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Affinity Labeling of a Phosphorylcholine 
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ABSTRACT : The phosphorylcholine binding yA myeloma pro- 
tein of the Balb/c plasmacytoma TEPC 15 was immunospe- 
cifically purified. A phosphorylcholine analog, p-diazonium 
phenylphosphorylcholine, was synthesized and used an an 
affinity-labeling reagent. More than 90% of the specific modi- 
fication occurred on the light chains. The most substantially 
labeled residue was a light-chain tyrosine. This residue is in a 
homologous position to the tyrosine which became labeled in 

similar studies performed on a nitrophenyl binding mouse 
myeloma protein. This finding suggests: (1) that all immuno- 
globulin “antigen” binding sites are located in the same topo- 
logical sector of the Fab region, (2) that the tyrosine which 
becomes labeled may not be chemically neutral, and (3) that 
when present, this residue plays a similar role in antibodies 
of diverse specificities. 

A considerable number of human and mouse myeloma 
proteins have been discovered which have definable binding 
activities. Because such immunoglobulins are homogeneous 
and usually available in substantial amounts they are poten- 
tially useful for helping to define the structural basis of anti- 
body specificity. One set of such proteins-those that bind 
nitrophenyl ligands-is being explored in several laboratories. 
Particularly by the technique of affinity labeling, it has already 
been possible to directly implicate certain sections of the light- 
and heavy-chain variable regions as playing a critical role in 
the structure of the combining sites. 

It would be advantageous to explore in similar detail a set 
of immunoglobulins which bind very different ligands than 
those referred to above. Such studies would be helpful in 
delineating those features of immunoglobulin combining 
sites which may be common to many or all immunoglobulins 
and those which are unique to sites reacting with a particular 
determinant or set of determinants. The group of Balb/c mouse 
yA myelomas which share the property of binding phosphoryl- 
choline should be useful in this regard. The studies of Potter 
and Leon (1968), Potter and Lieberman (1970), and particu- 
larly Leon and Young (1971) have shown that several of these 
proteins, while having related binding activities, are clearly 
distinguishable on the basis of their binding constants for 
phosphorylcholine and its analogs. 

The study reported here is the first of a series in which we 
have used the technique of affinity labeling to explore the 
combining sites of these proteins. A phosphorylcholine analog, 
p-diazonium phenylphosphorylcholine (DPPC),’ was used to 
specifically modify the combining sites of phosphorylcholine 
binding protein from the tumor, TEPC 15. A highly labeled 
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1 Abbreviations used are: DPPC, p-diazonium phenylphosphoryl- 
choline; BBS, 0.2 M sodium borate buffer with 0.16 M NaCl; SDS, 
sodium dodecyl sulfate, 
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peptide was isolated and sequenced, and this has permitted us 
to define its location in the primary structure of the protein. 

Materials and Methods 

Tumor Lines. The mouse plasmacytoma TEPC 15 was ob- 
tained from Dr. Michael M. Potter and was maintained by 
subcutaneous passage in Balb/c mice. Ascites was collected 
by paracentesis of Balb/c or (Balb/c x C57BL/) Fl mice which 
had been inoculated intraperitoneally with 0.5 ml of a tumor 
cell suspension 1 month earlier. In general 3-6 ml of ascites 
could be obtained per mouse. 

p -  Diazonium Phenylphosphorylcholine (DPPC). Methyl 
iodide (2 mmoles) was added to 20 mmoles of dimethylamino- 
ethanol in 10 ml ether at 4” with stirring. The mixture was 
then stirred at room temperature for 18 hr. The white precipi- 
tate of choline iodide was washed with ether and dried. The 
yield was approximately 100%. The choline iodide, p-nitro- 
phenyl phosphorodichloridate (2 mmoles) (Aldrich), and dry 
quinoline (2 mmoles) were each dissolved in 0.5 ml of dry 
acetonitrile, mixed, and stirred at 0” in the dark for 4-8 hr 
(Bird, 1967). Then 1.0 ml of pyridine and 0.2 ml of HzO were 
added, and the solution was incubated at room temperature 
for 30 min. The solvents were flash evaporated, the residue 
was dissolved in HzO, and the solution passed through a 40-ml 
Amberlite MB-3 column equilibrated with HzO. The effluent 
was lyophilized. The product was analyzed by thin-layer chro- 
matography on cellulose and silica gel (Eastman Chromo- 
gram) using either isopropyl alcohol-NHaOH-H20 (7 :2 : 1, 
v/v) or 1-butanol-acetic acid-HzO (5 :2 :4, v/v). In either case 
only a single component was observed. It was positive for 
phosphate (Hanes and Isherwood, 1949) and absorbed ultra- 
violet light. Anal. Calcd for C1lH~,NPO~P~: C, 43.4; H,  5.7; 
N, 9.2; P, 10.2. Found: C, 43.5; H, 5.9; N, 9.4; P, 10.0. It 
had a melting point (cor) of 243”. The uv spectrum had a 
minimum at 237 nm and a maximum at 287 nm (Figure 1). 
The extinction coefficient, eZs7. cm, was 1.05 X lo4 at pH 7. 
This compound, p-nitrophenylphosphorylcholine, was stored 
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FIGURE 1 : Spectrum of p-nitrophenylphosphorylcholine in 0.01 M 
sodium phosphate (pH 7.0). 

