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Demonstrat ion of Molecular Size Differences Between Closely Related Antigens by a Simple Gel 
Diffusion Test  

The  size a n d  shape  of a p r o t e i n  molecule  ha s  been  
recognized as a m a j o r  d e t e r m i n a n t  of d i f fus ion r a t e  in  
s ingle or  doub le  d i f fus ion  p rocedures  in  gels 1. ALLISON 
a n d  t-IuNPHREV 2, 3 care fu l ly  s tud ied  t h e  app l i c a t i on  ot  a 
doub le  d i f fus ion t e s t  a n d  of t h e  molecu la r  s ieve effects of 
c o n c e n t r a t e d  gels to  m o l e c u l a r  w e i g h t  d e t e r m i n a t i o n  of 
p ro te ins .  R e c e n t l y  t h e i r  p r inc ip les  h a v e  been  a d a p t e d  to  
t he  de t ec t i on  of 7S IgM b y  STOBO a n d  TO~ASI 4 a n d  
S O L O M O N  5 .  

I t  is k n o w n  t h a t  IglV[ d i f fus ib i l i ty  in  gels increases  a f t e r  
d e p o l y m e r i z a t i o n  wi th  th io ls  6-% D u r i n g  our  s tud ies  on  t he  
ac t ion  of DL-Penici l lamine a n d  o t h e r  th io ls  on  i m m u n o -  
g lobul ins  (results  to  be  publ i shed) ,  a s imple  di f fus ion t e s t  
was  deve loped  w i t h  t h e  a i m  of a l lowing a n  easy  d e m o n -  
s t r a t i o n  of t he  mo lecu l a r  size changes  i nduced  b y  t he  
t r e a t m e n t .  Th i s  t e s t  is easi ly  a d a p t a b l e  to  o t h e r  purposes  
a n d  on ly  s t a n d a r d  ma te r i a l s  are r equ i red  to  i ts  per-  
fo rmance .  

Materials and methods. Samples  of whole  s e rum con-  
t a i n i n g  monoc lona l  c o m p o n e n t s  ~0 i m m uno l og i ca l l y  classi- 
f ied as I gG  or  IgM a n d  i so la ted  m o n o c l o n a l  c o m p o n e n t s  
were s u b m i t t e d  to t he  ac t ion  of 0 . 0 5 M  I)L-Penici l lamine 
(DL-P) 11, 0 . 0 5 M  a l p h a - m e r c a p t o p r o p i o n y l g l y c i n e  (c~- 
MPG)  12, 0 . 0 0 5 M  D i t h i o t h r e i t o l  (DTE)  11 a n d  0 . 1 M  2- 
m e r c a p t o e t h a n o l  (ME)la for  per iods  of t i m e  respec t ive ly  
of 18 h (9vernight )  for  DL-P a n d  c~-MPG, 2 h for D T E  a n d  
15 m i n  for  ME,  a n d  in  all  cases r e d u c t i o n  t o o k  place  a t  
r o o m  t e m p e r a t u r e .  A 10% excess of i odoace t amide  ~3 was 
a d d e d  a f t e r  t he  r e d u c t i o n  r eached  i ts  end.  R e d u c i n g  and  
a l k y l a t i n g  agen t s  were added  to  t h e  s e rum in t h e  fo rm of 
1 p a r t  of all a d e q u a t e  solut ion,  p r e p a r e d  in 0 .2M,  p H  8.0 
Tris-HC1 buffer ,  to  4 p a r t s  of serum.  Cont ro l  samples  of 
each  t r e a t e d  s e rum or p r e p a r a t i o n  were o b t a i n e d  a d d i n g  
2 p a r t s  of t h i s  buf fe r  to  4 p a r t s  of serum.  

A sample  of n o r m a l  IgG,  i so la ted  b y  b a t c h  c h r o m a t o -  
g r a p h y  in D E A E  1r was d iges ted  w i t h  p a p a i n  is, 
accord ing  to  P o g r e R 1 L  Fo r  s u b s e q u e n t  s tud ies  5 m g / m l  
so lu t ions  of t h e  i so la ted  I gG  a n d  of t he  d iges t  were 
ut i l ized.  

Comparative immunodiffusion test. For  t h e  i m m u n o -  
d i f fus ion s tud ies  7 • 7 cm glass p la t e s  were covered  w i ~  a 
l ayer  of 12 m l  of 2% aga r  is in  0 . 3 M  p h o s p h a t e  buffer ,  
p H  8.0. 

