents  the  f rac t ion of a n t i b o d y  pro te in  syn thes i  
~tration of ~4C. Since the  ~'tC concent ra t ion  of the  an 
ion is ca lcu la ted  to be 69.% Therefore,  dur ing  the  
tion o'I°~,o of the  a n t i b o d y  pro te in  was synthesized:  
aurs, the  r ema in ing  69% was produced*.  I t  should 
me de tec tab le  in the  blood af te r  the  3rd day,  and  tha~ 
m 5th day .  The average quan t i t i e s  of an t ibody  prote: 
Lime per iods  are also given in Fig. 8. They  agree re~ 

fhe  resul ts  of expe r imen t s  A to D are s t rong eviden 

., wnue aur lng  m e  IOitowlr 
be no ted  t ha t  a n t i b o d y  fir 

t ha t  m a x i m u m  t i t e r  was reache 
pro te in  synthes ized  per  day  in t t  

reasonably  well wi th  resul ts  

evidence for the  conclusion t ha t  r 
! the p l a sma  prote in  f ract ions (i.e., a lbumin ;  non-ant iboc  
lobulin) is a direct  i n t e rmed ia t e  in the incorpora t ion  
in 16. On the o ther  hand,  the  isotope concent ra t ion  of tt  
ol a f te r  an t igen  inject ion seems to de te rmine  the isoto t 
y glycine.  The calcula t ions  based  on the d a t a  of exper imm 
he a n t i b o d y  pro te in  is formed by  tae novo synthes is  fro 
dmin is t ra t ion .  I t  mus t  be po in ted  out  t ha t  our  resul ts  C 
ion of a minor  f ract ion which is normal ly  present  in tt 
rmedia te  in an t ibody  synthesis .  This is considered to l 

antibody protein before its release into the circulation occurs, t 
)dy would be unaffected. However, 14C free antibody synthesiz 
~rporate 14C due to turnover in the second period, and the 14C conte 
• than would correspond to the quantity of antibody protein synth 
calculated amount of antibody synthesized during the first peri 

becam, 
on the 
two t im 
e xpe r imen t  E. 

Th~ 
m a j o r  componen t  of each of 
7,-globulin and  remain ing  g 
glycine into  a n t i b o d y  pro te in  16. 
glycine in the metabo l ic  pool 
concen t ra t ion  of the  antibod" 
F also show tha t  most  of the  
amino acids a f te r  an t igen  admin i s t  
not  preclude the pa r t i c ipa t ion  
p la sma  pro te ins  as an in termedia  

* If intracellular turnover of 
15N concentration of the antibod' 
during the first period would incm 
of the antibody would be greater 
sized in tile second period. The 
represents therefore a minimum value. 
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ay be assumed tha t  i t  is abou t  eq 
per iod  of I~N admin i s t r a t ion  an 

~cids of the metabol ic  pool as indic~ 
= I (i - - e  -kt) of the  first order  

th in  the  expe r imen ta l  er ror  havil  
on of pro te in  synthes ized  per  day  
ue is in agreement  wi th  the  half- 
~d the assumpt ion  t ha t  the  ant ibod 
ed. 
14C into  the serum prote ins  in exp{ 
mpt ion  is confirmed by  exper iment  
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values  of 
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t o p i c  g lyc ine  a n d  i s o t o p e  a p p e a r a n c e  c i r c u l a t i n g  in  tl 

t s e e m s  r e a s o n a b l e  to  s u p p o s e  t h a t  t h e  s y n t h e s i s  o f :  

; e l lu l a r ly .  H o w e v e r ,  o n l y  s m a l l  a m o u n t s  of se ro log ica l  

L in  t i s s u e s  b e f o r e  t h e  a p p e a r a n c e  of c i r c u l a t i n g  a n t i b o ,  

i n  i n a c t i v e  p r e c u r s o r  is f o r m e d  a n d  s u b s e q u e n t l y  con  

o d y  a t  or  a b o u t  t h e  t i m e  of a n t i b o d y  r e l ea se  i n t o  

p o s s i b l y  b e  a n a l o g o u s  to  t h e  a c t i v a t i o n  of p ro teo l?  

l t e s t i n a l  t r a c t .  A n t i b o d i e s  h a v e  p r e v i o u s l y  b e e n  consi  

L as  t h e y  a re  s y n t h e s i z e d  a n d  t h e  e x p o n e n t i a l  r a t e  ( 

~p t ion  t h a t  t h e  s y n t h e s i s  is r e l a t e d  to  a n  a u t o c a t a l y t i c  i 

sugges t s  t h a t  a n t i b o d y  r e l ea se  is s e p a r a t e d  in  t i m e  fr 

)I a n t i b o d y  a p p e a r a n c e  in  t h e  c i r c u l a t i o n  is a n  e x p r e s  

idua l  cells,  as  h a s  a l r e a d y  b e e n  s u g g e s t e d  ~s. A s i t u a t  

:ally a n a l o g o u s  e x i s t s  for  t h e  l i b e r a t i o n  of b i le  p i g m m  

• On the basis of the relative isotope concentrations of ser~ 
nt  experimental  conditions it is concluded tha t  serum glob 
antibody. I t  appears tha t  ant ibody is synthesized de novo f: 
• When amino acid incorporation is used as a criterion of 
ded tha t  ant ibody release does not immediately follow the 
~tibody protein was synthesized before ant ibody was detectal 
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ro ts  f r o m  r e d  cells  19. 
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detectable in the circulating blood. 