dry at room temperature in the dark, and has been stable for 
over 9 months. * 
p-Nitrophenylphosphorylcholine (100 mg, 0.3 mmole) was 

dissolved in methanol and quantitatively qeduced with 1 atm 
of Hz at room temperature for 1 hr in the presence of 10 mg of 
a 10 palladium on charcoal catalyst. The mixture was filtered 
on a sintered-glass funnel and flash evaporated. The amine 
oxidizes rapidly. It was therefore immediately dissolved in 2 
ml of cold 0.1 M HC1 and diazotized with NaNO, at 15-18". 
The reaction was monitored with starch-KI paper to deter- 
mine the exact amount of NaNOz necessary. The p-diazonium 
phenylphosphorylcholine (DPPC) solution was immediately 
frozen. At - 80" it remained stable for 5 months. 

The radioactive analog was made by employing [ 3H]methyl 
iodide (50 mCi/mmole, New England Nuclear). The specific 
activity of p-nitrophenylphosphoryl[methyl-3H]choline was 
determined by using the extinction coefficient determined at 
287 nm and was 51.2 mCi/mmole. Radioactivity was deter- 
mined in a Nuclear-Chicago liquid scintillation counter. The 
counting fluid was a mixture of toluene, Liquifluor (New 
England Nuclear), and NCS solubilizer (Amersham-Searle) 
(50:2:5, v/v). Quench corrections were made using the ex- 
ternal standard source. 

Mono-(p-azophenylphosphorylcholine)-N- acetyl - L - tyrosine. 
[3H]DPPC (1 pmole) was added to 10 pmoles of 
N-acetyl-L-tyrosine in 1.0 ml of BBS and the solution left 
overnight at room temperature. The solution was chromato- 
graphed on thin-layer cellulose using the isopropyl alcohol- 
NH40H-Hs0 solvent described above. A single major yellow 
component was observed and eluted with H20.  It had a typi- 
cal azotyrosine spectrum with a pH-dependent maximum at 
475 nm (Figure 2). On the basis of the specific activity of the 
diazonium compound the azotyrosine analog had a molar 
absorbance at 475 nm of 1.26 X lo4 in 0.1 M NaOH. The 
Ae47~nm (base-acid) was 0.98 X lo4. The pK, of the phenolic 
hydroxyl, determined by spectrophotometric titration, was 
9.3. 

2 An entirely different synthesis of this compound has been published 
by Kurioka (1968). The yield was very small and the melting point, 
220" (uncor), was considerably lower than ours. Ultraviolet spectral 
parameters were not given. Still another type of synthesis has been 
employed by Ash Stevens Inc. (Detroit, Mich.) (personal communica- 
tion). They prepared the chloride salt which is said to have a melting 
point of 167-168" (uncor). The wavelengths of maximum and minimum 
ultraviolet absorption are similar to ours though the molar absorptions 
are somewhat different (€287 nm 9.9 X lO3and 6237 2.0 X 103). 
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FIGURE 2: Spectra of mono-(p-azophenylphosphorylcholine)-N- 
acetyl-L-tyrosine (model compound) and purified light chains from 
affinity-labeled TEPC 15. The solvent was 0.1 M acetic acid-NaOH 
buffer (pH 4.0 and 12.0). 

p-Diazonium Benzyldimethylhydroxyethylammonium Bro- 
mide. p-Nitrobenzyl bromide (3 mmoles) was dissolved in 15 
ml of ether and dimethylaminoethanol (8 mmoles) in 2 ml of 
ether was added at 0" with stirring. The mixture was stirred 
overnight at room temperature. The p-nitrobenzyldimethyl- 
hydroxyethylammonium bromide was obtained as a white 
precipitate and was washed with ether and dried. The melting 
point (cor.) was 114". Anal. Calcd for CllHI7BrN2O3: C, 
43.3; H, 5.6; Br, 26.2; N, 9.2. Found: C, 43.4; H,  5.6; Br, 
24.7; N, 9.1. 

