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The constituents of an enzymatic hydrolysate of protein can be
divided according to their complexit,y into six fractions; protein,
metaprotein, proteose, peptone, subpeptones, and amino acids.
A method for the quantitative
estimation of these fractions
was devised in order to secure more definite information regarding
the changes occurring during hydrolysis than is obtained by the
usual free amino nitrogen determinations. The method has stood
the test of continued use by different workers for over a year, and
has given consistently accurate results.
Briefly, the method involves the precipitation of the protein
by trichloroacetic acid, of the metaprotein by careful adjustment of
the reaction, of the proteoses by NazSOl a6 33”C., of the peptones
by tannic acid under definitely fixed conditions; and the determination of the residual amino acids and simple peptides by a
slight modification of the alcohol precipitation methods of Folin
and Denis (1) and Van Slyke and Meyer (2). No new principle is
introduced, but quantitative results with these reagents were found
to be obtainable only under rigidly fixed conditions. The metaprotein fraction is determined on a separate aliquot of the original solution. For the assay of the other five fractions 100 cc.
are required, containing not less than 200 mg. of nitrogen. The
amount of each fraction is estimated by the nitrogen content,
obtained by difference before and after filtration.
I.

Method of Fractional Analysis qf Hydrolysate.
5

The total nitrogen of the hydrolysate is first determined on
CC. samples in triplicate.
Then, to 40 cc. arc added 10 cc. of
1
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10 per cent trichloroacetic
acid, and the mixture is allowed to
stand for 1 hour.
The solution is filtered and the total nitrogen
determined on two 5 cc. portions of the filtrate.
The difference
between the tist and second total nitrogen estimations is the sum
of the protein and metaprotein.
To estimate the amount of metaprotein, a portion of the original solution of which the total nitrogen is known is brought to
pH 6.0. At this hydrogen ion concentralion
the insolubility
of
albumin acid metaprotein
was found to be greatest.
The solution is filtered and the total nitrogen of the filtrate determined.
After allowing for dilution, the difference between the total
nitrogen of the original solution and of .this filtrate is taken as
a measure of the metaprotein content.
The difference between
the metaprotein
nitrogen and the total trichloroacetic
acid precipitable nitrogen is the protein nitrogen.
The remainder of the filtrate from the trichloroacetic
acid
precipitate, approximately
35 cc., is poured into a 35 cc. volumetric
flask, provided with a long, wide neck, and graduations above and
below the 35 cc. mark.
It is then boiled in a water bath for 3
hours to decompose the trichloroacetic
acid, and to drive off the
resulting carbon dioxide and chloroform, cooled to room temperature, and made up to the original volume before boiling.
Approximately
30 cc. are poured into a 50 cc. Erlenmeyer flask and
20 gm. of N&SO4 are added. The excess of salt is advisedly as
little as possible, in order to minimize the possibility
of error
due to abstraction
of water by the hydrated
crystals.
The
mixture of salt and solution is kept at 33°C. for $ hour, instead
of 32.5”, which is the temperature of maximum solubility, because
the transition point from the hydrated to the anhydrous form of
N&SO1 is at 32.75’; and when anhydrous
salt is employed at
33”C., no hydration
of the undissolved salt, and hence no error
due to concentration
of the solution, can occur.
The difference
in solubility at the two temperatures
is negligible.
In a waterjacketed filter, maintained at 33”, the solution is then filtered up
to the mark into a 25 cc. volumetric flask without allowing it to
cool, it is then washed quantitatively
into a 50 cc. volumetric flask,
and made up to volume.
Two 10 cc. aliquots are taken for total
nitrogen.
The difference between this total nitrogen after allowacid
ing for the dilution, and the nitrogen of the trichloroacetic
filtrate, is the proteose nitrogen.
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25 cc. of the filtrate are pipetted into a 200 cc. Erlenmeyer
flask; 25 cc. of 2.21 N sodium hydroxide and 125 cc. of 20 per cent
tannic acid dissolved in 0.1 N H&X)4, containing 20 per cent
NaeS04, are then added in that order. The mixture is thoroughly
shaken and kept at 20°C. for 4 hours. It is important to maintain
the temperature near 20°C. because at temperatures only slightly
higher the precipitation of peptone by tannic acid is not complete
(see Table III) ; and at lower temperatures salt begins to crystallize out of solution, concentrating it by abstracting water of
crystallization, and thereby introducing a small error. The solution is filtered, and two 50 cc. portions of this tannic acid filtrate
are taken for total nitrogen. The difference between this and the
previous total nitrogen gives the peptone nitrogen.
The large amount of carbon to be digested necessitates modification of the usual procedure of the Kjeldahl method. The
50 cc. of tannic acid filtrate are pipetted into a 500 cc, Kjeldahl
flask and a piece of copper wire and 1 cc. of concentrated HzS04 are
added. The flask is then heated on the digestion rack until salt
begins to crystallize out of the hot solution. It is cooled, 7 gm.
of KZS04 are added, and then 24 cc. of concentrated HZS04. The
digestion is allowed to continue until all frothing has ceased and
the solution has become freed of all suspended particles. The
solution, still a dense dark brown, almost black, is cooled, 5 cc.
of 10 per cent mercuric acetate are pipetted in, and the digestion
is then carried to completion in the usual manner.
A portion of the tannic acid filtrate is adjusted to pH 5.0, and
then pipetted into nine times its volume of 95 per cent alcohol.
It is then allowed to stand for 24 hours. This hydrogen ion
concentration was shown by electrometric titrations to be in
the region of the isoelectric points of both proteose and peptone,
including subpeptone, obtained from albumin, Witte’s peptone,
and Parke, Davis and Co.‘s peptone. At hydrogen ion concentrations on either side of this point the precipit,ation of proteose, and to a greater extent of peptone, falls increasingly short
of completion. After standing 24 hours the solution is filtered.
To the filtrate 2 or 3 drops of saturated alcoholic solution of zinc
chloride are added. After standing for a few minutes the mixture
is again filtered through a dry paper. A measured amount of
the second alcoholic filtrate is concentrated down on a water bath,
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II.

