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Summary. An 8S myeloma component, isolated from serum of a patient with
myelomatosis is described, which appears to have no antigenic determinants in
common with human a-, §-, y- or u-polypeptide chains as revealed by immuno-
clectrophoresis and Ouchterlony gel diffusion analysis.

The myeloma protein migrates in the fast y-region on electrophoresis at pH 8-6
and has an elution volume on Sephadex G-200 similar to that of 6-58 IgA.

The isolated myeloma component has an approximate molecular weight of
200,000 and a total carbohydrate content of 10-7 per cent.

Reduction with f-mercaptoethanol and acid dissociation yields light polypeptide
chains of Type L and a carbohydrate-rich component, in the ratio of 1:4.

Antisera specific to determinants on the heavy chains of the myeloma protein
showed no reaction with the immunoglobulins A, D, G or M. Instead unique deter-
minants were found on the heavy polypeptide chains.

INTRODUCTION

Immunoglobulins are classified* as IgA, IgG, IgM or IgD (Rowe and Fahey, 1965hb)
according to the antigenic determinants carried by their heavy polypeptide chains
(Cohen and Porter, 1964a). Furthermore, subclasses are known of IgA (Kunkel and Pren-
dergast, 1966; Terry and Roberts, 1966; Vaerman and Heremans, 1966) of IgG (Grey
and Kunkel, 1964; Terry and Fahey, 1964) and of IgM (Deutsch and Mackenzie, 1964
Harboe, Deverill and Godal, 1965).

Highly elevated concentrations of an immunoglobulin, usually conspicuous in electro-
phoretic patterns of the serum and associated with light chains of distinct antigenic
type and electrophoretic mobility (Edelman and Poulik, 1961 ; Cohen and Porter, 1964b)
are often seen in plasmocytic and lymphocytic neoplastic disorders, and sometimes in
apparently healthy persons.

These proteins (M-components) usually have one or more antigenic determinants in
common with one of the immunoglobulin classes. Therefore, the observation of an M-
component lacking antigenic determinants in common with a-, 0-, y- or u-chains is parti-
cularly interesting (see review: Franklin, Feinstein and Fudenberg, 1966).

* Nomenclature according to Bull. Wid Hith Org., 30, 447, 1964.
381



382 S. G. O. FJohansson and H. Bennich

The present paper describes an atypical myeloma component of Type L isolated from
the serum of a patient with myelomatosis and Bence Jones proteinuria; the atypical serum
protein could not be identified as an immunoglobulin A, D, G or M.

MATERIALS AND METHODS

Case report

The patient N.D., a 50-year-old farmer, was admitted to the Department of Internal
Medicine, University Hospital, Uppsala in July 1965 because of pain in the chest and
lower back. Physical examination revealed nothing unusual. Laboratory investigations
showed : haemoglobin, 10-2 g/100 ml, blood leucocytes 16,000/mm? of which 61 per cent
were immature plasma cells. The sedimentation rate was 132 mm/hr and the serum
creatinine level, 1-1 mg/100 ml. The urine contained protein and Bence Jones protein was
demonstrated. Total serum proteins amounted to 9-5 g/100 ml. A typical M-component
(4-5 g/100 ml) was observed in the fast y-region by paper electrophoresis. The bone marrow
smear showed numerous immature plasma cells resembling those in the peripheral blood.
X-ray examination of skull, spine and pelvis was normal. Aspiration biopsy of the liver
showed a diffuse interstitial infiltration of immature plasma cells.

Serum, urine and saliva

Samples of serum, ACD-plasma (Acedex®, Pharmacia), urine and saliva, collected
July 1965 to October 1966, were stored at —20° unless otherwise stated.

Samples of urine (20-25 ml) were filtered through Whatman filter paper and concen-
trated to 0-2-0-5 ml by ultrafiltration in collodion membranes (Membranfiltergesell-
schaft, Gottingen, Germany).

Isolation of myeloma protein

Two millilitres of serum were applied on a column (2 x 50 cm) of ethanolysed cellulose
(Munktell 400, Grycksbo, Sweden) equilibrated with 0-1 M barbital buffer of pH 8:6
(Porath, 1956). Electrophoresis was carried out at 6 V/em for 48 hours at 6-8°;
protein peaks were located by ultraviolet absorption and the myeloma fraction was
concentrated by ultrafiltration (Preparation A).

