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Comparat ive  Analys i s  
of  H u m a n  Milk  and H u m a n  Blood P l a s m a  by 

M e a n s  of D i f fus ion- in -Ge l  Methods  

In  t he  immunolog ica l  analysis  of ant igenic  subs tances  
in biok)gical  fluids diffusion-in-gel techniques have been 
used to  a n  increasing e x t e n t  dur ing  the  last years. In  
p a r t i c u l a r  the  double  diffusion technique of OUCHTV, R- 
LONY 1 and  the  i m m u n e  electrophoret ic  method of GRABAR 
ant i  \V1LLIAMS 2 have  shown to be adwmtageous  in the  
ana lys i s  of p ro te in  mixtures ,  such as h u m a n  blood plasma. 
By  m e a n s  of the  l a t t e r  t echnique  at  least twen ty  ant i -  
genie fac tors  h a v e  been demons t r a t ed  in blood plasma, 
severa l  of which  have  been identified with known blood 
se rum prote ins .  The  h u m a n  p lasma - an t i -human  plasma 
s p e c t r u m  has  been  used as a reference in this  investiga- 
t ion  which  concerned  ant igenic  factors in h u m a n  milk 
t h a t  c an  be serologically identified with blood serum 
pro te ins .  

:ks ha s  been  shown  b y  GUGLER et al. ~ and HANSON and 
J OHANSSON ~--fl a large n u m b e r  of antigenic factors can be 
d e m o n s t r a t e d  in h u m a n  milk wi th  diffusion-in-gel tech- 
n iques  us ing  tmmologous  immune  sera and ant i -hum:m 
p l a s m a  sera.  Since these  factors seemed to vltry quant i -  
t a t i v e l y  and  q u a l i t a t i v e l y  a t  different t imes during the  
l a c t a t i on  per iod preco los t rum taken  about  three  weeks 
before p a r t u r i t i o n ,  co los t rum taken  within one day of 
p a r t u r i t i o n  a n d  m a t u r e  milk t aken  three weeks af ter  
p a r t u r i t i o n  were used in th i s  s tudy.  

I m m u n e  e lec t rophorec t ic  analysis of, for example, 
co lo s t rum wi th  homologous  r abb i t  immune sera showed 
a s p e c t r u m  cons i s t ing  of fourteen separate  immune pre- 
c ip i t a t e s  (Fig. 1 a). These  were localized th roughou t  the  
regions of a l b u m i n  to  y-globulin when compared with 
aga r  e lec t rophores i s  of h u m a n  plasma. Several of the  
an t igen ic  fac tors  in  h u m a n  milk  were related to antigenic 
fac to rs  in p l a s m a  since colos t rum analyzed with anti-  
h u m a n  p l a s m a  se rum showed a spec t rum of twelve sep- 
a r a t e  p r ec ip i t a t i on  lines. This relat ionship was also 
d e m o n s t r a t e d  w h e n  h u m a n  p lasma was analyzed with 
a n t i - c o l o s t r u m  se rum as a precipi ta t ion  spect rum of ten 
lines was t h e n  formed.  In  order  to identify these ant igenic 
fac tors  in milk,  p r epa ra t i ons  of isolated blood serum pro- 
t e ins  a n d  i m m u n e  sera aga ins t  purified blood serum pro- 
t e ins  were used. Some examples  of these identif icat ion 
e x p e r i m e n t s  will be given. 

W i t h  the  double  diffusion technique  (WADSWORTIt 7) 
two sepa ra t e  p rec ip i t a t ion  lines could be shown in precolo- 
s t r u m ,  co los t rum,  arid m a t u r e  milk using an  immune  
se rum aga in s t  p r e a l b u m i n  rich in t r yp tophane  (Fig. 1 b). 
I n  i m m u n e  e lec t rophore t ic  analysis  of milk and  blood 
p l a s m a  wi th  th i s  an t i -p rea lbumin  serum two precipi tates  
were fo rmed  - one in the  electrophoret ic  region of pre- 
a l b u m i n  and  a n o t h e r  in the  at-globulin region. 

Us ing  p r e p a r a t i o n s  of respect ively acid seromucoid and  
a~-glucoprotein (3.5 S), these two blood serum prote ins  
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were identif ied in precoiost rum,  coios t rum,  and mature 
milk as seen in Fig. l c .  The  expe r imen t s  were performed 
according to WADSWORTH anti  HANson ~. An e x t r a  basin 
for the  reference prote in  p repa ra t ion  w;Ls made  paral lel  
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t() tile immune  se rum basin  in tile i m m u n e  e lec t rophore t ic  
analysis  of c(fiostrum, A prec ip i ta te  in the  coh)s t rum-an t i -  
h u m a n  p lasma spec t rum ident i f ied wi th  the  known  pre- 
c ip i ta te  fi)rmed by  the  prote in  p repa ra t i on  and  the  im- 
mune  serum. 

