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Reduction of Biological Substances by Water-Soluble Phosphines: Gamma-Globulin (IgG) 

WOLFRAM 1 d e m o n s t r a t e d  t h a t  a wa te r - so lub le  t e r t i a r y  
phosph ine ,  Tris-hydroxymethyl  phosph ine ,  was  capab le  
of r educ ing  t he  disulf ide bonds  of ke ra t in .  KIRSCHEN- 
BAUM, BAKKER, THIEL a n d  PLOTCtI 2 h a v e  used Tris- 
h y d r o x y m e t h y l  p h o s p h i n e  to  a c t i v a t e  papa in ,  a sulf- 
h y d r y l - d e p e n d e n t  enzyme.  The  ab i l i ty  of t e r t i a r y  phos-  
ph ines  to  replace  su l fhydry l  c o m p o u n d s  in these  r eac t ions  
sugges ted  t h a t  t he se  p h o s p h i n e s  m i g h t  serve as r eagen t s  
for  t h e  r educ t i ve  c leavage  of immunog lobu l i n s .  The  
p r e sen t  s t u d y  compare s  t h e  r educ t i ve  c leavage  of h u m a n  
g a m m a - g l o b u l i n  (IgG) b y  2 t e r t i a r y  phosph ines ,  Tris- 
h y d r o x y m e t h y l  p h o s p h i n e  a n d  Tris-carboxyethyl  phos-  
phine ,  w i t h  t he  c leavage  p roduced  b y  a c o m m o n l y  used  
su l fhyd ry l  c o m p o u n d ,  2 -mercap toe thano l .  

R e d u c t i o n  of h u m a n  g a m m a - g l o b u l i n  (Cohn F I I )  w i t h  
var ious  d i lu t ions  of m e r c a p t o e t h a n o l  a n d  f r a c t i o n a t i o n  
of t h e  a l k y l a t e d  p r o d u c t s  in  propionic  acid gel f i l t r a t ion  
t h r o u g h  S e p h a d e x  G-75 was car r ied  ou t  as descr ibed  b y  
FLEISCHMAN, PAIN a n d  PORTER 3. R e d u c t i o n  w i t h  Tris- 
h y d r o x y m e t h y l  p h o s p h i n e  4 and  Tris-carboxyethyl  phos-  
p h i n e  ~ was car r ied  ou t  in a s imi la r  m a n n e r .  The  f ina l  
c o n c e n t r a t i o n s  of t he  r eac t ion  m i x t u r e s  were 0.5% in 
p ro t e in  a n d  e i the r  0 .2M,  5 • 10 2M, 1.25 x 10-2M,  
3 . 1 •  lO-aM, 1.5 • 10 a2VI, 7.8 • 10 4M, 3 . 9 •  1 0 - 4 M o r  
9 • 1 0 - 5 M  of each  r educ ing  agent .  The  so lu t ions  were  
i n c u b a t e d  w i t h  t he  r educ ing  agen t s  for 3 h a t  37 ~ before  
i n c u b a t i o n  w i t h  i o d o a c e t a m i d e  for 20 h a t  4~ S t a r c h  
gel e lec t rophores i s  in 8 M  urea  and  f o r m a t e  buffer ,  
p H  3.0, for 20 h a t  4~ was car r ied  ou t  as descr ibed  b y  
EDELMAN a n d  POULIK 6. A pool  of h u m a n  sera  f rom 
p a t i e n t s  w i t h  r h e u m a t o i d  a r t h r i t i s  and  h a v i n g  a l a t ex  
a g g l u t i n a t i o n  t i t e r  of g rea te r  t h a n  1/10,000 was  used to  
t e s t  t h e  effect  of t he  p h o s p h i n e s  on  t he  r h e u m a t o i d  
factors:  R e a c t i o n  m i x t u r e s  were p r e p a r e d  t h a t  were 1/10 
d i lu t ions  of s e rum a n d  c o n t a i n e d  e i the r  m e r c a p t o e t h a n o l  
or  Tris-hydroxymethyl  p h o s p h i n e  in c o n c e n t r a t i o n s  
r ang ing  f rom 0 . 1 M  to  1.9 • 10-4M.  Af te r  24 h t h e  con-  
t e n t s  of each  t u b e  were equa l ly  divided.  One p o r t i o n  
w a s  c o n t i n u o u s l y  d ia lyzed  for  1 0 4 h  aga in s t  p H  7.4 
p h o s p h a t e  buffer .  The  o t h e r  po r t i on  was d ia lyzed  aga ins t  
p H  7.4 p h o s p h a t e  buf fe r  for 2 h, t h e n  aga in s t  2 changes  
of 100 vo lumes  of 0 . 0 2 M  iodoace t amide  in p h o s p h a t e  
buffer  p H  7.4 for 6 h and  f ina l ly  aga ins t  p h o s p h a t e  buf fe r  
a lone  for  96 h. The  sera  were d i lu ted  1/10 w i t h  glycine  
buffer ,  p H  8.0, a n d  t e s t ed  for r h e u m a t o i d  f ac to r  a c t i v i t y  
us ing  t he  H y l a n d  l a t ex  slide a g g l u t i n a t i o n  test .  Aga r  
gel d i f fus ion s tud ies  in  1% ionaga r  were pe r fo rmed  as 
descr ibed  b y  OUCHTERLONY 7. 

