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T h e  s e n s i t i v i t y  to p l a s m i n  d i g e s t i o n  of h u m a n  IgG p r o t e i n s  of  di f ferent  h e a v y  cha in  s u b c l a s s e s  1, 2 

G. Virella and  Chang-J ing  G. Yeh 

Department o/ Basic and Clinical Immunology and Microbiology, Medical University of South Carolina, Charleston 
(South Carolina 29401, USA),  31 January ~977 

Summary.Normal IgG and purif ied IgG pro te ins  of all 4 subclasses were  d iges ted  wi th  plasmin.  As expected ,  IgG~ 
pro te ins  were highly  suscept ible  to degrada t ion .  Usually,  ac t iva t ion  wi th  s t rep tok inase  resul ted  in fas te r  and more  
accen tua t ed  degrada t ion ,  bu t  no rma l  IgG w a s  more  in tense ly  degraded  by  n o n a c t i v a t e d  plasmin.  The presence o f  
p la smin  ac t iva to r s  in IgG p repa ra t ions  migh t  account  for th is  observa t ion .  

In  the  ear ly  1960;s several  au thors  repor ted  spon taneous  
degrada t ive  changes  in h u m a n  g a m m a  globulin dur ing 
storage,  i n t e rp re t ed  as similar  to t he  spl i t t ing  in to  F a b  
and  Fc f r agmen t s  induced  by  papa in  3-5. P lasmin  was 
as sumed  to  be the  responsible  enzyme,  and  Sgouris e t  al. 
were t he  first  au thors  to  conf i rm th is  poss ibi l i ty  by  adding  
pl~smin to  h u m a n  g a m m a  globulin 6. Their  resul ts  were 
la ter  conf i rmed b y  Conne l l  and P a i n t e r  7. 10 years  la ter  
we repor ted  the  increased labi l i ty  of IgG a pro te ins  dur ing 
s torage,  which  could be p o t e n t i a t e d  by  mild reduct ions .  
The sens i t iv i ty  of IgG 3 to p lasmin  digest ion was con- 
f i rmed  b y  Skvari l  e t  al. in a s t u d y  of p l a smin - t r ea t ed  
no rma l  h u m a n  IgG ~. One prob lem wi th  this  last  inves t i -  
ga t ion  was the  long digest ion per iod (3-4 weeks a t  37 ~ 
in con t r a s t  w i th  the  resul ts  r epo r t ed  by  Connell  and 
Pa in te r ,  who found obvious  changes  a t  24 h. This dis- 
c r epancy  raised ques t ions  abou t  t he  specif ic i ty  of t he  
changes  observed  by  Skavri l  et  al., and it seemed per t i -  
n e n t  to s t u d y  the  sens i t iv i ty  to  diges t ion wi th  p lasmin  
of monoclonal  p ro te ins  of d i f fe rent  IgG subclasses under  
careful ly  control led  condit ions.  The results  of such ex- 
p e r i m e n t s  are r epor ted  here.  
Materials and methods. Purif ied no rma l  IgG was ob ta ined  
f rom Cohn ' s  Frac t ion  II  ~0 by  c h r o m a t o g r a p h y  in DE-5211 
using sod ium p h o s p h a t e  buffer  (pH 6.5, 0.01 M) for elut ion.  
10 monoclonal  IgG~ pro te ins  (3 IgG 1 and IgG a, 2 IgG~ and 
2 IgG4) were puri f ied by  p rec ip i t a t ion  in 33% sa tu r a t ed  
a m m o n i u m  sulfate,  followed by  c h r o m a t o g r a p h y  in DE-  

52. P lasmin  was  purif ied f rom Cohn 's  F rac t ion  I I I  us ing 
Lys ine -Sepharose  4B 12, following the  m e t h o d  of Chibber  
e t  al. 13, as modif ied  b y  the  manufac tu re r s  ~. The e luted 
p lasminogen  was sepa ra ted  b y  gel f i l t ra t ion in AcA 3415, 
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Fig. 1. Immunoelectrophoretic 
study of the results of 24-h incuba- 
tion of several IgG proteins with 
plasmin. The following proteins 
were separated in each well: nor- 
real IgG (N) ; GIA, IgGx (1) ; PLE, 
IgG~ (2) ; MOG, IgG 3 (3) ; and LOW, 
IgG 4 (4). C, control samples in- 
cubated for the same period of time 
without enzyme; PL, samples in- 
cubated with plasmin; PL+SK, 
samples incubated with strepto- 
kinase-activated plasmin. All 
troughs were filled with polyvalent 
antidmmunoglobulin serum. 
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and  3 over lapping  peaks were obta ined .  The f rac t ions  
cons t i t u t ing  the  descending  l imb of t he  second peak  and  
the  th i rd  peak  in i ts  en t i r e t y  (found to con ta in  max i ma l  
p l a smin  ac t iv i ty  by  e lect rophoresis  in f ib r in-conta in ing  
agar  according  to the  m e t h o d  of H e i m b u r g e r  and 
Schwick 1.) were pooled,  concen t r a t ed  to  an OD (280 nm) 
of 1.4 and  used for d iges t ion of IgG prote ins .  
The pur i f ied  p ro te ins  were ad jus t ed  to  a concen t r a t ion  of 
10 m g / m l  wi th  phospha t e -bu f f e r ed  saline (PBS).  In  t he  
basic expe r imen ta l  protocol ,  3 a l iquots  of 500 ~l of t he  
p ro te ins  ad jus ted  to  10 m g / m l  were prepared .  To one of 
t h e m  was  added  100 ~tl of t he  p lasmin  p repa ra t ions  ; to  the  
second al iquot  we added  the  same vo lume of p lasmin  plus 

