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Further Evidence Concerning Macrophages Producing 19 S-Antibody in Mice 

I n  a p rev ious  c o m m u n i c a t i o n  we descr ibed  macro-  
phages  which  p roduced  in mice 19 S - A n t i b o d y  aga ins t  
S R B C L  This  resu l t  was  o b t a i n e d  b y  a mod i f i ca t ion  of 
t he  p l aque  t e c h n i q u e  of J~RNX and  NORI)IN ~ a n d  a 
morpholog ica l  s t u d y  of t he  p l aque - fo rming  cells 1. In  
f u r t h e r  e x p e r i m e n t s  we c o m b i n e d  cytological  observa-  
t ions  w i th  func t iona l  s tudies  on  these  p l aque - fo rming  
cells. 

The  morpholog ica l  a spec t  of t he  p l aque - fo rming  cells 
ind ica tes  t h a t  some of these  cells are macrophages .  I f  
i t  is so, t h e n  these  cells should  d e m o n s t r a t e  phagocy t i c  
ac t iv i ty .  The  pu rpose  of th i s  s t u d y  is there fore  to  show 

Fig. 1. Plaque-forming cell with phagocytized ink particles in the 
cytoplasnl (small dark points, 2 indicated by arrows. Pappenheim- 
staining. • 1850. 

t h a t  p l aq u e - fo rmi n g  cells engulf  e r y t h r o c y t e s  a n d  t h a t  
t h e y  can  phagocy t i ze  par t ic les  whi le  p r o d u c i n g  an t i -  
bodies.  

N M R I  mice, r a n d o m  bred ,  females  w e i g h t  25 g were 
i m m u n i z e d  i.v. aga ins t  108 SRBC.  The  mice  were kil led 
3 a n d  4 days  a f t e r  i m m u n i z a t i o n  a n d  t h e  p l aque - fo rming  
cells p r e p a r e d  1,2. 12 h before  sacrifice t h e  nlice were i.v. 
in jec ted  w i t h  0.2 ml  of a 25% so lu t ion  of I n d i a n  ink  in 
sal ine (Gi in the r  Wagner ,  H a n n o v e r ,  W e s t - G e r m a n y ,  
21 A 896, par t ic le  size 20-60 nm).  I n  a n o t h e r  e x p e r i m e n t  
t h e  p r e p a r e d  spleen cells of i m m u n i z e d  mice  were incu-  
b a t e d  in v i t ro  w i th  1 ml  of a 1% so lu t ion  of I n d i a n  ink  
for 30 m i n  a t  room t e m p e r a t u r e .  Af te r  t h e  i n c u b a t i o n  
t i m e  t h e  p l a q u e  assay  was per formed.  T h e  n u m b e r  of 
p l aq u e - fo rmi n g  cells was  n o t  in f luenced  b y  t i le  exposure  
to  t h e  I n d i a n  ink. The  cells were s t a ined  b y  t h e  P a p p e n -  
h e l m - m e t h o d .  

Results. (1) P l aq u e - fo rmi n g  cells h a d  p h a g o c y t i z e d  ink  
par t ic les  in  vi t ro .  The  u p t a k e  was  obse rved  m o s t l y  in  
cells w i t h  a large nucleus  w i t h  mos t  basophi l i c  c y t o p l a s m  
(Figure  1). (2) P l aque - fo rming  cells exposed  to  ink  par-  
t icles in  v ivo  i nco rpo ra t ed  these  par t ic les  in  t h e i r  cyto-  
p lasm.  (3) F u r t h e r m o r e  we obse rved  t h a t  p l aq u e - fo rming  
cells phagocy t i ze  no t  on ly  ink  par t ic les  b u t  also e ry th ro -  
cy tes  (Figure  2). 

These  o b s e rv a t i o n s  show t h a t  a n t i b o d y  p r o d u c i n g  cells 
in  t h e  ea r ly  i m m u n e  p h a s e  can  pe r fo rm phagocy tos i s  
d u r i n g  t h e  a n t i b o d y  p r o d u c t i o n  3. 