DISCUSSIOS.

Trichloroacetic
acid for the precipitation
of protein has been
employed for years; but its failure to precipitate proteoses is not
so widely known.
Hillcr and Van Slyke (3) are of the opinion that
intermediate products arc precipitated by t~richloroacetie acid, and
Shonle an;1 Waldo (4) have recently employed precipitability
by
this reagent as a criterion for proteose.
In our hands, carefully
purified proteose from such widely varying
sources as Wittc’s
peptonc, Merck’s
pepsin, Eimer and Amend’s
pepsin, Parke,
Davis and Co.‘s peptone, and a peptic digest of egg alt)umin,
failed entirely of precipitation
by trichloroncet,ic
acid.
Even
a derived protein, so little changed as gelatin, is not prclcipitatcd
by as high a concentration of trichloroacetic
acid as 30 per cent.
Our results arc in accordance with those of Shin Shima (5).
The conditions in which the tannic acid precipitation
of pcptones gives quantitative
yields rcquirctl cnrc>ful and csnct dcfinition.
The methods described in the literature,
Simon (G),
Henriqucs and GjaldbBk (7), and Plimmer (S), wcrc found by trial
to be unsatisfactory.
Tannic acid was chosen because it prccipitates most of the polypeptides
known to bc prccipitablc
(9);
ancl because histidinr,
tyrosinc, and cystine, which arc prccipitated by otherwise
suitable reagents, such as sodium tungstate,
arc not precipitated
by tannic acid. Alcohol precipitation
is
undesirable because as Yan Slykc and others have pointed out,
alcohol precipitates are inextricably contaminated with other nonprecipitable contents of the solut.ion.
Tannic acid under opt,imum
conditions precipitated about 51 per cent of the nitrogenous material originally precipitated by alcohol.
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or, if the amounts of alcohol are too large to bc lost, in Claistn
flasks according to the procedure of Van Slyke.
The residue is
taken up again with distilled water, made up to known volume,
and the total nitrogen determined.
The nitrogenous
material remaining
in solution,
consisting
probably of amino acids and the simpler pept,ides, has been termed
the residual nitrogen.
The nitrogen in the alcohol precipitate
is the subpcptonc
nitrogen.

H. Wasteneys and H. Borsook
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III.

ESI’ICRI.VEST.4L.