Effects of incubation of IgG proteins with plasmin, with or without 
activation with streptokinase 

Protein Incubation 
24 h 48 h 72 h 

C PL PL C PL PL C PL PL 
+ + + 

SK SK SK 

Normal IgG 0 1 0 0 2 1 0 2 1 
WEI (IgG1) . . . . . .  0 2 2 
GIA (IgG1) 0 1 1 0 3 3 - - - 
STO (IgG1) 0 0 0 0 0 0 0 0 0 
HIT (IgGs) . . . . . .  0 0 1 
PLE (IgGz) 0 0 0 0 0 0 - - - 
WOO (IgG3) . . . . . .  1 3 3 
MOG (IgG~) 0 0 3 0 1 3 0 1 3 
MAX (IgGs) 2 3 3 2 3 3 2 3 3 
FRA (IgG4) . . . . . .  1 - 1 
LOW (IgGa) 0 1 1 0 2 2 - - - 

Abbreviations and symbols: C, control; PL, plasmin; PLWSK, 
streptokinase-activated plasmin; -,  not done; 0, no change; I, eath- 
odal or anodal split of the precipitin are; 2, cathodal and anodal 
splits of the precipitin arc; 3, evident split into Fab and Fc fragments. 

50 [xl of a solut ion con ta in ing  at  least  5000 U of s t rep to -  
kinase17,18; the  th i rd  a l iquot  was a contro l  to which 
no th ing  was added.  The d i f ferent  a l iquots  of all p ro te ins  
included in t he  s t u d y  were t h e n  incuba ted  a t  37~ and  
resul ts  of digest ion were checked every  24 h for 2 to  4 
days  by  immunoe lec t rophores i s  xg, using a po lyva len t  
a n t i - h u m a n  immunoglobu l in  an t i se rum 20. A special  ex- 
p e r i m e n t  was carr ied out  to  de te rmine  w h e t h e r  IgG 3 pro-  
te ins  would  be p ro t ec t ed  f rom digest ion when  e-amino- 
caproic  acid was added  to  the  incuba t ion  mix ture ,  using 
3 samples  p repa red  in add i t ion  to t he  ones a l ready  men-  
t ioned.  One consis ted of the  pro te in  d i lu ted  in P B S  con- 
t a in ing  0.2 M ~-aminocaproic acid;  the  second was iden- 
t ical  to the  f i rs t  excep t  for the  addi t ion  of 100 txl of pur i -  
fied p lasmin  solut ion;  t he  th i rd  con ta ined  the  p ro te in  
d i lu ted  in P B S  con ta in ing  e-aminocaproic  acid plus 
p l a smin  and s t rep tokinase ,  in the  same amo u n t s  used in 
the  s t a n d a r d  exper iment .  The diges t ion of the  IgG a pro-  
te ins  was t h e n  fol lowed for 6 days.  
The resul ts  of the  d i f fe ren t  incubat ions ,  as judged  im- 
munoelec t rophore t ica l ly ,  were scored f rom 0 to  3 ac- 
cord ing  to the  following cr i te r ia ;  0, no changes ;  1, single 
spl i t  (cathodal  or anodal)  of the  prec ip i t in  arc;  2, double  
spl i t  (ca thodal  and  anodal)  of t he  prec ip i t in  arc;  3, 
obvious  release of Fab -  and  Fc-like f ragments .  
Resul ts  and  discussion.  As i l lus t ra ted  by  figure 1, and 
summar ized  in the  table,  IgG 3 pro te ins  were cons i s ten t ly  
found  to  be more  af fec ted  by  incuba t ion  wi th  p lasmin  
t h a n  were pro te ins  of o the r  subclasses.  This  was par t ic -  
u lar ly  ev iden t  in the  case of pro te in  MOG, an except ional -  
ly s table  IgG 3 pro te in  t h a t  res is ted pro longed incuba t ion  
w i t h  p lasmin  w i t h o u t  evidence  of digest ion b u t  under -  
wen t  ex tens ive  sp l i t t ing  in to  Fab -  and  Fc-l ike f r agmen t s  
af ter  24 h of incuba t ion  wi th  s t r ep tok inase -ac t iva t ed  
p lasmin.  Other  IgG 3 p ro te ins  showed spon taneous  de- 
g rada t ion  to  var ious  degrees,  b u t  t he  spl i t t ing  into Fab -  
and  Fc-l ike f r agment s  was  a lways more  ev iden t  in the  
samples  i ncuba ted  wi th  p lasmin  or w i t h  s t rep tok inase-  
a c t i va t ed  plasmin.  
Resu l t s  w i t h  p ro te ins  of o the r  subclasses seemed to  con- 
