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activity than heretofore reported. This is because 
all the components of such preparations have nearly 
the same biological activity. There was no in
dication of loss of total activity during a run, but 
it has not been feasible to assay quantitatively all 
the fractions in order to settle this point. 
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In a previous report1 it was shown that it is 
possible to fractionate insulin preparations by 
countercurrent distribution and thereby obtain a 
preparation whose behavior approaches that of a 
single solute partitioning almost ideally. The 
next step in the characterization of insulin is there
fore the determination of the molecular weight. 

Molecular weights for insulin determined by 
several methods have already been published. 
The earlier work with diffusion and the ultra-
centrifuge2 indicated values in the range 36,000 
to 48,000, but more recently Gutfreund3 observed 
that the sedimentation was less rapid at lower 
protein concentrations and pH. values. As a result 
of osmotic pressure measurements he was able to 
assign a value of 12,000 for the molecular weight at 
infinite dilution. This value is in agreement with 
later studies.4 The earlier higher values were 
interpreted as being due to association of monomer 
units in solution. Even the value of 12,000 has 
been questioned by Fredericq and Neurath6 whose 
results indicated that in the proper environment 
insulin may be dissociated still further to a species 
with a molecular weight of about 6,000. 

This state of affairs makes another completely 
independent approach to the question of molecular 
weight highly desirable. For this reason it ap
peared of great interest to learn whether the ap
proach suggested by Battersby and Craig6 for the 
molecular weight determination of the higher 
peptides could be applied to a substance of the 
complexity of insulin. The results of such studies 
up to the present time are reported in this paper. 
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Experimental 
The sample of insulin chosen for the initial molecular 

weight studies was one which was well characterized by 
countercurrent distribution and known to contain 90% or 
better of the A component. The method used in the work 
reported here was partial substitution by the Sanger reagent, 
l-fluoro-2,4-dinitrobenzene.7 

Five hundred milligrams of insulin (Boots Lot 9011 G) was 
dissolved in 25 ml. of a 1% aqueous solution of sodium bi
carbonate at a temperature of 24°. To this was added a 
solution of 250 mg. of l-fluoro-2,4-dinitrobenzene (FDNB) 
in 50 ml. of ethanol. At the same time a control solution, 
of the same composition except that the insulin was omitted, 
was made up. The progress of the reaction was followed 
by measuring the ultraviolet absorption at 350 mn in a Beck-
man quartz spectrophotometer, using V20-Cm. cells. The 
reaction was quenched by the addition of 0.25 ml. of glacial 
acetic acid when the optical density had reached 0.65, a 
value which corresponds to the substitution of 1.5 moles of 
FDNB per insulin molecule if the molecular weight is 12,000. 
The reaction time was about 15 minutes. Unreacted 
FDNB was removed by extraction with ether, followed by 
evaporation to dryness of the ether-alcohol layer. The 
residue was taken up in water and ether and the aqueous 
layer from this was added to the aqueous layer from the 
first extraction. The combined aqueous extracts were 
then evaporated to dryness in the rotary evaporator.8 

The entire yellow residue was distributed in the system 
used for the original characterization of the protein, 2-
butanol/1% aqueous dichloroacetic acid (DCA). A 220 
tube automatic Countercurrent distribution apparatus9 was 
used. After 216 transfers analyses by weight and by ultra
violet absorption at 277 tRfjL and at 350 m/z gave the pattern 
shown in Fig. Ia. Bands 1, 2 and 3, all colorless, were 
withdrawn and the apparatus was arranged for recycling 
the yellow bands. At 530 transfers the pattern shown in 
Fig. Ib was obtained. 

Material was recovered from bands 2-6 of Fig. Ia. Band 
1 was found to contain only inorganic salts from the re
action. Band 2 contained unchanged insulin which was 
isolated in crystalline form by the usual procedure. Since 
intact solute from band 3 was not needed for study, material 
for hydrolysis was recovered by the addition of hydrochloric 
acid, extraction of the DCA and 2-butanol with ether, and 
evaporation of the aqueous layer. A portion of the residue 
was hydrolyzed and studied by paper chromatography, but 
no spots other than those obtained from an hydrolysate of 
insulin were observed. 

