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Abstract-The present investigation deals with an immunochemical approach in studies 
on the structure of Fd-fragments of human immunoglobulins. Rabbits were immunized 
with a preparation of Fd-fragment of a human G-myeloma protein (Daw)[1]. Detailed 
studies on the reactions of the rabbit antiserum with a panel of antigens demonstrated 
that antibodies were obtained against an idiotypic site on the Fd- or the Fab-fragment of 
the Daw immunoglobulin molecule. No antibodies against any common region of the 
Fd-fragment could be detected in immunodiffusion experiments with the antigens used, 
a finding confirmed by the outcome of various haemagglutinating experiments. Structural 
impfications of these findings are discussed. 

INTRODUCTION 
Only limited successful studies have been carried out in the past on the 

antigenic structure of the Fd-fragment of human immunoglobulins. In general 
the results obtained suggest that the Fd-fragment itself is weakly antigenic 
[2]. Using Fd-fragment obtained from the Fab-fragment of pooled human IgG, 
Mull3] was not able to produce in rabbits precipitating antibodies, specific for 
the Fd-fragment. In other studies it was found again extremely difficult to 
produce precipitating antibodies to the Fd-fragment of IgG by immunization of 
rabbits and guinea pigs with isolated y-chains from pooled human IgG[4]. In 
contrast to this work on isolated Fd-fragments or heavy chains, it is rather easy to 
obtain antibodies in rabbits specific for the configurational antigenic structure, 
formed by the combination of  H-chains or Fd-fragments with L-chains[5-8]. 
Although the results of recent work on these configurational antigenic structures 
suggest that the Fd-fragment has antigenic class-specificity, and thus possesses an 
antigenic structure common to all (or many) immunoglobulins of a particular 
class or subclass, no direct evidence could be obtained [8]. In the present work 
another approach has been followed in which a Fd-preparation of a well studied 
G-myeloma protein (Daw)[1, 9, 10] was used as an antigen. In this paper the 
results of a study on the antigenic properties of this Fd-fragment will be described. 

MATERIALS AND METHODS 

The myeloma globulin (Daw) was a Gm (1), type L, 7S IgGl-protein. The 
isolated L-chains, the Fab, Fc and Fd-fragments, as well as the original Daw- 
protein itself were kindly supplied by Dr. E.M. Press, Cambridge. The prepara- 
tion, isolation and properties of the various fragments of the Daw-protein are 
described elsewhere[l,9]. Due to the great similarity of the electrophoretic 
mobility of  the Fab- and Fc-fragments, the Fab-fragment of the Daw-protein 
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(referred to as Faboaw) was contaminated with some Fc-fragment (referred to as 
FcD~w) and vice versa. 

The Fab- and Fc-fragments from pooled normal IgG were obtained as 
described by Mul and Batlieux [8]. Heavy chains from pooled human IgG were 
isolated according to Fleischman et al. [11]. G-myeloma proteins were isolated by 
ammonium sulfate precipitation, followed by chromatography on DEAE 
cellulose with stepwise elution using pH 8.0 phosphate buffers of increasing 
molarity. The Gm-typing of  these purified myeloma proteins was performed by 
Dr. Erna van Loghem, who also kindly supplied twenty isolated G-myeloma 
globulins of known Gm-type. 

The antiserum against the FdD~w-fragment was obtained in rabbits by foot- 
pad inoculation with a suspension of the protein in saline and Freund's adjuvant. 
About 0.5 nag protein per rabbit was used. Serums from each bleeding were 
tested by immunoelectrophoresis and Ouchterlony analysis. Anti Gm-activity 
in the anti Fdoaw-antiserum was tested for by Dr. Erna van Loghem. 

RESU LTS 
The development of antibodies in the anti Fdoaw-antiserum was initially 

tested in immunoelectrophoresis, with normal human serum being used as anti- 
gen. Precipitating antibodies to IgG were demonstrable two weeks after inocula- 
lion. 

Analysis of the antiserum in immunodiffusion and imnmnoelectrophoresis 
with the various subunits and fragments of the Daw-protein demonstrated that 
the antiserum contained antibodies against FCDaw, FabDaw and the whole Daw- 
protein, but not against L-chains of the Daw-protein (Figs. 1, 2(a, b)). In addition, 
the antiserum reacted with pooled lgG and with the Fc-fragment from pooled 
IgG but not with Fab from pooled IgG. No reaction was obtained in immuno- 
diffusion experiments with the autologous Fd-fragment, probably because of 
the insolubility of this antigen. Due to the very limited amount of Fd-antigen 
available, absorption of the antiserum with the Fd-preparation could not be 
done. The results described so far are summarized in Table 1. 