f i rm the  h igher  sens i t iv i ty  to  pro teolys is  of IgGx and 
IgGa pro te ins  t h a n  IgG,  prote ins .  However ,  the re  was 
some he t e rogene i ty  w o r t h y  of notice.  One of the  IgG 1 
p ro te ins  was ve ry  suscept ible  to p lasmin,  while 2 o thers  
seemed ve ry  res is tant .  A l though  one of t he  IgG~ pro te ins  
was  clearly affected by  plasmin,  t he  o the r  appeared  to  
undergo  spon taneous  degrada t ion ,  which  was no t  in- 
creased in the  presence  of plasmin.  We  also found  t h a t  
no rma l  IgG was clearly more  af fec ted  by  p lasmin  t h a n  
by  s t r e p t o k i n a s e - a c t i v a t e d  p lasmin ;  this  m a y  sugges t  
t h a t  t he  pro te in  p r epa ra t i on  con ta ined  some ac t iva t ing  
subs tance  more  effect ive t h a n  s t reptokinase .  
In  the  e x p e r i m e n t  des igned to t e s t  t he  possibi l i ty  of pro-  
t ec t ing  IgG 3 pro te ins  f rom p lasmin- induced  (or spon-  
taneous)  degrada t ion ,  the  only  p repa ra t ion  affected af ter  
i ncuba t ion  for up to 96 h was the  one incuba ted  wi th  
p lasmin,  s t rep tokinase ,  and  e-aminocaproic  acid, showing 
t h a t  th is  c o m p o u n d  was no t  p ro tec t ive  under  these  con- 
di t ions.  Af ter  incuba t ion  for 1 week, all samples  (controls 
and  samples  incuba ted  wi th  p lasmin  or wi th  p lasmin  plus 

Fig. 2. Immunoelectrophoretic study of several aliquots of protein 
MOG (IgGs) incubated for 7 days at 37~ C, control sample; P, 
sample incubated with plasmin; P+8, sample incubated with plas- 
min and e-aminocaproic acid; e, sample incubated with e-amino- 
caproic acid; PWSK+e, sample incubated with streptokinase- 
activated plasmin plus 0.1 M e-aminoeaproic acid. The troughs were 
filled with a polyvalent anti-immunoglohulin serum. 

16 N. Heimburger and G. Schwick, Thromb. Diath. haemorrh. 7, 
432 (1962). 

17 J .B .  Fishman and D. L. Kline, Proc. Soc. exp. Biol. Med. 9/, 
323 [1956). 

18 Streptokinase (Varidase) was purchased from Lederle. 
19 P. Grabar and C. A. Williams, Biochim. biophys. Acta JO, 193 

(1953). 
20 Purchased from Antibodies Incorporated. 



15.9. 1977 Specialia 1233 

s t reptokinase ,  w i th  or w i thou t  e-aminocaproic  acid) 
showed evidence of degrada t ion ,  excep t  for 1 sample  
where  the  IgG 3 p ro te in  was incuba ted  wi th  0.1 M e- 
aminocaproic  acid (figure 2). I t  t hus  seems t h a t  this  com- 
pound  can have  a p ro t ec t ive  effect  when  small  amo u n t s  
of p lasmin  are p re sen t  in the  sample,  as is p robab ly  the  
case for mos t  pur i f ied IgG 3 prepara t ions .  
In  conclusion, our resul ts  show t h a t  p lasmin  induces the  
same t y p e  of dena tu r a t i ve s  changes  in monoclonal  IgG 
prote ins  as seen dur ing  storage,  or af ter  incuba t ion  wi th  

reducing agents  s, conf i rming the  pos tu la t ed  role of th is  
enzyme.  The speed of the  react ion,  in our observa t ions ,  
was in t e rmed ia t e  be tween  t h a t  r epor ted  by  Connell  and 
Pa i n t e r  v and the  ve ry  slow degrada t ion  descr ibed by  
Skvari l  et  al. s. The a m o u n t  of enzyme,  i ts  s ta te  of ac t iva-  
t ion,  and  the  presence  of ac t iva t ing  or inh ib i t ing  subs tan -  
ces as c o n t a m i n a n t s  of the  IgG p repa ra t ions  m a y  be of 
re levance  in de te rmin ing  differences in the  ac t iv i ty  of the  
enzyme,  beyond  the  indiv idual  degrees of suscept ib i l i ty  
of each  IgG subclass.  

