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Bence Jones (1), in 1848, described an unusual
protein present in high concentration in the urine
of a patient suffering from multiple myeloma.
Similar urinary proteins have subsequently been
found in many cases of this disease, and are desig-
nated by the collective term “Bence Jones pro-
tein.”  They are characterized by their behavior
when heated in solution, usually giving two identi-
fying reactions if present in sufficient concentration
(2, 3) : a) with the pH near 5, precipitation oc-
curs between 45° and 60° C; b) subsequent heat-
ing to boiling causes complete or partial solution
of the precipitate, which re-forms on cooling.

Studies of other physicochemical properties have
given rather diverse results. Molecular weights
in the range 24,000 to 90,000 have been calculated
(4), with a median about 44,000 (3). Total and
N-terminal amino acid analyses have given vary-
ing results (3, 5). Despite this heterogeneity of
the group as a whole, specimens from any one
individual have usually tended to physical and
chemical homogeneity (5).

Recent studies of antigenic structure (6, 7)
suggest that all Bence Jones proteins are anti-
genically related to the serum gamma globulins.
In addition, any individual Bence Jones protein
lacks some gamma globulin determinants, but
possesses determinants unique for a group of Bence
Jones proteins (7) and possibly for itself alone
(8).

There is lack of agreement on conditions of oc-
currence of this protein in urine. A positive heat
test has been said to be almost pathognomonic of
multiple myeloma and to be present in about 50
per cent of cases of this disease (9); however,
sporadic reports occur (10, 11) of detection of the
protein by this method in other diseases. Im-
munochemical testing is reported to detect it in
practically all cases of myeloma (12), and in some
cases of other diseases (13).
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This paper describes attempts to detect Bence
Jones protein by immunochemical means in nor-
mal serum and urine. An antiserum to gamma
globulins * was used. Any protein detected by its
reaction with this antiserum must be further char-
acterized in order to distinguish gamma globulins,
Bence Jones protein, and any other gamma-re-
lated protein. Criteria for such characterization
were : heat stability at 55° C, solubility of heated
products at 98° C, and diffusion coefficient.

The main investigation consists of studies of
solutions of serum and urine protein, and of fil-
trates obtained from these at 55° and 98° C. Two
preliminary experiments on gamma globulins and
Bence Jones proteins were thought necessary to
assess rates of denaturation at 55° C, solubility of
denatured products at 98° C, and antigenic ac-
tivity 2 of protein remaining in solution after
heating at these temperatures.

MATERIALS AND METHODS

The protein solvent used extensively in this work con-
sisted of 0.15 M NaCl-0.2 M, pH 5, sodium acetate buf-
fer, 4:1 vol/vol; this is subsequently referred to as

1The antiserum was prepared to Cohn Fraction II,
which contains about 80 per cent of the plasma gamma
globulins. These globulins also occur in Fraction III-1
(14), which was therefore included in physicochemical
studies. The gamma globulins have a predominant com-
ponent of sedimentation rate 7S and a minor component
of 19S; these show some antigenic differences (15).

Protein antigenically related to the gamma globulins,
i.e., reacting with antibodies prepared to them, is desig-
nated ‘“gamma-related.” Gamma-related proteins are
known to include 7S and 19S gamma globulins, myeloma
serum globulins, pathological macroglobulins and Bence
Jones proteins (3).

An antiserum to gamma globulins can be expected to
react with all Bence Jones protein (7), although some
of these may be antigenically distinct from each other
(7, 8), i.e, an antiserum to any single such pathological
protein need not react with all others.

2 The term “antigenic activity” is used to refer to the
degree of interaction of considered proteins with a given
antiserum, interaction being estimated by precipitin, pre-
cipitin-inhibition or other method.

1192



BENCE JONES PROTEIN

“saline-acetate.” “Sixty per cent saturated” ammonium
sulfate implies 43 g of the salt per 100 ml of solvent,
representing 60 per cent saturation at 2° C.

Serum gamma globulin fractions were obtained from
Commonwealth Serum Laboratories, Melbourne, Aus-
tralia. Bence Jones proteins (BJ1 to BJ6) were obtained
from urines of 6 patients (selected from 18) suffering
from multiple myeloma. The proteins were isolated by
repeated precipitation with 60 per cent saturated am-
monium sulfate.

