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Degradation o f  I g G 3  

(DL-Penicillamine) 

I so la ted  IgG is known to  undergo degrada t ion  into 
Fab-  and Fc- l ike  f ragments  af ter  prolonged s torage a t  
4 °C x, 2. S imi la r  changes are observed  in isolated mono-  
clonal  proteins,  i r respect ive  of the  h e a v y  chain  subclass. 
IgG in whole  serum is repor ted,  however ,  to  r emain  
s table dur ing  s torage s. Never the less  IgG3 monoclona l  
prote ins  f requen t ly  become degraded,  even  when stored 
in serum, whereas  only  3 ou t  of 40 monoclona l  prote ins  
of o the r  subclasses showed such changes.  Degrada t ion  
of  IgG3 prote ins  in whole serum appears  to  be po ten t i a t ed  
or  accelera ted  by  t r e a t m e n t  w i th  DL-penicil lamine a and 
the  present  paper  examines  t he  possible use of th is  effect  
for the i r  ident i f icat ion.  

Mater ia l  and  methods. 62 IgG monoclonM prote ins  were  
inves t iga ted  e i ther  a f te r  isolat ion or  in whole  serum. 
26 were t yped  as IgG1 (17 K, 9 L ) ;  15 as IgG2 (5 K, 
10 L);  14 as IgG3 (6 K, 8 L);  and 7 as IgG4 (5 K, 2 L). 

I so la t ion  was by  ba tch  c h r o m a t o g r a p h y  on D E A E  
(DE 52, W h a t m a n n ) ,  according to STANWORTH 4, in 
some cases af ter  p re l iminary  prec ip i ta t ion  in 1/3 sa tu ra ted  
a m m o n i u m  sulphate.  IgG was q u a n t i t a t e d  by  radia l  
immunodi f fus ion  s. 

Antisera.  Ant i -gamma,  l a m b d a  and kappa  chain sera, 
and an t i -whole  IgG se rum were raised in sheep, in the  
D e p a r t m e n t  of  E x p e r i m e n t a l  Pa thology,  Un ive r s i t y  of  
B i rmingham.  Ant i se ra  to  t he  h e a v y  cha in  subclasses were  
raised usual ly  by  immuniz ing  an imals  w i th  one or  a pool  
of several  isolated prote ins  of a g iven  subclass and  absorb-  
ing the  resul t ing an t i se ra  wi th  pro te ins  of t he  o the r  sub- 
classes. Sheep ant i -whole  IgG was rendered specific for 
IgG1 by  absorp t ion  w i t h  normal  F a b  and monoclona l  
pro te ins  of t he  o ther  subclasses. Deta i ls  of t he  whole 
procedure  are g iven  elsewhere e. 

Penic i l lamine  treatment. 28 IgG monoclona l  proteins,  
e i ther  isolated or in whole serum, were incuba ted  a t  
room t e m p e r a t u r e  for 6-18 h (usually overnight)  wi th  
0 .05M DL-Penicil lamine (Sigma), a concent ra t ion  which 
has  been found to  affect  po lymer ic  forms of immuno-  
globulins bu t  no t  usual ly  monomer ic  proteins  8, 7,8 Af ter  
incuba t ion  t h e y  were examined  by  immunoelec t rophores i s  
in 1% (w/v) agar  (Difco's  Noble  Agar ;  Oxoid  Ionagar  
No. 2) in p H  8.6 buffer  con ta in ing  0 .08M Boric  acid, 
0 .005M Barb i tone ;  0 .025M Barb i tone  sodium and 
0 .02M N a O H .  

Results .  Immunoe lec t rophores i s  m a y  reveal  th ree  dif- 
ferent  s tages in t he  degrada t ion  of IgG monoclonal  pro-  
te ins  dur ing s torage:  a) Anoda l  shif t  of t he  appa ren t l y  
unaffected protein,  b) Cathodal  spl i t  of the  IgG precip i t in  
arc, due to the  release of l ight  chain-r ich f ragments  
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(often associated wi th  a). c) Comple te  spli t  of the  prote in  
in to  Fab-  and Fc- l ike  f ragments .  

