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Patients with multiple myeloma excrete in their urine considerable quantities of 
Bence-Jones protein. The presence of this abnormal constituent in urine has served as 
an aid in the diagnosis of multiple myeloma, hut the protein itself, although well known 
for some time, has not been fully characterized. Bence-Jones protein is an albumin-like 
substance that  dissolves in water, precipitates from solution at 5o to 6o ° C, and goes 
again into solution at boiling temperature; after cooling, the protein precipitates again. 
The solubility behavior of the Bence-Jones protein serves as test for its detection in 
urine but does not represent a consistent and reproducible property. MAGNUS-LEVY x 
has reported that some samples of Bence-Jones protein fail to dissolve when the solution 
is boiled. Moreover, differences in some properties have been observed for samples 
excreted by the same patient at different times, indicating that  perhaps more than one 
protein is being excreted. Electrophoretic studies of the Bence-Jones protein indicate 
that  there is a significant difference in mobility between proteins isolated from the urine 
of different patients ~. The molecular weight of Bence-Jones protein has been estimated 
at about 37,oool. RUNDLES,  COOPER AND WILLETT 3 believe that  the Bence-Jones protein 
represents a low molecular weight protein derived from certain abnormal components 
of serum. By virtue of its relatively small molecular weight the Bence-Jones protein 
can pass into the glomeruli and appear in the urine. 

The available information on the chemistry of Bence-Jones protein seems to be 
inconsistent and little agreement exists between values reported by various investi- 
gators 4, s,s,7,s. DENT AND ROSE 7 did not find methionine in the samples investigated by  
them. They reported that  electrophoretic analysis gave only one slightly assymetric 
peak, but salting out experiments suggested that  their sample consisted of two com- 
ponents in the proportion of 9 : I. ROBERTS and associates 8 found in their samples 12.6 % 
serine and 8.3% threonine and suggest that such unusually high values of hydroxy 
amino acids are only found in some virus proteins. 

The present s tudy was initiated to establish whether the so-called Bence-Jones 
protein possesses the same properties and the same chemical composition when isolated 
from the urine of one patient, but  using different methods of isolation. Samples of 
Bence-Jones proteins were isolated from the urine of one patient at different times and 
a comparative study of the physicochemical and chemical properties carried out. By 
so doing it was hoped to clarify some of the existing discrepancies in the literature. 

* Th i s  work  was  suppo r t ed  b y  a g r a n t  f rom t he  A m e r i c a n  Cancer  Society.  
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ISOLATION OF BENCE-JONES PROTEIN FROM URINE AND SERUM 

U r i n e  o f  a p a t i e n t  w i t h  t y p i c a l  s y m p t o m s  of  m u l t i p l e  m y e l o m a  w a s  u s e d  a s  t h e  

s o u r c e  o f  B e n c e - J o n e s  p r o t e i n .  U r i n e  w a s  c o l l e c t e d  d a i l y  u s i n g  t o l u e n e  a s  p r e s e r v a t i v e .  

A l i q u o t s  o f  t h e  2 4 - h o u r  s p e c i m e n s  w e r e  a n a l y z e d  b y  m e a n s  o f  t h e  e l e c t r o p h o r e t i c  m e t h o d  

o n  f i l t e r  p a p e r  d e s c r i b e d  b y  D U R R ~ M  9 a n d  DIETRICH a n d  CREMER AND TISELIUS ~°. T h e  

u r i n a r y  e x c r e t i o n  o f  B e n c e - J o n e s  p r o t e i n  a s  d e t e r m i n e d  b y  t h e  e l e c t r o p h o r e t i c  m e t h o d  

v a r i e d  f r o m  14 .6  t o  2o .3  g r a m s  p e r  24  h o u r s .  T h e  B e n c e - J o n e s  p r o t e i n  a p p e a r e d  i n  t h e  

f i l t e r  p a p e r  s t r i p s  a s  a s i n g l e  h o m o g e n e o u s  c o m p o n e n t ,  b u t  a s  i t  w i l l  b e  s h o w n  l a t e r  

i t s  h o m o g e n e i t y  i s  q u e s t i o n a b l e .  F o r  t h e  i s o l a t i o n  of  B e n c e - J o n e s  p r o t e i n  s e v e r a l  

m e t h o d s  w e r e  u s e d ,  a n d  t h e  s a m p l e s  t h u s  o b t a i n e d  s t u d i e d  i n d i v i d u a l l y .  