The proccdurc dcscribcd for t.hc cotttplctc analysis of a dig&
was arriwd
at nftrr investigation
and testing of nwt.hods for the
precipitation
of each of the fractions separately.
Z’rolciu

Frnctiou.

Albutttins and globulins wrc ctnploycd as the sourws of protein. IIillcr and Van Slykc> found that conccntrat~iotts of trichloroacetic acid above 5 per cent have some slight hydrolyzing power,
and, accordingly, amounts of this rcagrnt w(w usrtl such that the
final concentration did not cw~~~tl 2 per cent.
In order
to test the thoroughness
of t.his motlc of precipitntion,
a 3 per
cent solution
of egg albumin
(Baker
ant1 :Id:unson)
was filtcrcd
and prccipThe rspcriment,
was cnrrird
out in tripitated
with trichloroarrt,ic
acid.
licate.
96 per cent of the protein
nitrogrn
was found
to hnvc Ilecn
precipitntcd,
and the triplicates
were in quitr
satisF;tctory
agreement.
The nlhumin
on subsequent
analysis
was found to rontain
!)4.6 per cent
protein,
4.4 per rent protrosc.
and I. 1 per cent
pcl)tonr.
In order
to dctcrminc
whet.her
tcmprrnturc
variations
over a normal
range have any effect on the dcgrrc
of prcripit,ation,
n 5 per cent solution
of rgg albumin
(RIerck)
was precipitated
in 2 per crnt trichloroncctic
acid
at IO”, 15”, 20”, and 25” (A 0.5”).
Again,
npproximatcly
96 prr cent was
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The estitttat.iott of the amino acbids was at first at t rtnptcd by t.he
usual Van Slyke amino nitrogen determination
on the tannic
acid filtrate before and after n&I hydrolysis.
I’llcxpectcdly
a
reaction was fottnd to occur brtween the tannic :wi(l ctnploycd and
the nitrous acid, which libcratctl a lnrgr amount of gas not absorbable by the alkaline permattganate.
5 cc. of tattttic acid solution,
cont:tining no protein nintrrial, gnw 18 cc. of gas. The nitrous
acid method was clearly not feasible.
Direct dctwmination
by
alcohol precipitation
was then resorted to. The final procctlurc
employed was a slight modification of the methods of Folin and
Denis, and Van Slyke and Meyer, for the detcrminatiott
of antino
acids in blood.
The results for the rcsidunl nitrogen fraction by this method
are probably too low, but it is the only ready mrthotl nvailal~lc,
and for cotttparative work gives results, as the work of Folin and
Van Slyke has shown, sufficiently indicative of thr actual figures.

Fractional
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and the results
showed
that temperature
changes,
within
are without
effect on the degree of precipitation
of protein
acid.

Metaprotein

the
by

Fraction.
is also

A solution
of Lieberktihns
jelly
was made in dilute
HCI and filtered,
giving
a clear filtrate,
containing
10.4 mg. of metaprotein
N in 10 cc. This
filtrate
was neutralized
to lit.mus,
producing
a filterable
suspension,
which
was divided
into two portions,
A and B. A was filtered and to the filtrate
sufficient
20 per cent trichloroacetic
acid was added
to give a final concentration
of 2 per cent.
It was allowed
to stand for 5 minutes,
filtered,
and the total nitrogen
of the filtrate
determined.
To B, with no previous
filtration,
trichloroacetic
acid was added directly
and it was then allowed
to stand for 5 minutes,
after
which
it was filtered
and the total nitrogen
of the filtrate
determined.
In A, metaprotein
was removed
by filtration,
after neutralization,
before the addition
of t,he trichloroacetic
acid, leaving
a considerable
residue
of protein,
as shown
by the subsequent
precipitate
with
trichloroacetic
acid.
On comparing
the total
nitrogen
of the final
filtrates
from A and R they were found to be identical.

