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rbc, for i n s t ance  cat,  h a v i n g  the  same  N A  c o n t a i n i n g  
glycol ipid p a t t e r n  ~, s. 

3. I t  is k n o w n  t h a t  t he  N A  of bov ine  rbc  consis ts  of 
2 forms, N - a c e t y l - N A  a n d  N-glycoly l -NA~;  the re fore  
a) do d i f fe ren t  a m o u n t s  of these  2 N A  occur  in  t he  F/F, 
F / V  and  V /V  rbc, in o t h e r  words :  can  i t  be  t h a t  F / F  
rbc  h a v e  on ly  N-ace ty l -NA,  whereas  for i n s t ance  V /V  
h a v e  on ly  t he  N-glycolyl  c o m p o u n d  ? b) Do d i f fe ren t  
fo rms  of he t e roph i l e  c r y p t a n t i g e n s  8 a p p e a r  in  F / F  a n d  
V /V  cells a f t e r  n e u r a m i n i d a s e  t r e a t m e n t  ? c) Is  t he re  
a n y  c ross reac t ion  b e t w e e n  a n t i - F  a n d  o the r  an t ibod ie s  
or he te roph i l i c  agg lu t in ins  aga ins t  N A - c o n t a i n i n g  recep- 
to rs  ~ ? 

The  a im  of th i s  i nves t i ga t i on  was to  see w h e t h e r  t h e r e  
is a n y  re l a t ionsh ip  be t w een  t h e  N A  c o n t a i n i n g  F - a n t i g e n  
or t he  F / V - s y s t e m  and  t he  d i f fe rent  q u a n t i t y  of t he  rbc  
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Different amounts of pronase released glyeoprotein NA from F]F, 
F/V and V/V bovine rbc. The [zg NA values correspond to 0.5 ml 
of packed rbe, Type I, 2 and 3 show the range of values for the 3 
agglutination types according to COOMES 4, corresponding to thin, 
medium and thick glycoprotein coat. 

g lycopro te in  coat ,  as has  been  s t a t e d  earl ier  4. The  F igure  
shows t h a t  t h e  p ronase- re leasab le  a m o u n t  of g lycopro te in  
N A  d e m o n s t r a t e s  no  d i rec t  cor re la t ion  to  t he  F / F  or 
V /V  genet ic  backg round ,  a l t h o u g h  i t  is r e m a r k a b l e  t h a t  
F / F  ceils usua l ly  h a v e  a h igh  a m o u n t  of N A  (Type 3), 
whereas  in F / V  a n d  V /V  rbc  more  examples  of t h e  t h i n  
g lycopro te in  l ayer  cells do occur  (Type 1). The  m e t h o d  
of th i s  q u a n t i t a t i v e  N A  e s t i m a t i o n  ha s  been  descr ibed 
in full de ta i l  earl ier  ~, 9. S imi la r  resul t s  h a v e  been  ob t a ined  
b y  us ing  a c o m b i n e d  m e t h o d  w i t h  n e u r a m i n i d a s e  a n d  
e - c h y m o t r y p s i n  v,9 and  m e a s u r i n g  a p p r o x i m a t e l y  t he  
t o t a l  NA. 

F r o m  these  expe r imen t s ,  i t  m a y  be  conc luded  t h a t  t he  
F / V  blood group  s y s t e m  in b o v i n e  rbc  obv ious ly  does no t  
exclus ive ly  govern  t he  express ion  of t he  ou te r  N A  glyco- 
p ro t e in  coa t  of t h e  ceils, b u t  does a p p a r e n t l y ,  as pre-  
v ious ly  s t a t e d  6, also inf luence  t he  s t r o m a  (glycolipid ?) 
associa ted  NA, t he  more  as we found  some loss of N A  
g lycopro te in  d u r i n g  s t r o m a  p r epa ra t i on .  There fore  t h e  
pro tease- re leased  N A  c a n n o t  be  r ega rded  as a su i t ab le  
tool  for i nves t i ga t i ng  th i s  b lood  group  sys tem,  because  
no  d i rec t  cor re la t ion  to  t he  F / V  s y s t e m  could be  found.  