Sample D. 400 ml  of filtered urine,  f rom a 24-hour  specimen,  were dialyzed in a cel lophane 
tube  aga ins t  disti l led wate r  unt i l  t h e  solut ion outs ide  t he  m e m b r a n e  showed negligible change .  The  
opera t ion  was  carr ied ou t  a t  low t e m p e r a t u r e  in t he  refr igerator .  The  dia lyzed ur ine  was  filtered 
and  t he  p ro te in  prec ip i ta ted  wi th  cold ace tone  a t  a t e m p e r a t u r e  r ang ing  f rom - 3 ° C  to - I O  ° C. 
The  prec ip i ta ted  pro te in  was  filtered t h r o u g h  a s in tered  glass funnel ,  washed  wi th  cold m e t h a n o l  
and  e the r  and  dried unde r  v a c u u m  in a desiccator .  Yield:  3.8 g rams .  

Sample B and E: 6oo ml  of ur ine  were mi xed  wi th  an  equa l  vo lume  of a s a t u r a t e d  solut ion 
o f  a m m o n i u m  sul fa te  and  allowed to s t a n d  in t he  ref r igera tor  for severa l  days .  A smal l  q u a n t i t y  
of ma te r i a l  p rec ip i ta ted  and  was fil tered off. The  fi l trate was  b r o u g h t  to 55 % s a t u r a t i o n  of a m m o n i u m  
sul fa te  and  al lowed to s t a n d  for severa l  days .  The  Bence - Jones  p ro te in  wh ich  prec ip i ta ted  was  filtered 
off, d issolved in wa t e r  and  dialyzed aga ins t  disti l led wa te r  (Sample  B). A second sample  of ur ine  
was  b r o u g h t  to  20 % a m m o n i u m  sul fa te  sa tu ra t ion ,  acidified w i th  acetic acid to pI-I 4.4 and  al lowed 
to s t a n d  for 2 d a y s  in t he  refr igerator .  A smal l  a m o u n t  of prec ip i ta te  t h a t  fo rmed  was  filtered off 
and  discarded,  The  f i l t rate was  b r o u g h t  to 55 % sa t u r a t i on  wi th  a m m o n i u m  sul fa te  and  allowed 
to s t a n d  for severa l  days  in t he  refr igerator .  T he  prec ip i ta ted  Bence - Jones  p ro te in  was  filtered off, 
d issolved in wa te r  and  dia lyzed (Sample E). The  dialyzed B and  E solut ions  were mixed  and  t r ea ted  
wi th  ac t i va t ed  charcoal  (Norite). T he  Bence - Jones  p ro te in  f rom the  decolorized so lu t ion  was  pre-  
c ip i ta ted  wi th  ace tone  a t  - 5  ° C and  the  p rec ip i ta ted  Bence - Jones  pro te in  fil tered off. The  pro te in  
was  washed  and  dried by  t he  s ame  procedure  followed wi th  Sample  D. 

Sample F. 80o ml  of ur ine  were first t r ea ted  wi th  ac t i va t ed  charcoal  (Norite) to r emove  colored 
impur i t i es .  The  ur ine  was  mixed,  by  m e a n s  of v igorous  mechan ica l  st irr ing,  wi th  12oo ml  of s a t u r a t e d  
a m m o n i u m  sulfate.  T he  m i x t u r e  was  allowed to s t a n d  for severa l  days  in t he  refr igerator .  The  
prec ip i ta ted  pro te in  was  filtered, dissolved in water ,  d ia lyzed and  p rec ip i t a t ed  wi th  ace tone  a t  low 
t e m p e r a t u r e  following t he  s a m e  procedure  used wi th  t he  p rev ious  samples .  