Normal urine and serum were obtained from 7 healthy
adults, A to E, males, and F and G, females. Urine was
collected over a 24 hour period. After each voiding
merthiolate was added to 0.01 per cent and the urine
was immediately refrigerated. On completion of col-
lection any deposits were removed by filtration, and con-
centration by ultrafiltration was begun immediately.
When the residual volume had reached about 50 ml it
was dialyzed against saline-acetate. Solid ammonium
sulfate was added to 60 per cent saturation and the mix-
ture equilibrated overnight at 2° C. The precipitate was
packed by centrifugation and, if not used immediately,
stored under moist conditions at 2° C. Two precipitates
from Subject A contained 8.2 and 9.0 mg of nondialyzable
nitrogen. Serum was obtained during the urine col-
lection period. One ml was diluted to 10 ml with sa-
line-acetate and the protein was precipitated and stored
as detailed for the urine concentrates.

For use in Experiment 3 precipitates were dispersed
in saline-acetate: those from urine in 1 ml, those from
serum in 5 ml (but sometimes in different volumes, as
indicated in the tabulated results). Any substance not
dissolved after 2 hours at 37° C was removed by centri-
fugation. Serum precipitates dissolved readily with
negligible insoluble residue. Urine precipitates dissolved
incompletely, with a dark brown to black residuum usu-
ally containing less than 0.5 mg of nondialyzable nitrogen;
the solutions were of deep brown color with a strong
uriniferous odor. Proteins finally obtained in solution
are subsequently referred to as “globulins.”

Ultrafiltration was performed by a modification of the
method described by Grant (16). The sample was fil-
tered through 4 feet of 24/32 inch Visking dialysis casing
held linearly inside a 3 inch diameter Perspex tube, a
vacuum of 720 mm Hg being maintained outside the cas-
ing. Stretching of the casing was prevented by enclos-
ing it in a steel mesh tube of the same diameter. Con-
centration of 1 L of urine to 50 ml required about 30
hours. Of 100 mg of Bence Jones protein dissolved in
1 L of buffered saline, over 95 per cent remained after
concentration to 45 ml.

Protein quantitation was usually by a biuret method.
This was inapplicable to small amounts of protein re-
covered from large urine volumes because of the ab-
sorbance of considerable associated pigment; in these
cases nondialyzable N was determined by the Kjeldahl
method. The biuret method was modified from that de-
scribed by Goa (17). Protein was precipitated by tri-
chloroacetic acid and separated by centrifugation at at
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least 10,000 G for 15 minutes. To the precipitate was
added a 4 per cent solution of Goa's Benedict reagent in
3 per cent NaOH. The absorbance at 350 mu was read
after 15 to 60 minutes. The amount of protein was then
determined from a curve constructed from gravimetric
fraction II-1, 2 standards. For estimation of insoluble
protein the biuret reagent was added directly to washed
precipitate, which always dissolved readily.

Antisera to Fraction II were prepared in rabbits by
single 4 week courses of intravenous alum-precipitated
protein as recommended by Kabat and Mayer (18).
Sera were decomplemented with bovine serum albumin
(BSA)-antiBSA specific precipitate and stored at — 30°
C. Results presented in this paper were obtained by using
a single pool of 6 sera. By the immunoelectrophoretic
technic (19) this pool contained antibodies only to the
gamma antigenic group among the serum proteins.

Precipitin tests in agar gel, using the double diffusion
plate method, were performed essentially as described by
Ouchterlony (20). Reservoirs were filled only once.
Quantitative precipitin tests were porformed as detailed
by Kabat and Mayer (18), except that precipitates were
estimated by a biuret instead of a Kjeldahl method.

. Analyses of supernatants for free antigen or antibody

were carried out by precipitin tests on Quchterlony plates.

The precipitin-inhibition test consisted of incubating an
excess of antiserum with the sample of unknown anti-
genic activity and subsequently titrating residual anti-
body; titration involved assessing how much Fraction II
had to be added to a given volume of antiserum in order
just to produce antigen excess. One ml of the unknown
preparation (made up to final volume with phosphate-
buffered saline to bring the pH to 7.0 =0.2) was incu-
bated with 1 ml of antiserum at 37° C for 1 hour, then
at 2° C for 24 hours. Precipitate was spun off and 0.2 ml
lots of the supernatant were added to a series of tubes con-
taining amounts of Fraction II in geometric progression
with common ratio 1.2. The tubes were incubated and
antigen excess then sought by precipitin tests on Quchter-
lony plates.

