IDENTICAL LIGHT CHAINS AND Vy REGIONS IN IGA AND IGG

Arbor, Mich.

Pudek, M. R., and Richards, W. R. (1975), Biochemistry
14, 3132.

Reed, D. W. (1969), J. Biol. Chem. 244, 4936.

Reed, D. W., and Clayton, R. K. (1968), Biochem. Bio-
phys. Res. Commun. 30, 471.

Reiss-Husson, F., and Jolchine, G. (1972), Biochim. Bio-
phys. Acta 256, 440.

Richards, W. R., and Lascelles, J. (1969), Biochemistry 8,
3473,

Schick, J., and Drews, G. (1969), Biochim. Biophys. Acta
183, 215.

Schnaitman, C. A. (1969), Proc. Natl. Acad. Sci. U.S.A.
63,412.

Segen, B. J., and Gibson, K. D. (1971), J. Bacteriol. 1035,
701.

Shaw, M. A. (1974), Thesis, Simon Fraser University, Bur-
naby, B.C.

Shaw, M. A,, Pudek, M. R., Wallace, R. B., Tsao, M. S,,
and Richards, W. R. (1973), Abstracts, 1st Annual

Meeting of the American Society for Photobiology, Sara-
sota, Fla., June 10-14, p 177.

Shaw, M. A,, and Richards, W. R. (1971), Biochem. Bio-
phys. Res. Commun. 45, 863.

Shaw, M. A., and Richards, W. R. (1972), Photosynth.,
Two Centuries Its Discovery Joseph Priestley, Proc. Int.
Congr. Photosynth. Res., 2nd, 1971, 3, 2733.

Slooten, L. (1972), Biochim. Biophys. Acta 256, 452.

Smith, W. R,, Sybesma, C., and Dus, K. (1972), Biochim.
Biophys. Acta 267, 609.

Steffen, H., and Calvin, M. (1970), Biochem. Biophys. Res.
Commun. 41, 282,

Steiner, L. A, Okamura, M. Y., Lopes, A. D., Moskowitz,
E., and Feher, G. (1974), Biochemistry 13, 1403.

Takemoto, J., and Lascelles, J. (1973), Proc. Natl. Acad.
Sci. US.A.70, 799.

Wang, R. T., and Clayton, R. K. (1973), Photochem. Pho-
tobiol. 17, 57.

Weber, K., and Osborn, M. (1969), J. Biol. Chem. 244,
4406.

Studies on IgA and IgG Monoclonal Proteins Derived
from a Single Patient. Evidence for Identical
Light Chains and Variable Regions of the Heavy Chain?

Daryl S. Fair,! Carlos Sledge,? Robert G. Krueger, # *
Kenneth G. Mann, and Leroy E. Hood

ABSTRACT: Two immunoglobulins, IgA(x) and IgG(x),
were isolated from the serum of a single patient with two
monoclonal components (biclonal proteins). After chain
separation, the light chains from each molecule were found
to be identical by the following criteria: electrophoretic
mobilities under various pH and dissociating conditions,
amino acid composition, fingerprint analysis of tryptic pep-

Multiple myeloma is a neoplasm of antibody-producing
cells which may result in the appearance of a monoclonal
immunoglobulin in the serum. Biclonal myeloma, on the
other hand, shows an increase in two distinct immunoglobu-
lins. This condition, which occurs in a much higher frequen-
cy than what would be expected for two independent neo-
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tides and of '4C-succinylated chymotryptic peptides, and
amino acid sequence of the N-terminal 40 residues. The
heavy chains were indistinguishable for the N-terminal 45
amino acid residues. These data are consistent with the hy-
pothesis that a single heavy chain variable (Vy) region may
be associated with two different heavy chain constant (Cy)
genes.

plastic events, may reflect the normal differentiation pro-
cess of antibody-producing cells (Sledge et al, 1975).
Therefore, immunoglobulins from patients with biclonal
myeloma may be used as a model to investigate the nature
of genetic control during clonal differentiation of these
cells.