Sample I. iooo ml  of ur ine  were ad j u s t ed  to p H  5 wi th  acetic acid, a n d  hea t ed  slowly, ra is ing 
t he  t e m p e r a t u r e  o.5 ° C per  minu te .  Dur i ng  th is  t ime  t he  ur ine  was  s t i r red by  mechan ica l  means .  
A fa in t  t u rb id i t y  appea red  w h e n  t he  t e m p e r a t u r e  reached  54 ° C. This  ma te r i a l  was  r emoved  by  
fi l trat ion,  and  discarded.  H e a t i n g  was  con t inued  and  when  t he  t e m p e r a t u r e  reached  57 to 57.5 ° C 
t he  p ro te in  p rec ip i ta ted  rapidly.  Af ter  al lowing to s t a n d  for 30 m i n u t e s  t he  p ro te in  was  filtered, 
washed  wi th  water ,  ace tone  and  e the r  consecut ive ly  (Sample I). T h e  f i l t rate  was  hea t ed  unt i l  t h e  
t e m p e r a t u r e  reached  58°-6o  ° C, a t  which  po in t  a second f rac t ion  prec ip i ta ted  f rom the  ur ine  (Is). 
This  f ract ion was  isolated and  purified like t he  others .  The  f i l t rate f rom Is, was  aga in  hea ted ,  th i s  
t ime  to 61.5-65 ° C, and  a th i rd  prec ip i ta te  ob ta ined  (Is), wh ich  was  also fil tered a n d  t r ea ted  like 
t he  o ther  samples .  Yields:  (I): 1.9 g rams ,  (I2): 2.2 g r a m s  and  (Is): o.35 grams .  

Sample I I .  This  s ample  was  ob ta ined  by  t he  s a m e  m e t h o d  used in t h e  isolat ion of (I2) b u t  
f rom a different  ur ine  specimen,  excre ted  on a different  day.  

Sample J.  24o0 ml  of ur ine  were ad j u s t ed  to p H  5.2 wi th  acet ic  acid and  filtered. A s a t u r a t e d  
solut ion of a m m o n i u m  sul fa te  was  added  slowly while t he  m i x t u r e  was  s t i r red mechanica l ly .  At  
4 ° % sa tu ra t i on  a fa in t  t u rb i d i t y  appeared .  As t he  s a t u r a t i on  app roached  50 % more  pro te in  precipi- 
t a t ed  and  near ly  comple te  prec ip i ta t ion  occurred when  t he  s a t u r a t i o n  wi th  a m m o n i u m  sul fa te  was  
b r o u g h t  to 6o %. The  m i x t u r e  s tood in the  refr igerator  for 2 days  and  t he  p rec ip i ta ted  pro te in  was  
filtered off and  t rea ted  in the  s ame  m a n n e r  as Sample  F, excep t  t h a t  prec ip i ta t ion  f rom the  dialyzed 
solut ion was  accompl i shed  us ing  m e t h a n o l  a t  2 ° C. 

Sample K. 411o ml  of urine,  collected a t  va r ious  t imes,  were b r o u g h t  to 60 % sa tu r a t i on  wi th  
a n u n o n i u m  sul fa te  and  allowed to s t a n d  in t he  refr igerator  for 4 days .  The  m i x t u r e  was  cen t r i fuga ted  
a t  2ooo R P M  and  5 ° C for 3o minu tes .  The  prec ip i ta te  was  dissolved in dist i l led water  and  filtered. 
The  f i l tered solut ion was  dialyzed and  t he  solut ion t r ea ted  wi th  cold me thano l .  The  prec ip i ta ted  
ma te r i a l  was  t r ea ted  like t he  o ther  samples .  Yield:  13 g r ams .  
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All the samples of Bence-Jones protein obtained by these methods were white 
powders and readily soluble except those obtained by heat precipitation. The pH of an 
o.187/o solution of sample D was 5.9 and the solution turned turbid at 560 C. A similar 
solution of sample B and E has a p H  of 4.7 and became turbid at 59.5 ° C. The precipi- 
ta ted proteins dissolved only partially in boiling water. 

Sample L ]rom Serum. Serum from the same patient was obtained by  routine 
methods. Electrophoretic analyses of the serum showed the following protein distri- 
bution : 

Total:  Protein 9.1o g per IOO 
Albumin 2.9 g/ loo 
Globulins 6.2 g/ ioo 

a I 0.22 g/Ioo 
~2 0.54 g/xoo 
fl 0.62 g/Ioo 
~, 4.80 g/Ioo 

The y-globulin could not be separated from the abnormal Bence-Jones protein, so 
that  the figure above represents a mixture of the two. When aliquots of serum and 
urine were mixed, the electrophoretic pat tern resulting from the mixture showed an 
overlap of the abnormal components. 