Zusammen/assung. 19-S-Ant ik6 rpe r -b i ldende  Zellen 
k 6 n n e n  w~ihrend der  A n t i k 6 r p e r b i l d u n g  in der  Fr i ih-  
phase  e iner  I m m u n a n t w o r t  wie M a k r o p h a g e n  phagozy-  
t ieren.  

H. NOLTENIUS a n d  M. CHAHIN 

Pathologisches Institut der Universitdt, 
78 Freiburg (Germany), 18 November 1968. 

Fig. 2. Plaque-forming cell, 3 days after immunization: phago- 
cytized erythrocyte and ink particles in the cytoplasm (arrow). 
Pappenheim-staining. a, • 180; b, • 950; c, • 1850. 
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IgG as the Main Immobil izat ion Factor in Rabbit Antiserum Against  Entamoeba 

T h a t  h e a t - i n a c t i v a t e d  h y p e r i m m u n e  r a b b i t  sera  were 
capab le  of immob i l i z i ng  Enlamoeba histolytica, was ini- 
t ia l ly  d e m o n s t r a t e d  b y  COLE e t  al. 1 Tests  w i th  u n h e a t e d  
sera  were obe rved  to cause lysis of t he  a m o e b a e  2, a n  
obse rva t i on  p r o b a b l y  i nd i ca t i ng  t h a t  c o m p l e m e n t  p lays  
a role in the  lyric a c t i v i t y  of va r ious  mic roo rgan i sms  3A. 
Unl ike  i m m o b i l i z a t i o n  of bac t e r i a  5, t he  immob i l i z a t i o n  
of t he  Entamoeba sp. is revers ib le  6. BIAGI et  al. 7, us ing  
t he  immob i l i z a t i on  reac t ion  (IMR), d e m o n s t r a t e d  t h a t  
t he  immob i l i z a t i on  fac to r  p roduced  b y  t he  hos t  a f t e r  
c o n t a c t  w i th  t he  a m o e b a  was t he  7-globul in  f ract ion.  
This  pape r  p resen t s  ev idence  wh ich  show tha t ,  in hype r -  
i m m u n e  r a b b i t  sera, IgG is largely  respons ib le  for t h e  
immobi l i z ing  ac t i v i t y  in 3 species of Entamoeba tes ted .  

Material and methods. E. histolytica, E. moshkovskii and  
E. invadens were c u l t i v a t e d  in a m o n o p h a s i c  m e d i u m  
accord ing  to  JONES s, t h e  f i rs t  be ing  i n c u b a t e d  a t  37~ 
an d  s u b c u l t u r e d  eve ry  t h i r d  day,  whi le  the  l a t t e r  2 species 
were i n c u b a t e d  a t  room t e m p e r a t u r e  (26~ a n d  sub-  
cu l tu red  eve ry  s ev en t h  day.  The  a m o e b a e  were h a r v e s t e d  
b y  cen t r i f u g a t i o n  a t  2500 r p m  for 3 ra in  a n d  t h e n  washed  
3 t imes  w i t h  n o r m a l  sal ine to r id  t h e m  of m o s t  bac t e r i a  
before  inocu la t ion  in to  h e a l t h y  adu l t  r abb i t s .  A b o u t  
3,000,000 a m o e b a e  were in jec ted  on  each  occasion.  The  
in jec t ions  - twice  s.c., followed b y  3 t imes  i.v., w i t h  a 
f inal  boos t e r  dose of a m o e b a e  in F r e u n d ' s  comple te  
a d j u v a n t  - were spaced  a t  5-day in te rva ls .  T h e  an i ma l s  
were bled b y  t h e  m a r g i n a l  ear  ve ins  10 days  a f t e r  t he  
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l a s t  i n j e c t i o n .  T h e  s e r a  w e r e  s e p a r a t e d  a n d  s t o r e d  a t  
- - 2 0 ~  B l o o d  w a s  a l so  w i t h d r a w n  f r o m  t h e  r a b b i t s  
b e f o r e  i m m u n i z a t i o n  t o  o b t a i n  c o n t r o l  se ra .  