Proteose Fractim.
The quantitative
prccipitat,ion of protcosr involves inconveniences not encountered in the trichloroacetic acid precipitation
of protein. Ammonium sulfate cannot be used on account of its
nitrogen content; and Na2SO4,which is employed instead, for quantitative precipitation, involves filtration at 32.75”C. (10).
It is
desirable also to use a specimen of salt with as low and as constant a water of crystallization as possible. The commercial
C.P. anhydrous salt is quite suitable, and the volume changes due
to the addition of the Na2S04 can be determined in controls and
the necessary corrections estimated.
To test the possibility
of quantitative
precipitation
of proteose
in this
way, 5 cc. of 5 per cent proteose,
obtained
from Parke,
Davis
and Cos’.
peptone
by salting-out
with Na*SO+
were pipetted
into each of three testtubes,
to which
were added 3 gm. of Na$O+
and kept at 32-34” for 1 hour,
with frequent
stirring.
The solutions
were then filtered
directly
into 500
cc. Kjeldahl
flasks and the precipitates
washed
three times in the funnels
with saturated
Na2S0,
at 32.5%.
Total
nitrogen
estimations
were carried
out in the usual way on these filtrates
and on the original
solution.
The precipitation
was practically
complete,
99.2 per cent of the proteose
was precipitated,
and the checks were in good agreement.
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The following
experiments
indicate that metaprotein
precipitated quantitatively
by trichloroacetic
acid.

7
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For the convenient
carrying
out of this filtration
a piece of apparatus,
This consists
essenthe filtration
box mentioned
above,
was constructed.
tially
of two copper boxes, one above the other,
connected
by two side walls
The upper
box is a battery
of four hot water
and a back of sheet copper.
TABLE

Efect

of Varying

PH
3.0
4.0
5.0
6.0
6.6
9.2

CH+

I

on the Precipitation
Total

w.
87.2
87.2
87.2
87.2
87.2
79.3

N.

I.

of Proteose
N after

filtmtion.

by

Sodium

Sulfate.

Rl3lllOVd.

ml.

per cent

2.0
2.0
2.0
2.0
2.0
1.8

97.7
97.7
07.7
97.7
97.7
97.7

funnels
of suitable
dimensions,
maintained
at 33°C. by a micro
burner,
with a steady
stream
of air bubbling
through
the water for mixing
purposes.
The flasks into which the liquid
is filtered,
stand in the lower box, in water,
also maintained
at 33°C.
The depth of this box is such that the bulb of the
25 cc. volumetric
flask may be kept under
water.
The flasks are held in
position
by a lid of sheet copper,
which
has four narrow
slots, each just
wide enough
to admit
the neck of a flask.
The stems of the funnels
project
for about
1.5 inches
into the necks of the flasks.
It was necessary
to ascertain
the influence,
if any, of the hydrogen
ion
concentration
on the degree
of completeness
of precipitation
of proteose
by Na*SO,.
Proteose
from Parke,
Davis
and Co.‘s peptone,
thrice
precipitated and washed,
was dissolved
in distilled
water and brought
to a number
of different
hydrogen
ion concentrations,
maintaining
the same dilution
in
all.
The precipitation
was carried
out as described
above.
The results
are
given in Table I.
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In the actual working routine the procedure is somewhat different.
The solution saturated with NazSOl at 33°C. is filtered at
the same temperature,
using a filtration box (see below), into a
25 cc. volumetric flask also maintained at 33°C. When 25 cc.
of filtrate have been obtained the flask is removed and its contents are immediately
washed quantitatively
into a 50 cc. voluAt this dilution the solumetric flask and made up to volume.
tion is just under saturation at room temperature
(20”) and can
With this
be pipetted without clogging the point of the pipette.
procedure, after allowing for the dilution, 99.1 per cent of the
proteose was removed.
’

8
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The following is a typical example of the order of magnitude of the increase. 50 cc. of water at 2O”C., saturated with Na?SO( at 33”C., occupied
53.5 cc. Since only 25 cc. are employed in the analysis, and are diluted to
.
1
50 cc., the value of 1 cc. of diluted filtrate is s
X ; = 0.467 cc.
.N
Peptoue

Fmctiotz.

