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Binding of Phosphorylcholine to an IgM Waldenstrom as Studied by 
Fluorescence Spectroscopy and Circular Dichroism? 

Walter F. Riesen,* Joseph Schlessinger,t and Jean-Claude Jaton 

ABSTRACT: The binding characteristics of an IgM Walden- 
strom (FR) for the ligand phosphorylcholine has been studied 
by fluorescence spectroscopy. Upon phosphorylcholine addi- 
tion, IgM FR exhibited 83% enhancement of the tryptophanyl 
fluorescence, which was associated with a red shift of the 
emission maximum (5 nm). The same properties were observed 
with the 7 s  IgM subunits. The association constant K A  for 
phosphorylcholine was 6 X lo4 M-' for IgM FR and the 7 s  
subunit, as determined by fluorescence titration, a value in 
agreement with that obtained by equilibrium dialysis. No 
significant decrease in the K A  value was found in the presence 
of 3 M urea; in 6 M urea, the increase in fluorescence intensity 
was 36% of the value obtained in ,the absence of denaturing 
agent. In contrast, only 4% of fluorescence enhancement was 
noted upon binding in 3 M GuHCl and no enhancement could 
be seen when the concentration of GuHCl was increased to 5 
M, thus suggesting complete unfolding of the protein and 

A n t i b o d i e s  are endowed with two kinds of interconnected 
activities, which are mediated through distinct parts of their 
molecules: the specific binding of antigen by the Fab parts and 
effector functions, like the binding of complement, the 
triggering of lymphocytes and the activation of mast cells, due 
to the Fc moiety. These functions that are unique for molecules 
belonging to the same class or subclass are usually expressed 
only after antigen binding. The mechanisms by which they are 
triggered are still not understood in molecular terms. Investi- 
gations on the effect of antigen binding on the conformation 
of the antibody molecule should, therefore, contribute to the 
understanding of how antigens induce these events. 

The effect of ligand binding on chromophoric groupings 
(such as tryptophan, tyrosine, and phenylalanine) in proteins 
is a very sensitive probe for conformational changes within 
these proteins. The specific binding of small haptenic molecules 
to homogeneous antibodies (Holowka et al., 1972; Jaton et al., 
1975) and to some human (Ashman and Metzger, 1969) and 
mouse myeloma proteins (Pollet and Edelhoch, 1973, 1974; 
Jolley et al., 1973) has been successfully used to study li- 
gand-induced conformational changes in antibody molecules. 
Whereas these studies were mainly centered around antibodies 
belonging to the IgG and IgA class of immunoglobulins, little 
is known as yet about the behavior of IgM antibodies. 
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subsequent loss of binding activity. The pH dependence study 
of the phosphorylcholine binding to IgM FR indicated no 
significant differences in the fluorescence enhancement be- 
tween pH 5 and 8, whereas at more acidic or alkaline pH 
values, the enhancement became smaller. At pH 3.0 and 10.0, 
no enhancement was seen, suggesting no binding of the ligand, 
a fact confirmed independently by equilibrium dialysis. When 
the spectroscopic properties of the IgM FR were compared 
with those of murine myeloma proteins that bind the same li- 
gand, large differences were recorded in the amplitude of the 
phosphorylcholine induced enhancement of the fluorescence 
and in the shift of the emission maximum wavelength. This 
suggests that the human and murine proteins interact differ- 
ently with the small ligand phosphorylcholine thus implying 
that the variable domains of these molecules are not identi- 
cal. 

In a previous report we described an IgM Waldenstrom that 
has specific binding activity for the hapten phosphorylcholine 
(Riesen et al., 1975). Since changes in optical parameters of 
mouse myeloma proteins upon binding of phosphorylcholine 
have recently been demonstrated (Pallet and Edelhoch, 1973, 
1974), this human IgM protein should be useful for comparing 
the effects of ligand binding on antibodies of the same speci- 
ficity but of different immunoglobulin class and species by 
optical methods. 

Experimental Procedure 
IgM FR with binding activity against phosphorylcholine has 

been described previously (Riesen et al., 1975). Phosphoryl- 
choline-calcium chloride, acetyl choline (reagent grade), and 
choline chloride were purchased from Sigma (St. Louis, Mo.), 
dithiothreitol (DTTI) from Calbiochem (Los Angeles, Calif.) 
and iodoacetamide from Fluka (Buchs). 