Holes  (2 m m  d iamete r )  a n d  t r oughs  (2 • 60 m m )  were 
cu t  in  t h e  aga r  in  a s imi la r  a r r a n g e m e n t  of one  of those  
descr ibed  b y  ALLISON a n d  I-IuMPHRI~Y 2'3, a s  s h o w n  in 
F igu re  1. Cont ro l  a n d  depo l imer ized  samples  were 
a r r a n g e d  as s h o w n  in  F igure  2. 

The  t r o u g h s  were  fi l led w i t h  t h e  a p p r o p r i a t e  an t i sera ,  
e i the r  a b s o r b e d  so as to  be  specific for t he  h e a v y  cha ins  of 
I gG  a n d  IgM ~ or  a m i x t u r e  of 3 monospec i f ic  a n t i s e r a  
(an t i  IgG,  IgA a n d  IgM) in  a p r o p o r t i o n  wh ich  gave  3 
d i s t i nc t  l ines  in  O u c h t e r l o n y  ana lys i s  or  i rnmunoe lec t ro -  
phoresis .  W h e n  ~ s t u d y i n g  t he  effects  of p a p a i n  d iges t ion  
on  t h e  d i f fus ion  ra te ,  a n t i  whole  I gG  was used. 

Dif fus ion  was  a l lowed to  p roceed  for  3-4  days  a t  4 ~ 
a n d  t h e n  t h e  p la t e s  were w a s h e d  a n d  s t a i ned  w i t h  
A m i d o b l a c k  ~0. 

On t i le  s t a ined  p la t e s  t he  d i s t ance  f r o m  t h e  n e a r e s t  
p o i n t  of each  p r e c i p i t a t i o n  arc  to  t h e  t r o u g h  (Figure 2) 
was  d e t e r m i n e d  to  w i t h i n  0.1 m m  w i t h  t h e  a id  of a 
m a g n i f y i n g  glass w i t h  a g r a d u a t e d  scale ~1. T h e  ave rage  

o f  t h e  t r i p l i ca t e  m e a s u r e m e n t s  o b t a i n e d  for  con t ro l  a n d  
depo lymer ized  samples  of each  s e rum was ca lcu la ted ,  a n d  
t h e  di f ference b e t w e e n  t h e  ave rages  was  de t e r m i ned .  

Gel f i l t r a t i on  on  S e p h a d e x  G-200 ~ was  pe r fo rmed  on a 
40 cm column.  0.5-1 ml  samples  of con t ro l  a n d  t r e a t e d  
samples  were s tudied .  0 . 4 M  Tris-HC1 buffer ,  p H  8.0 was  
used w i t h  a f low r a t e  of a b o u t  6 ml /h .  20 mil l  s amples  
were col lected on  a f r ac t ion  col lector  a n d  i m m u n o -  
logical ly  ana lysed .  

Results and discussion, i n  F igure  2 is s h o w n  the  t yp i c a l  
r e su l t  of t h e  c o m p a r a t i v e  s t u d y  of con t ro l  a n d  th io l -  
t r e a t e d  samples  f rom a s e rum c o n t a i n i n g  a n  IgM mono-  
c lonal  c o m p o n e n t .  The  sh i f t  of t h e  p rec ip i t i n  l ines to -  
wards  t h e  t rough ,  i t s  th i cken ing ,  a n d  t he  lack  of p r o t e i n  
r e t e n t i o n  a r o u n d  t he  wells are  t i le  m a i n  changes  obse rved  
on  t h i o l - t r e a t e d  samples  w h e n  c o m p a r e d  w i t h  t h e i r  
c o r r e s p o n d e n t  controls .  W h e n  a n  a n t i - m i x e d  i m m u n o -  
g lobul in  a n t i s e r u m  is p laced  in t i le  t r o u g h  (Figure 3), t h e  
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Fig. 1. Arrangement and distances between well and trough (in 
ram) in the comparative immunodiffusion test. 
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on ly  a f fec ted  p r e c i p i t i n  l ine is t h e  one  c o r r e s p o n d i n g  to  
IgM.  