Products from bands 4, 5 and 6 were all isolated in the 
following manner. The solutions were concentrated in 
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The molecular weight of insulin has been examined using the method of partial substitution by l-fluoro-2,4-dinitrobenzene, 
separation of the reaction products and colorimetric analysis of the monosubstituted derivative for the dinitrophenyl group. 
A molecular weight of 6,500 has been found. 
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Fig. 1.—Distribution patterns of partially substituted 

DNP-insulin: a, reaction time of 16 minute3, 217 transfers; 
b, 530 transfers; c, reaction time of 38 minutes, 218 trans
fers; d, reaction time of 21 minutes, 218 transfers; • , 
weight, lower layer; • , weight, upper layer; O, theoretical; 
A, extinction X 1.3 at 277 mp, lower layer; A, extinction X 
0.5 at 350 m/j, upper layer. 

vacuo at a low temperature until most of the 2-butanol had 
evaporated and a yellow solid began to precipitate. The 
mixture was then extracted with ether to remove the free 
DCA, and lyophilized. Analytical studies were made on 
the material thus isolated from band 4. A chlorine analysis 
was made to determine the percentage of DCA in the residue. 
Loss of drying (100°, 0.2 mm.), 8.56%; Cl, 6.37%. A 
solution of 11.65 mg. of the yellow residue in 25 ml. of the 
upper phase of the DCA system gave an extinction of 0.810 
at 350 m/i. Material from band 5 was useless for molecular 
weight determinations because a control experiment de
scribed below indicated the presence of a yellow substance 
other than an insulin derivative, probably 2,4-dinitrophenol. 
However, some of the fraction was hydrolyzed and studied 
by paper chromatography, No spots other than those from 
insulin were found. 

N-DNP-glycine was made10 and its molecular extinction 
coefficient determined at 350 rmi in the upper phase of the 
system; e 14,360. 

Discussion 
The reasoning involved in deriving molecular 

weights by the method used in the present work has 
been previously set forth.6 With any unknown 
substance a number of experimental requirements 
must be met before such reasoning can be applied. 
These are the following: (1) The distribution be
havior of a good sample of the substance must be 
well known. (2) A sample of the substance must 
be permitted to react partially with some reagent 
capable of covering or liberating functional groups 
of high polarity so that for each group covered or 
liberated a significant shift in partition ratio is 
produced. (3) A weight distribution pattern of 
all the reaction products must give clear cut, well 
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separated bands of constant composition through
out each band. (4) Quantitative analytical data 
for the substituting group in each band must be 
obtainable. 

The first of these requirements has already been 
met as reported previously.* An attempt to satisfy 
the second with the use of FDNB was first made 
by using the conditions Sanger7 gave for com
pletely substituting the free -NH2 groups of insulin 
except that only sufficient FDNB was used to sub
stitute two of the six groups (assuming a molecular 
weight of 12,000). It was found experimentally 
that nearly half of the FDNB was transformed, 
presumably to 2,4-dinitrophenol, under these 
conditions. Therefore two moles of the reagent 
were used per mole of insulin. However, clear cut 
bands were not obtained and the distribution pat
tern gave evidence for transformation other than 
simple substitution. 

Different reaction conditions were therefore tried. 
A large excess of FDNB was used and the reaction 
was quenched after a short time, the time being 
determined by following the development of ab
sorption at 350 m,u in the Beckman quartz spectro
photometer. The first experiment was interrupted 
when the extinction corresponded to the substitu
tion of 2.56 moles. Distribution gave pattern c 
of Fig. 1. Very little unchanged insulin appeared, 
and the reaction had obviously been allowed to 
proceed too far. 

In the next experiment the time of reaction was 
reduced to allow the substitution of only 2.2 moles 
of FDNB. Distribution of the reaction products 
now gave pattern d of Fig. 1, showing that the 
reaction time was still too long. Reduction of the 
reaction time still further, to allow the introduction 
of only 1.5 moles, and distribution of the products 
gave pattern a of Fig. 1. This would appear to 
represent a suitable stage of substitution for molec
ular weight studies because of the comparable 
amounts of the various components. The colored 
bands in tubes 140-220 were recycled to 530 trans
fers in order to give a more complete separation as 
shown in Fig. Ib. 

Two control experiments were carried out. In 
one the experiment which gave pattern a was 
repeated except that the FDNB was omitted. 
Only bands 1 and 2 were observed showing that 
insulin is not transformed under the basic condi
tions of the reaction. In the second control the 
same experiment was repeated but the insulin was 
omitted. Here the salt band and a yellow band 
were obtained. The yellow band had little weight 
and travelled at a rate which would make it occur 
at the position of band 5 of pattern b. Its absorp
tion was sufficient in amount to account for almost 
half of the total absorption of band 5, and the 
experiment showed that 5 was a mixture unsuitable 
for use in molecular weight deductions. An addi
tional experiment showed that 2,4-dinitrophenol 
also travelled at the same rate as band 5. 