One volume of freshly collected plasma was diluted with 1 volume of 0-15 M sodium
chloride and precipitated at 24-26° with sodium sulphate (18 g/100 ml) as described by
Kekwick (1940). The yield of myeloma protein ND after three precipitations was approx-
imately 2 g/100 ml plasma, and on immunoelectrophoresis the fraction contained IgA,
IgG and fibrinogen, and occasionally albumin, in addition to the myeloma component.
Samples of the precipitate containing about 400 mg protein in 10 ml were applied to a
column of Sephadex G-150, 40-50 u (dry state) 3-2x94 cm in 0-1 m Tris-HCI-0-2 M
NaCl, pH 7-7, containing 0:002 M EDTANa, and 0-02 per cent NaN,. Recycling (Porath
and Bennich, 1962) carried out at 20° with a constant flow rate of 2 cm/hr separated
most of the IgG from the myeloma protein peak (Preparation B).

Gel filtration on Sephadex G-200

Samples of myeloma serum ND were separated on Sephadex G-200 (Pharmacia)
equilibrated with 0-1 m Tris-HCI-0-2 M NaCl, pH 7-7 containing 0-002 m EDTANa,
and 0-02 per cent NaN;. Serum (9 ml) diluted three times with 0-15 M NaCl was applied
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to a column 3:2x93-5 cm. The flow rate was 16 cm/hr at 20°, The distribution of the
immunoglobulins and the myeloma component was estimated by the SRD method (see
below). For comparison a mixture of purified myeloma protein (Preparation B), 6-5S
IgA and IgG were separated on the G-200 column under the same experimental
conditions.

Ultracentrifugal analysis

Sedimentation velocity measurements were made in a Model E Spinco Ultracentrifuge
operated at 59,780 rev/min with 12-mm double sector cells. The measurements were made
at 20° and sedimentation coefficients were evaluated by extrapolation to zero protein
concentration and corrected to the viscosity and density of water at 20° (Svedberg and
Pedersen, 1940). The molecular weight was calculated from measurements at different
protein concentrations by the Archibald method as described by Ehrenberg (1957).
All measurements refer to Preparation B in equilibrium with 0-1 M Tris-HCI-0-2 M
NaCl, pH 7-68. A preparation of 6-5S myeloma IgA, which had the same elution volume
on Sephadex G-200 (see ‘Results’) as myeloma protein ND was analysed in the same
way.

Carbohydrate analysis

Hexose was determined by the orcinol-sulphuric acid method as described by Svenner-
holm (1956). A freshly prepared solution of p-mannose (Pfanstichl) was used as standard.

Hexosamine was determined by the method of Cessi and Piliego (1960) as described by
Johansen, Marshall and Neuberger (1960). Samples were hydrolysed in 6 § HCI in
evacuated, sealed Pyrex tubes for 3 hours at 100°. p-Glucosamine-HCI (Pfanstiehl) was
used as standard.

Sialic acid was determined by the thiobarbituric acid method as described by Warren
(1959). Samples were hydrolysed by sulphuric acid (0-05 N final concentration) for 70
minutes at 100°, N-Acetyl-neuraminic acid (Burr) was used as standard.

Fucose was determined as described by Dische and Shettles (1948) using rL-fucose as
standard.

The carbohydrate content was expressed as percentage by weight of protein, determined
spectrophotometrically (see below).

Reduction with B-mercaptoethanol
Purified myeloma protein ND (Preparation B) was reduced by the method of Fleisch-
man, Pain and Porter (1962) using 0-1 M f-mercaptoethanol.

Separation of reduced-alkylated myeloma protein by gel filtration in acid (Fleischman et al., 1962)

One hundred and fifty milligrams of reduced-alkylated myeloma protein in 10 ml
of 0-15 M sodium chloride were separated on Sephadex G-100, 40-120 y; 3-2x92 cm,
equilibrated with 1 M HOAc-0-025 M NaCl at 20°. Fractions of 3-0 ml were collected
at a constant flow rate of 2-25 cm/hr and analysed for protein and hexose as described
above.