For the determination of the optimum conditions for peptone
estimation by tannic acid, after preliminary experiments, the
various factors which might affect the degree of precipitation
were separately investigated. After each precipitation, total
nitrogen estimation was carried out on the filtrate.
The first
factor investigated was the influence of the hydrogen ion concentration. The varying conditions and their results are summarized in Table II.
The pH in every case n-as estimated electrometrically in duplicate. The mixtures were allowed to stand for 24 hours at room
The results show that there is
temperature before filtration.
a definite optimum
pH in the neighborhood of pH 7.0.
The experiment
was repeated
with tivicc the final concentration of tannic acid and optimum precipitation was again found
to occur at esactly the same reaction, viz. pH 7.0, the results being
similar to those shown in Table II.
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The degree of precipitation
by N&04
is clearly independent
of the hydrogen ion concentration.
This result was espected
because it is unlikely that “salting-out”
is either an isoelectric
point phenomenon, or a precipitation
as an insoluble salt. The
consistency of the nitrogen content of the filtrate indicates probably an impurity.
However, even if it represents a soluble residue, the smallness of the amount, and its constancy, testify to
the serviceability
of the method, with proper controls, for qunntitative work.
The allowance for the dilution, and for the increase of volume
due to heating to 33”C., is made by noting the increase in volume
of water at 2O”C., saturated
with
Na&O,
at 33°C.
This is
carried out in a 50 cc. volumetric
flask, with a long graduated
neck, containing 50 cc. to the base of the neck.

H. Wasteneys and H. Borsook
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TAB&E

Effect
Peptone
mlution.

of CI~+ on Precipitation
-

20 per cent
tnnnic
acid in
0.1 N H&304.

0I.221 N NILOH.

.
cc.
5
5
5
5
5
5
5
5
5

cc.
25
25
2.i
25
25
25
25
25

cc.
0
10
20
30
40
50
G6
TO

II.

-

of Peptone
HZ0

by I’annic
PlI

N in filtrate.

2.7
3.7
4.7
5 !I
6.6
7.1
7.6
7.6

31.2
30.8
30.8
29.4
27.9
27.1
26.7
29.4
29.6

cc.
i0
GO
50
40
30
20
14
0

Acid.

ml?.

solution aft,cr precipitation
of the proteoses by Na?S04. A precipitation carried out simult,aneously
according to the procedure
of Henriques and Gjaldbgk (7) removed only 20 per cent.
The experiments were all carried out in the summer at room
temperature.
One hot evening it was found, that under conditions so far considered optimal, very little precipitate was obtained.
Cooling under the tap caused immediate precipitation.
Evidently
temperature
is an important
factor that cannot be disregarded.
Five portions of the pcptone solution were precipitated
with
the optimum concentrations
of tannic acid and alkali at lo”,
15”, 20”, 25’, and 29” (6 0.5’).
The solutions were maintained
at these temperatures for 3 hours and then filtered.
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Incidentally
a curious phenomenon was observed, which seems
worth noting; viz., t.hat on csposurc to air, the tannic acid solutions became darker and curiously more acid, not unlike the behavior of hemoglobin on oxidation.
It is desirable, for several reasons, to use as little tannic acid as
possible in this operation and accordingly
the minimum concentration of tannic acid necessary for maximum
precipitation
was next explored.
The minimum
concentrat,ion
was found
to be about 14 per cent which effects a removal of 44 per cent of
the nitrogen of Parke, Davis and Co.‘s peptone remaining in

10
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TABLE

Effect

o/ Temperature

Temperature.
c.

Control.
10
15
20
25
29

III.

on Precipitation
T&l

of Peptone

N in filtrate.

Tannic

Acid.

Ilcmovnl.
per cent

mg.

79.2
32.9
32.7
33.0
28.4
79.2

by

-

58.4
58.4
58.3
51.5
0.0

the expectation that the same percentage of the total nitrogen
The most concenwould he precipitated out of each solution.
trated solution of pcptonc was saturated with N&SO, at room
temperature,
and the other solutions were made up from it by
dilution with water.
The results are given in Table IV.
The difference in the percentage removal between the last two
samples with a, salt concentration of 145 gm. per liter was probably
due to the dehydration
caused by the crystallization
of salt
which occurred in the second of these and which, therefore, would
increase the concentration
of the dissolved substances
there.
The results shown in Table IV compelled investigation of the effect
of salt concentration.
Peptone
was prepared
usual manner,
by salting-out
salt were varied
by adding

