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Characterization of the Chemotactic Activity of Casein for Neutrophil  Leucocytes and Macrophages ~ 

The  ac id -p rec ip i t ab le  casein f r ac t ion  of t he  mi lk  
p ro t e in s  exer t s  a s t rong  c h e m o t a c t i c  a t t r a c t i o n  in  v i t ro  
for  n e u t r o p h i l  leucocytes  a n d  for m a c r o p h a g e s  2, a Never -  
theless ,  t he re  h a v e  been  no  p u b l i s h e d  a t t e m p t s  to  charac-  
t e r i ze  t h e  f r ac t ions  of case in  i n v o l v e d  oI t he  phys ico-  
chemica l  r e q u i r e m e n t s  for  ac t iv i ty .  The re  has  indeed  
been  a degree of d o u b t  w h e t h e r  t he  a c t i v i t y  was due  to 
case in  i tself  or  to  a c o n t a m i n a n t ,  s ince bac te r i a ,  some of 
wh ich  p roduce  c h e m o t a c t i c  factors ,  m a y  c o n t a m i n a t e  
milk .  A n  e x a m i n a t i o n  of th i s  a c t i v i t y  is r epo r t ed  here,  
f r o m  w h i c h  i t  m a y  be  conc luded  t h a t  che l no t ac t i c  a c t i v i t y  
is a p r o p e r t y  of t he  case in  molecules  themse lves ,  a n d  is 
modi f ied  b y  p rocedures  wh ich  t y p i c a l l y  mod i fy  t he  
phys i cochemica l  p rope r t i e s  of casein.  

The  c rude  ac id -p rec ip i t a t ed  f r ac t ion  of whole  b o v i n e  
mi lk  was used as a source of casein.  This  was  o b t a i n e d  
commerc i a l l y  as case in  ' H a m m a r s t e n '  or casein 'a lkal i -  
16slich' (Merck, D a r m s t a d t ,  G e r m a n y ) .  Sa t i s f ac to ry  casein 
p r e p a r a t i o n s  were usua l ly  inso luble  in  n e u t r a l  so lu t ions  
b u t  could  be  d isso lved  b y  ra i s ing  t h e  p H  to  12. T h e y  t h e n  
s t a y e d  in so lu t ion  w h e n  b r o u g h t  b a c k  carefu l ly  to  neu-  
t r a l i ty .  Pur i f i ed  e-casein  was o b t a i n e d  f rom S igma  
Chemica l  Corp., USA.  

W h o l e  case in  was f r a c t i o n a t e d  by :  a) Gel  f i l t r a t i on  on  
S e p h a d e x  G-100 (Pha rmac ia ,  Uppsa la ,  Sweden)  us ing  
dis t i l led  w a t e r  as e luan t .  P r ev ious  workers  f r a c t i o n a t i n g  
case in  on S e p h a d e x  h a v e  used 6 M u rea  as e l u a n t  ~ b u t  
t he  same  t h r e e p e a k  p a t t e r n  on  G-100 was o b t a i n e d  us ing  
w a t e r  (Figure  1): b) Ca lc ium chlor ide  p r e c i p i t a t i o n  s. A 
m o d i f i c a t i o n  of t h i s  p r o c e d u r e  was used  to  f r ac t i ona t e  
H a m m a r s t e n  casein.  Three  f r ac t ions  were o b t a i n e d :  1. a 
K- a n d  fi-casein r ich  s u p e r n a t a n t  a f t e r  a d d i t i o n  of 0.25 M 
CaC12 ; 2. a n  ~-casein r i ch  fractions p r e c i p i t a t e d  w i t h  0.25 M 
CaC12 a n d  r e -p rec ip i t a t ed  b y  0.07 M CaCI~; 3. a fl-casein- 
r i ch  f r ac t ion  p r e c i p i t a t e d  w i t h  0.25 M CaCI~ b u t  so luble  
in  0.07 M CaC12. 