T h e  e a r l y  s p o n s e  o f , 5 ~  in t h e b o n e  m a r r o w  of  i r rad ia ted !  r a t s  1 

H. D. Maillie, R. C. B a x t e r  and  H. L i sman  

Department of Radiation Biology and Biophysics, University o/ Rochester School o/Medicine and Dentistry, Rochester 
(New York 14642, USA),  25 December 1976 

Summary. The change  in radioi ron up take  in selected bone mar row samples  in i r rad ia ted  ra ts  is r ep resen ta t ive  of the  
to ta l  skeletal  up t ake  ollly if the  basel ine or rad iores i s tan t  up take  has  been sub t rac ted .  

Hols e t  al. 2 have  s t a t ed  t h a t  for a given rad ia t ion  ex- 
posure to  mice, t he  degree of reduced  59Fe up take  in 
var ious  bone  m ar row  c o m p a r t m e n t s  depended  upon  the  
par t icu lar  bone  under  s tudy .  This  confl icts  wi th  the  
c o m m o n  prac t ice  of using the  up take  of radioi ron in an 
ind iv idua l  bone,  e.g., t he  femur  or the  t ibia,  as being 
rep resen ta t ive  of the  e ry th ropo ie t i c  ac t iv i ty  of the  to ta l  
skeleton s . The s t u d y  repor ted  here  was des igned to  
examine  th is  confl ict  and to  seek a m e t h o d  for circum- 
ven t ing  it. 
Method. Female  Sprague-Dawley  rats,  weighing be tween  
170 and 200 g were used. The animals  were anes the t ized  
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wi th  sodium pen toba rb i to l  and i r rad ia ted  th rough  the i r  
ven t ra l  surfaces, 4 a t  a t ime,  on a ro t a t i ng  table.  A 1000 
kVp General  Elec t r ic  Indus t r i a l  X - r a y  un i t  was used 
under  the  following condi t ions :  1000 kVp,  no addi t iona l  
f i l t ra t ion,  H V L  of 3.0 m m  Pb, and a t a rge t  to midl ine  
d i s tance  of 66.0 cm. The exposure  ra te  was 15.8 R/min .  
and  a t o t a l  who le -body  exposure  of 50 R was given. At  
va ry ing  t imes  pos t -exposure  and under  l ight  ha lo thane  
anesthes ia ,  the  animals  were in jec ted  via  the  femoral  vein 
w i th  5 txCi of 59Fe labeled ferrous c i t ra te .  6 h later,  the  
the  ra t s  were sacrif iced via cervical  separa t ion .  Approxi -  
ma t e l y  1 h pr ior  to sacrifice, 51Cr labeled red cells were 
in jec ted  via  the  femoral  vein. Jus t  pr ior  to  sacrifice, a 
25 [xl blood sample  was d rawn  f rom the  tai l  vein. This 
blood sample  was used to sub t r ac t  any  bone ac t iv i ty  
which  was due to  radioi ron in the  c i rcula t ing blood. The 
eviscera ted  animals  were ashed a t  595~ and  cleansed 
bone samples  were counted  indiv idual ly  in an a u t o g a m m a  
counter .  The da t a  were t aken  for 16 contro l  animals  and 
4 i r rad ia ted  ra ts  a t  each point .  An addi t iona l  24 ra ts  were 
i r r ad ia ted  wi th  exposures  of 700, 850 and  1000 R and  
the  59Fe up take  measured  a t  24 h pos t -exposure .  I t  has  
been  shown t h a t  w i th  exposures  of these  levels, the  up take  
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Net 59Fe uptake in control and baseline rats (% of injected ~gFe) 

Bone sample Control Baseline 

Scapula 0.617 • 0.20* 0.371 4- 0.022 
Femur 5.43 + 0.28 1.14 4- 0.06 
Cervical Vertebrae (1-5) 0.913 4- 0.034 0.301 =~ 0.016 
Sternum 1.05 • 0.04 0.172 4- 0.011 

* Mean 4- 1 SE. 