Transfer r in  was found to exis t  in milk from di f fe rent  
par t s  of the  lac ta t ion  period as an  i m m u n e  serum against 
t ransfer r in  gave one prec ip i ta t ion  line wi th  milk using 
double  diffusion technique .  This  prec ip i ta te  cor responded  

s C. Wm)swoatH and I.. A. lIAisoN (in Manuscript). 
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to  t r ans fe r r i n  as was shown  in i m m u n e  e l ec t rophore t i c  
e x p e r i m e n t s  and  in e x p e r i m e n t s  where  a pure  p r e p a r a t i o n  
of t r an s f e r r i n  was used as control•  

F ina l ly  t he  p ro te ins  in h u m a n  mi lk  t h a t  were serologic- 
a l ly  re la ted  to blood se rum y-globul in  shou ld  be m e n t i o n e d •  
I m m u n e  e lec t rophore t i c  ana lys i s  of mi lk  b y  m e a n s  of a n  
an t i -y -g lobul in  se rum showed two  p r e c i p i t a t i o n  lines• One 
of these  was m a i n l y  local ized in t he  a rea  c o r r e s p o n d i n g  
to the  fl~-globulin f r ac t ion  of b lood  serum.  The  o t h e r  one 
crossed over  the  f i rs t  and had i ts  m a x i m u m  s o m e w h a t  
f u r t he r  ou t  in t he  v -g lobul in  region (Fig. l d ) .  Ana lys i s  
of mi lk  b y  m e a n s  of t he  an t i -y -g lobu l in  s e rum us ing  the 
double  d i f fus ion t e c h n i q u e  gave  resu l t s  wh ich  i nd i ca t ed  
t h a t  t he re  m a y  be  more  t h a n  these  two prec ip i t a tes .  
Analys is  of an  immuno log i ca l l y  pure  y-g lobul in  p r epa ra -  
t ion  b y  m e a n s  of a n t i - m i l k  sera  showed  co r r e spond ing  
results.  

Serological Identification of Blood Plasma Proteins in Human Milk 

Pre- Colostrum Mature Human Plasma eolostrum Milk 
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The  Tab le  shows the  b lood p l a s m a  p ro t e ins  t h a t  can  
be serological ly  ident i f ied  in h u m a n  milk.  P r e a l b u m i n ,  
acid seromucoid ,  e l -g lucopro te in  (3-5 S), t r ans fe r r in ,  a n d  
y-globul in  h a v e  a l r eady  been  m e n t i o n e d .  Also a l b u m i n ,  
ceru loplasmin ,  hap tog lob in ,  e2-orfl- l ipoprotein,  f ib r inogen ,  
fl2A-globulin, a n d  flzM-globulin h a v e  been  found.  Owing  
to t he  g rea t  s ens i t i v i ty  of the  t e c h n i q u e s  used v e r y  s m a l l  
a m o u n t s  of an t igen ic  m a t e r i a l  are d e m o n s t r a b l e  a n d  i t  
shou ld  be n o t e d  t h a t  these  p ro t e in s  p r o b a b l y  m a k e  up  
on ly  a smal l  p a r t  of t he  p r o t e i n  c o n t e n t  of h u m a n  milk. 

The  e x p e r i m e n t s  will be r epo r t ed  in de ta i l  e lsewhere.  

The purified blood serum proteins were kindly supplied by 
Behring VVerke, Marburg, Germany and by I)ocents I. BRATTSTEIN 
a n d  J. GOA, Dept. of Medical Chemistry, University of Gothenburg. 

L. A. HANSON 

Department o[ Bacteriology, University o/ Gothenburg 
(Sweden), July 16, 1959. 

Zusammen/assz, ng 

Mit  HiKe v o n  I m m u n o e l e k t r o p h o r e s e  u n d  Doppel -  
d i f fus ion techn ik  w u r d e n  in H u m a n m i l c h  a n  B l u t p l a s m a -  
p ro t e inen  serologisch ident i f iz ie r t  : P r a e a l b u m i n ,  A lbumin ,  
Acid Seromucoid ,  a l -G lykopro t e in  (3.5 S), Coeruloplas-  
min,  Hap tog lob in ,  e2- oder  f l -Lipoprotein,  T rans fe r r in ,  
F ibr inogen ,  fl2A-Globulin, fl2M-Globulin u n d  7-Globul in .  