Zusammen/assung. U n t e r s u c h u n g e n  fiber den  pronase= 
lab i len  Ante i l  der  ~usseren  n e u r a m i n s ~ u r e h a l t i g e n  Glyko-  
p r o t e i n s e h i c h t  ve r sch iedene r  R i n d e r e r y t h r o z y t e n  e rgeben  
bet  den  e inze lnen  T ie ren  zwar  s ign i f ikan te  Unte r sch iede ,  
die j edoeh  in ke iner  d i r ek t en  B e z i e h u n g  zu den  ebenfa l l s  
neuramins~Lurehal t igen F - A n t i g e n e n  dieser  Zellen s tehen.  

G. UHLENBRUCK a n d  D. O. SCHMID 

Medizinische Universitiitsklinik, 
Kerpenerstrasse 15, D-5 K61n 47 (Germany), and 
Institut /i~r Blutgruppen- und Resistenzforschung, 
Haydnstrasse 71, D-8 Mi~nchen 75 (Germany), 
2 February 7970. 

7 G. UHLENBRUCK, A. ROTHE and G. I. PARDOE, Z. ImlnunForsch. 
136, 79 (1968). 

8 G. WINTZER a n d  G. UHLENBRUCK, Z. h n m u n F o r s c h .  133, 60 
(1967). 

9 G. UHLENBEUeK and H. J. SE~RBUNDT, Bibl. haemat. 32, 337 
(1969). 

10 Acknowledgment. The help of Mrs. M. HEGGEN is gratefully 
acknowledged. The work was supported by Deutsche Forschungs- 
gemeinschaft. 

Corre la t ion  b e t w e e n  E l e c t r o p h o r e t i c  Mobi l i ty  and H e a v y  Chain S u b - c l a s s e s  of R e s i d u a l  IgG f r o m  
Pat i en t s  w i t h  Severe  H y p o g a m m a g l o b u l i n a e m i a  

Prev ious  s tud ies  1 of n o r m a l  I gG  b y  isoelectr ic focusing 
e s t ab l i shed  t h a t  f rac t ions  of p H  nea r  7.0 were r ich  in 
IgG2 a n d  t h a t  IgG1 and  IgG3 - r ich  f rac t ions  were 
o b t a i n e d  a t  p H ' s  h ighe r  t h a n  8.0. Th i s  resu l t  is cons i s t en t  
w i t h  t h e  r epo r t ed  fas t  m o b i l i t y  of IgG2 monoc lona l  
p ro t e in s  in  r e l a t i on  to  p ro t e in s  of o t h e r  sub-classes2,  a. 

I n  a r ecen t  s t u d y  (results  to  be  publ i shed)  we h a v e  
d e m o n s t r a t e d  a b n o r m a l i t i e s  in  t he  d i s t r i b u t i o n  of I gG  
h e a v y  cha in  sub-classes  in  sera  f rom p a t i e n t s  w i t h  severe 
h y p o g a m m a g l o b u l i n a e m i a .  

A l t h o u g h  m o s t  res idua l  IgGs  f rom h y p o g a m m a g l o u b -  
l inaemic  sera  show an  e lec t rophore t i c  m o b i l i t y  s imi la r  to  
t h a t  of n o r m a I  IgG,  in  some ins t ances  p ro t e in s  showing  
a b n o r m a l  e lec t rophore t i c  mob i l i t y  h a v e  been  descr ibed  4-6. 
I n  t he  p r e s e n t  s t u d y  we t r i ed  to  cor re la te  t h e  electro-  

phore t i c  mob i l i t y  of res idua l  IgG w i t h  t h e  h e a v y  cha in  
sub-class  d i s t r ibu t ion .  