There are three pieces of evidence which suggest a shared
structural relationship between the individual members of
biclonal immunoglobulin pairs. First, antigenic sites located
within the H and L chain variable (V)’ regions appear to be
unique for a given immunoglobulin and are termed idiotyp-
ic determinants. The existence of shared idiotypic determi-
nants between the individual members of a pair of biclonal
proteins suggests that the V region genes of both the H and

! Abbreviations used are: H chain, heavy chain; L chain, light chain:
V region, variable region; C region, constant region; Tos-PheCH:Cl,
L-(1-tosylamido-2-phenyl)ethyl chloromethyl ketone; Pth, phenylthio-
hydantoin.
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L chains, whose products sterically interact to form the an-
tigen binding site, are very similar for both molecules
(Wang et al,, 1970; Yagi and Pressman, 1973; Rudders et
al,, 1973; Fair et al., 1974a), Second, L chains isolated from
biclonal immunoglobulins have been shown to be very simi-
lar by their electrophoretic mobilities, amino acid composi-
tions, peptide maps, and N-terminal amino acid sequences
(Wang et al., 1969; Pink et al., 1971; Seon et al., 1973a;
Wolfenstein-Todel et al., 1974). These data suggest that the
genes responsible for the synthesis of both L chains (the V
and the C region) are very similar, if not identical, for both
biclonal myeloma immunoglobulins. Finally, because no
differences can be detected in the N-terminal amino acid
sequences of both H chains in biclonal immunoglobulins,
the heavy chain variable region (Vy) genes appear to be
shared for both immunogiobulins (Wang et al., 1970; Seon
et al.,, 1973b). However, not one H chain hypervariable re-
gion located within the antigen-combining site has been
completely sequenced for any biclonal pair of proteins and
thus the data are only suggestive that identical Vi genes
can combine with one or more Cy genes. Moreover, because
biclonal myeloma patients share idiotypic determinants and
structural analysis of H and L chains indicates apparent
similarities, biclonal myeloma immunoglobulins may indeed
be the products of two clones of antibody-producing cells
which have differentiated from a common precursor cell
(Sledge et al., 1975).

Previously, we presented evidence for the sharing of com-
mon idiotypic antigenic determinants between IgA and IgG
biclonal immunoglobulins for patient GR (Fair et al.,
1974a). In this report, we describe our results which indi-
cate that the « light chains of the IgA and IgG molecules
are identical and that differences in the N-terminal region
of the heavy chains of these molecules could not be detect-
ed. A preliminary report of these data has been presented
elsewhere (Fair et al., 1974b).

Materials and Methods

Protein Purification, Isolation of IgA and IgG monoclo-
nal proteins from the plasma of patient GR has been de-
scribed previously (Fair et al., 1974a).

Separation of Heavy and Light Chains. Each intact im-
munoglobulin (15 mg/ml) was mildly reduced in 0.5 M
Tris-HCI (pH 8.2) with 0.2 M 2-mercaptoethanol for 2 hr
at room temperature. Carboxylmethylation was achieved
with iodoacetic acid in 10% molar excess at 0°C for ! hr in
the dark, and addition of NaOH maintained the pH be-
tween 8.2 and 8.5. The mixture was dialyzed against 0.15
M NaCl and then exhaustively against H,O at 4°C.

Separation of H and L chains was achieved by adding
propionic acid to the protein solution to a final concentra-
tion of 1 M, incubating for 2 hr (Bjork and Tanford, 1971),
and passing the solution over a Sephadex G-100 column (3
X 100 cm) equilibrated in 1 M propionic acid, according to
the method described by Fleischman et al. (1962). Fol-
lowing elution, the separated proteins were dialyzed against
0.01 M sodium acetate buffer (pH 5.5) and then against
0.01 M sodium acetate (pH 5.5), containing 0.15 A NaClL
This procedure produced three peaks on elution from Se-
phadex G-100. The first peak contained aggregated H
chains with some L chain contamination. Heavy chains
were present in the second eluting peak, and light chains
were contained in the third peak. The isolated polypeptide
solutions were concentrated by ultrafiltration by employing
Amicon PM-10 membranes. Occasionally, aggregated ma-
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terial eluting in the first peak from the Sephadex G-100 col-
umn was concentrated to approximately 25 mg/ml, brought
to 6 M guanidinium chloride, and the H and L chains fur-
ther separated over a 6% agarose column (1.5 X 85 c¢m)
equilibrated in 6 M guanidinium chloride (Mann et al.,
1973). After elution, the separated proteins were treated as
described above, or dialyzed exhaustively against H-O, ly-
ophilized, and stored at —20°C.