P r i o r  to  t e s t i n g  for  i m m o b i l i z i n g  a c t i v i t y  a n d  c o l u m n  
c h r o m a t o g r a p h y ,  a l l  t h e  a n t i s e r a  w e r e  h e a t e d  fo r  30 m i n  
in  t h e  w a t e r  b a t h  a t  56 ~ T h e  v a r i o u s  s e r a  w e r e  d i l u t e d  
in  n o r m a l  s a l i ne  t o  d e t e r m i n e  t h e  i m m o b i l i z i n g  t i t r e .  
T h e  I M R  w a s  c a r r i e d  o u t  b y  i n c u b a t i n g  0.1 m l  of  t h e  
i n a c t i v a t e d  a n t i s e r a  w i t h  a n  e q u a l  v o l u m e  of  c o n c e n -  
t r a t e d  s u s p e n s i o n  o f  a m o e b a e  in  c u l t u r e  m e d i u m  con -  
t a i n i n g  a t  l e a s t  600 ,000  a m o e b a e / m l  in  t e s t  t u b e s .  I n c u -  
b a t i o n  w a s  c a r r i e d  o u t  for  30 m i n  a t  37 ~ for  E.  h is to ly t ica  
a n d  a t  2 6 ~  for  t h e  o t h e r  2 spec ies .  F o r  E.  his tolyt ica,  
i t  is e s s e n t i a l  t h a t  a y o u n g  c u l t u r e  c o n t a i n i n g  a c t i v e l y  
m o t i l e  t r o p h o z o i t e s  a n d  m i n i m a l  r ice  s t a r c h  be  u s e d .  T h e  
m o b i l i t y  of  100 a m o e b a e  w a s  c o u n t e d  a n d  t h e  p e r c e n t a g e  
of  i m m o b i l i z a t i o n  c a l c u l a t e d .  T i t r e s  of  c o n t r o l  a n d  h y p e r -  
i m m u n e  s e r a  w e r e  d e t e r m i n e d  b y  t h e  d o u b l i n g  d i l u t i o n  
m e t h o d .  

T o  i so l a t e  t h e  i m m o b i l i z a t i o n  f ac t o r ,  t h e  a n t i s e r a  w e r e  
f r a c t i o n a t e d  o n  c o l u m n s  c o n t a i n i n g  D E A E - c e l l u l o s e  a n d  
S e p h a d e x  G-200 .  T h e  e l u a n t  f r o m  e a c h  p r o t e i n  p e a k  
w a s  p o o l e d  a n d  c o n c e n t r a t e d  b y  u l t r a f i l t r a t i o n  t o  t h e  
o r i g i n a l  v o l u m e  of  s e r u m  a p p l i e d  to  t h e  c o l u m n s .  T h e  
c o n c e n t r a t e s  w e r e  d i a l y s e d  a g a i n s t  n o r m a l  sa l ine .  T h e  
i m m o b i l i z i n g  a c t i v i t i e s  of  t h e  v a r i o u s  p e a k s  w e r e  t e s t e d  

a n d  t h e  i d e n t i t y  of  t h e  p r o t e i n  c o n s t i t u e n t s  in  t h e  a c t i v e  
f r a c t i o n s  d e t e r m i n e d  b y  i m m u n o e l e c t r o p h o r e s i s  u s i n g  
g o a t  a n t i - r a b b i t  w h o l e  s e r u m  a n d  g o a t  a n t i - r a b b i t  I g G  
(Mic rob io log ica l  A s s o c i a t e s ,  I n c . ;  W a s h i n g t o n ,  D.C.) .  