Isolation o/the Benee-Jones protein/tom blood. 
15 ml of serum were t reated wi th  2o ml of a sa tura ted  solution of a m m o n i u m  sulfate. Most 

proteins,  except the a lbumin were precipitated. The precipitate was  filtered off. The precipitate, 
(globulins} was taken up in 20 ml of water  and dialyzed. A precipi tate  formed on dialysis. After 
removal  of the precipitate from the dialyzing tube it was discarded. The filtrate contained small 
amoun t s  of other  fractions bu t  75 % was  made up by  Bence-Jones protein, as  determined electro- 
phoretically. The filtrate was brought  to 4 ° % sa tura t ion  with a m m o n i u m  sulfate and a precipi tate  
formed. The precipi tate  was  removed. Electrophoretic analysis of the solution indicated t ha t  this 
por t ion was made up  of y-globulin. To the filtrate, containing a m m o n i u m  sulfate at 4 ° % sa tura t ion  
was  added more a m m o n i u m  sul tate  up to 52 % saturat ion,  whereby  the Bence-Jones protein pre- 
cipitated. I t  was dissolved in wate r  and dialyzed. Again, a small por t ion of protein precipitated 
on dialysis, which was discarded. The clear solution contained only the Bence-Jones protein  as 
indicated by  electrophoresis. 

A sample of this material  exhibited all the properties of the Bence-Jones protein, 
namely reversible appearance of turbidi ty at 500-60 ° C and disappearance on boiling. 
From the dialyzed solution the protein was precipitated with cold methanol. After 
precipitation, the moist material  was soluble in water  and gave a positive Bence-Jones 
test. However, on drying, its solubility in water decreased considerably. This is compa- 
rable to the solubility behavior of a spontaneously crystallizing protein from the serum 
of a multiple myeloma patient, reported by  VON BONSDORFF and associates n. 

PHYSICAL AND CHEMICAL PROPERTIES OF BENCE-JONES PROTEIN 

Moisture, ash and nitrogen content. Determinations of moisture, ash and nitrogen 
were carried out by  standard methods. The results are compiled in Table I. 

Amino acid composition. Amino acids were determined in the hydrolyzed sample 
following the microbiological assay method of SCHURR and associates 12. Tryptophan 
was measured by  the method of HOPKINS AND WINKLER as modified by SHrew AND 
McFARLANE 13. Chromatographic analysis on filter paper showed no discernible differ- 
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T A B L E  I 
NITROGEN, MOISTURE AND A S H  C O N T E N T  OF B E N Q E - J O N E S  P R O T E I N S  

Sample Moisture A sh Nitrogen* 
% % % 

B and  E 13.65 1.68 16.51 
D lO.47 o.92 14.7o 
F 6.oo o.29 15.81 
J 6-54 0.37 15.98 
]K 9.43 o.oo 16.o 7 
L IO.II  9.73 14.25 
I1 3-53 o-56 15.43 
Iz 2.21 o.60 15.17 
13 0.59 0.59 14.39 
I I  5.70 2.63 15.49 
Bovine  

a l b u m i n  1.o 7 o.43 15.Ol 

* Corrected for mo i s t u r e  and  a sh  c o n t e n t  

ences in the amino acid pat tern of any of the samples. Tests for phosphate, sulfate and 
sugars were negative. The hydrolysates were prepared by  refluxing the protein with 
6 N HC1. Samples D and I I  were hydrolyzed following identical procedures to those 
reported by ROBERTS and associates s whereas samples I and L were hydrolysed for 
several hours longer. The results are shown in Table II .  Sample D was also analyzed 
for sulfur by the PARR method. The value of 1.o4% for this sample was found which 
is in good agreement with the sum of microbiologically determined sulfur which gives 
a value of 0.98%. 