This compound was reduced and diazotized according to the 
same procedures described above for p-nitrophenylphos- 
phorylcholine. The p-diazonium compound was stored in 
solution in 0.1 M HCI at -80" and remained stable for over 6 
months. 

Zmmunoadsorbent. The dipeptide, glycyltyrosine (1.4mmoles, 
Mann), was coupled to 400 ml of Sepharose 4B using the pro- 
cedure of Cuatrecasas (1970). The gel was washed with pH 
8.0 borate-buffered saline (BBS) and 0.4 mmole of DPPC was 
added. The mixture was stirred at room temperature over- 
night, washed with water, and stored in 1 M acetic acid at 4". 
It has remained stable for more than 8 months. 

Purification of TEPC 15 Protein. Ascites (100 ml) was 
brought to pH 8.6 with solid Tris and was reduced with 0.005 
M dithiothreitol and alkylated with 0.011 M iodoacetamide 
(Goetzl and Metzger, 1970a). The solution was diluted 1:3 
with BBS and applied to a 250-ml column of the immuno- 
adsorbent (above). After washing the column with 2-3 1. of 
BBS until the effluent had an absorbance of less than 0.05 
at 280 nm, the specifically bound protein was eluted with 250 
ml of M phosphorylcholine in BBS. The protein was con- 
centrated to 20 mg/ml and dialyzed exhaustively against BBS. 
The yield from 100 ml of ascites was usually about 1.5 g. 

Equilibrium Dialysis. Equilibrium dialyses were performed 
at room temperature in Lucite cells with 0.1-ml compartments 
(Eisen, 1971a) (Drummond) using phosph~ryl[methyl-~~C]- 
choline (23 mCi/mmole, New England Nuclear). 
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FIGURE 3 :  Kinetics of affinity labeling of TEPC 15 (5.0 X 10F h i )  
with DPPC (3.0 X M) in pH 8.3 BBS. Open circles indicate 
tubes containing disodium phosphorylcholine (5.0 X M). 

Extinction CoefJicient. The extinction coefficient of purified 
TEPC 15 protein was determined by measuring the absor- 
bance at 280 nm and determining the protein concentration 
by refractometry on a Brice-Phoenix refractometer assuming 
a refractive index increment of 0,00188 m1/10 mg (Kabat and 
Mayer, 1961). The E ~ ~ ~ ~ ,  Cm was 1.34. 

AfJinity Labeling. The purified protein of TEPC 15 at (0.5-5) 
X 10-j M was reacted with ['HIDPPC using 1-3 moles of 
reagent/mole of combining sites. The reaction was run at 0" in 
pH 8.3 BBS, and was stopped by addition of a 500-fold molar 
excess of resorcinol. In some cases, in order to attempt to 
protect the antibody sites from labeling and thus test the 
specificity of the labeling reaction, a 10- to 100-fold molar 
excess of disodium phosph~rylcholine~ was included in the 
reaction mixture. For analytical experiments the protein was 
precipitated with 10% trichloroacetic acid in the presence of a 
100-fold molar excess of disodium phosphorylcholine, washed 
three times with 10% trichloroacetic acid, and then redissolved 
in 1 % sodium dodecyl sulfate for determination of radioac- 
tivity and ODzB0. 

Peptide Analysis. Amino acid analysis on the Beckman 120C 
AutoAnalyzer and by paper electrophoresis, carboxypeptidase 
B digestion, hydrazinolysis, fingerprinting, and dansyl-Edman 
analysis were all performed as previously described (Goetzl 
and Metzger, 1970b). Thin-layer chromatography for identi- 
fication of dansylamino acids was performed on a small scale 
using 5 X 5 cm polyamide sheets according to Konigsberg 
(personal communication). a-Dansylhistidine was identified 
by dissolving the. lyophilized, hydrolyzed, dansylated peptide 
directly in absolute ethanol prior to analysis by thin-layer 
chromatography. 