Starch gel electrophoresis
Starch gel electrophoresis was run in horizontal trays (Wake and Baldwin, 1961)
in buffers containing 8 m urea—0-05 M formic acid—-NaOH, pH 3-3-5 (Edelman and Poulik,
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1961) or 8 M urea—0-035 M glycine-NaOH, pH 7-8 (Cohen and Porter, 1964b). Samples
(40 pl) containing 5-10 mg/ml were applied on Whatman 3MM, 6x 14 mm inserted
in the gel. Electrophoresis was carried out at 3-5 V/cm for 20-22 hours at 20° and gels
were stained with 0:02 per cent Nigrosin.

Immunochemical analysts

Immunoelectrophoresis was done according to the micro-modification of Scheidegger
(1955) using 1-5 per cent Bacto agar ‘Special Agar-Noble’ (Difco) in barbital buffer
of pH 8:2 (I = 0-05) at 6 V/cm for 80 minutes at room temperature.

Quantitative estimations of immunoglobulins were performed by a single radial
immunodiffusion method (SRD) as described by Mancini, Carbonara and Heremans
(1965). Ouchterlony gel diffusion analysis and the SRD method were performed in 0-3 M
phosphate buffer of pH 8-:0 (Rowe and Fahey, 1965a).

Antisera

All antisera were raised in rabbits with the exception of one horse anti-normal human
serum. Antigen (0-5-1 mg in 0-2 ml) mixed with 0-8 ml of complete Freund’s adjuvant
was injected intramuscularly and repeated after 14 days and subsequently three times
at weekly intervals. The animals were bled 10 days after the last injection.

Antisera were made specific as described below, by absorption for 1 hour at 37° and
overnight at 4°, All antisera were tested for specificity by immunoelectrophoresis against
normal human serum, and by Ouchterlony gel diffusion analysis against purified IgA,
IgG and IgM light polypeptide chains from normal pooled IgG and Bence Jones proteins
at different concentrations.

Anti-IgA. Antisera were raised against IgA isolated from three different A myeloma
sera by gel filtration on Sephadex G-200 and against one IgA preparation from pooled
normal sera (Op. No. 3163, kindly provided by Behringwerke, A.G., Marburg/L, Ger-
many). The antisera were absorbed with serum from a healthy individual lacking IgA.

Anti-IgD. Specific rabbit antisera were kindly provided by Dr D. S. Rowe, University
of Birmingham, England. Three antisera had been raised against myeloma protein S.J.,
one against myeloma protein Ni, and one against myeloma protein Mi.

Anti-IgG. Two preparations of Cohn Fraction II (1204 DtV 254 and 1348 DtV 269,
kindly supplied by Kabi, Stockholm, Sweden) purified by DEAE cellulose-chromatography
were used for immunization of several rabbits. Each antiserum was absorbed with light
chains isolated from reduced-alkylated normal IgG and, if necessary, with IgA from two
different A myeloma sera and IgM from normal sera, isolated by gel filtration on Sephadex
G-200.

Anti-IgM. Two antisera were used, one raised against IgM isolated from pooled normal
serum by starch block electrophoresis and gel filtration on Sephadex G-200, and one
against IgM isolated in the same way from the serum of a patient with macroglobulinemia
(Killander, 1965). The antisera were absorbed with normal IgG (Cohn Fraction II)
and with light chains isolated from normal IgG.

Anti-normal human serum (anti-NHS). One rabbit antiserum was raised against pooled
normal sera. One rabbit anti-NHS (Op. No. 2) was obtained from Behringwerke A.G.,
Marburg/L., Germany. One horse anti-NHS (No. 2292) was obtained from the Red
Cross Central Laboratory for Blood Transfusion, Amsterdam.
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Anti-Bence fones protein. Antisera were raised against Bence Jones proteins of Type K
and Type L (BJ 112 and BJ 120, kindly provided by Dr H. van Eijk, University of
Utrecht, Holland and from several myeloma urine samples) and also against Bence
Jones protein isolated from the urine of patient N.D. Rabbits were immunized with 0-15
ml Bence Jones protein (2 mg/ml) mixed with an equal volume of complete Freund’s adju-
vants (Difco) in each footpad. Two injections were given with an interval of 1 week.
The animals were bled 3 weeks after the last injection. The antisera were tested for speci-
ficity by immunoelectrophoresis and Ouchterlony gel diffusion analysis, and when
necessary absorbed with Bence Jones protein Type K or Type L. These experiments were
made in collaboration with Dr I. Berggard, Institute of Medical Chemistry, University
of Uppsala. *