E m b r y o n a l e n t w i c k l u n g  

d e r  T e r m i t e  Kalotermes flavicollis 

Die in ganz  Sf ideuropa  b e h e i m a t e t e  T e r m i t e n a r t  Kalo- 
lermes /lavicollis zeigt,  wie viele T e r m i t e n a r t e n ,  eine aus-  
s e ro rden t l i ch  l angsame  E m b r y o n a l e n t w i c k l u n g .  Diese 
d a u e r t  d u r c h s c h n i t t l i c h  54 Tage bei 26°C. D u r c h  Ein-  
t a u c h e n  in Paraff in61 k 6 n n e n  die Eie r  infolge A u f h e b u n g  
v o n  B r e c h u n g s e r s c h e i n u n g e n  d u r c h s i c h t i g  g e m a c h t  wer-  
den.  So w a r  es auch  m6gl ich,  die E n t s t e h u n g  u n d  die 
U m l a g e r u n g e n  des T e r m i t e n k e i m e s  in e inem Zei t raffer-  
f i lm fes t zuha l t en .  

Abb. 1. Dorsalansicht des Eies yon Kalotermcs Jlavicollis 
Unten: Hinterpol mit zahlreiehen Mikropylen. 
Oben: Strukturfreies, fensterartiges Feld am Vorderpol, das m6g- 

lieherweise beim Gasaustausch eine Ro!le spielt und gleich- 
zeitig die Stelle markiert, wo die Larve sp/iter schliipft. 

I m  Z u s a m m e n h a n g  m i t  D o t t e r b e w e g u n g e n  ge langen  
die F u r c h u n g s k e r n e  an  die Oberfl~tche des Eies  u n d  b i lden  
dor t  bis zu m 6. Tag  de r  E n t w i c k l u n g  das  B l a s t o d e r m  u n d  
die K e i m a n l a g e  aus. Diese e n t s t e h t  d i r ek t  u n t e r  den  huf -  
e i senar t ig  a n g e o r d n e t e n  14-26 Mikropy len  (Abb• 1) au f  
der  dorsa len  Seite des H i n t e r p o l s  zwischen 0 u n d  13% 
der Eilgnge.  Das  A m n i o n  fa l ter  sich, im Gegensa tz  zu den  
me i s t en  i ibr igen h e m i m e t a b o l e n  In sek t en ,  ohne  jegl iche  
E i n r o l l u n g  a n  der  Pe r iphe r i e  des Do t t e r s  d u r c h  U m k l a p -  
p en  des h i n t e r e n  R a n d e s  de r  Ke imsche ibe ,  w o d u r c h  eine 
kugel f6rmige  Ke imb la se  e n t s t e h t ,  die im op t i s chen  
S c h n i t t  als R i n g f r o m  ersche in t .  Sie v e r s c h i e b t  s ich in 
der Folgezei t  au f  die v e n t r a l e  Seite u n d  wgchs t  do r t  zu m 
fer t ig  s e g m e n t i e r t e n  Ke ims t r e i f  aus, dessen h in t e r e s  E n d e  
eine K a u d a l k r i i m m u n g  de r  , le tz ten  drei  A b d o m i n a l -  
s egmen te  zeigt. D a d u r c h  k o m m t  eine s chwache  E insen -  
k u n g  des Ke imes  in den  D o t t e r  zus tande .  

Mi t  d e m  31. T ag  b e g i n n e n  die e igen t l i chen  B e w e g u n g e n  
des Keimes,  de ren  ers te  P h a s e  de r  ~,Ausrollung~ be im  in- 
v a g i n i e r t e n  T y p  en t s p r i ch t .  Der  Kopfpo l  g le i te t  u m  das  
H i n t e r e n d e  h e r u m  auf  die Dorsa lse i te  u n d  n a c h  vorne ,  
wobei  er schliessl ich die Zel len de r  Serosa u n d  des A m-  
n ions  a m  Vorder t e i l  des Eies  z u m  s o g e n a n n t e n  Dorsa l -  
o rgan  z u s a m m e n s c h i e b t .  

Die zwei te  P h a s e  der  B las tok inese  wird  d u r c h  s t a rke  
K o n t r a k t i o n e n  des D o t t e r s  a m  32. Tage e ingelei te t .  Dies 
is t  der  A u f t a k t  zu e iner  R o t a t i o n  des Ke imes  u m  180 °, 
die sich a m  34. Tag  vol lz ieht ,  u n d  zwar  u m  den  D o t t e r  
h e r u m ,  wobei  der  D r e h p u n k t  m i t  der  Ei l t tngsachse  zu- 