N-Bromosuccinimide Cleaoage. N-Bromosuccinimide (100 
nmoles) was added to 50 nmoles of peptide in 0.4 ml of 0.1 M 
acetic acid. The mixture was incubated at 25" for 3 hr, and 
then passed over a Sephadex G-10 column in 0.1 M acetic acid. 
The peptides obtained were analyzed for N-terminal amino 
acids by the dansyl chloride method in the usual manner. 

Materials. Soybean trypsin inhibitor and trypsin which had 
been treated with ~-(tosylamido-2-phenyl)ethyl chloromethyl 
ketone were purchased from Worthington Biochemical Corp. 

3 Disodium phosphorylcholine was prepared by ion exchange of 
calcium phosphorylcholine (Calbiochem) with Dowex 50 (Na+) in 1 Z 
NaC1. The calcium was removed because it precipitated with borate ions 
at  certain pHs and interfered with subsequent analysis. 
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and each was stored as a 1 solution in 0.001 N HCI at -20". 
Thermolysin was purchased from California Biochemical 
Corp. and was dissolved in the appropriate buffer just prior 
to use. Carboxypeptidase B treated with diisopropyl fluoro- 
phosphate (Worthington) was stored at -20' as a stock solu- 
tion (6.1 mgiml) and diluted prior to use. 

Dansyl-C1 and dansylamino acids were purchased from 
Pierce Chemical Co. Polyamide chromatography sheets were 
obtained from Cheng Chin Trading Co., Ltd. (Gallard-Schles- 
inger Chemical Manufacturing Co.). Other reagents and resins 
were the same as those described previously (Goetzl and Metz- 
ger, 1970b) 

Results 

Pur$cation of TEPC I5 Protein. Immunospecifically purified 
protein gave a single line when assayed by immunoelectro- 
phoresis cs. a potent anti-ascites antiserum. Using the extinc- 
tion coefficient determined by refractometry (Methods) and 
assuming a molecular weight of 1.5 X lo5 (Jaffe et a/., 1971) 
the protein had a valence of 1.9 and an association constant 
of 2.2 X lo5 when assayed by equilibrium dialysis using phos- 
phoryl[methyl-14C]choline. The binding data when plotted 
by the method of Scatchard were linear. 

Modijication of TEPC I5 Protein "itli DPPC. The kinetics 
of the reaction of DPPC with TEPC 15 protein are shown in 
Figure 3. The presence of site-saturating concentrations of 
phosphorylcholine markedly reduced the rate of labeling. 
The reaction of DPPC with a nonphosphorylcholine binding 
protein was similarly slow. No reaction of DPPC with phos- 
phorylcholine itself was observed. 

For comparison, reactions of TEPC 15 with DPPC and two 
other diazonium reagents, p-diazonium benzoic acid and p-di- 
azonium benzyldimethylhydroxyethylammonium bromide 
(p-diazonium phenyl analog of choline), were carried out in the 
presence and absence of phosphorylcholine. The reactions 
were stopped at 5 hr with resorcinol, and the proteins were 
trichloroacetic acid precipitated, washed, redissolved in 1 
SDS, and analyzed for radioactivity (DPPC) or spectrally for 
azotyrosine groups by absorbancy at pH 5 and 12 at 475 nm 
using Leai5 (base-acid) 0.78 X l o4  for tyrosine azobenzoic 
acid and 1.0 X lo4 ,  assumed for the tyrosine azobenzyldi- 
methylhydroxyethylammonium group. The results shown in 
Table I indicate only DPPC gives a significant amount of 
specific labeling. In both the other cases less than 0.08 mole 
of specific labeling was observed. 

Properties of Labeled TEPC I S  Protein. The specifically 
labeled protein, with 2 moles of DPPC/mole of 7s TEPC 15 
protein, when studied by equilibrium dialysis using phos- 
phoryl[methj./- 'C]choline, showed total absence of measur- 
able binding activity. On the other hand, a preparation reacted 
with DPPC in the presence of phosphorylcholine had binding 
properties indistinguishable from those of the native protein. 