These changes were de tec ted  in proteins  of all subclasses 
among  a r a n d o m l y  examined  popula t ion.  However ,  IgG3 
prote ins  appear  to  be  more  of ten affected as shown in 
Table  I, and this  subclass included the  only  prote in  
de tec ted  in the  mos t  advanced  s tage of dena tura t ion .  

A sequence for the  degrada t ive  events  could be estab-  
lished in t he  case of an  isolated IgG3 protein.  A sample  
s tored  a t  37°C showed a shif t  of the  prec ip i t in  arc  
towards  t he  anode  af te r  11 days.  4 days  la te r  the  pro te in  
was comple te ly  spl i t  in to  Fab-  and Fc-I ike f ragments .  I n  
a sample  kep t  a t  4 °C, a ca thoda l  spl i t  was de tec ted  a f te r  
28 days. 10 days  la te r  the  bulk  of the  monoclonM pro te in  
had  shif ted to  t he  anode,  and  the  spl i t  was more  evident .  
A t  day  47, t he  pro te in  was comple te ly  spl i t  in to  Fab-  
and Fc- l ike  f ragments .  

Table I. Degradation of IgG rnonoclonal proteins stored in whole 
serum 

Apparently % Evidence of % 
undegraded degradation 

IgG1 20 91 2 9 
IgG2 11 91.5 I 8.5 
IgGA t 6 100 0 0 
IgG1 + IgG2 + 
IgG4 37 92.5 3 7.5 
IgG3 8 61.5 5 38.5 

1 K. JAMES, C. S. HENLEY and D. R. STANWORTH, Nature 202, 563 
(1964). 
G. E. CONNELL and R. H. PAISTER, Canad. J. Bioehem. Physiol. 
44, 371 (1966). 

s G. VmELLA and M. F. LOPES-VIRELLX, Clin. exp. Immun. 7, 85 
(1970). 

4 D. R. STANWORTH, Nature, Lond. 188, 156 (1960). 
5 G. MANCINI, A. O. CARBONARA and J. F. HEREMANS, Immuno- 

chemistry 2, 235 (1965). 
6 G. VIRELLA, A. HOVCARD and J. CHERRINGTON~ Clin. exp. Immun., 

7, 671 (1970). 
T p. LEDER, Nature, Lond. 193, 1087 (1961). 
s D. J. CAMPBELL and T. BOENISCH, Clin. Chem. 10, 600 (1964). 

Fig. 1. Immunoelectrophoretic study of se- 
rum MG29 (IgG3 L), illustrating the increase 
in electrophoretic mobility induced by penieil- 
lamine. C, control samples; P, penicillamine- 
treated samples. Anti-whole IgG (G) and 
anti-IgG Fc (Fc) sera were used to fill the 
troughs. Anode to the left. 
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The  changes  i nduced  b y  pen ic i l l amine  in monoc lona l  
p r o t e i n s  were  f o u n d  to  be  s imi la r  to  t hose  o b s e r v e d  
d u r i n g  s torage.  I t  also b e c a m e  a p p a r e n t  t h a t  t h e i r  
e x t e n t  d e p e n d e d  on  t h e  degree  of d e g r a d a t i o n  of t h e  
p r o t e i n  p r io r  to  t r e a t m e n t .  As s h o w n  in F igures  1 a n d  2, 
a l t h o u g h  no  c h a n g e s  were  a p p a r e n t  in  t he  con t ro l  solu- 
t ion ,  a n  inc rease  in  t h e  e l ec t rophore t i c  m o b i l i t y  was  
i n d u c e d  b y  pen i c i l l amine  t r e a t m e n t .  I n  one  of  t h e  
i l l u s t r a t e d  cases, a c a t h o d a l  sp l i t  a lso resu l ted .  W h e n  a 
c a t h o d a l  sp l i t  was  o b v i o u s  p r io r  to  t r e a t m e n t ,  as  i l lus- 
t r a t e d  b y  F i g u r e  3, t h e  r e s u l t  was  a c o m p l e t e  b r e a k d o w n  
i n t o  F a b -  a n d  Fc- l ike  f r a g m e n t s .  