T A B L E  II  
A M I N O  A C I D  C O N T E N T  OF B E N C E - J O N E S  P R O T E I N S  

(Grams  of a m i n o  acid pe r  ioo g r a m s  pro te in)*  

Sample 
Amino Acid 

D I I  I x 12 13 L 

Alan ine  8. I I 6.96 7.92 7.96 7.31 6.79 
Argin ine  6.66 5.59 5-27 4-99 5.31 3.74 
Aspar t i c  acid 6.95 6.71 8.77 9.o5 8.86 7.68 
Cys t ine  3.74 3.56 4.36 3.29 3.48 2.69 
G lu t amic  acid lO.5O 9.o8 6.22 9.92 5.91 8.21 
Glycine 7.o7 7.84 9.65 9.64 7.76 7.42 
His t id ine  1.61 1.55 1.72 1.82 1.65 1.95 
I s o l e u e i n e  2.62 2.86 3.24 2.77 2.75 1.51 
Leuc ine  8.3o 7.55 9 .61 8.82 8.39 9.54 
Lys ine  7.o5 8.25 6.83 6.99 6.52 5.91 
Meth ion ine  o.42 0.45 0.34 0.25 o.24 o.54 
P h e n y l a l a n i n e  6.24 4.48 I 1.45 9.46 8.Ol 6.19 
Prol ine  7.25 5.96 6.o4 5-57 5.14 7 -18 
Serine 6.85 6.30 5.90 7.56 7.07 4.18 
Th reon ine  14.24 14.17 13.13 xo.9o 8.43 9.35 
T r y p t o p h a n  2. o 4 3.26 3.79 2.62 2.20 3.79 
Tyros ine  4.62 4- 79 8.35 8.76 9.23 9-39 
Valine 9.28 8.86 7.25 7.97 7.99 7-46 

Tota l  113.55 lO8,22 119.84 i 18.34 lO6.25 lO3.52 

" Corrected for mo i s tu re  and  a sh  conten t .  

Re]erences  p .  632 .  



V O L .  9 {i952 ) B E N C E - J O N E S  P R O T E I N  F R O M  M U L T I P L E  M Y E L O M A  629 

Isoelectric point. The isoelectric point  of the various samples was determined by 
several methods :  (I) by  precipi tat ion with sodium lauryl  sulfate according to NEURaTH 
AND PUTNAM 14, (2) by  precipitat ion with methanol  at different p H  values, (3) by  the 
electrometric method,  and (4) by  microelectrophoresis on filter paper% lo. The results 
obtained by  method  (I) are shown in Table I n  in which bovine serum albumin has 
been included for comparison. Agreement  of these values was observed by  the other  
methods of determination.  

TABLE i n  
ISOELECTRIC P O I N T  BY PRECIPITATION WITH D E T E R G E N T  

Sample D 4.91 
Sample F 5.22 
Sample J 4.91 
Sample K 5.13 
Bovine albumin 4.70 

Acid-base binding capacity. Varying  amounts  of s tandard  acid (HC1) or base (NaOH) 
were added to separate I ml samples of a 4.86% solution of sample K in water. The 
total  volume was mainta ined constant  at  IO ml, the tempera ture  at 23 ° C and the p H  
was measured after samples had equil ibrated for 30 minutes.  The results are presented 
in Table IV. Between p H  2 and 12 Bence-Jones protein binds much less H + and O H -  
than  serum albumin. Below p H  2 and above p H  12 the acid base binding capaci ty  
increases very  rapidly,  indicat ing tha t  at such p H  the protein is s t rongly hydrolyzed.  

TABLE IV 
ACID-BASE BINDING CAPACITY OF BENCE-JONES PROTEIN (K) AND HUMAN SERUM ALBUMIN 

H + Bound (. xo 5) per gram OH- Bound (. zo 5) per gram 
p H  protein protein 

Albumin Bence-Jones (K) Albumin Bence-Jones (K) 

I 

2 

3 
4 
5 
6 
7 
8 

9 
IO 

I I  

I 2  

13 

1 6 o  2 0 0  

1 4 5  2 o  

1 3 o  5 
20 2 

o I 

20  I 

3 ° I 

4 ° 2 

55 2 
65 6 
95 14 

14o 5 6 
16o 1588 

Viscosity. Viscosity was measured in dilute solutions (o .2-I .o%) with an Ostwald 
capillary viscometer at  37 and 34.8 ° C, 2 ml of solution were introduced.  The flowing 
time of 2 ml water  in the first viscometer at  37 ° C was 166.8 seconds, for another,  at  
34.8 ° C was 117. 9 sec. The reduced viscosity ~sv/c was calculated in the usual fashion, 
the intrinsic viscosity was obtained by  extrapolat ion of the reduced viscosity values 
to zero concentrat ion (c --  o). Intrinsic viscosity of sample D was found to be 0.033, 
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of sample 13 and E 0.045 and of sample F 0.044. Viscosity changes little with changes 
in pH. Thus, the reduced viscosity of a o.85% solution of B and E at pH 3.6 was found 
to be o.o63, at pH 4.2, o.o49 and at pH 4.72, o.o5o. Denaturing agents affect the viscosity 
of the solutions, as they do with many  other proteins, In  o.5 % Aerosol solution, the 
intrinsic viscosity of all samples was found to be o.o8o, Exact ly  the same values were 
obtained in o/ o.5/o solutions of sodium lauryl sulfate. Sample J rendered the same figures 
in detergent solutions but  in 5 M guanidine hydrochloride its intrinsic viscosity was 
O.ZTO. 