The distribution of the label bound to specifically modified 
TEPC 15 protein, was investigated on an analytical scale by 
disc electrophoresis in 7.5 x polyacrylamide with 0.1 sodium 
dodecyl sulfate, and on a preparative scale by gel filtration 
using Sephadex G-100 equilibrated with 5 M guanidine hydro- 
chloride. The results were the same by both methods and at all 
labeling reaction times studied (1-24 hr). Ninety per cent of 
the label was on the light chains, and ten per cent on the heavy 
chains. By contrast, a preparation reacted with DPPC in the 
presence of phosphorylcholine had 60% of the small amount 
of label associated with the heavy chains and 4 0 z  with the 
light chains. 
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TABLE I: Labeling of TEPC 15 by Various Diazonium Re- 
agents.O 

Moles of Azotyrosine/ 
Mole of Protein 

Without With 
Phosphoryl- Phosphoryl- 

Labeling Reagent choline choline 

p-Diazonium phenyl- 1 .24 0.20 
phosphorylcholine 

dimethylhydroxyethyl- 
ammonium bromide 

acid 

p-Diazonium benzyl- 0.39 0.32 

p-Diazonium benzoic 0.91 0.84 

a TEPC 15, 3.5 X M, in pH 8.3 BBS. A 3- to 5-fold 
molar excess of labeling reagent over sites was used in each 
case. The reaction time was 5 hr at 0". Samples to be pro- 
tected from labeling contained 2.5 X M phosphoryl- 
choline. 

Zsolution oj Lubefed Peptide. Specifically labeled TEPC 15 
protein (10-4 M) was reduced with 5 X M dithiothreitol 
in 5 M guanidine hydrochloride, adjusted to pH 8.6 with Tris- 
HCI, for 40 min at room temperature. The protein was reacted 
with a 100-fold molar excess (over SH groups) of ethylenimine 
and then applied to a Sephadex G-100 column equilibrated 
with 5 M guanidine hydrochloride. The labeled light chains 
were isolated and the spectrum was examined at pH 4 and 12 
(Figure 2). The spectra were virtually identical with those of 
the model compound, mono(pazophenylphosphorylcho1ine)- 
N-acetyl-L-tyrosine. The light chains were then dialyzed 
against 0.1 M acetic acid and lyophilized. 

This material was then redissolved in 1 ml of 10 M urea, 
diluted 1:7 with 0.2 M Tris-HC1 (pH 8.0) containing 0.01 M 

CaCb and digested with trypsin (1 Z wjw ratio) at 37 O for 3 hr. 
The flocculated material was pelleted by centrifugation for 10 
min at 1500 rpm, and soybean trypsin inhibitor (equal weight 
to the amount of trypsin used) was added to the separated 
supernatant. The precipitate was then redissolved in 10 M urea 
and rediluted and redigested with trypsin as before. Three 

TABLE 11: Composition of Labeled Tryptic Peptide. 

Moles 

AzoTyr 
LYS 
His 
TrP 
Glu 
Ala 
Val 
Leu 
TYr 

1 .O@ 
1.12 f 0.06 
0.81 i. 0.15 
0.82 i 0.29 
1.19 i 0.15 
1.08 f 0.08 
0.86 f 0.08 
1.01 f 0.06 
0.98 i 0.07 

a Azotyrosine was determined by radioactivity and the 
other amino acids were quantitated relative to it. 
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FIGURE 4: Sephadex G-50 fractionation of tryptic digest of affinity 
labeled TEPC 15 light chains in 1.0 M acetic acid. Shaded area indi- 
cates material used for further purification on CM-Sephadex 
(C-50). 

such cycles were usually sufficient so that no flocculated ma- 
terial remained after the last digestion. The supernatant frac- 
tions were then pooled, lyophilized, redissolved in 1 M acetic 
acid, and applied to a Sephadex G-50 column equilibrated 
with 1 M acetic acid. A typical elution pattern is shown in 
Figure 4. The major peak representing about 47 % of the ap- 
plied and recovered radioactivity, was lyophilized and applied 
to a 10-ml CM-Sephadex (C-50) column equilibrated with 0.01 
M pyridine acetate (pH 3.3). After thorough washing of the 
column, a gradient with 1.0 M pyridine acetate (pH 4.5) was 
begun. A single major radioactive component was eluted 
which represented 72 % of the radioactivity applied. The eluate 
when examined by ninhydrin analysis showed no major pep- 
tide peaks on either side of the peak coeluting with the radio- 
activity. The amino acid composition of the radioactive pep- 
tide is shown in Table 11. 

TABLE 111: Sequence of Labeled Tryptic Peptide and Resulting 
Thermolysin Peptides. 