Material and methods. 11 sera c o n t a i n i n g  80-120 m g /  
100 ml  of I gG  were chosen  ou t  of a series of 16, p rev ious ly  

1 A. HOWARD and G. VIRELLA, Proc. X V I I t h  Coll. Prot .  Biol. Fluids,  
Brugge 1969 (Pergamon,  London 1970), p. 369. 

2 j .  GERGELY, G. A. MEDGYESI and D. R. STANWORTH, Immuno-  
chemis t ry  4, 369 (1967). 
R. JEFFERIS, P. D. WESTO~, D. R. STANWORTH and J. R. CLAMP, 
Nature  279, 646 (1968). 

4 R. HO~G and R. A. GOOD, Science 156, 1102 (1967). 
5 M. SELIGMAN, G. MESHAKA and F. DANON, Rev. fr. E tud .  clin. 

biol. 72, 604 (1967). 
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s tud ied  (results  to  be publ i shed) .  N o r m a l  h u m a n  se rum 
was o b t a i n e d  f rom h e a l t h y  l a b o r a t o r y  pe r sonne l  of b o t h  
sexes. F r a c t i o n s  o b t a i n e d  f rom n o r m a l  I gG  b y  p r e p a r a t i v e  
isoelectr ic focusing as descr ibed  in de ta i l  e lsewhere 1 were  
used as reference marker s .  All p r o t e i n  samples  were 
d i lu ted  to con ta in  80-100 rag/100 ml  pr ior  to  gel electro-  
phoresis .  The  levels of IgG in all samples  were d e t e r m i n e d  
b y  rad ia l  i m m u n o d i f f u s i o n  7. 

Titration o/IgG sub-classes. Ant i s e r a  aga ins t  t he  3 m a i n  
h e a v y  cha in  sub-classes  of I gG  (IgG1, IgG2 a n d  IgG3) 
were ra ised in sheep a n d  r a b b i t s  accord ing  to t he  pr in-  
ciples s t a t e d  b y  GREY and  IKUXXEL s and  TERRY a n d  
FAHEY ~ Reference  p ro te ins  for each sub-group  Were 
k ind ly  suppl ied  b y  Dr. H. G. I42UNKEL. 

The  assay  of t he  sub-groups  was pe r fo rmed  b y  a semi-  
q u a n t i t i v e  i m m u n o d i f f u s i o n  procedure .  Samples  to  be 
t i t r a t e d  were a d j u s t e d  to  con t a i n  1.0 (: t :0.2) m g / m l  
( s ta r t ing  di lu t ion)  and  a series of double  d i lu t ions  (up to 
1/32) p laced in t he  pe r iphe ra l  wells of a n  O u c h t e r l o n y  
sys tem,  in which  t h e  cen t r a l  well was  filled w i t h  t h e  
desired a n t i  sub-class  specific serum.  Af te r  48 h a t  room 
t e m p e r a t u r e ,  p la tes  were washed  and  s t a ined  w i th  A m i d o  
B lack  (G. T. Gurr ,  London)  and  resul t s  expressed as t he  
lowest  d i lu t ion  of s e rum a t  which  a p rec ip i t in  l ine was 
observed.  

The  t i t r e s  o b t a i n e d  for each  sub-class  are no t  com- 
pa r ab l e  in  t h e i r  abso lu te  values,  s ince the  a n t i b o d y  
c o n t e n t  was  d i f fe rent  in  each  sub-class  specific an t i s e rum.  