Electrophoresis. The electrophoretic mobilities of the
isolated L chains were analyzed in a variety of polvacrylam-
ide gel systems. First, analyses of electrophoretic mobilities
in sodium dodecyl sulfate-10% polyacrylamide gels using
nonreduced and reduced treatments with 2-mercaptoetha-
nol have been previously described (Weber and Osborn,
1969; Mann et al,, 1971). Second, the urea-acetic acid sys-
tem described by Panyim and Chalkley (1969) for 10%
polyacrylamide gels served as another denaturing solvent
but at an acid pH. Third, disc gel electrophoresis in 10%
polyacrylamide was carried out in a dilute aqueous solvent
at alkaline pH as described by Davis (1964). Protein bands
were resolved in the above gels by staining with Coomassie
blue as described by Fairbanks et al. (1971).

Isoelectric focusing of the x chains was carried out by two
separate methods. In the first, the L chains were focused in
7% acrylamide gels containing 2% ampholine (pH range
3-10) between solutions of 2% phosphoric acid and 0.05 M
NaOH at 250 V for 3 hr. The proteins were fixed in the gels
with 12% trichloroacetic acid (CI;CCOOH) and the am-
pholines removed by several washes in 2% Cl;CCOOH. The
resulting protein pattern was developed by staining with
0.1% amido black in 7% acetic acid-0.1% Cl:CCOOH solu-
tion and destained electrophoretically in 7% acetic acid-
0.1% CI3CCOOH. In the second procedure, the polypep-
tides were foeused in 6% acrylamide gels (1 X 11 c¢cm), con-
taining 0.6% ampholine (pH range 3-10) and 6.7 M urea
between solutions of 5% phosphoric acid and 5% ethylenedi-
amine at constant voltage (1 W/gel) for 12 hr. After re-
moving the ampholines by soaking the gels in a 20% IPA-
25% sulfosalicylic acid solution, the proteins were resolved
by staining in 0.0025% Coomassie blue in 10% acetic acid
and destaining in 10% acetic acid.

Amino Acid Analysis. The amino acid composition of the
light chains was determiined on a Beckman Model 119 auto-
mated amino acid analyzer utilizing 3-hr, single column
methodology. Duplicate protein samples were hydrolyzed in
evacuated tubes with 6 M HCI for 25 hr at 110°C. The
samples were applied to a column matrix of Beckman’s
spherical resin (AA-15), and the amino acid residues were
eluted at 53.5°C under pressure by stepwise changes of
threc buffers: (a) 0.2 N sodium citrate (pH 3.49): (b) 0.2 N
sodium citrate (pH 4.13); (¢) 0.2 N sodium citrate (pH
5.72).

Peptide Maps. Tryptic digestion of the light chains was
performed by a modification of the method of Stears et al.
(1965). Lyophilized samples were dissolved in 6 M guani-
dinium chloride (10 mg/ml) and completely reduced with
2-mercaptoethanol (1:10, v/v). The pH was adjusted to 8.6
with 1 M NaOH, and reduction proceeded at room temper-
ature for 8 hr. Samples were then dialyzed exhaustively
against 0.001 M HC1-0.01 M 2-mercaptoethanol, and heat
denatured at 100°C for 15 min. This solution was brought
to 0.2 M NH4HCO; while still hot, and the protein coagu-
lated upon cooling. The denatured protein solution was
made 0.01 M in 2-mercaptoethano!l and incubated with dry
L-(1-tosylamido-2-phenyl)ethyl chloromethyl ketone (Tos-
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FIGURE |: Polyacrylamide gel electrophoretic analysis of GR « light
chains. In each pair of gels, the light chain from IgA is to the left and
the light chain from IgG is to the right. Migrations of each polypeptide
are depicted in a discontinuous system at pH 8.9 (A), in an unreduced
sodium dodecyl sulfate system (B), in a sodium dodecyl sulfate gel re-
duced with 2-mercaptoethanol (C), in a urea-acetic acid system at pH
3.2 (D), and isoelectric focusing in 7% acrylamide gels containing 2%
ampbholine (E).