NBS. B 
.1 .1 

Tryptic peptide Val-His-AzoTyr-Leu-Ala-Trp-Tyr-Glnb-Lys 

Thermolysin 
peptidesc (5%) (20%) 

Thl (30x)  Th7 Th5 Th3(15%) 
L--duL-- 
+ + + 

Th4 (15 %) 
Th2 ( l o x )  Th6 (10x7,) Th8 ( 5 % )  

+ + --+ 

Legend symbols: +, dansyl-Edman; =), subtractive Edman ; 
+ hydrazinolysis; B, carboxypeptidase B 
digestion. 

a N-Bromosuccinimide cleavage. * Determination of Gln 
us. Glu at this position was done by high-voltage paper elec- 
trophoresis at pH 6.5 in pyridine acetate buffer using thermoly- 
sin peptides Th3 and Th4. c Numbers in parentheses indicate 
approximate yield of each peptide. 
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TABLE IV:  Comparison of Labeled Peptide Sequences from MOPC 315 and TEPC 15 to Mouse and Human h-Chain Sequence 
Data for This Region. 

~ - _~ ~ - _ _ _ _  _ __ -~ _ _  
(30 31 32 33 34 35 36 37 38 39 

-Ser- Asp-Tyr*-Ala- Ser- Trp- Ile- Glu-Glu- Pro- 
Val- His- Tyr*-Leu- Ala- Trp- Tyr- Gln-Lys 
AsnB Sera Phes LeulL Ala, Trpl, TJ r14Glns Glng LYSIS 
Gly, Ame TJri Metl Asn, Phel G1x5 Glx6 Argl 
ASXB ASXL Asnl Serl ASXB Leu1 LeuL Glyl 

Ser- Lysl Trpl Gln, 

MOPC 315 (A) 
TEPC 15 ( K )  

Mouse and human hh 

Ile? Thr? Leu, Aspl A S X ~  

L > s ~  His1 Hi91 
_ 

a The numbering system used IS from Wu and Kabat (1970) ' Cumulated mouse and human K data are from Wu and Kabat 
(1970), Melchers (1969), andD J McKean, M. Potter, and L Hood (manuscript in preparation). Data are expressed as the total 
number of times each amino acid was observed at each position noted. The residues set in italic type indicate that this amino 
acid was also found at the corresponding position in TEPC 15 

Sequence Analysis oJ Labeled Peptide. The results of the 
sequence analysis are given in Table 111. The carboxy-terminal 
residue, determined by both hydrazinolysis and carboxypep- 
tidase B digestion, was lysine. Dansyl-Edman analysis of the 
amino-terminal end gave unequivocal results for positions 1, 
2 ,  and 4: Val-His-(?)-Leu. Position 3 gave no identifiable 
dansylamino acid. After N-bromosuccinimide cleavage two 
amino-terminal amino acids were found by dansylation : Val 
and Tyr. 

The labeled peptide (150 nmoles) was digested with ther- 
molysin (2 w/w) for 6 hr  at 37" in a pH 8.2 0.1 hi ammonium 
acetate buffer containing 0.01 M CaC12. The solution was suc- 
cessively chromatographed (butanol-acetic acid-H20, pH 
3.6) and electrophoresed (pyridine acetate, pH 3.6) on What- 
man No. 3MM paper. The ninhydrin-positive spots were cut 
out, eluted, and analyzed. The results are shown in Table 111. 
These data were adequate to give an unambiguous sequence 
for the labeled tryptic peptide. All the predicted thermolysin 
cleavages were observed (Matsubara, 1970). This sequence is 
very similar to a section of the variable region of human and 
mouse myeloma protein light chains (Table IV) but to  no other 
region of other light-chain sequences. Its approximate position 
in the TEPC 15 protein light chain can therefore be unambigu- 
o~isly defined. 

Discussion 

The residue which was most substantially affinity labeled 
in the TEPC 15 protein is exactly homologous to the light- 
chain tyrosines, which were affinity labeled in similar studies 
on the nitrophenyl binding myeloma protein of plasmacytoma 
MOPC 315 and on pig anti-DNPantibodies. Not only do these 
proteins interact with vastly different ligands but also the 
labeling reagents used in the pertinent studies were substan- 
tially different : m-nitrophenyldiazonium (Goetzl and Metzger, 
1970b ; Franek, 1971), N-(2,4-dinitrophenyl)-N'-(bromo- 
acety1)ethylenediamine (Haimovich et a/. , 1970; Eisen, 1971b), 
and p-diazonium phenylphosphorylcholine in the present 
work. 