Estimation o/electrophoretic mobilities. I m m u n o e l e c t r o -  
phores is  was  car r ied  ou t  in 1% agar  gel (Oxoid Ionagar ) ,  
sp read  on  8 X 11 cm glass p la tes  (15 ml  of aga r  pe r  plate) .  
The  gel was  d ispersed in t he  c h a m b e r  buffer  (pH 8.6 
buffer  c o n t a i n i n g  0.082VI bor ic  acid, 0 . 0 0 5 M  ba rb i tone ,  
0.0252VI b a r b i t o n e  sod ium and  0 . 0 2 M  N a O H )  and  electro-  
phores is  was car r ied  ou t  a t  40 m A  per  plate .  C o n t r o l  of 
the  l e n g t h  a n d  r egu la r i ty  of the  s epa ra t i on  was accom- 
pl ished b y  i n c o r p o r a t i n g  suff ic ient  b r o m o p h e n o l  b lue  in to  
t he  me l t ed  aga r  to  o b t a i n  a pale  b lue  aga r  solut ion.  Since 
b r o m o p h e n o l  b lue  b inds  to  a lbumin ,  b o t h  t h e  pos i t ion  
of t he  a l b u m i n  f rom di f fe rent  samples,  a n d  t he  p a t h  of 
m i g r a t i o n  fo rmed  b y  t he  s t a in  are ind ica t ive  of t he  
r egu la r i ty  o! t he  run.  

I m m u n o e l e c t r o p h o r e t i c  p a t t e r n s  were developed w i th  
sheep a n t i - F c  (IgG) serum,  p r e p a r e d  in t he  D e p a r t m e n t  
of E x p e r i m e n t a l  Pa tho logy ,  T he  U n i v e r s i t y  of Bir-  
m i n g h a m .  The  a n t i s e r u m  was d i lu ted  to  o b t a i n  o p t i m u m  
results .  P l a t e s  were i n c u b a t e d  for  24 h a t  4 ~ and  t h e n  
washed,  dr ied  and  s t a ined  w i t h  a m i d o b l a c k  (G. T. GIJRR). 

W e  cons idered  as t he  ave rage  e l ec t rophore t i ca l  m o b i l i t y  
for a g iven  f r ac t ion  t he  p o i n t  a t  wh ich  its p rec ip i t i n  arc 
m e t  a t a n g e n t  para l le l  to  t he  a n t i s e r u m  t rough .  The  
d i s tances  be tween  these  po in t s  and  t he  se rum wells were 
d e t e r m i n e d  for all f ract ions ,  and  were expressed  as a 
pe rcen t  of a m i n i m a l  possible  m i g r a t i o n  of IgG o b t a i n e d  
b y  m e a s u r i n g  t he  d i s t ance  be t w een  t he  s e rum well  and  
t he  ca thod ica l  end  of the  p rec ip i t in  arc of n o r m a l  IgG. 

Results. A l t h o u g h  the  m e t h o d  used for t he  d e t e r m i n a -  
t ion  of t he  e lec t rophore t i c  mobi l i t i es  is on ly  a p p r o x i m a t e ,  
i t  was  possible  to  cor re la te  t he  mobi l i t i es  of t he  iso- 
electric focusing f rac t ions  a n d  t h e i r  respec t ive  p H ' s  
g iv ing a l inear  r e l a t ionsh ip  (Figure  1). A reasonab le  
degree of r ep roduc ib i l i t y  m a y  be  o b t a i n e d  as shown in 
Tab le  I, where  resul t s  f rom severa l  d i f fe rent  runs  of b o t h  
IgG f rac t ions  o b t a i n e d  b y  isoelectr ic focus ing  a n d  hypo-  
g a m m a g l o b u l i n a e m i c  sera are no ted .  

F igure  1 also shows t h e  d i s t r i bu t i on  of mobi l i t i es  of 
I gG  f rom the  11 h y p o g a m m a g l o b u l i n a e m i c  sera, and  t he  
basis  for t he  c lass i f ica t ion as fast ,  m e d i u m  or slow. IgG ' s  
showing  a more  a n o d a l  e lec t rophore t i c  m o b i l i t y  t h a n  t h a t  

expec ted  f rom a n  isoelectr ic  focusing f rac t ion  w i t h  p H  7.5 
were cons idered  fas t  moving .  W h e n  t he  e lec t rophore t i c  
mobi l i ty  was  more  c a t h o d a l  t h a n  t h a t  expec ted  f rom a n  
isoelectric focusing f rac t ion  of p H  8.0, IgG ' s  were clas- 
sified as slow moving .  IgG ' s  in i n t e r m e d i a t e  pos i t ions  
were cons idered  as of m e d i u m  mobi l i ty .  