Isolation of IgM FR. IgM FR was purified from the serum 
of patient F.R., suffering from Waldenstrom's macroglobu- 
linemia, by affinity chromatography using a phosphorylcho- 
line-Sepharose immunoadsorbent as previously described 
(Chesebro and Metzger, 1972). Specific elution of the bound 
protein was effected by phosphorylcholine at a concentration 
of 5 X M in borate buffered saline, pH 8. 

Fluorescence Measurements. Emission spectra were de- 
termined on a Hitachi Perkin-Elmer, Model MPF-3 spectro- 
fluorometer equipped with a thermostated cell compartment 
at 25.0 f 0.5 O C .  Excitation was done at  280 and at 295 nm 
(bandwidth 8 nm). The emission spectra were recorded in the 
wavelength range of 290-400 nm (bandwidth 8 nm). Protein 

I Abbreviations used are: CD, circular dichroism; CPL, circular po- 
larization of luminescence; GuHCI, guanidine hydrochloride; DTT, di- 
thiothreitol; Tris, 2-amino-2-hydroxymethyl- 1,3-propanediol. 
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IGURE 1: Emission spectra of IgM FR without (-) and with excess 

(- - -) of phosphorylcholine in 0.01 M Tris-0.14 M NaCI, pH 7.5. Exci- 
tation was at 280 nm. 

solutions were adjusted to an  optical density of 0.1 a t  280 nm 
when the excitation was done at 280 nm or 0.1 a t  295 nm when 
the excitation was a t  295 nm. The concentrations of phos- 
phorylcholine and acetylcholine, which were determined on 
a weight basis, ranged between M and M. 

Preparation of 7 s  Subunits ( IgMs) .  The subunits were 
produced by reduction with 0.01 M DTT in 0.1 M Tris-NaC1 
buffer, pH 8.6, for 60 min at 37 OC, followed by alkylation with 
a 10% molar excess of iodoacetamide. IgMs was then purified 
by Sephadex G-200 gel filtration. 

The ligands were added in small increments of 10 ~1 to 2.0 
ml of the IgM solution with gentle stirring. The total volume 
of the added ligand did not exceed 100 PI. The maximum en- 
hancement of emission, which is obtained when essentially all 
binding sites are occupied by the ligand, was determined by 
adding excess phosphorylcholine (dry) until no further increase 
in emission occurred. In order to calculate the association 
constant, the ratio of the observed fluorescence enhancement 
to maximum enhancement was taken as the fraction of anti- 
body sites occupied. The concentration of free ligand was 
calculated as the difference between the concentration of total 
ligand and that of bound ligand. Corrections were made for 
dilution. Unless otherwise stated, all experiments were per- 
formed in 0.01 M Tris-0.14 M NaCI, p H  7.5. 

A control experiment done with an IgM Waldenstrom that 
exhibits no binding activity for phosphorylcholine (as deter- 
mined by equilibrium dialysis) indicated that no correction had 
to be made for nonspecific enhancement or quenching of flu- 
orescence. 

Circular Dichroism (CD) .  Circular dichroism measure- 
ments were performed with a Jasco 5-20 recording spectro- 
polarimeter at 22 OC. All experiments were done in triplicate. 
The mean residue ellipticity, (e),  in units of degree cm2/dmol, 
was calculated from the relation ( e )  = OM/10 X I C ,  where 0 
is the measured ellipticity in degrees, M is the mean residue 
molecular weight (1  I O ) ,  c is the concentration of antibodies 
in g/ml, and I is the path length of the cell ( I  = 1 cm). The 
concentration of IgM was 0.7 mg/ml based on OD280 = 0.9 
and an extinction coefficient of 12.5 (Metzger, 1970). IgM- 
phosphorylcholine complexes were formed by adding a tenfold 
molar excess of hapten over IgM binding-site concentration. 
Phosphorylcholine a t  the highest concentration used showed 
neither absorbancy nor transition bands in the wavelength 
range studied (260-3 10 nm). The average experimental error 
was estimated to be f2 .0 '  cm2 dmol-I. 

r 

FIGURE 2: Scatchard plot of the binding of phosphorylcholine to pen- 
tameric (19s) IgM FR (.) and monomeric (7s) IgM FR (0). as studied 
by fluorescence enhancement. r is defined as mol of hapten bound per mol 
of each molecular species; c is the concentration of unbound ligand. 