T e n  sera  c o n t a i n i n g  m o n o c l o n a I  I g M  a n d  tell  s e r a  
c o n t a i n i n g  m o n o c l o n a l  I g G  were  ana lyzed .  T h e  d i f fe rences  
b e t w e e n  t h e  d i s t a n c e s  f r o m  t h e  p r e c i p i t i n  a rcs  to  t h e  
t r o u g h  o b t a i n e d  f r o m  con t ro l  a n d  t r e a t e d  s a m p l e s  of each  

s e r u m  are  s h o w n  in t h e  Table .  F o r  IgNf t h e s e  u s u a l l y  
r a n g e d  f r o m  2.2 a n d  2.8 r am,  c o n t r a s t i n g  to  a m a x i m a l  
d i f fe rence  of 0 . 2  m m  reco rded  for  a n  I g G  m o n o c l o n a I  
c o m p o n e n t .  R e p e a t e d  a n a l y s e s  of a s ingle  I g M  c o n t a i n i n g  
s e r u m  d e p o l y m e r i z e d  w i t h  t h e  s a m e  th io l  p r o d u c e d  
r e su l t s  c o m p r i s e d  b e t w e e n  :L 0.2 m m  to  t h e  m e a n .  

S e p h a d e x  G-200 ge l - f i l t r a t ion  s t ud i e s  w e r e  p e r f o r m e d  in 
t h e  s a m p l e s  i n d i c a t e d  in t h e  Tab le .  F i g u r e  4 s h o w s  t h e  
r e su l t  of t h e  i m m u n o l o g i c a l  s t u d y  of  t h e  poo led  a n d  
c o n c e n t r a t e d  f r a c t i o n s  o b t a i n e d  f r o m  t h e  con t ro l  a n d  
DL-P t r e a t e d  s a m p l e s  of  s e r u m  MM19. S imi l a r  resu l t s ,  
s h o w i n g  t h a t  t h e  b u l k  of IglVf is p r e s e n t  in t h e  f r a c t i o n s  of 
t h e  f i r s t  p e a k  (19S) of t h e  c o n t r o l  s ample ,  a n d  in t h e  
f r a c t i o n s  of t h e  s econd  p e a k  (7S) of t h e  t h i o l - t r e a t e d  
sample ,  were  f o u n d  in t h e  o t h e r  cases  s tud ied .  T h i s  
c o n f i r m s  t h e  u se fu lnes s  of t h i s  t e s t  for  a s ses s ing  t h e  effect  
of th io l s  on  IgM.  Sh i f t s  r a n g i n g  f r o m  2.2-2.8 m m  were  
cha r ac t e r i s t i c  of t h e  sp l i t  ot  19S I g M  in to  i ts  7S s u b u n i t s ,  
a n d  t h e  t e s t  a l lows  a r a p i d  a n d  s i m p l e  sc reen ing  of  t h e  

Fig. 2. Comparative immunodiffusion study of the control samples 
placed on the 3 wells to the left of the middle line, and the DTE- 
treated samples, placed on the 3 other wells, of serum MM7. The 
trough was filled with anti-IgM antiserum. The arrows illustrate the 
method of measurement of distances from the nearest point of each 
preeipitin arc to the trough. 

Fig. 3. Comparative immunodiffusion study of 3 control (left-sided 
well~) and three DL-P treated samples of the same IgM containing 
serum with anti-mixed immunoglobulin antiserum. The IgM arc is 
indicated by arrows. 

Differences (in mm) between the distance from the antiserum 
trough to the precipitation arcs corresponding to control and thiol- 
treated samples of 10 sera containing IgM monoelonal components 
and 10 samples of sera containing IgG monoclonal components 

IgM monoclonal gammopathies 
treated with 
Serum DL-P c~-MPG DTE ME 
ref. 

IgG monoclonal gammopathies 
treated with 
Serum DL-P ~-MPG DTE ME 
ref. 

Fig. 4. Immunodiffnsion study of the pooled and concentrated 
fractions obtained by Sephadex G-200 gel filtration of a control and 
a DL-P treated sample of serum MM19. The arrangement is the same 
in the 4 systems : control sample - wells 1 (first peak), 2 (second peak) 
and 3 (third peak); DL-P treated sample - wells 4 (first peak), 5 
(second peak) and 6 (third peak). The following antisera were used: 
anti-alpha-2-M (A), anti-IglVf (B), anti-IgG (C) and anti-albumin (D). 

MM3 2.3 2.3 - 
MM7 2.6~ - 2.6 
MM9 2,7 - - 
MM10 2.8 ~ 2.6 2.8 
MMll 2.4 2.4 2.3 
MMI2 2.3 2.1 - 
MM16 2.3 2.6 2.3 
MM17 2.6 ~ 2.3 2.4 
MM19 2.6 ~ 2.4 - 
MM22 2.8 2.4 ~ 2.7 

2.5 
"2.9 

MG1 0 - - 0 
MG2 - 0.1 0 
MG6 0 0 0 - 
MG7 0 - - 
MG8 0 0.1 0 - 
M:G10 0.1 - - 
MG14 0 - 0 
MG19 0 - - 0 
MG32 - 0.2 0.2 - 
MG33 0 - - 

Indicates Sephadex G-200 study of that serum. 