The  c h e m o t a c t i c  a c t i v i t y  of case in  was t e s t ed  a f t e r  
d iges t ion  b y  i n c u b a t i o n  a t  37~ for 10 m i n  to 1 h w i t h  
t he  fol lowing p r0 t eo l y t i c  enzymes :  c rys ta l l ine  t r yps in ,  
c rys ta l l ine  c h y m o t r y p s i n ,  p l a s m i n  (p l a sminogen / s t r ep to -  
k inase)  a n d  t h r o m b i n  (200 ~g e n z y m e  to 5 m g  casein).  

C h e m o t a c t i c  a s say  was ca r r ied  ou t  as descr ibed  pre~ 
viously6,  L The  cells used were e i t h e r  h u m a n  pe r iphe ra l  
b lood  neu t roph i l s  or gu inea -p ig  m a c r o p h a g e s  o b t a i n e d  
f rom the  p e r i t o n e a l  c a v i t y  4 days  a f t e r  i p. i n j ec t ion  of 
p a r a f f i n  oil. N e u t r o p h i l  c h e m o t a x i s  was m e a s u r e d  us ing  
f i l ters  Of 3 ~m pore  size (Millipore, Bedford ,  Mass. USA)  

a n d  m a c r o p h a g e  c h e m o t a x i s  us ing  f i l ters  of 8 ~m pore  
size (Sar tor ius ,  GSt t ingen ,  G e r m a n y ) .  

All  p r e p a r a t i o n s  of whole  casein a n d  of pur i f ied  e-casein  
in which  t he  casein was in  so lu t ion  were s t rong ly  chemo-  
t ac t i ca l ly  ac t ive  for b o t h  h u m a n  n e u t r o p h i l  leucocytes  
a n d  for gu inea-p ig  (and r a b b i t )  pe r i t onea l  e x u d a t e  
m a c r o p h a g e s  (Table  I). Casein p r e p a r a t i o n s  wh ich  were 
inso luble  or poor ly  soluble  in  n e y ' s  so lu t ion  were poor ly  
chemotac t i c .  Solubi l i ty ,  r a t h e r  t h a n  t he  source or m e t h o d  
of p r e p a r a t i o n  of t he  casein,  a p p e a r e d  to  be  t he  m o s t  
i m p o r t a n t  d e t e r m i n a n t  of c h e m o t a c t i c  ac t iv i ty .  T h e  
c h e m o t a c t i c  a c t i v i t y  of casein p r e p a r a t i o n s  was also 
af fec ted  b y  Ca++ concen t r a t i on .  I n  t he  absence  of Ca++, 
cell m o t i l i t y  was  poor.  On  increas ing  t h e  CaC12 concen t r a -  
t i on  to 0.06 M a s h a r p  increase  in t he  c h e m o t a c t i c  re- 
sponse  of t he  cells to  case in  was seen. A t  Ca ++ concen t r a -  
t ions  h ighe r  t h a n  this ,  t he re  was a g r a d u a l  d rop  in 
c h e m o t a c t i c  a c t i v i t y  of casein,  associa ted  w i t h  a d rop  in 
so lub i l i ty  of t h e  case in  p r epa ra t i on ,  wh ich  fo rmed  micelles 
as Ca++ c o n c e n t r a t i o n  was r a i s edS  

A n  u n u s u a l  f ea tu re  of t he  c h e m o t a c t i c  a c t i v i t y  of 
case in  was t h a t  i t  could  be  abo l i shed  or grossly d i m i n i s h e d  
b y  a d d i t i o n  of t he  casein p r e p a r a t i o n  to w h o l e  mi lk  
(Table  I). Milk was i tself  on ly  s l igh t ly  chemotac t i c .  The  
poss ib i l i ty  was  cons idered  t h a t  m i lk  con t a in s  an  i n h i b i t o r  
of chemotax i s .  However ,  no  such  i n h i b i t o r  could be 
i so la ted  on  f r a c t i o n a t i o n  of m i lk  and  i t  seems more  l ikely 
t h a t  t he  lack of c h e m o t a c t i c  a c t i v i t y  of case in  in mi lk  
is due to t he  fac t  t h a t  such  casein is p r e sen t  in  t he  form 
of non-d i f fus ib le  h igh  molecu la r  we igh t  micelles,  s ince 
mi lk  has  a Ca++ ion c o n c e n t r a t i o n  m u c h  h igher  t h a n  o t h e r  
biological  fluids. 