R e d u c t i o n  and  a l k y l a t i o n  of g a m m a - g l o b u l i n  resu l ted  
in  t h e  s e p a r a t i o n  of 2 c o m p o n e n t s  f rom the  u n r e d u c e d  
g a m m a - g l o b u l i n  (Figure 1) .Var iable  a m o u n t s  of u n r e d u c e d  
p ro t e in  m i g r a t e d  as t h e  s lowest  band .  W h e n  c o m p a r e d  
b y  ac id -u r ea - s t a r ch  gel e lec t rophores i s  t he  mobi l i t i es  of 
t he  2 m a i n  c o m p o n e n t s  and  t he  s lowest  c o m p o n e n t  were 
s imi la r  for  all  3 r educ ing  agen t s  (Figure  1). 

S e p a r a t i o n  of t he  2 c o m p o n e n t s  of t he  r educed  a n d  
a l k y l a t e d  F I I  was  ach ieved  b y  G-75 s e p h a d e x  gel fil- 
t r a t i o n  in 1 M  propionic  acid. The  p r o d u c t s  of r educ t i on  
b y  m e r c a p t o e t h a n o l  a n d  p h o s p h i n e s  were r e c o v e r e d  in 
c o m p a r a b l e  e lu t ion  volumes .  Two m a j o r  peaks ,  A a n d  B 
were seen (Figure 2). The  o p t i m u m  yield of t he  2 com- 
p o n e n t s  was  ach ieved  w h e n  3.1 • 10-3] t l  Tris-hydroxy- 
m e t h y l  p h o s p h i n e  a n d  5 x 1 0 - ~ M  Tris-carboxyethyl  
p h o s p h i n e  were used .  Less f r ac t ion  B w a s  recovered  
w h e n  0 . 2 M  2 - m e r c a p t o e t h a n o l  was  used as a r educ ing  
agent ,  b u t  th i s  w a s  t h e  m o s t  eff icient  c o n c e n t r a t i o n  of 
all  t hose  ut i l ized in t h e  c u r r e n t  s tudy .  F r a c t i o n  13, w h e n  

d ia lyzed aga ins t  0 .9% NaC1 solut ion,  r e m a i n e d  clear.  
F r a c t i o n  A, however ,  cons i s t en t ly  p r e c i p i t a t e d  u n d e r  
these  condi t ions ,  a n d  as n o t e d  b y  FLmSCHMAN, PAIN 
a n d  PORTER z m i g r a t e d  as t h e  slower c o m p o n e n t  on acid- 
u r ea - s t a r ch  gel e lec t rophores i s  (Figure 1). I n  aga r  gel 
d i f fus ion s tud ies  w i t h  r a b b i t  a n t i - h u m a n  g a m m a - g l o b u l i n  
l ines of comple te  i d e n t i t y  were no t ed  b e t w e e n  u n r e d u c e d  