In  Tab le  I I  we p re sen t  t he  cor re la t ion  be tween  electro-  
phore t i c  m o b i l i t y  a n d  t he  d i s t r i bu t i on  of IgOl ,  IgG2 and  
IgG3 in  t he  11 h y p o g a m m a g l o b u l i n a e m i c  sera s tudied.  
F igure  2 expresses  t h e  same  cor re la t ion  g raph ica l ly ;  
res idua l  IgG ' s  c o n t a i n i n g  re la t ive ly  large a m o u n t s  of 
IgG2 h a v e  a fas te r  e lec t rophore t i c  mob i l i t y  t h a n  those  
res idua l  IgG ' s  in  which  th i s  sub-class  was  no t  de tec ted .  

Only  one case d e p a r t e d  f rom the  genera l  p a t t e r n .  
Se rum h 7 c o n t a i n e d  t he  res idual  IgG w i t h  fas te r  mob i l i t y  
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Fig. 1. Linear correlation between pH and electrophoretieal mobility 
of isoelectric focusing fractions. Fast moving fractions of low pH 
correspond to low percents of the minimal possible mobility for 
normal IgG and vice-versa. The vertically arranged clots on the left 
represent the mobilities of hypogammaglobulinaemic sera's IgG's. 
The broken lines illustrate how those IgG were divided in fast (dots 
below the lower broken line), slow (dots above the upper broken 
line) and medium-moving (dots between the broken lines). 

Table I. Electrophoretic mobilities of some isoelectrie focusing frac- 
tions of normal IgG, and IgG from some hypogammaglobulinaemie 
sera. Results are expressed in % of a minimal possible mobility 
(see text), and each figure corresponds to an individual determination 

Isoelectric /ocusing /factions 

pH Mobility in agar gel (%) 

6.8 40.9 39.1 41.7 
7.0 43.5 50.0 52.1 
8.45 76.1 88.3 
8.95 84.8 91.7 

Hypogammaglobulinaemic sera 
Serum Mobility in agar gel (%) 
h 6 73.9 75.8 
h 7 52.1 52.2 
h 14 60.9 62.1 
h 15 52.2 56.2 
h 16 62.5 65.2 
h 4 63.0 65.5 

78.1 

62.5 65.6 
58.2 
65.5 68.8 
70.3 

7 j .  L. FAHEu and E. MCKELVEY, J. Immun. 9d, 84 (1965). 
s H. M. GREY and H. G. I(U~KEL, J. exp. Med. 720, 253 (1964). 
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Table II. Correlation between electrophoretical mobility and IgG 
sub-class distribution in 11 hypogammaglobnlinaemie sera 

Titres 
Serum Mobility IgG1 IgG2 IgG3 

Fast h 7 52% 1/16 112 0 
h 5 54% 1116 1/16 0 
h 9 54% 1/8 1116 0 
h 15 57% 1/8 1116 0 
h 13 60% 1/16 118 114 
h 14 62% 1/32 1/8 0 
h 16 65% 1/32 1/16 114 
h 4 66% 1/6 1/4 1/2 
h 8 67% 1/8 114 1/2 
h 10 70% 1116 1/1 1]4 
h 6 75% 1116 0 1/1 

(Start. Dil. 1 mg/ml) 1/16 1/8 1/1 

Medium 

Slow 

Normal IgG 

Fig. 2. Comparison of the electrophoreticat mobilities of some hypo- 
gammaglobulinaemic sera and some isoelectric focusing fractions of 
IgG. The mobilities for each serum and IgG fraction, in this particular 
study, are given in bracketts. (1) Normal IgG; (2) serum h 5 (54%); 
(3) IgG fraction, ph6.8 (40.9%); (4) serum h 15 (52%); (5) IgG 
fraction pH7.0 (43.5%); (6) serum h4  (63%); (7) IgG fraction 
pH 8.45 (76.1%); (8) serum h 10 (70%); (9) IgG fraction pH 8.95 
(84.8%); (10) serum 116 (74%). Anti Fc (IgG) serum was used to 
fill the troughs. 