Band 4 is the yellow band occurring nearest to the 
unchanged insulin, band 2. I t therefore should 
have only one of the basic nitrogens substituted and 
is of most interest for molecular weight determina
tion. Pattern b shows that the weight, extinction 
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(350 mix) and theoretical curves all approach agree
ment. The peak material was recovered and care
fully dried. For the molecular weight calculations 
some known molecular extinction coefficient must 
be chosen. N-DNP-amino acid and peptide deriva
tives are known to have approximately the same 
molecular extinction coefficient at 350 m/i,11 but to 
show individual variations of the order of ± 2 % 
depending on the solvent used. From Sanger's 
work one of the end groups of insulin is known to be 
glycine. N-DNP-glycine was therefore prepared 
and was found to have a molecular extinction co
efficient of 14,360 in the upper phase of the system 
used for the distribution. If this value is assumed 
for insulin it permits the calculation of a molecular 
weight of 6,500 after making the necessary correc
tions for loss in weight on drying and DCA content, 
the latter calculated from the chlorine analysis. 
At this stage of our knowledge of the reliability of 
the method it would be unwise to regard this value 
as anything but the order of magnitude. How
ever, it could well indicate the molecular weight to 
within ± 1 0 % of the true value. Further work 
to substantiate this conclusion by partial reaction 
with other reagents is in progress and will be re
ported at a later date. 

I t can be seen from pattern b that band 6 has an 
extinction/weight ratio approximately double that 
of band 4. I t is therefore a di-DNP derivative. 

Comparison of patterns a, c and d shows that in 
a longer reaction time the amount of 6 increases 
as the amount of 4 decreases, but the extinction/ 
weight relationships in these bands hold through
out. This behavior strongly supports the use of 
band 4 as a reliable basis for molecular weight cal
culations. 

Band 3 appears to be a derivative in which the 
reagent is attached at some point other than an 
-NH2 group. Such a derivative would be colorless 
as is this band. The -OH group of tyrosine was 
suspected but complete hydrolysis followed by 
paper chromatography failed to give an O-DNP-
tyrosine spot. The high extinction (277 m^)/ 
weight ratio compared to insulin, band 2, is indica
tive of DNP substitution at some point in the 
molecule but the nature of this derivative is not 
known. The histidine residue could be the point 
of attachment. No interpretation can be made of 
band 5 since it has been shown to be a mixture. 

If the interpretation given to the experiments 
reported here is correct, then the molecular weight 
deduced by Gutfreund3b could be based on data 
obtained from a dimeric form and that of earlier 
workers2 from material in still higher states of 
association. With this background of experience 
the question may rightly be raised as to whether or 

(11) F. Sanger, Biochim. J., 45, 563 (1949). 

not even the lower value suggested here is that of 
the monomeric form. A number of observations 
speak against a smaller value. 

It would be difficult to interpret the present 
observations on the basis of a molecular weight of 
3,000, since the absorption of band 4 indicates the 
presence of one DNP-residue in a molecule of about 
6,500 molecular weight, assuming that the value of 
the extinction coefficient of the N-DNP group is 
not significantly different in a larger molecule from 
that in an N-DNP-amino acid. To explain a 
molecular weight of 3,000 it would have to be 
assumed either that the extinction coefficient is 
only half as great in the insulin derivative, or that 
some sort of molecular complex has been formed 
between insulin and FDNB or an hydrolysis prod
uct of FDNB. Both of these assumptions seem 
unlikely. 

More progress in structural work has been made 
with insulin than with any other protein. Sanger's 
extensive studies12 have shown that oxidation of di
sulfide linkages results in the formation of two 
peptides, A and B. No other large fragments were 
found. The molecular weight of A was found to be 
about 2,700, and that of B about 3,800.u At the 
time of his publications Sanger postulated, on the 
basis of a molecular weight of 12,000, two A chains 
and two B chains in each insulin molecule. Since 
no evidence for two different A chains or two differ
ent B chains has thus far been obtained,11'13 a 
molecular weight of about 6,500 would be entirely 
compatible with his findings, but a smaller sub-
unit could not be explained in terms of the A and B 
peptides. 

The published amino acid analyses14 do not sup
port a minimum molecular weight as small as 
6,500. However, results from different laborato
ries are not in agreement with each other, per
haps because most insulin preparations are mix
tures. At least all of those studied in this Labora
tory1 have shown from 10 to 50% of protein com
ponents other than the main insulin component. 
However, the published values are even more 
strongly in disagreement with a molecular weight 
smaller than 6,000 since this would require less than 
one residue each of lysine, proline, arginine, iso-
leucine and threonine in a molecule of insulin, 
and fractions of residues of many other amino 
acids. 
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