Heating and filtering were standardized as follows.
Solutions in narrow tubes were placed in a water bath
kept at the indicated temperature; timing was begun
from this moment. The tubes were stoppered after an
interval allowing the contents to approach ambient tem-
perature and were intermittently agitated. All filtrations
were through Whatman no. 542 paper in an oven held
within the indicated temperature range; funnels were
covered to minimize evaporation. Filtering of urine
globulins at 98° C had to be assisted by slight suction;
the same degree of suction was applied for the serum
globulins.

RESULTS

Bence Jonmes proteins and gamma globulins;
heat stability and solubility of heated products.
These results describe essentially endpoints at-
tained in the overall reaction (dissolved protein =
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TABLE I

Protein solutions heated at 55 &= 1° C for 15 minutes
then filtered at 55 & 2° C for 15 minutes

Protein

.. ng/ml ng/ml ng/ml
Original

concentrations 5,000 1,000 200
Concentrations

in filtrates of :

BJ1 2,000 530 190

Bj2 3,500 850 230*

BJ3 1,600 510

BJ4 1,200 380

BJS 1,800 600

Bj6 1,700 710 210
Fraction 11-1,2 5,100*
Fraction I1-3 5,200*
Fraction I11-1 1,0507

* Turbidity not noted prior to filtering. i
t Slight turbidity after 15 minutes, persisting in filtrates
obtained at 55° C or at room temperature.

precipitated protein) on heating various prepara-
tions at 55° or 98° C. The solvent used through-
out was the pH 5 saline-acetate. With heating
and filtering standardized as previously described,
results varied by up to 20 per cent when duplicate
experiments were run at different times. The
averaged results presented should therefore be
taken to indicate an order of magnitude only.

TABLE II

Protein solutions heated in a boiling water bath for 5
minutes then filtered at 98 & 4° C for 5 minutes

G. T. STEVENSON

Table I sets forth the results of heating and fil-
tering at 55° C for durations used in Experiment
3. Effects of varying the duration of heating were
studied by removing solutions from the water
bath at intervals, chilling, and centrifuging in the
cold. Precipitation of most Bence Jones proteins
reached a plateau at about 40 minutes, the extent
of precipitation being similar to that shown in
Table I; maximal precipitation of BJ2 required
160 minutes.

Table II shows the results of heating and filter-
ing at 98° C, again for durations used in Experi-
ment 3. Material used for the experiment de-
picted in Table III was obtained by heating the
indicated protein at 70° C and washing the result-
ing precipitate with saline-acetate at room tem-
perature; in no case was much precipitate lost in
washing. The precipitates were suspended in sa-

TABLE III

Suspensions of washed precipitates of dematured proteins
heated in a boiling water bath for 5 minutes then filtered
at 98 + 4° C for 5 minutes

Protein

remain-
ing in

Total solution

protein at room

Precipitate of in filtrate temperature
ng/ml ng/ml
BJ1 1,000 820
BJ2 1,200 780
BJ6 1,050 900
Fraction 11-1,2 <10

Protein
. ug/ml pg/ml ng/ml
Original
concentrations 5,000 1,000 200
Concentrations in
filtrates of :
BJj1 1,800 1,300*
BJ2 1,200 1,200 230*
BJ3 900 850 230*
BJ4 680 490 240*
BJS 1,050 1,100*
BJ6 1,400 1,300*
Fraction 11-1,2 18 <10
Fraction 11-3 28 <10
Fraction 111-1 32 <10
Fraction I1 4+ BJ2, 4:1 2801
24:1 50%
Fraction 11 4+ BJ4, 4:1 205t
24:1 551

* Solution clear prior to filtering.

11 Compare recoveries from solutions containing only
BJ2 or BJ4 at corresponding concentrations (1,000 ug per
ml and 200 ug per ml).

line-acetate, then heated and filtered at 98° C.
All Bence Jones filtrates became turbid at room
temperature; protein concentrations were there-
fore determined in the total mixtures and in sec-
ond filtrates obtained at room temperature. The
latter filtrates again became turbid on heating at
55° C.