Anti-myeloma protein ND. Antisera were raised in two rabbits against Preparation A and
in two rabbits against Preparation B (see above). Before absorption, all antisera produced
two faint parallel precipitin lines in the y-region when tested by immunoelectrophoresis
against normal sera. The same results were obtained with normal IgG (Cohn Fraction II).
Antisera absorbed with either 0-05 mg/ml normal IgG (Cohn Fraction II) or 0-05 mg/
ml pooled normal sera were specific for the myeloma protein ND. Furthermore, absorp-
tion with 0-05 mg/m! Fab-fragment isolated from a papain digest (Porter, 1959) of
myeloma protein ND (Bennich and Johansson, 1967) rendered the antisera specific for
the Fc-fragment of myeloma protein ND.

Other methods

Zone electrophoresis of serum and concentrated urine (see above) was carried out
on filter paper and on cellulose acetate sheets (Spinco Microzone). The total protein
concentration in serum was calculated from determinations of protein nitrogen by the
Kjeldahl method. These analyses were kindly performed by the Department of Clinical
Chemistry, University Hospital, Uppsala.

Unconcentrated urine was analysed for Bence Jones protein by heat precipitation as
described by Putnam, Easley, Lynn, Ritchie and Phelps (1959).

The concentration of isolated myeloma protein was estimated from the absorbancy at
280 nm 1 cm using an extinction coefficient of 14 for a 1 per cent solution in 0-01 N HCL.

RESULTS
STUDIES ON MYELOMA SERUM ND

The M-component appears as a sharp band in the y-region on cellulose acetate electro-
phoresis (Fig. 1) ; aweaker cathodal band corresponded to Bence Jones protein. On Sephadex
G-200 IgG is significantly retarded relative to the myeloma protein (Fig. 2). On immuno-
electrophoresis of the myeloma serum using a polyvalent immunoglobulin antiserum two
distinct precipitin lines were obtained, which could not be detected in normal serum (Fig.
3a). One discrete line was located in the slow y-region and one in the fast y-region. IgG
appeared to be present in lowered concentrations, whereas IgA and IgM could not be
detected by immunoelectrophoretic analysis. The actual concentrations of the different
immunoglobulins in serum ND estimated by the SRD method are given in Table 1.
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Fic. 1. Electrophoresis on cellulose acetate sheet (Microzone, Spinco) pH 8:6, of myeloma serum ND
(a and f); light chains from myeloma protein ND-Preparation B, 15 mg/ml (b); Bence Jones protein
ND, 15 mg/ml (c); concentrated urine ND (d) ; myeloma protein ND- Preparation B, 17 mg/ml (e).

Absorbancy (280nm/cm)
N
T
1
™
Myeloma protein ND and IgG (mg/ml)

ala 1 1 1 1 1 1
0-25 0-35 045 0-55 0-65 0:75
Ve/Vt

Fi1G. 2. Separation of myeloma serum ND on a 3-2x 93-5 cm column of Sephadex G-200 equilibrated
with a Tris-buffer of pH 7-7. The distribution of myeloma protein ND (4 ) and IgG (% ) was determined
by single radial immunodiffusion (Mancini et al., 1965). @, Absorbancy.
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Fic. 7. Electrophoresis in 8 murea at pH 3-5 (a) and pH 7 (b), of native and reduced-alkylated samples
of 6-5S IgA (1); myeloma protein ND-Preparation B (2); IgG (3), GLys myeloma (pH 3-5) and Cohn
Fraction IT (pH 7). Heavy chains (H) and light chains (L). Light chain ND shows strong tendency for
aggregation depending upon the experimental conditions for reduction (Bennich and Johansson,

1967)
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The fast y-component reacted with antisera specific to Bence Jones protein of Type L
but not Type K. Both antisera reacted with the IgG present in the myeloma serum.*

Antisera made specific for IgA, IgD, IgG and IgM failed to detect the component in
the fast y-region and also failed to reveal any myeloma component of the A, D, G or M
classes. *

Antisera to myeloma protein (Preparation A) produced a heavy precipitin line in the
fast y-region as well as a line corresponding to IgG (Fig. 3b). A precipitin line was seen