In Ouchterlony experiments a complete fusion of precipitin lines between 
FcD~w, F%,,ol and pooled lgG was obtained (Figs. 2(a, b)). The antiserum therefore 
was not able to demonstrate specific structures in the Fcoaw. Moreover, no 
antigenic determinants except those present on the Fc-part of the y-chains of 
pooled Ig(; could be distinguished. The Daw-protein showed spur formation 
over pooled lgG (Fig. 2(b)) suggesting that an antigenic structure specitic tor 
Daw-protein is not present in detectable concentration in normal Ig(,. Since the 

Table 1. Reaction of anti FdD~w-antiserum 
with antigens in imnmnodiffusion and 

immunoelectrophoresis 

FCDa w ~- FCDool ~- 
Falh~aw + I gG,,,ol 
I g('D~,~- + I gGvo,,l + 
Fd~w 
Ll~aw 



Fc~., .,- Fab~, 

( + )  FC~, W +Fabo,,,, , ( - )  

Anti Fdoo" 

Fc~,.~ + Fab~,xw 

Fig. l. hnmunoelectrophoresis of  Fab and Fc from pooled human IgG 
(upper and lower well) and of Fab and Fc fragments from Daw (middle) 
using anti human antiserum (A.H.S. in upper  reservoir) and anti FdDaw 
(lower). No reaction is ()btained between Fab from p()oled lgG and anti FdD,w. 

IgGo,,w " IgG~.,~ 

tgG- Fc~, t-- F~w ' 

Fig. 2. hnmunodiflusion of  the anti FdDa w antiserum (A.S.) against several 
antigens. (at Fc from pooled ]gG shows a reaction of identity with FCDaw. 
The second precipitation line is due to a reaction between the antiserum and 
FabD~w. (b) Partial identity of  FCD,w and Ig(;l>aw- Identity of  Fc h'om pooled 
IgG, FCbaw and pooled IgG. Spurfi)rmation of  Ig(,Da w over FCDaw. Spurforma- 
tion of  lgGDaw over pooled ]gG is weak and therefore difficult to reproduce. 

Fig. 3. Spurformation of lgGDaw over several myeloma proteins of  type K 
or type L and of  different (;m-types. 

(Facing page 752) 
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FCDaw is not distinctive this specific structure must be localized in the Fab- 
fragment of  the Daw-protein. There is no precipitation reaction with L-chains 
from the Daw-protein. After absorption of  the antiserum with Fc (from pooled 
IgG) only reactions with the Daw-protein and the FabDaw-fragment were obtained. 
The reaction between the FabDaw and the FdD~w-antiserum might be explained 
therefore by the presence of antibodies to the Fdbaw-fragment directed against 
an antigenic site peculiar to Daw-Fd. 

As mentioned already no precipitation reaction with Fab from pooled IgG 
was obtained. In addition no agglutinating antibodies against Fab from pooled 
IgG were demonstrated in haemagglutination experiments. It seems there- 
fore that upon immunization with the FdDaw-preparation no antibodies directed 
against any invariable stretch of the Fd-fragment of IgG were obtained. The 
presence of antibodies against determinants on the common part of  Fd, blocked 
by L-chains in the intact Fab- or IgG-molecule, could be ruled out by testing the 
anti Fdb~w-antiserum with y-chains from pooled normal IgG. A complete identity 
was observed in immunodiffusion experiments between y-chains and Fc- 
fragments. To study the possible relationship of  the idiotypic specificity with 
Gin-factors, the antiserum was tested with 25 isolated G-myeloma proteins of 
various Gm-types and L-chain types. The Daw-protein showed spur formation 
with all G-myeloma globulins tested, while reactions of  identity were obtained 
between these proteins (Fig. 3). This provides evidence that the anti FdD~w- 
antiserum is not directed to Gin-factors, which is confirmed by the lack of anti 
Gin(z) activity shown by the anti FdDaw-antiserum in various haemagglutination 
experiments. In addition, no antibodies specific for the combined heavy and 
light chains are present since type L G-myeloma proteins did not spur over 
type K G-myeloma proteins. 