optical rotation. Measurements were made with a BELLINGHAM-STANLEY instrument 
in IO or 20 cm tubes using sodium light. Accuracy of the readings is ± o.oi degree. 
The results of these measurements are recorded in Table V. All denaturing reagents like 
guanidine hydrochloride or detergents increase the negative rotation considerably, as 
it was found for legumin by  JIRGENSONS 15 and for fl-lactoglobulin by GROVES and 
associates TM and CHRISTENSEN 17. Different samples of protein dried under the same 
conditions show significant differences in optical rotation. The dependence of rotation 
on pH particularly on the acid side is reminiscent of other proteins TM, but  oil the alkaline 
side the rotation changes are negligible. 

T A B L E  V 

S P E C I F I C  R O T A T I O N  OF B E N C E -  

J O N E S  P R O T E I N  D E T E R M I N E D  IN 

O N E  P E R  C E N T .  S O L U T I O N S  

In Guanidine 
Sample In Water Hydrochloride 

5 M  

B a n d  E - 4 4 . 0  ° - 9 0 . 5  ° 
J - 3 8 . 6  ° - 9 2 . 5  ° 
D - 4 I . I  ° - 9 7 . 0  ° 

S P E C I F I C  R O T A T I O N  OF S A M P L E  B 

A N D  E AT V A R I O U S  p N  VALUES ~_ 

pH Specific Rotation 

1. 9 - 6 4 . 2  
2 .6  - 5 7 , 2  
5 . 0  - 4 4 , o  
9 . 7  3 8 . 8  

11. 3 - 3 8 . 4  

1 .000  

0 . 8 0 0  

0 . 6 0 0  

O. , 4 0 0  

0 . 2 0 0  

O - S A M P L E  D 

X - S A M P L E  J 

• - B O V I N E  A L B U M I N  

O. 0 0 0  ~ .=, .~. ~. 

,o ~o 3o ~o ~o oo -;o oo 90 

V O [  .9/0 P R O P A N O L  

F i g .  i .  F l o c c u l a t i o n  o f  B e n c e - J o n e s  p r o t e i n  a t  va~ r ious  c o n c e n -  
t r a t i o n s  o f  n - p r o p a n o l .  T h e  c o n c e n t r a t i o n  o f  p r o t e i n  i s  o . i  % 
a n d  t h e  t e m p e r a t u r e  2 3 - 2 4  ° C.  R e a d i n g s  t a k e n  a f t e r  20  h o u r s .  

Homogeneity. The criterion used to ascertain the degree of homogeneity in various 
samples was based on flocculation with propanol. JIRGENSONS 19 observed in coagulation 
series with increasing amounts of propanol (at a constant pH and constant protein 
concentration) mixtures of proteins showed in the series two or more turbidi ty maxima 
at different propanol concentrations. The method, as applied to some of the samples 
of Bence-Jones protein revealed that  neither sample was homogeneous. For comparison, 
crystalline bovine albumin was also studied and the results are shown in Fig. i .  

t~e[erences p. 632.  
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DISCUSSION 

The discrepancies in proper t ies  of Bence-Jones  prote in  as repor ted  by  different 
invest igators  m a y  be ascribed to the mul t ip l ic i ty  of procedures used for isolation. The 

results of this s tudy  points  clearly to significant differences in propert ies  of various 

samples isolated f rom the urine of one pa t ien t  but  collected at different t imes and by 

using different methods  for the isolation of the Bence-Jones  protein.  Moreover, the 
isolated protein which appears  as a homogeneous  component  in paper  electrophoresis 

behaves as a mix tu re  in flocculation tests. The presence of meth ionine  in our samples 

is in agreement  wi th  other  reports.  The amino acid composi t ion of the Bence-Jones  
prote in  resembles the composi t ion repor ted  by other  invest igators .  However ,  some 

discrepancies exist,  among  which the content  of serine and threonine are conspicuous. 
We find much  lower values for serine and higher for threonine  than  those repor ted  by 