T h e  usua l  ef fec t  of p e n i c i l l a m i n e  t r e a t m e n t  on  i so la ted  
IgG1,  IgG2  a n d  IgG4  p r o t e i n s  was  t h e  inc rease  in  e lec t ro-  
p h o r e t i c a l  mob i l i t y ,  s o m e t i m e s  w i t h  ta i l ing .  10 o u t  of 
15 p r o t e i n s  showed  such  changes  w i t h o u t  p r e d o m i n a n c e  
of a n y  subclass .  

t gG3  p r o t e i n s  were  a lways  a f fec ted  b y  pen ic i l l amine ,  
w h e t h e r  i so la ted  or  not .  However ,  w h e n  pen i c i l l amine  
t r e a t m e n t  was  ca r r i ed  o u t  in  whole  sera,  p r o t e i n s  of 
subclasses  o t h e r  t h a n  IgG3 were n o t  affected,  as  s h o w n  
in T a b l e  I .  

Discuss ion .  T h e  s p o n t a n e o u s  d e g r a d a t i o n  of IgG in to  
F a b -  a n d  Fc- l ike  f r a g m e n t s  d u r i n g  s to rage  ha s  been  
e x t e n s i v e l y  s t ud i ed  1, ~,9-n. I t  h a s  b e e n  sugges ted  t h a t  
p l a s m i n  is t h e  e n z y m e  respons ib le  for  t h i s  d e g r a d a t i o n  ~, x0, 
a n d  whole  s e r u m  seems  to  c o n t a i n  a p r o t e c t i v e  f ac t o rL  
T h e  a c t u a l  spl i t  of n o r m a l  I gG  molecules  appea r s  to  be  
p receded  b y  d i m e r i z a t i o n  of t h e  molecule  1,11. 

IgG3  p r o t e i n s  a re  u n d o u b t e d l y  m o r e  sens i t ive  to  de-  
n a t u r a t i o n  c h a n g e s  d u r i n g  s to rage  t h a n  p ro t e in s  of a n y  
o t h e r  subclass .  T h i s  o b s e r v a t i o n  is c o n s i s t e n t  w i t h  t h e i r  
h i g h  s e n s i t i v i t y  to  e n z y m a t i c  s p l i t t i n g  lz-1~ a n d  fas te r  
c a t a b o l i c  r a t e  ~,~L 

T h e  effects  of p e n i c i l l a m i n e  o n  I g G  p r o t e i n s  could  be  
e x p l a i n e d  in  severa l  ways .  Inc reases  in  e l ec t rophore t i c  
m o b i l i t y  m i g h t  re f lec t  t h e  exposu re  of ac id ic  rad ica l s  as  
a consequence  of t h e  sc iss ion  of - S - S -  b o n d s  d e t e r m i n i n g  
t h e  t e r t i a r y  c o n f i g u r a t i o n  of t h e  molecu le  ~s. S imul -  
t aneous ly ,  t h e  molecule  cou ld  b e c o m e  unfo lded  a n d  

more  suscep t ib le  to  p ro t eo ly t i c  enzymes ,  exp la in ing  t he  
re lease  of l igh t  c h a i n - r i c h  f r agmen t s .  A l t e rna t ive ly ,  pen i -  
c i l l amine  could p o t e n t i a t e  a p ro t eo l y t i c  enzyme,  l ead ing  
to  t h e  s a m e  resul t .  