. . ~ .. .. -. ~~ 

The data shown in Table IV suggest to us that position 38 may ac- 
tually be deleted i n  the TEPC IS light chain, so that the COOH-terminal 
I>sino would become homologous to thc lysine usually seen a t  position 
39. Scquence data 011 the residues immediately adjacent should resolve 
this ambiguity. 
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These results suggest to us the following. (1) The binding 
sites on the proteins from tumors MOPC 315 and TEPC 15 
are located in approximately the same regions in the three 
dimensional structure of these proteins. Furthermore, we have 
previously cited the evidence (Goetzl and Metzger, 1970a) 
that the MOPC 315 protein site is located in the same region as 
the combining site on conventionally induced anti-dinitro- 
phenyl antibodies. Together, these results suggest that all 
immunoglobulin combining sites are in the same location in 
the Fab region, and argue against the notion (Eisen et al., 
1967) that the combining sites on different immunoglobulins 
are located in different regions. (2) The residue in question 
may have some special reactivity not shared by other residues 
which participate in the combining site. It seems more than 
fortuitous that the same residue should become labeled despite 
the major stereochemical differences in the labeling reagents 
used. If steric factors were solely responsible for determining 
which residues became labeled one would have expected quite 
different results with the disparate reagents employed. Recent 
studies (Fuchs and Givol, 1968; Szpirer and Jeener, 1970; 
Otchin and Metzger, 1971) with the nitrating reagent, tetra- 
nitromethane, have shown that at a level of 1 nitrotyrosine/ 
mole of Fab essentially all combining activity is lost. Although 
there is no evidence that the critical tyrosine in the nitration 
studies is the same as the light-chain tyrosine so far implicated 
in the affinity-labeling studies,5 these findings do suggest that 
sLlCh special residues exist in antibody combining sites. This 
does not imply that the mechanism by which the pertinent 
residues became labeled was not basically of the affinity type. 
In all these studies, either by the use of a weakly cross-reacting 
but chemically similar reactive reagent, or by studying the 
reaction kinetics, or both, it could be shown that the labeling 
reagent was not simply reacting as a group specific reagent. 
The data do raise the possibility that the relevant tyrosine was 
labeled not only because it was near the reactive end of the 
reagent, but also because it was chemically more reactive com- 
pared to adjoining residues. (3) The relationship of the labeled 
tyrosine to the combining site is uncertain. As discussed else- 
where (Singer, 1967) the fact that the labeling reaction fulfills 
all the criteria of affinity labeling means that the labeled resi- 

- - ~ ~ ~ ~  ~ ~ __ 
6 In the study by Otchin and Metzger (1971) the relevant tyrosine 

appears primarily in  the F,]' region. The locations of the tyrosines 
nitrated in the other studies have not been described. 
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due is in the combining site as operationally defined but does 
not necessarily mean it is in the site as defined topologically. 
In the absence of X-ray diffraction data the best that one can 
do is to employ an affinity-labeling reagent in which the reac- 
tive group is (a) as close to the determinant as possible and 
(b) in a stereochemical relationship to the determinant similar 
to that known to be important from binding studies with 
ligand analogs. With these comments in mind it is useful to 
review those factors which speak for and against the labeled 
tyrosine being an intimate part of the combining site in 
the studies with m-nitrophenyldiazonium on MOPC 315 
and with p-diazonium phenylphosphorylcholine on TEPC 
15.  

Studies with m-Nitrophenyldiazonium and MOPC 315. The 
evidence that the residue is in the site is as follows. (i) Sub- 
stituents on the meta and para positions on the benzene ring 
relative to the nitro group(s) are known to affect binding (Jaffe 
et al., 1971). (ii) The diazonium group is immediately adjacent 
to the nitrophenyl group and in view of (i) can almost be con- 
sidered a part of the determinant. (iii) The tyrosine which 
becomes labeled is in a sequence position immediately adja- 
cent to one of the “hypervariable” regions (Wu and Kabat, 
1970; Franek, 1970) which because of this hypervariability 
are implicated as directly participating in the combining sites 
of immunoglobulins. 

The evidence against this tyrosine being directly in the com- 
bining site is as follows. (i) The binding activity while markedly 
diminished is not entirely lost after labeling. (ii) Affinity- 
labeled MOPC 315 when reduced with dithionite (which puts 
an NH2 group at the 3 position of the relevant tyrosine) is as 
active as native protein (Hadler and Metzger, 1971). 