Resul ts .  T i t r e s  of  1 : 5  w e r e  o b s e r v e d  in  t h e  h y p e r -  
i m m u n e  s e r a  o f  t h e  3 spec i e s  t e s t e d .  N e g l i g i b l e  i m m o -  
b i l i z ing  a c t i v i t i e s  we re  o b s e r v e d  in  t h e  c o n t r o l  s e r a  o f  
E.  invadens ,  E .  m o s h k o v s k i i  a n d  E.  h is to ly t ica  (8, 4 a n d  
14% r e s p e c t i v e l y )  3 p e a k s  we re  o b t a i n e d  b y  f r a c t i o n a t i o n  
o f  t h e  n o r m a l  a n d  h y p e r i m m u n e  s e r a  u s i n g  D E A E -  
ce l lu lose .  I n  T a b l e  I, o n l y  p e a k  I s h o w e d  i m m o b i l i z i n g  
a c t i v i t y  in  al l  t h e  a n t i s e r a  t e s t e d .  T h i s  p e a k  c o n t a i n e d  
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Fig. 1. Fractionation of hyperimmune and normal sera 
using DEAE-eellulose. 1 ml of sera was applied to the 
DEAE-eellulose column (1 • 10 cm) equilibrated with 
0.005M phosphate buffer at pH 7.0. Stepwise elution, 
at  constant  pH, was performed with increasing mo- 
larities of phosphate buffer and NaC1. 2 ml fractions 
were collected and the protein content read at 280 nm. 

Table I. Percentage of amoebae immobilized by fractions of their respective antisera 

Fractionation of hyperimmune Fractionation of hyperimmune 
sera using DEAE-cellulose sera using Sephadex G-200 

Peak I Peak II Peak III Peak I Peak II Peak III 

Species of amoebae �9 EH EM EI EH EM EI EH EM EI EH EM EI EH EM EI EH EM EI 
Percentage of amoebae immobilized (%) 88 98 100 18 10 4 18 6 0 30 24 28 80 94 100 20 8 2 

EH,  E. histolytica; EM, E. moshkovskii; EI, E. invadens. 
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IgG as demonstrated by the immunoelectrophoretic ana- 
lyses using monospecific goat anti-rabbit IgG (Figure 3). 

Fractionation of the antisera by Sephadex G-200, 
equilibrated with M/15 phosphate-buffered saline at 
pH 7.2, gave the usual 3 peaks 9 (Figure 2). Peak II  
showed high immobilizing act ivi ty while peak I displayed 

o o E./vvadens immune serum 
............ E.a/slo/yt/ca immune serum 

Z . . . . . .  E.mosakavskii immune serum 
Peak l]I PeaklI 

,...', \ :A 

/:'""i/iv 'i\ :, . /7%'>< ~/ ~,', 
1 Peak I 

I : I 

100 150 20o Z50 mt 
Effluent volume 

Fig. 2. F r a e t i o n a t i o n  of h y p e r i l n n m n e  sera  us ing S e p h a d e x  G-200. 
2 ml  of i m m u n e  sera  were appl ied  to a 2.6 • 55 c m  c o l u m n  of Sepha-  
dex  G-200 equ i l ib ra ted  wi th  MI15 p h o s p h a t e - b u f f e r e d  sal ine a t  
p H  7.2. The  f low r a t e  was  30-50  inl/h.  

a low, but  significant activity. Figure 4 shows IgG present 
in peak II  and only trace amounts of IgG in peak I. 

Immobilization tests also produced a certain degree 
of agglutination. The immobilized cells became spherical 
and clumped together. This was observed mainly in the 
hyperimmune sera but  to a lesser degree in normal serum. 

In immobilization tests using the active fractions of 
the antisera, E .  m o s h k o v s k i i  show the least cross reaction 
of the 3 species tested (Table II). E .  h i s t o l y t i c a  and E. 
i n v a d e n s ,  however, reacted mildly with their heterologous 
antiserum. 