Table II. Effect of penicillamine when treatment was carried out 
in serum containing apparently undegraded monoclonal proteins 

No. of sera Effect of penicillamine 
studied 

No effect Shift Shift 
and split 

IgG1 9 9 
IgG2 2 2 
lgG4 1 1 
IgG1 q- lgG2 q- 
IgG4 12 12 
IgG3 6 0 4 2 

9 R. A6USTIN and B. J. HAYWARD, Nature, Lond. 787, 129 (1960). 
10 F. SKVAalL, Nature, Lond. 185, 475 {1960). 
11 D. R. STA~WORTU and C. S. HENNEV, Immunology 72, 267 (1967). 
lg K. TAKATSUKI and E. F. OSSERMAN, Science I,t5, 499 (1964). 
la R. JEFFERIS, P. D. WESTON, D. R. STANWORTlt and J. R. CLAMe, 

Nature, Lond. 219, 646 (1968). 
14 j .  GE~¢~LV, H. H. FUD~BERC and E. VA~ LO6HE~, Immuno- 

chemistry 7, i (1970). 
15 M. W. TURNEa, H. H. Bm~Ica and J. R. NATVm, Nature, Loud. 

225, 853 (1970). 
le H. L. SPIEGELBERG, B. E. FISHKIN and H. M. GREY, J. clin. 

Invest. ,47, 2323 (1968). 
17 A. MORELL, W. D. TErtR'L and T. A. WALDMANN, J. clin. Invest. 

49, 673 (1970). 
~s j .  GERCELV, D. R. STANWORrH, R. JEFFERIS, D. E. NORMA~SELL, 

C. S. HEr~E'Z and G. I. PARDOE, Immunochemistry 4, 101 (1967). 

Fig. 2. Immunoelectrophoretic study of se- 
rum MG30 (IgG3 K) showing the association 
of anodal shift and cathodal split resulting 
fr0m penieillamine treatment. C, control 
samples; P, penieillamine-treated samples. 
The troughs were filled with anti-whole 
IgG (G} and anti-IgG (Fc) sera. Anode to 
the left. 

Fig. 3. Immunoelectrophoretic study of se- 
rum MG29 (IgG3 L). The control sample, 
kept at  4 °C during 4 weeks, shows a very 
evident cathodal split. Peuicillamine induced 
a complete breakdown into Fab- and Fc-like 
fragments. C, control samples; P, penicil- 
lamine-treated samples. Anti-whole IgG (G) 
and anti-IgG Fc (Fc) were used to fill the 
troughs. Anode to the left. 
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T h e  a c c e n t u a t i o n  of p r e v i o u s l y  ex i s t ing  changes ,  as  
i l l u s t r a t ed  b y  F i g u r e  3, could  be  b e t t e r  e x p l a i n e d  if 
p e n i c i l l a m i n e  a c t e d  b y  r e d u c i n g  re s idua l  - S - S -  b o n d s  
h o l d i n g  t o g e t h e r  t h e  f r a g m e n t s  r e su l t i ng  f rom p r e v i o u s  
proteolys is ,  as Suggested in  r e l a t i on  to  p a p a i n  d iges t ion  
of I gG  19. 

T h e  h i g h  suscep t ib i l i t y  of IgG3 p ro t e in s  to  penic i l -  
l a m i n e  t r e a t m e n t  a n d  to  d e n a t u r a t i o n  d u r i n g  s to rage  
could  b e  a resu l t  of a loose t e r t i a r y  s t ruc tu re .  U n d e r  
those  c i r c u m s t a n c e s  t h e  p r o t e i n  molecules  would  be  more  
eas i ly  un fo tdab le  a n d  would  b e c o m e  more  read i ly  sus- 
cep t ib l e  to  deg rada t i on .  

P e n i c i l l a m i n e  t r e a t m e n t ,  b y  r evea l ing  these  differences,  
a p p e a r s  as a p r o m i s i n g  s y s t e m  for t h e  i den t i f i ca t ion  of 
IgG3 m o n o c l o n a l  p ro t e in s  2°,21. 