Fig. 1. Acid-urea-starch gel eleetrophoresis of Cohn FII and its 
reduction products. (A) Slots filled with Cohn FII which had been 
subjected to the following treatment: (1) None, (2) 0.2M mercapto- 
ethanol for 3 h, (3) 0.2M mercaptoethanol for 5 h, (4) and (5) 
1.25 • 10 eM Tris-hydroxymethyl phosphine for 3 and 5 h respecti- 
vely, (6) and (7) 1.56 • 10-3M Tris-carboxyethyl phosphine for 
3 and 5 h respectively. (B) Cohn FII (1), Cohn FII reduced with 
3.1 • 10-3M Tris-hydroxymethyl phosphine, (2) and fraction A, 
(3) and 13, (4) obtained from a gel filtration with Sephadex G 75 of 
the products of this reduction. (C) Cohn FII (1), fraction A (2) and 
fraction B (3) from a Sephadex gel filtration of FII reduced by 
5 • 10-2M Tris-carboxyethyl phosphine. L and H refer to light 
and heavy chains throughout. 
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Fig. 2. Sephadex G 75 gel filtration patterns of Cohn FII  by 3.1 x 10-SM Tris-hydroxymethyl phosphine (left) and 5 X 10 ~M 
Tris-carboxyethyl phosphine (center). The solvent used was 1M propionic acid. These pat terns are similar to those obtained by 
FLEISCHMAN, PAIN and PORTER using 0.75M 2-mercaptoethanol a. The yield of fraction B using 0.2M 2-mercaptoethanol (right) was 
less than that  obtained with the tertiary pbosphines. 

A comparison of the capacities of mereaptoethanol (ME) and Tris- 
hydroxymethyl  phosphine (THP) to inactivate rheumatoid factor. 
The serum in a final dilution of 1/100 was tested with a latex slide 
agglutination test and was graded as positive or negative 

Finalconcentration ME + ME + T HP  + THP  + 
of reducing agent iodo- buffer iodo- buffer 

acetamide aeetamide 

0 .1M - -  - -  - -  
5 • 10 2 M  . . . .  
2.5 • 10-eM . . . . . . .  
1.25 x 10-~M . . . . . . .  
6.3 • 10-aM . . . .  
3.7 • 10-aM - -  + - -  - -  
1.6 • 10-aM - -  + - -  + 

8 . 0  x 1 0 - a M  - -  + + 

4.0 • 10-4M + + --- + 
2.0 • 10-4M + + -- + 

(--), no latex agglutination, i.e. reduction has occurred. 

h u n l a n  F I I  a n d  h u m a n  F I I  r e d u c e d  b y  a n y  of  t h e  
a g e n t s  u s e d .  