D i s c u s s i o n .  Our results indicate that  the immobiliza- 
tion factor in hyperimmune rabbit antisera is principally 
IgG. This does not exclude the probability that  some 
activity, though evidently with considerably lower effi- 
ciency, is associated with the other immunoglobulin 
classes as well. Serodiagnostic tests, employing immuno- 
diffusion, passive hemagglutination, and indirect fluor- 
escent antibody tests10, n, for E .  h i s t o l y t i c a  in patients 
suffering from amoebiasis, were shown to be largely 
confined to the IgG fraction of their sera. I t  would 
appear that  IgG is the most reactive immunoglobulin in 
the serology of amoebiasis in humans as well as rabbits 
so far studied. 

9 p .  FLODIN a n d  J .  KILLANDER, Biochi ln .  b iophys .  A c t a  63, 403 
(1962). 
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Fi,~. 3. Imnmm>clc< tr<HHaorcti( a~alS'sc~ oi I~ovmal r a b b i t  ~crum (N V,S) ~md peal< I obta i Iwd with l)12Al'2-<('lhHo~c. A, , ~ a t  a n t i - r a b b i t  I~G; 
11, g<>aI allti r abb i t  wh<>lo ~('rum. 

Table  [ 1. [)(!l-(!('llt~t~(! of alilO0bae [lllli/o[)iliz0d ill (~ross-rcactioli tests  l)( txvc(!ll th (  3 ~ix'eies of Entamocba, usillg pooh, d, coil/Cllti-atcd f r ac t ions  
Of allt[sclTa e(mtahfin~ high inunobi l iz iug  a c t i v i t y  

Ant igen  An t i s e r a  

E. histolytica E. moshkovskii E. invadens 

DEAE-ce l lu lose  S e p h a d e x  G-200 DEAE-ce l lu lose  S e p h a d e x  G-200 DEAE-ce l lu lose  S e p h a d e x  G-200 
P e a k  I P e a k  II  P e a k  I P e a k  I I  P e a k  I P e a k  II  

E. histolytica 80 76 10 16 26 22 
E. moshkovskii 2 4 98 96 0 2 
E. invadens 18 14 4 0 100 100 
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Fig. 4. hnnmnoclectrophorctic analyses of nornlal (NRS) rabbit serum and peaks I (PK I) and II (PK II) obtained with Sephadex G-200 
column. A, goat anti-rabbit IgG; B, goat anti-rabbit whole serum. 

A sma l l  degree  of c ross - reac t ion  was  obse rved  be tw e e n  
E. histolytica a n d  E. invadens, an  obse rva t i on  in agree-  
m e n t  w i th  t h a t  of ZAMA?q ~. E. moshkovskii, t h e  on ly  free- 
l iv ing  species tes ted ,  show no an t igen ic  s imi l a r i ty  to t he  
o t h e r  2 species.  

Rdsumd. Les  an t i sGrums  de lap in  utilisGes con t re  les 
�9 trophozo~'tes de l'Entamboeba histolytica, E. moshkovskii 
et  E. invadens f u r e n t  f ract ionnGs pa r  la cellulose D E A E  
et  le S e p h a d e x  G-200. Les  essais  d ' i m m o b i l i s a t i o n  avec  
ces an t i sGrums  fract ionnGs m o n t r e n t  que  la f rac t ion  IgG 

es t  la p lus  ac t ive  5~ cet  effet. E n  u s a n t  les f r ac t ions  act ives,  
des essais  d 6 m o n t r e n t  l ' ex i s tence  d ' u n e  r6ac t ion  crois6e 
en t re  E. invadens et  E. histolytica. 
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Interaction Between Peripheral Blood Leucocytes and X-Irradiated Cells from Lymphoid Cell Lines 