Rdsumd. I1 es t  b i en  c o n n u  que  les i m m u n o g l o b u l i n e s  
I gG  m a i n t e n u e s  l o n g t e m p s  ~ des  t e m p 4 r a t u r e s  vo i s ines  
de 0 °C s e n t  d6natur6es .  L ' a d d i t i o n  de  p6n ic i l l amine  au  
s6 rum p e u t  a c c e n t u e r  c e t t e  d 6 n a t u r a t i o n .  D a n s  ces con-  
d i t ions ,  les i m m u n o g l o b u l i n e s  d u  t y p e  IgG3 s e n t  les p lus  

sens ib les  et  le t r a i t e m e n t  p a r  la  p6n ic i l l amine  p e u t  4 t re  
ut i l i s6  p o u r  les ident i f ie r .  
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I m m u n o l o g i c a l  A d j u v a n t s  I V .  R e l a t i o n s h i p  b e t w e e n  A d j u v a n t  A c t i v i t y  a n d  A n t i g e n i c i t y  i n  M y c o -  

bac ter ia l  A d j u v a n t  

BRAUN e t  al. 1,~ p o s t u l a t e  t h a t  a n  a n t i g e n i c i t y  of t h e  
l i popo lysaccha r ide  (endotox in)  of G r a m - n e g a t i v e  b a c t e r i a  
m a y  p l a y  a n  i m p o r t a n t  role in  i t s  a d j u v a n t  a c t i v i t y .  
T h e y  also in fe r red  a s imi l a r  m e c h a n i s m  o p e r a t i n g  in rela-  
t i on  to  m y c o b a c t e r i a l  a d j u v a n t s  ~. SCHIERMAN a n d  
M c B R I n E S r e p o r t e d  t h e  necess i ty  of a n t i g e n i c i t y  for  a n  
a d j u v a n t  loca ted  in a ch i cken  e ry th rocy t e s .  

L i p o p o l y s a c c h a r i d e  of t ube rc l e  baci l l i  d e s i g n a t e d  as 
w a x  D 4 b e h a v e s  as a n  a d j u v a n t  ~. E n d o t o x i n  a n d  w ax  D 
h a v e  m a n y  p r o p e r t i e s  in  c o m m o n  4,8. VVe n o w  repor t ,  
however ,  t h a t  a n t i g e n i c i t y  of w a x  D a p p e a r s  n o t  to  b e  
co r r e l a t ed  w i t h  i t s  a d j u v a n t  a c t i v i t y .  

Materials and methods. We  h a v e  r e c e n t l y  i so la ted  a 
' p u r e '  w a x  D c o n t a i n i n g  l i t t l e  or  no  t ube rcu l i n - s ens i t i z i ng  
a n t i g e n  f rom H 3 7 R a  s t r a i n  c u l t i v a t e d  4 weeks  on  S a u t o n  
m e d i u m .  A s u b t r a c t i o n  AD6 was  p r e p a r e d  b y  a c e t y l a t i o n  
f rom t h e  ' pu re '  wax  D as desc r ibed  p r e v i o u s l y L  