PheCH>Cl)-trypsin (1:100, w/w) at 37°C for 24 hr. Fol-
lowing hydrolysis, the samples were lyophilized, and the dry
hydrolysate was taken up in 0.01 M acetic acid. One to two
milligrams of hydrolysate was spotted on a sheet of What-
man No. 3MM paper (57 X 45 cm), and the peptides were
initially separated by descending chromatography in a sol-
vent of butanol-acetic acid-water (4:1:5, v/v) for 16 hr.
The peptides were further separated by high-voltage elec-
trophoresis in a pyridine-acetic acid-water (1:10:289, v/v)
buffer (pH 3.7) for 1 hr at 3000 V at a right angle to chro-
matographic separation. The chromatogram was developed
by a ninhydrin solution, and the spots and colors were
noted. Duplicate peptide maps were done for each hydroly-
sate.

Following the modification of the L chains by '*C-suc-
cinylation the polypeptides were digested with chymotryp-
sin and analyzed by radioautography, according to the pro-
cedure of Waterson and Konigsberg (1974). Modification
of 1.5 mg of L chain was carried out with ['*C]succinic an-
hydride in a 0.5-ml solution of 0.5 M Tris-HCl-6 M guani-
dinium chloride (pH 9.0) and the mixture was permitted to
react for 20 min at 25°C. Unlabeled succinic anhydride
(1.5 mg) was then added, and the reaction was allowed to
proceed for an additional 30 min while maintaining the pH
at 9.0 by the addition of 6 N NaOH. After dialysis against
0.1 M ammonium bicarbonate, the protein concentration
was adjusted to 1 mg/ml (specific activity 0.5 uCi/mg of
protein) and subjected to chymotryptic hydrolysis (6%,
w/w) for 24 hr at 25°C. Separation of the peptides was first
accomplished by spotting 15 ul of the digest on a cellulose
thin-layer plate (20 X 20 cm) and then electrophoresing at
pH 5.5, using a pyridine-acetic acid-water (25:1:225, v/v)
solvent system on a DESAGA Brinkman cold plate electro-
phoresis unit. Next, ascending chromatography was carried
out at a right angle to the electrophoretic separation using a
solvent system of butanol-acetic acid-water (3:1:1, v/v).
The '*C-succinylated peptides were detected by radioauto-
graphy after 64-hr exposure on Kodak No-Screen x-ray
film.

Amino Acid Sequence Analysis. Each chain was subject-
ed to 40-45 steps of degradation by the automated Edman
procedure using a Beckman 890A protein sequenator
employing the standard DMBA program. Samples were
dried under N> and converted to the phenylthiohydantoin
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FIGURE 2: Isoelectric focusing gels of GR « light chains in 6% acryl-
amide gels containing 0.6% ampholine and 6.7 M urea: (1) IgA; (2)
1gG; (3) IgA + IgG.

(Pth) amino acids by treatment with 1 N HCI-0.001 N eth-
anethiol for 10 min at 80°C. Following extraction in ethyl
acetate, 5% of each sample was run on a Hewlett-Packard
gas chromatograph equipped with dual glass columns
packed with 7.5% DC-560. The remainder of each sample
was then regenerated by hydrolysis in hydriodic acid for 18
hr at 120°C (Smithies et al., 1971), and analyzed on a Dur-
rum D-500 amino acid analyzer. Throughout these experi-
ments, Pth-norleucine was added to the sequencer tubes
prior to conversion to normalize for any losses due to han-
dling. The methodologies used in these studies have been
described in a previous publication (Hood et al., 1973).
Yields of approximately 50% of the theoretical values were
noted at step 1 and the repetitive yields averaged 90% for
all chains.

Results

Light Chain Studies. Light chains isolated from mildly
reduced immunoglobulin and separated on Sephadex G-100
equilibrated in 1 M propionic acid always revealed less than
2% contamination by heavy chain. However, after passing
the isolate through a 6% agarose column equilibrated in 6
M guanidinium chloride contaminants could not be detect-
ed.

Light chains isolated from IgA and IgG of patient GR
were compared for similarities in their electrophoretic be-

14, No. 26, 1975 5563



FIGURE 3: Tryptic peptide maps of GR « chains from IgA (left) and
IgG (right). Descending chromatography is from left to right, and elec-
trophoresis is from bottom to top in each map. Solid lines indicate pro-
nounced color while dashed lines outline faint spots. The Y and G rep-
resent spots colored yellow and gray, respectively, by the ninydrin re-
agent.