ROBERTS and associates B. A similar  d iscrepancy exists in the concentra t ion  of g lu tamie  
acid and phenylalanine.  Some significant var ia t ions  in amino acid composi t ion were 

observed in the three samples obta ined  by  hea t  coagulat ion at different t empera tures  

(I, 12, and I3 in Table  II) .  This  var ia t ion  seems to indicate  tha t  par t ia l  f raet ionat ion 

of Bence-Jones  prote in  has been accomplished.  Other  differences in propert ies  were 
found as shown in the exper imenta l  section, but  they  could be ascribed to dena tura t ion  

tha t  m a y  have  occurred dur ing the isolation procedure.  However ,  dena tura t ion  may  
be ruled out on the basis of viscosi ty measurements .  The intrinsic viscosi ty values of 

o.o 3 to o.o 4 indicate  t ha t  we have  a non-dena tured  spheroprotein.  Fur thermore ,  the 

condit ions used in the isolation from urine were cer ta in ly  very  mild. 
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SUMMARY 

l. Several samples of Bence-Jones protein were isolated from urine of a patient with multiple 
myeloma. The isolation was carried out by different methods and from different urine specimens 
of the same patient. A sample of the same protein was also isolated from serum of the patient. 

2. The isoelectric point, acid-base binding capacity, viscosity, optical rotation, and amino acid 
composition of the various samples were determined. Significant variations in properties and chemical 
composition were found for several samples. 

3. The homogenity of the isolated Bence-Jones protein was determined by paper electrophoresis 
and by flocculation with propanol. The samples tested were found to give one single component by 
paper electrophoresis, but behaved like a mixture of proteins in the flocculation test. 

R~SUM~ 

i. Plusieurs ~chantillons de prot~ines de Bence-Jones ont ~t~ isoMes de l'urine d'un malade 
ayant un myelome. L'isolement a ~t~ fair par des m6thodes diff~rentes, utilisant diff~rents ~chantillons 
d'urine du m6me malade. Un ~chantillon de la m~me prot~ine a ~t~ isoM du serum du malade. 

2. Le point iso-~lectrique, la capacit~ d'attachement acide-basc, la viscositY, la rotation optique 
ct la composition en amino acides des ~chantillons diffSrents ont 5t~ d~termin~s. Des differences 
sensibles dans la propri~t6 et la composition chimique ont ~t6 trouv~s pour des ~chantillons diff~rents. 

3. L'homog6n~it6 des prot~ines de Bence-Jones isol~es a ~t~ d~termin~e par l'~lectrophor~se 
sur papier et par la flocculation au propanol. Les ~chantillons examines se sont comport~s comme une 
prot~ine seule "A l'~lectrophor~se sur papier et comme un m~lange de prot6ine ~ l'examen par la 
flocculation. 

Re/erences p. 632. 
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Z U SA MME N FA SS UNG 

I. Mehrere Proben yon Bence-Jones Protein wurden  r u m  H a r n  eines Pat ienten mit  Multiple 
Myeloma isoliert. Die Isol ierung wurde  nach verschiedenen Methoden yon verschiedenen Harnproben  
des Pat ienten  ausgefiihrt .  Eine Probe yon dernselben Protein wurde auch vom 131utserum des 
Pat ienten  hergestellt .  

2. Der isoelektrische Punkt ,  ]BindungsfXhigkeit yon S~ure und Alkali, die Viskosit~t, und der 
Gehalt  yon AHlinos~uren wurden  an verschiedenen Proben des Proteins bes t immt.  BetrXchtliche 
Unterschiede wurden  in den genannten  Eigenschaften und in der chemischen Zusalnmensetzung 
gefunden. 

3. Die Einheit l ichkeit  der Proben wurde  durch mikroelektrophoret ische Versuche und dutch 
Ausflockung mit  Propanol  bes t immt .  Es  wurde gefunden dass das Protein elektrophoret isch einheit- 
lich ist, sich dagegen in den Flockungsversuchen wie eine uneinheitliche Substanz benimlnt .  
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