Guinea -p igs  were sens i t ized  w i t h  a s ingle i n j e c t i o n  i n to  
t h e  r i g h t  h i n d  foo t  p a d  of 0.2 m l  of t h e  wa te r - in -o i l  
emu l s ion  c o n t a i n i n g  1 m g  of usua l  w ax  D i so la t ed  f r o m  
t h e  s t r a i n  H 3 7 R a  w i t h  or  w i t h o u t  i m g  of twice - rec rys ta l -  
l ized o v a l b u m i n  (S igma  Chemica l  Co. USA)  or  3 m g  of 
t h e  AD6  s u b t r a c t i o n  w i t h  or  w i t h o u t  1 m g  of t h e  o v a l b u -  
min .  The  emul s ion  was p r e p a r e d  b y  m i x i n g  0.7 m l  of a 
p h o s p h a t e  buf fe red  sa l ine  solut ion,  0.1 ml  of Arlacel  A 
a n d  0.6 m l  of Drackeol .  Zero, 5, 10, 15, 21 a n d  28 days  
a f t e r  t h e  sens i t i za t ion ,  a n i m a l s  were  b led  for  t h e  a s say  
of a n t i b o d y  t i t e r s  a n d  35 days  a f t e r  t h e  sens i t i za t ion  sk in  
a n d  cornea l  t e s t s  were  pe r fo rmed .  A n t i b o d y  t i t e r s  were  
m e a s u r e d  b y  pass ive  h e m a g g l u t i n a t i o n s  u s ing  sheep  
e r y t h r o c y t e s  sens i t i zed  e i t h e r  b y  o v a l b u m i n  or  t u b e r c u l o -  
p r o t e i n  a s  acco rd ing  to  Pe r se l l in ' s  t e c h n i q u e  9, or  b y  t h e  
wa te r - so lub le  p o r t i o n  of w ax  D, as desc r ibed  p rev ious ly  10. 
F igu re  2 shows d a t a  o b t a i n e d  on  d a y  35 only.  

Results and discussion. As s h o w n  in  F igures  1, 2 a n d  
Table ,  t h e  g roup  I w h i c h  h a d  rece ived  usua l  w a x  D 
a lone  showed  pos i t i ve  cornea l  a n d  sk in  r eac t ions  to  t h e  
t u b e r c u l o - p r o t e i n  a n d  p r o d u c e d  a n t i b o d i e s  a g a i n s t  t h e  
t u b e r c u t o - p r o t e i n  as wel l  as  t o  t h e  wa te r - so lub l e  p o r t i o n  
of w a x  D, i n d i c a t i n g  t h a t  usua l  w a x  D has  an t igenic i t ies .  
V~Then t h e  a n t i g e n  o v a l b u m i n  was  a d d e d  to  t h i s  w ax  D 

in t he  sens i t i z ing  emuls ion ,  a n i m a l s  e x h i b i t e d  h i g h  levels  
of cornea l  a n d  de l ayed  t y p e  sk in  r eac t ions  to  t he  t u b e r -  
cu lo -p ro te in  a n d  o v a l b u m i n  a n d  p r o d u c e d  h i g h  t i t e r s  
of a n t i b o d i e s  to  o v a l b u m i n ,  as  well  as to  tube rcu lo -  
p r o t e i n  a n d  t h e  wa te r - so lub le  p o r t i o n  (group II). 

On t h e  con t r a ry ,  as s h o w n  in  F igures  1, 2 a n d  Table ,  
co rnea l  a n d  sk in  r eac t ions  of t h e  g roup  I I I  i n j ec t ed  w i t h  
on ly  AD6  were c o m p l e t e l y  n e g a t i v e  a n d  no  a n t i b o d y  
p r o d u c t i o n  occurred.  A d d i t i o n  of o v a l b u m i n  to  t h i s  AD6  
in  t h e  sens i t iz ing  emu l s ion  r e s u l t e d  in  a m a r k e d  a n t i b o d y  
p r o d u c t i o n  to  o v a l b u m i n  a n d  in h i g h  levels  of co rnea l  
a n d  de l ayed  t y p e  sk in  r eac t i ons  to  o v a l b u m i n  (group IV).  
Again ,  no  i m m u n o l o g i c a l  response  was  d e t e c t e d  to  t h e  
a n t i g e n s  a s soc ia t ed  w i t h  the  usua l  wax  D or  t ube rc l e  
bacil l i .  Gu inea -p igs  in  g roup  V wh ich  h a d  rece ived  
o v a l b u m i n  a lone  e x h i b i t e d  t h e  pos i t i ve  b u t  on ly  i m m e -  
d i a t e  sk in  r eac t ion .  

I n  o t h e r  e x p e r i m e n t s  gu inea-p igs  w h i c h  h a d  rece ived  
e v e n  g r ea t e r  a m o u n t s  of A D 6  (5 a n d  10 m g  pe r  an ima l )  
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