Table [: Amino Acid Compositions of GR «x Chains.@

Amino Acid KG KAm KAD
Asp 14.66 14.71 14.64
Thr 14.54 14.60 14.69
Ser 28.93 28.83 2891
Glu 28.37 28.90 28.37
Pro 10.28 9.07 10.23
Cys 2.64 2.73 2.91
Gly 12.16 12.30 12.60
Ala 16.07 16.58 16.34
Val 13.63 13.64 13.66
Met 1.66 1.74 1.62
Ile 6.51 6.64 6.56
Leu 15.21 15.29 15.08
Tyr 8.73 8.57 7.98
Phe 8.35 8.12 8.43
Lys 10.38 10.31 10.57
His 2.76 2.83 2.99
Arg 9.73 9.84 9.83

a Twenty-five hour hydrolysis in 6 M HClat 110°C.

havior under a variety of denaturing and pH conditions.
Figure 1 depicts the results for both L chains. Both poly-
peptides had the same mobilities in disc electrophoresis with
a running gel of pH 8.9, using nondenaturing conditions
(Figure 1A). Protein mobilities are also the same when the
molecules were analyzed under denaturing conditions with
sodium dodecyl sulfate, whether or not a reducing agent
was used (Figure 1B,C). No difference in migration was de-
tected when electrophoresis was carried out using 10% poly-
acrylamide gels in urea-acetic acid (Figure 1D). Finally,
when the isoelectric focusing patterns of both light chains
were compared, they were very similar (Figures 1E and 2).
Because it was not possible to detect differences in electro-
phoretic mobilities between the L chain from IgA or 1gG
when analyzed under various denaturing and pH condi-
tions, the data suggested that the two light chains are very
similar, if not identical.

A further comparison of the light chains was carried out
by determinations of their amino acid composition. Includ-
ed in Table I are the average molar quantities of the amino
acid residues of duplicate samples present in the « chains
isolated from IgG, IgA monomer, and IgA polymer. The re-
sults indicate that the three polypeptides are very similar, if
not identical. Only the number of proline residues in the
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FIGURE 4: Autoradiograms of the chymotryptic peptide maps of '*C-
succinylated GR « chains from IgA (top) and 1gG (bottom).

light chain from IgA monomer is different from the other
two molecules, and this difference of one residue is within
experimental error.

Mapping the polypeptides produced after enzyme cleav-
age was employed to show similarities in primary sequence
structure between both the IgA « chain and the 1gG « chain.
Figure 3 depicts representative maps of the fingerprint pat-
tern of both polypeptides after Tos-PheCH,Cl-trypsin di-
gestion. Because the map patterns were very similar, this
suggested that the primary amino acid sequence of both L
chains was also very similar. In addition, analogous results
were observed when the polypeptides were labeled with
['#C]succinate and hydrolyzed with chymotrypsin (Figure
4). Again, the autoradiograms indicated a very similar dis-
tribution of labeled peptides, when the two L chains were
compared. It, therefore, appeared that both chains were
very similar, if not identical, in their primary structure.

Because the above data suggested that the L chains were
very similar in their amino acid sequence, we determined
the N-terminal amino acid sequence of each polypeptide
chain. The results of the first 40 amino acid residues are de-
picted in Figure 5. These data indicated that (1) both L
chain sequences were consistent with that of the V,I
subgroup, (2) both were identical over that portion of the V
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1 10 20
Prototype k;  ASP ILE GLN MET THR GLN SER PRO SER SER LEU SER ALA SER VAL GLY ASP ARG VAL THR
IgG K THR
IgA K THR
30 40
Prototype K ILE THR CYS ARG ALA SER GLN SER ILE SER HYP TRP LEU ASN TRP TYR GLN GLY LYS PRO
g6 & ARG SER ALA ARG| —
IgA ¥ ARG SER ALA —

I

FIGURE 5: The N-terminal sequences of human « chains from biclonal immunoglobulins from patient GR compared with a human prototype V,I
sequence. The boxed residues have not been found in any other human V, regions. HYP indicates a position with many substitutions (hypervaria-
ble). HV indicates the extent of the first hypervariable region. Parentheses designate an unidentified residue. The amides have not been identified.

region examined (~35%), (3) both contained unique resi-
dues not seen in any other human V region, e.g., the arginyl
residues at positions 27 and 39, and (4) both « chains were
identical throughout the first hypervariable region.