Bence Jones proteins, gamma globulins and
heated products; immunochemical studies. Pre-
cipitin reactions in agar plates are depicted in
Figures 1 and 2. In Figure 2 one can compare
the precipitate bands formed by a native Bence
Jones protein (BJ6) and by a solution (BJ6dn)
obtained on dissolving, at 98° C, a washed heat
precipitate of the same protein. Note the absence
of “spur” formation on the coalescence, the similar
curvatures and the similar locations along the
antiserum-antigen radii. Such a lack of distinction



BENCE JONES PROTEIN

between native and heated preparations was also
obtained a) using the five other Bence Jones pro-
teins; b) using antisera prepared to a Bence
Jones protein (BJ1) or to a heat precipitate of
this protein.

Figures 3 and 4 depict quantitative precipitin
reactions of the antiserum with its homologous
antigen (Fraction II), a Bence Jones protein
(BJ6) and several heated preparations of BJ6.

With all six Bence Jones proteins, precipitin-
inhibition tests failed to show any difference in
antigenic activity between native protein and pro-

" tein remaining in solution after filtering at 98° C.
The small amounts of protein in 98° C filtrates of

Fic. 1.
RUM (CENTRAL WELL) WITH FRACTION 1I AND BENCE
JONES PROTEINS.

AGAR PRECIPITATION PATTERNS OF ANTI-II SE-

Fractions IT and III-1 gave the same precipitin-
inhibition as did the native proteins at these low
concentrations. ,

Serum and urine globulins; immunochemical
studies. Samples from A were examined on five
occasions, from other subjects once. Solutions
were fractionated for study of a) unheated solu-
tions, filtered at room temperature; b) filtrates
obtained by heating at 55 = 1° C for 15 minutes,
then filtered at 55 = 2° C for 15 minutes; ¢) fil-
trates obtained by heating in a boiling water bath
for 5 minutes, then filtered at 98 =4° C for 5
minutes.

Turbidity on heating at 55° C occurred as indi-
cated in Table IV ; the deep brown color of urine
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F16. 2. AGAR PRECIPITATION PATTERNS OF ANTI-II SE-
RUM WITH FractioN 11, A BENCE Jones ProteiN (BJ6),
AND A SOLUTION PREPARED FROM HEAT-DENATURED BENCE
JonEs proTEIN (BJ6DN). Approximate amounts of anti-
gen placed in each well are shown.

solutions prevented detection of slight turbidity.
On heating in a boiling water bath flocculent pre-
cipitate appeared, in greater density in the se-
rum solutions; filtrates from both solutions were
clear and did not become turbid on cooling.

Agar precipitin patterns are shown in Figures
5and 6. Unheated serum globulin solutions gave
the heaviest precipitate in a narrow, straight zone.
In addition, a second band, farther from the anti-
serum reservoir and convex to it, was usually dis-
cernible. This pattern remained unchanged after
heating and filtering at 55° C. Filtrates obtained
at 98° C never gave a visible precipitate.

Unheated urine globulins also gave a straight
zone of precipitate. A second zone always oc-
curred nearer the antiserum reservoir and con-
cave to it; this consisted either of one broad band
or of two parallel bands with little separation.
Heating and filtering at 55° C regularly changed
this pattern: the curved zones of precipitate be-
came less dense and of less obvious curvature, and
moved closer to or merged with the straight zone.
With filtrates obtained at 98° C only the curved
zone of precipitate appeared. This was always
present, was similar to but fainter than the curved
zone formed by unheated solutions, and gave with
this zone a “reaction of identity” (20).

Precipitin-inhibition tests provided semiquan-
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AND A BENCE JONES PROTEIN. '

titative confirmation of the above findings. Re-
sults using unheated solutions and 55° C filtrates
are presented in Table IV. For each sample, the
extents of precipitin-inhibition by equal volumes
of unheated and heated solutions are compared.
Serum globulins usually and urine globulins in-
variably showed decreased antigenic activity af-
ter heating. In the serum-urine pairs tabulated,
urine components showed the greater decrease
with significant frequency [p =0.03 (21)]. Se-
rum globulin filtrates obtained at 98° C never
caused detectable precipitin-inhibition.  Corre-
sponding urine globulin filtrates (three from A,
one from each other subject) gave detectable in-
hibition in all cases except that from F.