Fig. 5. Immunodiffusiou study of 3 IgG samples, 5 mg/ml (right- 
sided wells) and 3 samples of the papain digest Of the same IgG, 
5 mg/ml, with anti-whole IgG antiserum. 
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resul ts  of t r e a t m e n t  w i th  thiols  of a large n u m b e r  of 
sffmples. 

Theore t ica l ly  th is  compara t i ve  immunod i f fus ion  con- 
cept  m a y  be appl ied  for t he  de tec t ion  of molecular  size 
differences be tween  any  p ro te ins  able to  be p rec ip i t a t ed  
by  t h e  same ant i serum.  In  Figure  5 is shown the  s t u d y  
t h rough  th i s  t e s t  of a cont ro l  and  a papa in -d iges t ed  
solut ion of IgG. No t  only the  increased dif fusibi l i ty  of t he  
diges t  p roduc t s  b u t  t he  difference in diffusion ra te  
be tween  F a b  and  Fc  f r agmen t s  are shown. ~~ 

Rdsumd. Des diff6rences dans  les d imens ions  mo16cu- 
Iaires de prot6ines  possgdan t  des sp6cificit6s ant ig6Mques 
c o m m u n e s  sont  t r adu i t e s  par  des dif ferences  darts la 
d i f fus ion  en gels d 'agarose .  Ces diff6rences sont  fac i lement  
raises en 6vidence pa r  un t e s t  de double  immunodi f fus ion  

en geI d 'agarose ,  en e m p l o y a n t  un  a r r a n g e m e n t  special  
des 6chanti l lons ant ig6niques  e t  de l ' an t i se rum.  
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Electron-Microscopic Study of Antibody-Producing (Plaque-Forming) Spleen Cells of the Tortoise 
Agrionemys horsfieldi Gray 

In  t he  pas t  few years  t he  hemoly t i c  p laque  t echn ique  
has been  a d a p t e d  to  e lec t ron-microscopy,  t h u s  p rov id ing  
a poss ib i l i ty  t o  s t u d y  the  u l t r a s t ruc tu re  of an t i body -  
fo rming  cells t 4. So far  a n t i b o d y - p r o d u c i n g  cells of 
po ik i lo thermic  ve r t eb ra t e s  have  no t  been  sub jec ted  to 
u l t r a - s t ruc tu ra l  analysis.  The technique ,  originally de- 
scr ibed for m a m m a l i a n  cells, was used to  s t u d y  spleen 
cells of t he  tor toise .  The kinet ics  of b o t h  an t i b o d y  
fo rma t ion  5-9 and the  p roduc t ion  of p laque- fo rming  cells to 
in t he  to r to i se  have  been descr ibed recent ly .  These cells 
of Agrionemys (Testudo) horsfieldi Gray have  an average  
d i ame te r  of 10 ~tm and  an eccentr ic  nucleus. 

The u l t r a - s t ruc tu re  of p laque- fo rming  cells of t he  
tor to ise  shows great  var ia t ion.  Some cells have  a com- 
pa ra t ive ly  p r imi t ive  cy top lasmic  morpho logy  wi th  a 
s l ight ly  developed endop lasmat i c  re t iculum, numerous  
r ibosomes,  whi le  only  few adhere  to  the  endop lasmat i c  
re t icu lum,  and an  Mmost  spher ical  nucleus (Figure 1). In  

all t ypes  of p laque- fo rming  cells there  are some large 
mi tochondr ia .  In  cells mos t  f r equen t ly  observed,  an 
endop lasmat i c  re t i cu lum wi th  typica l ly  e x t e n d e d  cis terns  
m a y  be  noted.  The nucleus has  an i rregular  shape  
(Figure 2). There  are' i n t e rmed ia t e  s tages b e t w een  these  
2 cell- types.  Up to  t o d a y  no an t i b o d y -p ro d u c i n g  cell 
w i th  the  charac ter i s t ica l ly  layered e rgas top lasm of t he  

Fig. 2. An antibody-producing cell of tortoise with extended endo- 
plasmie cisterns. • 20,000. 

Fig. 1. A plaque-forming ceil of tortoise with a comparatively 
primitive morphology of cytoplasm. • 20,000. 
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