Heavy Chain Studies. To determine if the same Vy re-
gion was shared between the two H chains, we sequenced
the N-terminus of each polypeptide. Figure 6 shows our re-
sults from this analysis for the first 45 amino acid residues.
The data indicated that (1) the gene encoding this sequence
corresponded to a VyIII subgroup gene, (2) the sequences
of both a and v chains were indistinguishable over that por-
tion of the V region examined (~40%), (3) both contained
unique residues not seen in any other human Vy region, i.e.,
the tyrosyl, prolyl, and arginyl residues at positions 33, 38,
and 43, respectively, (4) the amino acid residues within the
first hypervariable region were identical for both chains,
and (5) although the residues at position 35 were not identi-
fiable, their chromatographic profiles were identical.

Discussion

Immunoglobulins from patients with biclonal myeloma
may be used as a model to investigate the nature of genetic
control during clonal differentiation of antibody-producing
cells. Two observations suggest that biclonal myeloma may
reflect the normal differentiation process in which two or
more daughter clones of immunoglobulin-producing cells
are derived from a common precursor cell. First, the spon-
taneous incidence of multiple myeloma is about 1 in 20000
(Moore, 1967), whereas biclonal myeloma occurs in 1% of
these individuals afflicted with this disorder (Bihrer et al.,
1974). This frequency of biclonal myeloma is much higher
than what would be expected for two independent spontane-
ous neoplastic events, and suggests that a precursor cell
may undergo neoplastic conversion and subsequently differ-
entiate to produce two or more daughter cells each synthe-
sizing a different immunoglobulin. Second, immunochemi-
cal and biochemical studies indicate that each pair of biclo-
nal myeloma proteins share very similar structural features.
The most common feature is the sharing of similar, if not
identical, light chains and Vi regions between both immu-
noglobulins. Accordingly, a single Vy gene may be associ-
ated with two or more different Cy genes. Moreover, the
similarities in the individual molecular components from
the serum of patients with this condition provide us with an
opportunity to examine the pathway(s) of differentiation of

antibody-producing cells.

Our study indicated that the « chains from the monoclon-
al IgA and monoclonal IgG from the serum of patient GR
are very similar, if not identical, when compared by their
mobilities in polyacrylamide gels under a variety of pH and
dissociating conditions, amino acid compositions, peptide
maps, and amino acid sequence of the N-terminal 40 resi-
dues which included the first hypervariable region. In previ-
ous studies, one or two gel systems were employed as a mea-
sure of identical polypeptide chain mobility. These results
may be misleading as shown for the light chain mobility for
patient VN (Goldrosen et al., 1972). Under acidic condi-
tions, both A chains had identical mobilities, but when an
alkaline pH was utilized, the chains showed distinctly dif-
ferent migrations. Therefore, we used six separate systems,
including isoelectric focusing, to compare the « chains from
IgA and IgG. Under every condition employed, both poly-
peptides had identical mobility, suggesting that each had a
similar molecular weight and charge. This identity was also
reflected in their amino acid compositions. Further, the pri-
mary sequence of each L chain appeared to be identical by
peptide mapping. The production of similar patterns by two
different methods of protein digestion and peptide fraction-
ation gave strong support to this conclusion. Moreover, each
polypeptide had the same amino acid sequence for the N-
terminal 40 residues. These data indicated that the L chains
were identical for about 35% of the V region which be-
longed to the V,I subgroup prototype. In addition, they con-
tained unique residues not seen in any other Vi region
(Gally, 1973), e.g. the arginyl residues at positions 27 and
39, and both L chains were identical throughout the highly
substituted hypervariable region (Wu and Kabat, 1970).
This suggests that both proteins are derived from a single
unique clone.