Circular Polarization of Luminescence (CPL)  Measure- 
ments. Full details about the instrument for measuring CPL 
spectra of proteins were given elsewhere (Schlessinger et al., 
1975). The CPL spectrum is expressed by the emission an- 
isotropy factor gem, defined as gem = ZAflf, where Aflfis the 
extent of circular polarization of the fluorescence defined 
as positive for left handed circular polarization (Steinberg, 
1975). The excitation wavelength was 275 nm with a resolution 
of 30 nm. The bandwidth of the analyzing monochromator was 
15 nm. The spectrum was recorded between 300 and 380 nm. 
All measurements were taken at 22 O C .  Sample cells of 2-mm 
light path were used. 

Results 
Fluorescence Studies with IgM FR. IgM FR, upon binding 

of phosphorylcholine, exhibited a percentage increase of the 
tryptophanyl fluorescence of 83% when excitation was done 
a t  280 nm (Figure 1). This fluorescence enhancement was 
associated with a red shift of the emission maximum wave- 
length from 337 to 342 nm. With excitation a t  295 nm, a per- 
centage increase of 92% was recorded. The fluorescence en- 
hancement upon phosphorylcholine binding was similar for 
the 19s  IgM (83%) as for the 7 s  IgMs (80%), and the maxi- 
mum emission wavelength was virtually the same. 

The ligand-induced enhancement of the fluorescence was 
used to determine the binding affinity, the stoichiometry, and 
the homogeneity of the reaction of IgM FR with phosphoryl- 
choline. The Scatchard plot of the binding data is given in 
Figure 2. The association constant was found to be 6 X lo4 
M-], a t  25 'C; a t  saturation, 9.0 binding sites/molecule of 
IgM (mol wt 900 000) were occupied by the phosphorylcholine 
hapten. For the 7 s  IgMs the same KA value and 1.9 binding 
sites/molecule (mol wt 180 000) were calculated. Homoge- 
neity of binding is indicated by the straight line, obtained by 
plotting r/c vs. r .  Since IgM FR has previously been found to 
cross-react with other choline derivatives, such as acetylcholine 
and choline chloride, the effect of these ligands on the fluo- 
rescence of this protein was also studied. The comparison of 
the emission maxima, the percentage increase of the fluores- 
cence enhancement, and the association constants are given 
in Table I. In spite of the 15-fold difference in affinities mea- 
sured with these ligands, the emission maximum wavelength 
and the fluorescence enhancement were similar. 

Dependence on p H .  The p H  dependence of the binding of 
phosphorylcholine to IgM FR is illustrated in Figure 3. In 
order to prevent the possible stabilization of the protein con- 
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TABLE I:  Fluorescence Changes in IgM FR upon Binding of 
Phosphorylcholine and Choline Derivatives. 

% Enhancement of Association 
Emission Tryptophanyl Constant, 

Maximum Fluorescence KA 
Ligand (nm) (Excitation at 280 nm) (M-l) 

Phosphoryl- 
choline 342 83% 6 X  lo4 

Acetylcholine 342 80% 4 x  103 
Choline chloride 342 81% 4x  103 

I I 

1 2  3 4 5 6 7 8 9 10 
PH 

FIGURE 3: pH dependence of emission at 342 nm for IgM FR. (0) IgM 
alone; (0 )  with excess PC. 

formation by hapten binding, no titrations with free and 
phosphorylcholine bound IgM FR were performed; instead, 
IgM FR was dissolved in 0.01 M acetate-0.01 M Tris buffer 
adjusted to pH values between 3.0 and 10.0. In order to avoid 
the precipitation of IgM FR below pH 6, 1 M NaCl had to be 
added to all buffer solutions. Under these conditions, a per- 
centage increase in emission of 50% was noted upon saturation 
with phosphorylcholine, as opposed to 83% in 0.14 M NaC1. 
The pH range of 5-8 yielded a constant difference in fluores- 
cence emission intensity, suggesting no significant alterations 
in binding affinity of the protein for phosphorylcholine. 
However, at more acidic or alkaline pH values the percentage 
increase in fluorescence enhancement became smaller, and at 
pH 3.0 and 10.0 no fluorescence enhancement was noted, thus, 
suggesting the absence of hapten binding at  these pH values. 
Lack of phosphorylcholine binding at  pH 3.0 and 10.0, re- 
spectively, was independently confirmed by equilibrium dial- 
ysis. 