TABLE 1

CONCENTRATIONS OF IMMUNOGLOBULINS AND MYELOMA PROTEIN ND DETERMINED BY THE
SRD METHOD (VALUES ARE EXPRESSED IN mg/ml)

IgA IgD I1gG IgM Myeloma
protein ND
Myeloma serum ND* 0-12 <0-01 3-90 <0-01 38:0
Myeloma serum ND+ 0-07 <001 3:30 0-05 41-5
Preparation A 0-01 <0-01 1-26 <0-01 162
Preparation B 0-03 <0-01 0-40 <0-01 17:0
Saliva ND} 0-02 <001 0-04 <0-01 0-31
Saliva ND§ 0-03 <0-01 0-05 <0-01 043
Normal sera 1-58 0-11 13-23 0-84 <001

* 15th February 1966.

+ 2nd October 1966.

1 8th July 1966.

§ 14th July 1966.

9 Average values for ninety-seven healthy individuals (Johansson, to be published).

also in the slow y-region, which occupied the same position as the Bence Jones protein
present in serum ND. This line crossed the IgG line, which in turn crossed over the heavy
precipitin line present in the fast y-region. Antisera to protein ND absorbed with normal
IgG or normal sera gave a visible reaction only with the component migrating in the y-
region, which could also be detected after additional absorption of antisera with auto-
logous Fab-fragments (0-3 mg/ml) as shown in Fig. 3(c).

STUDIES ON ISOLATED MYELOMA PROTEIN ND

The myeloma protein ND was isolated by column electrophoresis (Preparation A)
as shown in Fig. 4 and by gel filtration (Preparation B) of a sodium sulphate precipitate
(Fig. 5). The concentrations of immunoglobulins A, D, G and M in Preparation A and
B are summarized in Table 1, and the chemical and ultracentrifugal analyses of Pre-
paration B appear in Table 2.

Gel filtration on Sephadex G-200 revealed that Preparation B was eluted with the
same volume as the myeloma protein present in serum (Fig. 6) and that its position was
indistinguishable from that of 6-5S IgA (Fig. 6).

After reduction and alkylation the protein contains two components on starch gel electro-
phoresis (Fig. 7) or gel filtration in acid (Fig. 8). The first fraction is rich in carbohydrate
and on starch gel electrophoresis at acid pH migrates significantly faster than the parent

* These observations were kindly confirmed by Dr D. S. Rowe, University of Birmingham and by Dr M. W.
Turner, Department of Immunology, Institute of Child Health, University of London.
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F1c. 4. Separation of myeloma serum ND by electrophoresis on a 2x 50 cm column of Munktell
cellulose 400 equilibrated with 0-1 M barbital buffer of pH 8:6, at 6 V/cm for 48 hours. The cross-bar
indicates fractions collected and referred to as myeloma protein ND-Preparation A.
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Fic. 5. Separation of a sodium sulphate precipitate of myeloma plasma ND on a 3-2 x 94 cm column
of Sephadex G-150 equilibrated with a Tris-buffer of pH 7-7. The sample was re-cycled once as indi-
cated by the inserted figure, which shows the transmission at 254 nm, At position 1 the column system
was closed to allow effluent to pass directly into column; at position 2 the system was opened for elution.
The cross-bar indicates fractions collected and referred to as myeloma protein ND-Preparation B.
Absorbancy 280 nm (@) ; Hexose, orcinol-sulphuric acid reagent, absorbancy 520 nm (0).
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protein and slower than o- and y-chains. The second component (Fig. 8) contains no
carbohydrate and was identified as light chains of Type L (Fig. 9) having a mobility cor-
responding to the B-1 band in an alkaline buffer system (Cohen and Porter, 1964b)
(Fig. 7b). '
TABLE 2
ULTRACENTRIFUGAL AND CARBOHYDRATE ANALYSIS

Myeloma

protein ND* IgAt
Molecular weightf 196,000 139,000
S°,0w X 10131 7-92 6:53
Hexose 5-53 2:60
Fucose 0-56 0-44
Hexosamine 3-64 3-68
Sialic acid 0-98 077
Total carbohydrate§ 10-71 7-49

* Preparation B.

t Isolated from A myeloma serum. The elution volume of
purified protein on Sephadex G-200 is similar to that of
myeloma protein ND (Preparation B) (see Fig. 6).