A comparable analysis of the L chain from other biclonal
immunoglobulins has been carried out with only one other
patient, Til (Wang et al., 1969; Pink et al., 1971). In this
case, the « chains from monoclonal IgM and monoclonal
IgG were indistinguishable when compared by electropho-
retic mobilities in starch gel, amino acid composition, tryp-
tic peptide maps, optical rotatory dispersion, circular di-
chroism, and the amino acid sequence analysis of the N-ter-
minal 37 residues. Studies on other pairs of biclonal pro-
teins suggest analogous results, but amino acid sequences
extending through the first hypervariable region have not
1975 5565
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_%
WY1y

HViy
120
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FIGURE 6: The N-terminal sequence of human heavy chains from biclonal immunoglobulins from patient GR and that from patient Til (Wang et
al., 1973) compared with a human prototype VyllI sequence. The numerical values corresponding to specific amino acid residues may differ from
those reported in the literature due to insertion and deletion adjustments of the prototype sequence. For an explanation of the symbols, see Figure 5.

been reported (Seon et al., 1973a; Wolfenstein-Todel et al.,
1974). Our data and those reported above lend strong sup-
port to the hypothesis that many pairs of biclonal immuno-
globulins originate from a common stem cell and share the
same V[, region gene as well as the same C|_region gene.
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Unequivocal demonstration of the association of one Vi
region with two or more Cy regions is required to support
the postulated development of biclonal myeloma immuno-
globulins from a common stem cell. The data on patient GR
indicated that the N-terminal 45 amino acid residues of the
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a and v chains were indistinguishable. This primary se-
quence represents about 40% of the V region and included
the first hypervariable region as defined by Capra and
Kehoe (1974) for the H chain subgroup prototype gene
VylII Identical amino acid sequences of the V region resi-
dues 1-34 and 83-108 (Wang et al., 1970, 1973; Pink et al.,,
1971), which includes sequences of three hypervariable re-
gions, of the v and u chains from patient Til also provide
evidence in support of this requirement. However, these in-
clude only a partial sequence for the first and fourth H-
chain hypervariable regions which are involved in the anti-
gen binding site (Amzel et al., 1974), and a complete se-
quence of the third hypervariable region which does not
function in the antibody-combining site (Figure 6). Addi-
tional support of this supposition from other biclonal pro-
teins is meager (Seon et al., 1973b; Wolfenstein-Todel et
al.,, 1974).

Attempts to extrapolate V region identity from partial
amino acid sequences identical through the first hypervaria-
ble region may be hazardous because examples are known
where changes can occur in amino acid positions following
this hypervariable region (see Figure 6 in Hood et al.,
1975). Obviously, it is critical to carry out a complete
amino sequence analysis of the entire Vy region from two
biclonal proteins. However, the first hypervariable regions
of the GR « and v chains are identical, and the residues at
positions 33, 38, and 43 are unique as they have not been
observed in any other human Vy region. Since both the IgA
and IgG appear to share identical idiotypic determinants
(Fair et al.,, 1974a), it is likely that the Vi regions from
IgA and IgG are very similar, if not identical. Hence, these
data are consistent with the notion that the cells producing
the GR proteins were derived from a common stem cell.

Studies on biclonal immunoglobulins could shed light on
the pathway of differentiation of antibody-producing cells if
the following is assumed: (1) the immunoglobulin-produc-
ing myeloma cells represent “frozen” stages of maturation,
i.e. cells producing IgG will not subsequently produce other
immunoglobulins; (2) the intermediate steps in differentia-
tions are not skipped during the neoplastic event. Immuno-
suppression of lymphoid cells by anti-u chain antisera early
in development inhibited the production of IgM, IgG, and
IgA antibody-producing cells (Kincade et al., 1970; Lawton
et al., 1972; Pierce et al., 1972; Herrod and Warner, 1972;
Martin and Leslie, 1974; Manning, 1974). These studies in-
dicated that IgG and IgA-forming cells are derived from
IgM-producing precursors (Lawton and Cooper, 1973;
Martin and Leslie, 1974; Manning, 1974). From these data,
two models on the differentiation of antibody-producing
cells were formed. In the first, a sequential and linear devel-
opment of IgM — [gG — IgA-forming cells was postulated
(Cooper et al., 1972), whereas in the second, a multipoten-
tial IgM precursor cell may give rise to all the immunoglob-
ulin classes by separate pathways (Manning, 1974; Warner,
1974). There are four combinations of biclonal immuno-
globulins of different H chain classes and these are: IgM +
IgG, IgG + IgA, IgM + IgA, and IgD + IgG. These data
suggest that B cell differentiation is more complex than ei-
ther of the previous models. For example, the linear sequen-
tial model does not explain IgA + IgM biclonals, nor does
the multipotential model explain IgA + IgG biclonals.