Denaturation Studies. The effect of denaturing agents on 
the fluorescence of IgM FR in the absence and the presence 
of phosphorylcholine is shown in Figure 4. In the absence of 
phosphorylcholine, a steady increase in emission intensity was 
observed in solutions of IgM FR containing increasing con- 
centration of urea (3-10 M), indicating a change in the mi- 
croenvironment of the chromophores, which probably reflects 
the unfolding of the polypeptide chains of the protein. Simi- 
larly, an increase in fluorescence intensity was observed in the 
presence of GuHCl(3-5 M). However, no further increase was 
noted when the concentration of GuHCl was raised to 7 M. 
This suggests that unfolding of the protein was essentially 
complete beyond a concentration of 5 M in GuHCI. In addi- 
tion, GuHCl significantly quenched the intensity of the protein 
fluorescence. Further evidence for the denaturation of IgM FR 
was provided by a red shift of the emission maximum wave- 

, , !3,,-1 , , , 
.- 
U 
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Molarity of denaturing agents (M)  

FIGURE 4: Influence of denaturing agents on the binding of PC to IgM 
FR. (A) IgM alone in urea; (A) in urea + excess PC; (0) IgM alone in 
GuHC1; (0) in GuHCl + excess PC; (0) IgM alone in 0.01 M Tris-0.14 
M NaC1, pH 7 . 5 ;  (B) in 0.01 M Tris-0.14 M NaCI, pH 7.5 + excess 
PC. 

length from 337 to 342 nm in 10 M urea and to 346 nm in 5-7 
M GuHCI. 

Upon addition of phosphorylcholine, no fluorescence en- 
hancement was noted in the presence of 5 and 7 M GuHCl and 
only 4% in 3 M GuHCI. In contrast, a substantial fluorescence 
enhancement was found upon phosphorylcholine addition even 
at concentrations of urea as high as 6 M, where the percent 
increase in fluorescence intensity was still 36% of that recorded 
after addition of phosphorylcholine to the native antibody. In 
the presence of 3 M urea, the association constant for the 
binding of phosphorylcholine was 2 X lo4 M-I, as compared 
with a value of 6 X lo4 M-' in the absence of urea. 

After reduction of the IgM with 0.01 M DTT in the presence 
of 6 M urea, no enhancement of the fluorescence was observed 
upon addition of phosphorylcholine, suggesting that the dis- 
sociated heavy and light polypeptide chains (which are pro- 
duced under these conditions) lack binding activity. 

Circular Dichroism (CD) .  The CD spectrum of IgM FR 
was measured in the wavelength range of 260-3 10 nm in the 
absence and the presence of excess of phosphorylcholine ligand 
(Figure 5A). The shape of the spectrum in this region is rather 
uniform with a slightly negative ellipticity. The major positive 
bands between 260 and 3 10 nm, which are commonly observed 
with antibodies of the IgG class (Cathou et al., 1968), could 
not be noted in the CD spectrum of IgM FR. Two different 
IgM Waldenstrom proteins and IgM isolated from a normal 
human serum pool exhibited CD spectra similar to that of IgM 
FR. 

Since the CD spectra of the proteolytic fragments of im- 
munoglobulins appear to be additive (Cathou et al., 1968), the 
isolated Fab and Fc fragments of IgM might exhibit transition 
bands of similar amplitude but of opposite sign. In fact, Fab 
and Fc fragments of IgM FR exhibited essentially the same 
CD spectra as that of the native IgM. The 7s monomer ob- 
tained after reduction and alkylation of protein FR showed a 
CD spectrum similar to that of the pentameric IgM FR. Upon 
addition of phosphorylcholine, small changes in ellipticity were 
observed in the 270-300 nm range, which were, however, only 
slightly above the limits of experimental error. With the 7 s  
subunit or the Fab fragment from IgM FR the same small 
changes in ellipticity were recorded as a result of ligand 
binding. 
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T A B L E  I I :  Fluorescence Characteristics of P c  Binding Monoclonal Immunoglobulins. 