Studies with DPPC and TEPC 15. The evidence that the 
residue is topologically in the site is as follows. (i) The binding 
activity is entirely lost after labeling. (ii) Phosphorylcholine 
analogs with consitutents at the distal end of phosphoryl- 
choline, e.g., p-nitrophenylphosphorylcholine, glycerolphos- 
phorylcholine are less strongly bound than phosphorylcholine 
itself (B. Chesebro, unpublished observations; Leon and 
Young, 1971). This suggests that such constituents are steri- 
cally interacting with the combining site (on the other hand, 
it is possible that the weaker binding could simply be due to a 
reduction of the negative charge on the phosphate). (iii) The 
tyrosine which becomes labeled is the “same” one labeled by 
rn-nitrophenyldiazonium with MOPC 315 and in pig anti- 
DNP. The evidence that that tyrosine is in the site of these 
immunoglobulins is quite suggestive (see above). 

Since the reactive diazonium group could be quite distal 
to the phosphorylcholine determinant, 5-6 A as estimated 
from molecular models, it is conceptually possible that the 
labeled tyrosine is not directly in the site; however, whatever 

the role of the tyrosine in question, it is likely that it is similar 
in immunoglobulins of diverse binding properties. 

Acknowledgments 

We thank Drs. Sheldon Milstein and Louis Cohen for valu- 
able discussions concerning the chemical syntheses for this 
study. The skillful assistance of Mr. George Poy with the 
amino acid analyses is greatly appreciated. 

References 

Bird, P. R. (1967), J .  Chern. SOC. C, 447. 
Cuatrecasas, P. (1970), J.  Biol. Chern. 245,3059. 
Eisen, H. N. (1971a), in Methods in Immunology and Im- 

munochemistry, Vol. 111, Williams, C. A,, and Chase, 
M. W., Ed., New York, N. Y., Academic Press, p 393. 

Eisen, H.  N. (1971b), Ann. N .  Y .  Acad. Sci. (in press). 
Eisen, H. N., Little, J. R., Osterland, C. K., and Simms, E. S. 

(1967), ColdSpring Harbor Symp. Quant. Biol. 32,75. 
Franek, F. (1970), in Developmental Aspects of Antibody 

Formation and Structure, Sterzl, J., and Riha, I., Ed., 
NewYork,N. Y., AcademicPress,~ 311. 

Franek,F. (1971), Eur.J. Biochem. 19,176. 
Fuchs, S.,  and Givol, D. (1968), FEBS (Fed. Eur. Biochem. 

Goetal, E. J. ,  and Metzger, H. (1970a), Biochemistry 9,1267. 
Goetzl, E. J., and Metzger, H. (1970b), Biochemistry 9, 3862. 
Hadler, N., and Metzger, H. (1971), Proc. Nat. Acad. Sci. 

Haimovich, J., Givol, D., and Eisen, H. N. (1970), Proc. Nut. 

Hanes, C. S. ,  and Isherwood, F. A. (1949), Nature (London) 

Jaffe, B. M., Simms, E. S., and Eisen, H. N. (1971), Biochemis- 

Kabat, E. A., and Mayer, M. M. (1961), Experimental 

Kurioka, S. (1968),J. Biochem. (Tokyo) 63,678. 
Leon, M. A., and Young, N. M. (1971), Biochemistry I O ,  1424. 
Matsubara, M. (1970), Methods Enzymol. 19,648. 
Melchers, F. (1969), FEBS (Fed. Eur. Biochem. SOC.) Lett. 

Otchin, N., and Metzger, H. (1971),J. Biol. Chern. 246,7051. 
Potter, M., and Leon, M. A. (1968), Science 162,369. 
Potter, M., and Lieberman, R. (1970), J .  Exp. Med. 132,737. 
Singer, S. J. (1967), Aduan. Protein Chern. 2 2 , l .  
Szpirer, C., and Jeener, R. (1970), FEBS (Fed. Eur. Biochern. 

Wu,T. T., andKabat, E. A. (1970),J. Exp. Med. 132,211. 

Soc.) Lett. 2,45. 

U. S. 68,1421. 

Acad. Sci. U. S.  67,1656. 

164,1107. 

try 10,1693. 

Immunochemistry, Springfield, Ill., C. C Thomas, p 628. 

15,169. 

SOC.) Lett. 8,229. 

B I O C H E M I S T R Y ,  V O L .  1 1 ,  N O .  5, 1 9 7 2  771 