b u t  had  less IgG2 t h a n  expected .  Addi t iona l  s tudies  
p roved  t h a t  res idual  IgG had  ' spon taneous ly '  spl i t  into 
F a b  and  Fc-like pieces, and  the  recorded mobi l i ty  cor- 
r esponded  to the  Fc f ragment .  

Discussion and conclusions. Our resul ts  seem to prove  
t h a t  in hypogammaglobu l inaemia ,  t he  abnorma l  electro- 
phore t ic  mobil i t ies  of the  residual  IgG (previously re- 
po r t ed  by  GOLEBIOWSKA and  R o w e  6) depend  in t he  
ma jo r i t y  of cases on the  d i s t r ibu t ion  of IgG sub-classes.  

Large a m o u n t s  of IgG2, and poss ibly  IgG4, due to  
t he  fast  e lec t rophore t ic  mobil i t ies  of these  sub-classes 1, e, 9 

will lead to an overall  fas t  mobi l i ty  of the  res idual  IgG. 
In  the  absence of IgG2, the  mobi l i ty  will reflect  t h a t  of 
IgG1 and IgG3, b o t h  slow moving  sub-classes1, 9. 

Summary. The corre la t ion be tween  the  e lec t rophore t ic  
mobi l i ty  of residual  l gG in hypogammag lobu l inaemic  sera 
and  the  d i s t r ibu t ion  of IgG sub-classes was s tudied.  I t  
was found t h a t  IgG f rom sera wi th  raised levels of IgG2 
show fas t  e lec t rophore t ic  mobi l i ty ,  and  sera w i th  ve ry  
low or absen t  IgG2 show a slow moving  IgG. IgG3 was 
absen t  or jus t  de tec tab le  in fast  moving  IgGs, and  
p resen t  in h igher  t i te rs  in some slow IgGs. 

Rdsumd. La correlat ion ent re  la mobil i t6  e lec t ropho-  
r6t ique de l'IgG r6siduelle des s6rums h y p o g a m m a g l o b u -  
l in6miques et  la d i s t r ibu t ion  des sous-classes de l ' IgG est  
l 'ob je t  de cet  6tude. Les IgG r6siduelles de mobil i t6 rap ide  
out  des t i t res  61ev6s d ' IgG2 et  celles de mobil i t6 lente  ne 
p r6sen ten t  que des t races  d ' IgG2.  
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Toxicity of Rabbit Ant i -Dog Lymphocyte Serum to Human Cell Cultures 

Ill previous work  1, r abb i t  an t i -dog  l y m p h o c y t e  serum 
plus r abb i t  c o m p l e m e n t  was found  to have  a rap id  
cytocidal  effect  on blood l y m p h o c y t e s  of pa t i en t s  wi th  
chronic l ymphocy t i c  leukemia  bu t  had  l i t t le  or no effect  
on normal  h u m a n  lymphocy tes .  In  th is  s tudy,  the  ant i -  
se rum was t e s t ed  agains t  cells ill long t e r m  cul tures  which  
had  been  der ived f r o m  blood of normal  persons  and  of 

pa t i en t s  w i th  acute  leukemia  and  f rom BURKITT'S lym-  
photon.  The m e t h o d  of cell cul ture  is descr ibed by  
MOORE et al. 3. 

The cells suspended  in R P M I  1640 were incuba ted  for 
90 min  at  37 ~ wi th  fresh r abb i t  serum (10~o) and wi th  
a r abb i t  an t i -dog l y m p h o c y t e  serum in va ry ing  dilutions.  
The n u m b e r  of viable  cells was counted  by  means  of a 