Some miscellaneous studies tested the possibil-
ity that observed differences between urine and
serum gamma-related proteins could be due to
dilution of gamma globulins or to urinary proteo-
lytic action. Some sera (Al, A2, C) used in the
above experiments were initially diluted 2,000-fold
with buffered saline and then treated as detailed
for urines. No differences were detected between

these preparations and those in which this large
dilution was omitted. Addition of 2 ml of serum
or of 50 mg of Fraction II to 24-hour urine vol-
umes, followed by incubation for six hours at
37° C, did not increase the amount of gamma-
related protein subsequently found in 98° C fil-
trates of globulin concentrates. In each case there
was a decrease, suggesting increased absorption
by the greater amount of precipitate forming at
98° C.

Recoveries of urinary gamma-related protein
soluble at 98° C were attempted after adding vary-
ing amounts of urine globulin solution to a serum
globulin solution (globulins from 1 ml of serum
in 2.5 ml of saline-acetate). At least a 12 hour
output of urine globulin had to be added for
subsequent 98° C filtrates to give a detectable
precipitate with the antiserum in agar.

DISCUSSION

Filterings at 55° and 98° C were employed for
their differential effects on concentrations of
Bence Jones proteins and gamma globulins in
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mixed solutions. Results of Experiment 1 give
some indications of the likely utility of these pro-
cedures. Of further interest is the behavior of
precipitates formed by heating Bence Jones pro-
teins and washing at room temperature with a
solvent in which the native proteins readily dis-
solve. These precipitates dissolve to a large ex-
tent at 98° C and, on cooling, leave in solution
some protein which reprecipitates on heating at
55° C. This is consistent with the view that some
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F16. 4 QUANTITATIVE PRECIPITIN REACTIONS OF ANTI-
II SERUM WITH VARIOUS PREPARATIONS OF A BENCE JONES
PROTEIN.

dissolved denatured protein reverts to the native
form on cooling from 98° C.

Bence Jones proteins heated at temperatures up
to 98° C, if again obtained in solution at room
temperature, were always antigenically indistin-
guishable from the native proteins. This is at
variance with most immunological studies on de-
natured proteins [summarized by Boyd (22)]
and implies either that change in antigenic struc-
ture on heat denaturation is minimal, or that any
change is largely reversible. Ouchterlony plate
appearances further suggest similar diffusion co-
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F16. 5. AGAR PRECIPITATION PATTERNS OF ANTI-II SE-
RUM WITH FRACTION II AND PREPARATIONS OF SERUM PRO-
TEIN FROM SUBJECT B. S is unheated solution, S55F is
the filtrate obtained at 55° C, and S98F is the filtrate
obtained at 98° C.

efficients of native and heated products. The high
solubilities of Bence Jones proteins at 98° C, to-
gether with persistence of original antigenic struc-
ture in the protein subsequently remaining in solu-
tion at room temperature, were the basis of the
scheme originally devised for detection of a small
amount of these proteins in the simultaneous

F16. 6. AGAR PRECIPITATION PATTERNS OF ANTI-II SE-
RUM WITH FRACTION II AND PREPARATIONS OF URINE PRO-~
TEIN FROM SuBJEcT B. U is unheated solution, U55F is
the filtrate obtained at 55° C, and U98F is the filtrate
obtained at 98° C.
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TABLE IV
Serum and urine globulins; unheated solutions and filtrates obtained at 55° C

Precipitin-inhibition testst

Antigen-excess endpoint
for 0.2 ml supernate

(equivalent to 0.1 ml

" . Change in

antiserum) after in- endpoint

cubation with on heating

Unheated 55° C Tube Turbidity
Sample* solution filtrate difference on heating
ug 11 ng 11
Control (bovine
serum albumin) 86

Al Serum 24 29 1 -+
Urine 24 35 2 +
A2 Urine [2] —
A3 Serum [10] 35 35 0 +
Urine [2] 42 >60 >2 +
A4 Urine [3] 42 60 2 —
A5 Serum 24 29 1 +
Urine 24 35 2 +
B Serum 20 24 1 +
Urine 20 29 2 +
C Urine [3] 24 35 2 —
D Serum 24 29 1 +
Urine 24 35 2 +
E Serum [15] 24 24 0 -
Urine [3] 29 35 1 -
F Serum 29 35 1 +
Urine 29 35 1 -
G Serum 24 29 1 —
Urine 29 42 2 +