yes en isotope de la sdrumglobutine et d 'un anticorps dans divers 
e t tent  de conclure que la s6rumglobuline n 'est  probablement  p~ 
ue. I1 semble que l 'anticorps est synth6tis4 de hove it part i r  d 'amin 

s aminoacides est prise comme crit6re de la synth6se de la prot6ir 
5ration de l 'anticorps ne suit pas imm6diatement  sa synth6se. I_ 
ticorps est synth6tis6e avant  que l 'anticorps soil d6celable dans 

Isotopenkonzentrat ionen von Serumglobulin und Antik6rper unt  
gen wurde geschtossen, dass das Serumglobulin kein Vorggnger d 
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thetisiert  werden. 

Re/erences p. 373. 

of t u r n o v e r  of t h i s  p r o t e i n  f rac t io  

) l a s m a  p r o t e i n  c o m p o n e n t s  whos~ 

t h a t  t h e  i n c o r p o r a t i o n  of a m i n o  

n i n j e c t i o n  a n d  t h a t  t h e  r a t e  of in(: 

b l o o d s t r e a m .  

l i t e r  is r e a c h e d ,  t h e  r a t e  of a n t i  

t a t i v e  loss of c i r c u l a t i n g  a n t i b o d y  ~ 

le a m i n o  ac id s  w h i c h  a re  r e m o v e d  

~ t r a t i on  a p p e a r  as  c i r c u l a t i n g  a n t i k  

ra re  is n o  a p p r e c i a b l e  d e l a y  b e t w e e  

t h e  a n t i b c  

a n t i b o d y  

g ica l ly  a c t i v e  

Lg a n t i b o d y .  I t  is t 

c o n v e r t e d  to 

t h e  c i r cu  

: ) ro teo ly t i c  e n z y  

:ons ide red  to  

of a p p e a r  

~tlc p roce s s  17. 

f r o m  t h e  s 

) r e s s ion  of ai  

u a t i o n  w h i c  

SUMMARY 

R~2SUM~2 

Z U SAMMENFASSUN G 

a t c s  a I ~ '  

m t i b o d v  

n C F O a S ( ' S  

:~sis fal ls  

)e n o t e d  

e t a b o l i c  

rer, once  

i s t r a t i o n  

es p lace  

~ve b e e n  

c e i v a b l e  

y a c t i v e  

p roce s s  

ase  i n t o  

ae c i rcu-  

d to  t h e  

r e s e n t e d  

t h a t  t h e  

ase f r o m  

m a t h e -  

nder 
of 

is 
of 

diverscs 
)aS  

r u n o -  

,rot61ne 
Le 
lc 

nter  
d e s  
q l -  



D. TREFFERS AND M. HEIDELBERGER, J .  Expt. Nled., 73 (1941 
BLOCH, J. Biol. Chem., 179 (1949) 1245. 
[{. V. ARNSTEIN AND A. NEUBERGER, Biochem. J.,  5 ° (I95I) : 
H. STEIN AND S. MOORE, Cold Sp,  ing Harbor Symposia Quan 
HEIDELBERGER AND F. E. KENDALl., J. Expt. Med., 62 (1935 
~. KABAT AND M. MAYER, Expt. Immun.,  p. 5 o, Chas. C. The 
[TIEIDELBERGER AND F. E. KENDALL, J. Expt. Med., 61 (1935 
0 .  P E D E R S E N ,  Ultracentri/ugal Studies in Serum and Serum F 
)OVEY, R. C. }{OLLO'vVAY AND A. S. MC FARLANE, Biochem. ,J 
FARVER AND L. M. MORSE, J. Biol. Chem., 173 (1948) 53. 
)AULING, J. Am. Chem. Soc., 62 (194 o) 2643. 
~.I. BURNET AND F. FENNER, Production o/Antibodies, MacMi 
{. NORTHROP, Chemistry and Physiology o[ Growth, Princeton 
[. LONDON, R. \VEST, D. SHEMIN AND D. RITTENBERG, J. Bi, 
;ROS, J. COURSAGET AND M. MACHEBOEUF, Bull. SOC. chim. bi 

independent evidence tha t  p lasmaprote ins  are not  the ininledi~ ediate precursors of ant ibody  prote 

Note added in proo/ 
Inde 

was recently published 2°. 

s~iureeinbaus als Kr i ter ium fiir die Ant  
lg des Antik6rpers  nicht unmi t te lbar  
des Antik6rpers  wurde  synthet is ier t  c 
en konnte.  

R E F E R E N C E S  

~tigens and antibodies, p. 64, His Maje! 

o) 473. 
RSEN, J. Expt. ~Ied., 65 (I937) 393- 
1464. 
• R I T T E N B E R G  AND M .  ]7IEIDELBERGE] 

1941) I25. 

I54. 
uant. Biol., 14 

(1935) 697. 
C. Thomas,  Sprir 

(1935) 559- 
and Serum Fractions, U 

,]., 51 (1952 

MacMilliam & C( 
U. Press ( 

Biol. Chem., 
biol., 34 (19. 

R e c e i v e  

ese folgt. 
:6rper im 

ry Office, 

hem., i44 

1949. 

I ,  

t h ,  z953 

)rotein 