Tab le  I shows t h a t  t he  c h e m o t a c t i c  a c t i v i t y  of casein 
was grossly r educed  b y  pr io r  hydro lys i s  of t he  p ro t e in  
w i t h  t ryps in ,  c h y m o t r y p s i n  a n d  p l a s m i n  b u t  was  un-  
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Table I. Effect of incubation with proteases or of readdition to milk on the chemotactive activity of casein for human neutrophil leucocytes 

Chemotactic factor Nutrient medium Enzyme added 
(5 mg per mi) 

Chemotactic activity 
(Neutrophils per H.P. field on lower surface of filter; 
mean of 3 tests) 

Casein 'Hammarsten' Gey's None 197 

Casein 'Hammarsten' GeG's Trypsin 15 

Casein 'Hammarsten' ney's Chymotrypsin 12 

Casein 'Hammarsten' Gey's Plasmirt 47 

Casein 'Hammarsten' Gey's Thrombin 212 

Casein 'Hammarsten' Whole milk (bovine) None 20 

None Whole milk (bovine) None 11 

c~-casein Gey's None 134 

None Gey's None 0 
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Table II. Chemotaetive activity of casein fractions prepared by precipitation with calcium chloride 

EXPERIENTIA 28/9 

Fraction (at 10 mg per ml) 

Cell counts on lower surface of filter 

Neutrophils per H.P. field 
(mean of 6 filters) 

Mactophages per  H.P.  field 
(mean of 6 filters) 

Whole casein 112 

Fraction I (K and ~-casein-rich) 0.25M CaC12 supernatant 13 

Fraction t i  (a-caseinrich) 0.07M CaCI 2 precipitate 51 

Fraction III (fl-easeinrich) 0.07M CaCI~ supernatant 30 

107 

13 

24 

not  tested 

affected b y  i n c u b a t i o n  w i t h  t h r o m b i n .  This  p a t t e r n  of 
i n h i b i t i o n  of c h e m o t a x i s  para l le ls  exac t ly  t h e  suscept i -  
b i l i ty  of casein to d iges t ion  b y  th i s  group of p ro teo ly t i c  
enzymes  9. Acid h y d r o l y s a t e s  of casein h a d  no  c h e m o t a c t i c  
ac t iv i ty .  

The  c h e m o t a c t i c  a c t i v i t y  of S e p h a d e x  G-100 f rac t ions  
of casein is shown  in t h e  Figure.  T he  m a j o r  a c t i v i t y  was 
assoc ia ted  w i t h  t he  mos t  s lowly Muted  of 3 p r o t e i n  peaks.  
The  a p p r o x i m a t e  molecu la r  we igh t  of th i s  p r o t e i n  was 
20,000. Thus,  t h e  casein was p r o b a b l y  in m o n o m e r i c  
fo rm in th i s  p e a k  s ince t he  molecu la r  we igh t  of t he  
m o n o m e r i c  forms of severa l  casein f rac t ions  has  been  
ca lcu la ted  to lie be twe en  20,000 and  30,000 ~~ 

Table  I I  shows t he  c h e m o t a c t i c  a c t i v i t y  of ca lc ium 
chlor ide  p r e c i p i t a t e d  casein f ract ions .  Major  a c t i v i t y  was 
seen in t he  c~- and  fi-casein-rich f rac t ions  a n d  t he  K-casein  
r ich  f r ac t ion  was m u c h  less ac t ive .  