* “Serum’’ refers to serum globulins dissolved in 5 ml of saline-acetate, “‘urine’ to urine globulins dissolved in 1 ml.
The solvent volume differed in some samples; for these, milliliters of solvent are indicated in brackets. )
t Apart from Samples A3 and A4, the volumes of both unheated and heated solutions which were incubated with 1

ml of antiserum represented 0.1 total sample volume for urines, 0.02 total sample volume for sera.

to 1 ml with phosphate-buffered saline.
72 and 86 ug.

presence of gamma globulin. However, the util-
ity of the procedure is reduced by decreased re-
coveries of Bence Jones proteins in 98° C fil-
trates when other heat-precipitable protein is also
present.

The results of Experiment 3 suggest the pres-
ence among urine globulins of protein resembling
Bence Jones protein in a) reacting with antibodies
to gamma globulin; b) having a higher diffusion
coefficient, as evidenced by curvature of Quchter-
lony precipitin lines, than has 7S gamma globulin;
c) having a relatively high solubility at 98° C,
with the solute, on cooling, antigenically resem-
bling the native protein. To these similarities can
be added the results of studies at 55° C, which
are at least consistent with this protein’s being

readily denatured at this temperature. However,

These were made up

The amounts of Fraction 11 used for titration were 20, 24, 29, 35, 42, 50, 60,

difficulties in detecting slight turbidity of urine
solutions, and hence in correlating reduction in
antigenic activity with this, and possible added
complication due to the simultaneous presence of
other proteins (23), indicate that interpretation
of results from 55° C filtrates must be guarded.
Webb, Rose and Sehon (24) have reported
physicochemical studies on electrophoretically
separated urine gamma globulin, which suggest
that this is virtually entirely represented by pro-
tein, antigenically related to serum gamma globu-
lins, of molecular weight about 10,000. It is diffi-
cult to see how such a population could have given
the Ouchterlony plate appearances reported here.
It may represent breakdown products of larger
molecules, or it may have been missed in the
present work due to the fact that it was not pre-
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cipitated by the ammonium sulfate (the concen-
tration of which was chosen because it readily
precipitates pathological Bence Jones proteins).
These authors also give figures suggesting a daily
gamma-related protein excretion of the order of
16 mg. This is much more than that suggested
by the present study, in which protein reacting
with the antiserum never exceeded 4.5 mg per
24 hour urine.

The origin of the Bence Jones-like protein is
undetermined. No overt breakdown of serum
gamma globulin by dilution or by urine to give
such a product has been demonstrated. If it en-
ters the urine in its defined form it could come
from plasma or from some source in the urinary
tract. The gamma-related protein described by
Webb and associates (24) appeared, from iso-
topic studies, to originate from the serum gamma
globulins.

SUMMARY

In attempts to detect micro-amounts of Bence
Jones protein, or of protein resembling it, ad-
vantage was taken of reports that all Bence Jones
proteins react with antisera to gamma globulins.

Experiments were planned so that protein de-’

tected by reaction with such an antiserum could
be further characterized by heat stability at 55° C,
solubility at 98° C, and diffusion coefficients.

Two preliminary experiments provided infor-
mation on the behavior of serum gamma globu-
lins and Bence Jones proteins at 55° and 98° C.
Evidence was obtained from macroscopic behavior
on heating and from immunochemical studies of
heated products, that heat denaturation of Bence
Jones proteins may be largely reversible.

Evidence was found of the presence, in normal
urine, of protein which resembles Bence Jones
protein in reacting with antibodies to gamma
globulin, having a similar diffusion coefficient and
having a relatively high solubility at 98° C.
Studies after heating at 55° C, although incon-
clusive, were consistent with a further resem-
blance to Bence Jones protein in that the protein
was readily denatured at this temperature,
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ADDENDUM

Franklin (25) has provided further physicochemical
studies of urinary protein of gamma electrophoretic mo-
bility. He finds this to consist predominantly of a frac-
tion which has a molecular weight of about 35,000 and is
antigenically closely related to the serum gamma globu-
lins; it was not thought to otherwise resemble Bence
Jones protein. The suggested size of this protein is in
accord with the present work, but some figures given
by Franklin for its rate of excretion (his Table II)
are much higher.
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