+ Extrapolated to zero protein concentration. The partial
specific volume was assumed to be 7, = 0-713.

§ Average values from three determinations, expressed as
per cent by weight of protein as determined spectrophoto-
metically (£ 1281308; ;}em = 14).

1-0Or ~40-8
E
o-8f S
—_ Jo0-6 €
€ 06 £
ST 3
: [
o Q-6 °
9 5
> o4 %
= -
a a
5 0-4F B z
v =
2 <
< L 2
o
402 &
Q-2fF g
°
I @
- >
s

1 i - 8- 8-

0-25 0-35 0-45 0-55 0-65
Ve/Vt

Fi6. 6. Separation of a mixture containing myeloma protein-Preparation B, (32-4 mg), 6-5S IgA isolated
from an A myeloma serum (11-7 mg) and normal IgG, monomer (16:4 mg) on a 3:2 x93-5 cm column
of Sephadex G-200 equilibrated with a Tris-buffer of pH 7-7. Quantitative determination of protein
ND (a), IgA (0) and IgG ( x ) was performed by single radial immunodiffusion (Mancini ef al., 1965).
The results should be compared with Fig. 2. @, Absorbancy.

Electrophoresis on cellulose acetate at pH 86 showed that the isolated light chains had

the same mobility as the Bence Jones protein from patient ND (Fig. 1).
Immunoelectrophoretic analysis of Preparation B using specific antisera to protein ND

revealed a distinct precipitin line in the fast y-region similar to that observed in the patient

C IMMUN
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F1c. 8. Separation of reduced and alkylated myeloma protein ND-Preparation B on a 3-2x92 cm
column of Sephadex G-100 equilibrated with Im acetic acid-0-025 m sodium chloride. Fractions
19-50 and 65-85 represent 79 and 21 per cent of total protein (280 nm) respectively. O, Hexose; @,
Absorbancy.

Fic. 9. Gel diffusion analysis of myeloma protein ND, light chain ND, Bence Jones protein ND and
three Bence Jones proteins of Type L, using a specific antiserum to a Bence Jones protein of Type L from
a patient A.A. (centre well). Outer wells : Bence Jones protein of Type L from three patients other than
patient A.A., 0-25 mg/ml (1, 5 and 6); myeloma protein ND-Preparation B, 0-5 mg/ml (2); Bence
Jones protein ND, 0-1 mg/ml (3) ; light chain ND, 0-25 mg/ml (4).
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serum. Absorption of the antisera with 0-05-10 mg of normal IgG (Cohn Fraction II),
0-05-4 mg of light chains from myeloma protein ND (Preparation B), 0-1-5 mg of Bence
Jones protein from patient ND or 0-05-0-3 mg of autologous Fab-fragment did not inhibit
the reaction (Fig. 3c). Preparation B did not react with two different rabbit anti-NHS
and one horse anti-NHS on immunoelectrophoresis. Similarly, no reaction occurred on
gel diffusion with four specific anti-IgA, five specific anti-IgD, four specific anti-IgG and
two specific anti-IgM sera.

A comparison of the antigenic determinants of protein ND and immunoglobulins A, D,
G and M by Ouchterlony gel diffusion analyses revealed no antigenic determinants
common to protein ND-heavy chains and o-, -, y- or p-chains. Identical results were
obtained when antisera to protein ND were absorbed with autologous Fab-fragments
Fig. 10).

Fic. 10. Gel diffusion analysis of myeloma protein ND and immunoglobulins A, D, G and M. Outer
wells : Anti-myeloma protein ND, absorbed with 0-2 mg/ml of autologous Fab-fragment (1); anti-IgA,
absorbed with 10 mg/ml of IgG, Cohn Fraction II and 0-1 mg/ml of serum from an apparently healthy
individual lacking IgA (2); anti-IgD, preparation X8A-S]J, kindly provided by Dr D. S. Rowe (3);
anti-IgG, absorbed with 1 mg/ml of light chains from normal IgG, Cohn Fraction II (4); anti-IgM,
absorbed with 0-8 mg/ml of normal IgG, Cohn Fraction II (5). Centre well: To samples of myeloma
protein ND—Preparation B containing 0-2 mg protein/ml was added: IgA isolated from an A myeloma
serum, 0-5 mg/ml (A) ; serum ‘Stokes’ containing 0-3 mg of IgD per ml (D); IgG, Cohn Fraction II, 0-3
mg/ml (G); IgM isolated from a macroglobulinaemia serum, 0-5 mg/ml (M).
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Gel diffusion analysis of G1, G2, G3, G4* myeloma sera, and several A myeloma sera
and M macroglobulin sera, using specific antisera to protein ND absorbed with normal
IgG failed to reveal any visible reaction.