R h e u m a t o i d  f a c t o r  w a s  i n a c t i v a t e d  b y  c o n c e n t r a t i o n s  
of  Tris-hydroxymethyl p h o s p h i n e  o f  4 • 1 0 - 4 M  (Tab le ) .  
A t  l e a s t  p a r t i a l  r e v e r s i b i l i t y  of  t h i s  p h e n o m e n o n  w a s  
d e m o n s t r a t e d  b y  t h e  r e t u r n  o f  a c t i v i t y  in  n o n a l k y l a t e d  
s o l u t i o n  d i a l y z e d  f ree  of  r e d u c i n g  a g e n t s .  A l k y l a t i o n  w i t h  
i o d o a c e t a m i d e  p r e v e n t e d  t h e  r e t u r n  o f  a c t i v i t y .  I o d o -  
a c e t a m i d e  m a y  be  a d d e d  s i m u l t a n e o u s l y  w i t h  t h e  t e r t i a r y  
p h o s p h i n e  to  t h e  p r o t e i n  s o l u t i o n ,  c o m b i n i n g  t h e  r e d u c t i o n  
a n d  a l k y l a t i o n  p roc e s s ,  w i t h o u t  i n t e r f e r r i n g  w i t h  t h e  r e d u c -  
t i o n  r e a c t i o n .  M e r c a p t o e t h a n o l  a n d  Tris-hydroxymethyl 
p h o s p h i n e  h a v e  d i s a g r e e a b l e  o d o r s  w h i l e  Tris-carboxy- 
e t h y l  p h o s p h i n e  is a co lor less ,  w a t e r - s o l u b l e  so l id  w i t h o u t  
d e t e c t a b l e  o d o r  w h i c h  a l l ows  for  p l e a s a n t  use .  

I n  t h e  p r e s e n t  s t u d y  t h e  r e d u c t i o n  o f  h u m a n  s e r u m  
p r o t e i n  F r a c t i o n  I I  ( IgG) w i t h  m e r c a p t o e t h a n o l ,  Tris- 
h y d r o x y m e t h y l  p h o s p h i n e  a n d  Tris-carboxyethyl p h o s -  
p h i n e  g a v e  s i m i l a r  p r o d u c t s ,  a s  d e t e r m i n e d  b y  t h e i r  
e l e c t r o p h o r e t i c  m o b i l i t i e s ,  t h e i r  S e p h a d e x  gel  f i l t r a t i o n  
p r o p e r t i e s  a n d  t h e i r  a n t i g e n i c  a c t i v i t y  t o  a n t i - F r a c t i o n  I I  
o n  a n  OUCHTERLONY p l a t e .  T h e s e  r e s u l t s  i n d i c a t e  t h a t  
w a t e r - s o l u b l e  t e r t i a r y  p h o s p h i n e s  f u n c t i o n  as  e f f e c t i v e  
a n d  c o n v e n i e n t  r e d u c i n g  a g e n t s  for  h u m a n  g a m m a -  
g l o b u l i n  a n d  y i e l d  p r o t e i n  p r o d u c t s  s i m i l a r  t o  t h o s e  
o b t a i n e d  w i t h  m e r c a p t o e t h a n o l .  

I n  a d d i t i o n  t h e  t e r t i a r y  p h o s p h i n e s  a re  e f f e c t i v e  a g e n t s  
in  t h e  i n a c t i v a t i o n  of r h e u m a t o i d  f a c t o r ,  a p h e n o m e n o n  
w h i c h  is a t  l e a s t  p a r t i a l l y  r e v e r s i b l e  8. 

Rdsumd. D e u x  c o m p o s 6 s  p o l y p e p t i d e s  s o n t  f o r m 6 s  p a r  
la  r 6 d u c t i o n  de  la  g a m m a - g l o b u l i n e  p a r  de s  p h o s p h i n e s  
t e r t i a i r e s  h y d r o s o l u b l e s ;  r 6 d u c t i o n  q u i  s ' o p 6 r e  g de  p l u s  
t a i b l e s  c o n c e n t r a t i o n s  d e s  p h o s p h i n e s  q u e  d u  2 - m e r c a p t o -  
6 t h a n o l .  A v e c  ces  2 m 6 t h o d e s ,  les  p r o d u i t s  de  la  r 6 a c t i o n  
s o n t  c o m p a r a b l e s .  D e  p lus ,  les  p h o s p h i n e s  p e u v e n t  i n a c -  
t i v e r  le f a c t e u r  r h e u m a t o i d e ,  t e l  q u e  le r6v~le  l ' a g g l u t i -  
n a t i o n  a u  l a t e x .  
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