DISCUSSION 

As was mentioned in the introduction, the study of  the antigenicity of the 
Fd-fragment was directed towards the finding of  an antigenic structure common 
to Fd-fragments of G-immunoglobulins. The results showed that immunization 
with the FdDaw-preparation produced antibodies to the Fc-fragment of IgG and 
to FabDaw. The presence of  antibodies to Fc may be explained by assuming that 
common structures are present in the Fd- and Fc-fragment of IgG. Although 
this possibility is highly interesting a more likely explanation in this case can be 
given. As mentioned in the section describing these antigens, the Fab- and Fc- 
fragment of the Daw-protein had very similar electrophoretic mobilities. The 
Fab-fragment therefore was contaminated with some Fc. In the isolation of the 
FdD~w-fragment by gel filtration after reduction of the Fabb~w-fragment, some 
FcD~w could easily have been eluted with the Fdi)~w-fragment. The recognized 
higb antigenicity of  the Fc-fragment could explain the presence of  antibodies to 
Fc-fragment in the antiserum prepared against the FdDaw-fragment. Unfbrtun- 
ately, lack of FdDaw-fragment makes it impossible to investigate the contamina- 
tion of this preparation with FcDaw. After removal of the antibodies to Fc- 
fragment by absorption with pure Fc from pooled IgG, only a reaction was 
left with the autologous FabDaw-fragment. No antibodies to L-chains or to con- 
figurational antigen(s) common to most type L G-myeloma globulins [3, 8] could 
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be detected. It might therefore be possible that the antiserum contained anti- 
bodies specific for the Fd-fragment of  the Daw-protein. Although no direct 
evidence was obtained that the Fd-preparation was contaminated with trace 
amounts of  FabDaw, it can not be ruled out that this idiotypic specificity was 
directed against a specific configurational antigenic structure on the FabDaw. 
This however is of  limited interest since antibodies specific for the distinct 
structure of  the Fab- or Fd-fragment of  monoclonal proteins were frequently 
studied in the past [ 12, 13]. It is on the other hand remarkable that after immuniza- 
tion with the FdDaw-fragment no precipitating or agglutinating antibodies directed 
against any common invariable stretch of  the Fd-fragment could be demonstrated. 
This striking finding confirms the results obtained in earlier studies on Fd- 
fragments [3] or heavy chains of  human pooled IgG [4] and are in agreement 
with data obtained by Utsumi and Karush on rabbit Fd [20]. 

The outcome of the immunochemical studies is unexpected in view of the 
data obtained by chemical analysis. From comparative peptide mapping studies 
[14, 15] and from sequence studies on peptides containing the interchain and 
intrachain disulphide bridges of  human G-myeloma globulins[16-19] it is 
apparent that the Fd-fragments, besides regions where the sequence varies 
from one molecule to another (Fdv), have regions where the amino acid sequence 
is common to all molecules (Fde) of one particular class or subclass. As mentioned 
already antibodies to the distinct part of the Fdaaw (or maybe FabDaw) were 
obtained whereas the invariant stretch apparently showed lack of  antigenicity. 
It has to be accepted therefore that the common sequence of  the Fd-fragment of 
IgG is a poor antigen compared to the distinct part of Fd (or to the peculiar 
configurational Fab-antigens). 

An explanation of this weak antigenicity of  the common structure of  the Fd- 
fragment of IgG can not be given. To which extent antigenic competition between 
Fdv and Fdc is involved remains to be studied. The loss of antigenicity as a result 
of  the isolation procedure has to be considered however. Mul [3] suggested that 
the apparent lack of  antigenicity of Fde may be explained by lack of  species- 
specific antigenic determinants, resulting in tolerance in the rabbit. 

The results discussed above are based on the study of  only one isolated and 
purified homogeneous Fd-fragment. The significance of the findings will increase 
considerably if related work on well documented pure Fd-fragments of  other 
G-myeloma globulins will be done. Since it is extremely ditficult to obtain purified 
Fd-fragment of a large number of homogeneous G-globulins, the data obtained 
in this study might add to the little knowledge available on the antigenic properties 
of the Fd-fragment. The immunochemical findings however are intriguing in 
respect to the outcome of the structural studies in which common stretches in 
the Fd-fragment were well established, although the length and location remains 
to be determined. 
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