Enhancement of Tryptophanyl Fluorescence (96) 

Protein Emission Maxima (nm) Excitation at 280 nm Excitation at 295 nm Reference 

IgM FR 
IgMs FR 
TEPC-15 IgA 
HOPC-8 IgA 
McPc-603 IgA 
MOPC-167 IgA 
MOPC-511 IgA 
ALPC-43 IgG 

342 
342 
332 
332 
333 
333 
334 
334 

83 
80 
25 
25 
I O  
12 
13 
10 

92 
nd 
18 
18 
0 

12 
13 
7 

This paper 
This paper 
Pollet and Edelhoch, 1974 
Pollet and Edelhoch, 1974 
Pollet and Edelhoch, 1974 
Pollet and Edelhoch, 1974 
Pollet and Edelhoch, 1974 
Pollet and Edelhoch, 1974 

I I 
0 

0 
E * I  g 20 

0 p -10 
2 -20 
U 

a) 240 260 280 300 320 
I , I I '  

a) 240 260 280 300 320 

9 - 4  - 2 4  B I  

-124 , , , , , j 
300 320 340 360 380 

wavelength (nm)  

FIGURE 5: (A) Near uv CD spectrum of IgM FR in the presence (- - -) 
or the absence (-) of PC. ( B )  CPL spectrum of IgM FR in the presence 
(- A -) or the absence (- 0 -)of PC. 

Circular Polarization of Luminescence (CPL) .  The CPL 
spectrum of IgM FR in the range of 300-380 nm (Figure SB) 
is similar in shape but more negative in the amplitude than that 
recorded for rabbit antibodies and mouse myeloma proteins 
(Givol et al., 1974). Upon addition of phosphorylcholine, no 
significant change in the anisotropy throughout the spectrum 
was observed. 

Discussion 
In the present report the characteristic features of the 

binding site of a monoclonal human IgM with phosphoryl- 
choline activity have been analyzed by fluorescence spectros- 
copy and CD. The comparison with the data obtained by Pollet 
and Edelhoch (1973, 1974) on phosphorylcholine binding of 
mouse myeloma proteins is given in Table 11. The murine 
proteins, which were shown to exhibit considerable structural 
homology (Barstad et al., 1974), and the human IgM FR show 
an enhancement of the tryptophanyl fluorescence after binding 
of the ligand. This might suggest structural similarities be- 
tween these phosphorylcholine binding murine and human 
immunoglobulins, even though they do not share idiotypic 
specificities (Cosenza and Riesen, unpublished). However, 
there are several spectroscopic differences between IgM FR 
and the murine myeloma proteins (Table 11). (1) The ampli- 
tude of the phosphorylcholine induced enhancement of the 
fluorescence is markedly different for the human IgM FR 

(83%) than for the murine proteins (IO-25%). (2) While the 
mouse myeloma proteins show a small blue shift (2  nm) of the 
emission maximum wavelength, IgM FR exhibits a red shift 
of 5 nm that suggests that the tryptophanyl residues, residing 
in nonpolar microenvironment, became more exposed to sol- 
vent. (3) The phosphorylcholine-induced fluorescence en- 
hancement of IgM FR is greater with excitation a t  295 nm 
than when the excitation was done a t  280 nm. The reverse was 
found for three murine proteins, while for two the same fluo- 
rescence enhancement was observed a t  both excitation wave- 
lengths (Table 11). It is noteworthy that at 295 nm there is very 
little absorption by tyrosyl residues. 

The association constant of IgM FR for phosphorylcholine, 
as determined by fluorescence enhancement, was 6 X I O4 M-' 
and 9.0 binding sites/molecules were calculated. These values 
correspond to previous findings obtained by equilibrium di- 
alysis (Riesen et al., 1975). Homogeneity of the binding re- 
action is indicated by the linearity of the Scatchard plot. The 
phosphorylcholine induced fluorescence enhancement of the 
pentameric IgM and of the monomeric IgM subunit were 
virtually the same with respect to percentage increase (80%) 
and maximum wavelength (342 nm), and the same affinity was 
calculated for both molecular species. This indicates the ab- 
sence of interaction between the 5 IgM subunits. 

It is noteworthy that the cross-reacting ligand, acetylcholine, 
with an  association constant 15-fold lower than that for 
phosphorylcholine induced virtually the same percentage in- 
crease of fluorescence enhancement as phosphorylcholine and 
the same red shift of the maximum emission wavelength; this 
suggests that the cross-reacting ligand has the same effect on 
the conformation of the binding site of the protein as phos- 
phorylcholine, provided the ligand concentration is adequate.2 
A similar observation was made by Morris et al. (1 974) using 
C D  for studies on the interaction of mouse myeloma proteins 
with phosphorylcholine and choline derivatives. This may be 
relevant for considerations on the stimulation of cells by 
cross-reacting antigens, for which these cells have a low affinity 
(Cramer and Braun, 1973; Varga et al., 1973). 