Whatever the pathway of antibody-forming cell differen-
tiation is, there are two possible explanations for the associ-
ation of one Vy gene with two or more Cy genes. First,
Sledge et al. (1975) have suggested that multiple copies of a

BIOCHEMISTRY, VvOL. 14, No. 26, 1975

given Vy gene could be made and inserted simultaneously
next to all of the Cy region genes. The expression of any
one VHCh gene combination would then be regulated by
normal developmental mechanisms. A second mechanism of
gene expression has been suggested by Wang et al. (1970).
In this case, a single Vy gene is translocated from one Cy
gene to another during a clonal development with each cell
expressing only a single V4Cy gene product. Immunofluo-
rescent studies on bone marrow in cells from individuals
with biclonal proteins indicate that one immunoglobulin
class is synthesized from a single population of cells (Wang
et al.,, 1969; Levin et al., 1971; Silverman et al., 1973; Bih-
rer et al,, 1974). However, other investigators have suggest-
ed that biclonal immunoglobulins may originate from single
cells (Costea et al., 1967; Sanders et al., 1969; Rudders et
al., 1973; Bouvet et al., 1974). If any antibody-producing
cell can produce two different classes of immunoglobulins
with identical Vy regions over a long period of time, the si-
multaneous insertion model described above would be
strongly favored (see Sledge et al., 1975).
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Biosynthesis of the Polyoxins, Nucleoside Peptide

Antibiotics: Glutamate as an Origin of

2-Amino-2-deoxy-L-xylonic Acid (Polyoxamic acid)’

Shunji Funayama and Kiyoshi [sono*

ABSTRACT: The biosynthetic origin of the carbon skeleton
of 2-amino-2-deoxy-L-xylonic acid (polyoxamic acid) is de-
scribed. This aminoaldonic acid is the N terminus of the nu-
cleoside peptide antibiotics, the polyoxins, produced by
Streptomyces cacaoi var. asoensis. In vivo experiments
concerning incorporation and distribution of radioactivity
from a number of '“C-labeled compounds have clearly
shown that the carbon skeleton of glutamate is a precursor
for this aminoaldonic acid and sugars are incorporated only
after their conversion into glutamate through the glycolytic
and the tricarboxylic acid cycle pathways. Experiments uti-

In our last paper (Isono et al., 1975), we reported a new
metabolic role for L-isoleucine as a precursor of 3-ethyli-
dene-L-azetidine-2-carboxylic acid (polyoximic acid). This
amino acid is a C terminal amino acid of the nucleoside
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Saitama 351, Japan. Received May 20, 1975. This work was supported
in part by a grant for the studies on ““Life Science” at the Institute of
Physical and Chemical Research.
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lizing ['*Clacetate and succinate have also indicated multi-
ple passages through the Krebs cycle are operating before
their incorporation into polyoxamic acid via glutamate. The
distribution of '“C between C-1 and C-5 of polyoxamic acid
from the [5-!'“C]glutamate experiment has indicated that
40% of glutamate incorporated into polyoxamic acid has
been incorporated only after the reversible conversion into
a-ketoglutarate followed by the passage through the Krebs
cycle. Lack of incorporation of *H in the [1-'4C;2-*H]- and
[5-14C;2-*H]glutamate experiments is discussed in terms of
a reaction(s) between glutamate and polyoxamic acid.

peptide antibiotics, the polyoxins (Chart I) (Isono et al.,
1969), produced by Streptomyces cacaoi var. asoensis
(Isono et al., 1965). Another unusual amino acid, 2-amino-
2-deoxy-L-xylonic acid (polyoxamic acid) (I) or its 3-deoxy
analogue (II) constitutes the N terminus of the biologically
active polyoxins. This amino acid bears a carbamoyl group
on the C-5 hydroxy-oxygen (Isono et al., 1969) (Chart I).
Chemical replacement of this amino acid with a variety of