DISCUSSION

Myeloma proteins usually belong to one or other of the immunoglobulin classes and the
occasional finding of a component, which appears atypical in this respect is particularly
interesting. Three kinds of atypical myeloma or myeloma-like proteins have been observed
(see review by Franklin et al., 1966). One is characterized by the absence of light poly-
peptide chains and was accordingly assumed to represent a ‘heavy chain’ disease protein
(Franklin, Lowenstein, Meltzer and Bigelow, 1964). The second group consists of myeloma
components, which lack class specific antigenic determinants. Usually these proteins have
been found to lack heavy polypeptide chains and accordingly are referred to as serum
Bence Jones protein (Adner and Laurell, 1966). The presence of light polypeptide
chains in the isolated myeloma protein ND and its reaction with an autologous antiserum
absorbed with light chains and autologous Fab-fragments, shows that the myeloma
component in serum ND belongs to the third group of atypical myeloma proteins. These
are characterized by the presence of both heavy and light chains, and the absence of
recognizable class specificantigenic determinants. Such proteins are of particular importance
astheymightrepresent a newsubclassora previously unrecognized classof immunoglobulins;
the finding of immunoglobulin D described by Rowe and Fahey (1965b) is a recent
example of the latter case.

The present report has described the finding of an atypical myeloma component pre-
sent in serum from a patient with myelomatosis and Bence Jones proteinuria, which
does not react with several specific antisera to immunoglobulins A, D, G and M, but
can be detected using antisera to Bence Jones protein of Type L. Comparative studies of
immunoglobulins A, D, G and M and the purified protein ND failed to reveal common
antigenic determinants. Apparently all previously described class specific antigenic
determinants are either absent or not accessible for reaction in immunoglobulin ND.
Although the possibility of hidden determinants cannot be excluded as an explanation of
our results, there is at present no experimental evidence which favours this hypothesis.

Chemical and physical studies reveal that immunoeglobulin ND apparently differs in
several respects from what is known at present of immunoglobulin A, D, G and M. Its
high molecular weight, taken together with its failure to react with class specific antisera,
suggest that the myeloma protein might represent a complex between an immunoglobulin
and an unknown compound which shields the antigenic determinants of the immuno-
globulin. However, if this were true, the components forming such a complex must be
covalently bound and fail to dissociate after reduction or urea treatment at either acid or
alkaline pH; isolated ND heavy chains do not react with antisera to a-, §-, y- or u-chains.
Physical examination of protein ND by electron-microscopy (Héglund, Bennich, Johans-
son, to be published) shows that it represents a very compact structure, presumably cylind-
rical in shape, about 120 A in diameter and about 40 A high; such a compact structure
might explain why the protein behaves similarly to 6-5S IgA on Sephadex G-200.
Further chemical and physical studies including enzymic cleavage of protein ND show

*According to the nomenclature recently (March 1967) recommended by WHO Reference Laboratory for
Immunoglobulins.
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that it has several unique properties as well as many general features in common with the
previously recognized classes of immunoglobulins.

The possibility that the unique antigenic determinants of immunoglobulin ND represent
individually specific determinants appears less likely since antisera to the protein retain
their activity after absorption with autologous Fab-fragments. If protein ND represents
an example of a rare subclass of any of the known immunoglobulins, one would have
expected to be able to detect the presence of class specific antigenic determinants unless
they are hidden. It seems, therefore, that the myeloma protein ND described in the present
report is structurally related to normal immunoglobulins and carries unique antigenic
determinants on its heavy polypeptide chains. Analysis of sera from patients and healthy
individuals by Ouchterlony gel diffusion and the SRD method using specific antisera
to protein ND revealed no visible reactions. We, therefore, conclude that if a normal
counterpart to protein ND exists, it must be present in a concentration lower than
1-10 pg/ml serum.
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