The studies on the effect of denaturing agents on the fluo- 
rescence of IgM (FR) showed no further change in the protein 
fluorescence intensity above 5 M GuHCI, suggesting that the 
protein was completely unfolded. This observation is in 
agreement with the results of others (Noelken and Tanford, 
1964; Cathou et al., 1967), whereas the complete denaturation 
of the protein in the presence of urea requires concentrations 
above 10 M. In 3 M urea, the affinity of the protein for phos- 
phorylcholine was of the same order of magnitude as that of 

* Since the effect of acetylcholine is very similar to that  induced by 
phosphorylcholine, it appears likely that the choline moiety is responsible 
for the fluorescence change. 
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the native antibody, and in 6 M urea there was still substantial 
binding of phosphorylcholine. This would imply that the con- 
formation in the binding site was only partially affected by 6 
M urea. 

The significance of the observed changes in the tryptophanyl 
fluorescence in relation to changes in the conformation of the 
protein remains unclear, since it is difficult to distinguish be- 
tween effects produced on chromophores located in the com- 
bining site that interact directly with the ligand and effects of 
chromophores residing in parts of the molecule not partici- 
pating in the combining region. It is possible that the observed 
fluorescence changes merely reflect the interaction of trypto- 
phanyl residue(s) located in the combining site with phos- 
phorylcholine. Alternatively, these spectral changes could be 
due to tryptophanyl residue(s) outside the antigen binding 
region; they would then, be the expression of ligand-induced 
modifications in the antibody conformation. Amino acid se- 
quence analysis of IgM FR indicate that there are no trypto- 
phanyl residues within the hypervariable regions of the light 
chain (Riesen and Jaton, 1976b); the sequence of the heavy 
chain is not yet established. 

Circular dichroism has proven to be a valuable probe for the 
assessment of ligand-induced conformational changes in im- 
munoglobulin molecules (Holowka et al., 1972; Pollet et al., 
1974; Morris et al., 1974; Jaton et al., 1975). Small C D  
changes were indeed observed upon addition of phosphoryl- 
choline to IgM FR. However, the quantitation of these changes 
is unreliable due to the small ellipticity values observed with 
IgM FR. For comparison, the phosphorylcholine binding 
TEPC- 15 mouse myeloma IgA exhibited a 15% CD change 
upon ligand binding (Morris et al., 1974; Pollet and Edelhoch, 
1974). Ashman et al. (1971) found no major conformational 
changes in a nitrophenyl-binding human y M  macroglobulin 
upon ligand binding. 

Recently circular polarization of luminescence, CPL, was 
introduced as a sensitive probe for the analysis of structural 
changes in proteins (Steinberg, 1975). The studies on the CPL 
of IgM (FR) in the absence and presence of phosphorylcholine 
indicated no evidence for a spectral change upon ligand bind- 
ing, an observation in agreement with CPL studies of phos- 
phorylcholine binding mouse myeloma proteins (Givol et al., 
1974). It thus seems that in contrast to CD and fluorescence 
spectroscopy, in this particular hapten-antibody system, the 
CPL method does not reveal spectral changes. 

Whatever the significance of the ligand-induced spectral 
changes observed, the human and murine PC binding proteins 
do markedly differ from each other in the mode of interaction 
with the simple antigenic determinant PC. This would imply 
that the variable domains of these proteins are not identical. 
Amino acid sequence studies currently undertaken to establish 
the primary structure of the Fv domains of the human Wal- 
denstrom’s macroglobulin FR (Riesen et al., to be published) 
and the PC binding murine myeloma proteins (Barstad et al., 
1974; Rudikoff and Potter, 1974) are expected to reveal the 
degree of homology in antibody variable regions specific for 
the same antigenic determinant. The primary structure to- 
gether with crystallographic and optical data should help de- 
lineate the common conformational features controlling their 
specificity. 

Note Added in Proof 
It  is remarkable that the sequence of heavy chain FR in the 

first hypervariable region, which is known to be involved in 
hapten binding, is identical with that of five heavy chains de- 
rived from phosphorylcholine binding mouse myeloma pro- 
teins, except for an Asp/Glu interchange at  position 35 (Riesen 
et al., 1976a). 
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