Per iphe ra l  l y m p h o c y t e s  f r om u n r e l a t e d  i nd iv idua l s  
w h e n  m i x e d  in v i t ro  �9 are a c t i v a t e d  to b l a s t  ceils wh ich  go 
on to  s y n t h e s i s e  D N A  a n d  en te r  mi tos i s  1. S imi lar  reac- 
t i ons  occur  in h o m o l o g o u s  m i x t u r e s  of a n i m a l  l y m p h o i d  
ceils 2. T h e  i m m u n o l o g i c a l  s igni f icance  of t he  reac t ion  a n d  
i ts  po ten t i a l i t i e s  as a t i s sue  t y p i n g  t e s t  h a v e  been  in ten-  
s ive ly  s t u d i ed  in recen t  yea r s  3. The  reac t ion  is n o r m a l l y  
a t w o - w a y  reac t ion ,  i.e. each  p o p u l a t i o n  of cells s t i m u l a t e s  
a n d  is also s t i m u l a t e d .  Since th i s  is obv ious ly  an  undes i r -  
able  compl i ca t i on  in t he  i n t e r p r e t a t i o n  of m i x e d  cell t e s t s  
t he re  h a v e  been  a n u m b e r  of a t t e m p t s  to  m a k e  t he  reac- 
t i on  ' o n e - w a y '  b y  m a k i n g  one dono r ' s  cells u n r e s p o n s i v e  
while  r e t a i n in g  s t i m u l a t i n g  capac i ty ,  e.g. by  freezing a nd  
t h a w i n g  3, 4, t r e a t m e n t  w i t h  d rugs  5, e, or X- i r r ad i a t i on  5, 7, s. 
No n e  of t hese  m e t h o d s  is ideal.  However ,  X - i r r a d i a t i o n  
ap p ea r s  to  be  t h e  m o s t  e f fec t ive  w a y  for o b t a i n i n g  a one- 
w a y  reac t ion  9. L y m p h o i d  cells f r om va r ious  p a t i e n t s  a nd  
f ro m  so m e  n o r m a l  i n d i v i d u a l s  can  now be m a i n t a i n e d  in 
c o n t i n u o u s  cu l tu re  1~ W e  h a v e  found  t h a t  m i x t u r e s  of 
f r e sh ly  i so la ted  h u m a n  blood l y m p h o c y t e s  and  X- i r rad i -  
a t ed  l y m p h o i d  cell l ine cells give u n u s u a l l y  i n t ense  in ter-  
ac t ions .  

E s t a b l i s h e d  cell l ines  u sed  in th i s  work  were k ind ly  
d o n a t e d  b y  Professor  M. A. EPSTEIN 11'12, Professor  
G. MOORE 10 an d  Dr. P. GERBER 13. T h e  de r iva t ion  of t hese  
cell l ines an d  resu l t s  of t e s t s  for t h e  p resence  of he rpes -  
l ike v i ru s  (HLV) are s u m m a r i s e d  in Tab le  I. T he  cells 
were m a i n t a i n e d  in s t a t i c  s u s p e n s i o n  cu l tu re s  in Ea g l e ' s  
m e d i u m  s u p p l e m e n t e d  w i t h  20% h u m a n ,  pig, calf or 
foe ta l  calf  s e rum.  Pr ior  to  i r r ad ia t ion  t he  cells were 

s u s p e n d e d  in f resh  Eag le ' s  m e d i u m  c o n t a i n i n g  20% 
h u m a n  se rum,  a t  a c o n c e n t r a t i o n  of 2 •  106/ml. Cells 
were exposed  to  6 0 0 0 r  of X - r a y s  (200 kV;  12.5 m A ;  
Fi l te r  a l u m i n i u m ,  1 m m ;  dose r a t e  150 r /min)  a n d  were 
n o r m a l l y  used  3 h later .  P r e se rve d  l y m p h o m a  cells were 
t r e a t e d  w i th  p y r u v i c  a l d e h y d e  or g l u t a r a l d e h y d e  as 
descr ibed p r e v i o u s l y  14. L y m p h o c y t e s  were s e p a r a t e d  f rom 
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