The  resul t s  ou t l ined  here  ind ica te  t h a t  t he  c h e m o t a c t i c  
a c t i v i t y  of casein is a p r o p e r t y  of t he  c a s e i n  molecules  
themse lves ,  a n d  no t  due  to impur i t i es ,  for t he  fol lowing 
reasons :  a) Chemotac t i c  a c t i v i t y  is i nh ib i t ed  b y  enzymes,  
e.g. t ryps in ,  wh ich  des t roy  t he  casein molecule  b u t  no t  
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Sephadex G-100 c h r o m a t o g r a p h y  of whole casein m distilled wa te r  
showing distribution of protein peaks (above) and chemotactie 
activity (below). The 3 peaks had respective calculated molecular 
weights of 1. > 100,000; 2.35,000 (approx.) and 3~ 20,000 (approx.). 

' b y  enzymes,  e.g. t h r o m b i n ,  wh ich  do not .  b) Chemotac t i c  
a c t i v i t y  is assoc ia ted  w i t h  a d iscre te  peak  on  gel f i l t r a t ion  
of case in  which  cor responds  w i t h  t he  m o n o m e r i c  form of 
t h e  pro te in ,  c) The  c h e m o t a c t i c  a c t i v i t y  of casein shows 
a d e p e n d e n c e  on  Ca ++ c o n c e n t r a t i o n  wh ich  paral le ls  i ts  
change  f rom soluble  to  mice l la r  f o rm  as Ca++ ions are 
added.  Inso lub le  p r e p a r a t i o n s  of casein are no t  chemo-  
t ac t i c ;  d)- pur i f ied  a-casein  or a-case in-r ich  f rac t ions  are  
chemotac t i c .  

There  are two cha rac te r i s t i c s  of case in  wh ich  could give 
clues rio i ts  c h e m o t a c t i c  proper t ies .  F i rs t ly ,  i t  is a phospho -  
p ro t e in  and,  secondly,  a-casein11 a n d  fi-caseini~ are b o t h  
h igh ly  u n u s u a l  i n a s m u c h  as theY h a v e  a r a n d o m  coil 
c o n f o r m a t i o n  a t  n e u t r a l  pH.  If  p h o s p h a t e  g roups  in casein 
are i m p o r t a n t  in chen lo t ac t i c  recogni t ion ,  i t  would  be  
u n u s u a l  s ince o t h e r  chemo tac t i c a l l y  ac t ive  p ro t e in s  con-  
t a i n  no phosphorus .  The  r a n d o m  coil c o n f o r m a t i o n  of 
casein is seen in o the r  g lobular  p ro t e in s  on ly  a f t e r  de- 
n a t u r a t i o n .  I f  p ro t e in s  such  as s e rum a lbumin ,  wh ich  are 
n o r m a l l y  t i g h t l y  folded, are d e n a t u r e d  a t  acid p H  or b y  
r educ t ion -a lky la t ion ,  t h e i r  c h e m o t a c t i c  a c t i v i t y  increas-  
es is. T h u s  a n  unfo lded  p r o t e i n  s t r u c t u r e  m a y  ass is t  
c h e m o t a c t i c  recogn i t ion  of p ro t e in s  by  p h a g o c y t i c  ceils. 
However ,  in  i ts  phys io logica l  e n v i r o n m e n t ,  i.e. milk,  
case in  forms micelles a n d  is t h u s  p r o t e c t e d  f rom a t t a c k  
b y  phagocy tes .  

Rdsumd. L ' a c t i v i t 6  c h i m i o t a c t i q u e  de la cas6ine envers  
les neu t roph i l e s  e t  les m a c r o p h a g e s  se man i f e s t e  dans  ses 
fractions soluble de poids moldculaire bas. Cette activit~ 
est d6truite par Faction des enzymes prot6olytiques et 
apr~s la formation des micelles. Les a- et/~-cas6ines sont 
les plus actives. Le manque de structure tertiaire dans la 
mol6cule de cas6ine pent jouer un r61e duns son activit6 
chh~iotactiqne. 
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