from
Parke,
Davis
and Co.‘6 peptone,
in the
The concentrations
of
with Na*SO,
at 33°C.
varying
amounts
of Na2S0,
to the 0.1 x I12S0,
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The N in the filtrate was determined with the results recorded
in Table III.
Jt is obvious from these results, that the tannic acid precipitation should not be carried out at temperatures
higher than
2O’C.
It was found that 3 hours standing was only verydightly,
if any, less effective than 24 hours.
With 24 hours standing the
nitrogen content of the filtrate from a precipitation
carried out in
the same manner as the 20°C. experiment above, was 34.7 mg.;
with 3 hours standing, 35.2 mg.
To test if precipitation had been complete, solutions of peptone
of various concentrations
were precipitated
with tannic acid
solutions under the optimum conditions so far worked out, with

11
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TABLE

Effect

of Salt

Concentration

Salt concentration.

Total

gm. per 2.

N.

RemOVal.

m&7.

TABLE

of a Known

by Tannic

per cent

41.6
32.7
24.9
15.3
35.6
9.7

94.5
72.1
47.0
24.7
94.5
24.7

Analysis

of Peptone

N in filtrate.

WT.

120
60
30
15
145
145

Fractional

IV.

on Degree of Precipitation
Acid.

Mixture

56.0
54.6
46.9
38.1
62.3
60.0

V.

of Products

of Peptic

Hydrolysis.

Experimental.
Calculated
per cent
of total N.

Per cent
~----

Protein
..............................
Proteose
.............................
Peptone
.............................
Subpeptone
..........................

9.7
18.3
40.4
31.6

1

of total

2

9.9
18.3
39.4
32.4

9.7
18.3
40.4
31.6

N.

3

4

39.8
31.3

39.6
31.6

mixtures
were made up with the final tannic
from
7 to 14 per cent,
and the precipitation
optimal
conditions.

acid
was

concentration
carried
through

varying
under

The results showed that on the whole
mum precipitation
were those arrived at
With the completion of this experiment,
had been taken into account: reaction,
acid, temperature,
time, concentration
tration of peptone.

the conditions for opti-previously.
all the possible factors:
concentration
of tannic,
of salt, and concen--
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Optimum
precipitation
in which 20 per cent of tannic
acid was dissolved.
was found
to occur
when
the tannic
acid solution
employed
contained
was then independ20 gm. of NazSOn in 100 cc. The degree of precipitation
ent of the peptone
concentration.
After
this experiment
it was thought
that possibly
a lower concentration
of tannic
acid might
be employed,
especially
as a great
deal of sodium
tannate
in addition
to peptone
tannate
is precipitated
when 14 per cent is
employed.
With
peptone
solution
from Parke,
Davis
and Co.‘s peptone,
and 20 per
cent tannic
acid dissolved
in 0.1 N HzSOa containing
20 per cent Na2SOn,

12
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TABLE

Fractional

I

VI.

Analysis
of Peptic
Hydrolysates
in Presence
of Varying
Fractional
Composition.
of Pe PSin of Known
-

r

l’otal

N of

Per cent of total

< l;e&2&ft;

Pepsin.

s

--

WBB
ubtracted.

Protein.

nm.

WI.

0.51

269.1
294.5

A
B

1.03

345.5
345.5

A
B

1.1

470.0
536.0

A
B

1.0

307.1
337.8

of Cl{+

1.3
1.0

to Amount

of Material

PKaose.
PH

2.1
2.4
2.9
3.4
4.3
5.3
7.6
8.3
9.5

Peptone.

Subpeptone.

31.7
31.8

34.7
35.9

25.3
23.7

38.1
38.1

32 1
32 4

30.3
30.3

32.0
32.0

35.6
35.9

31 .o
31.3

38.1
38.3

32.1
30.5

29.8
31.4

Proteose.

8.4
8.4

TABLE

Relation

nitrogen.

-

A
B

-

Amounts

VII.

Precipitated

in 95 Per

mn.
139
144
156
159
167
167
159
156
155

~llcohol.

Peptone.

-i

Weight precipitated
from 10 cc. solution.

Cerd

PH

1.5
1.7
1.9
2.5
3.4
4.2
5.0
6.9
8.4

Weight precipitated
from 10 cc. solution.

ml.
G
16
53
81
102
129
140
122
99
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A mixture was then made containing measured amounts of
protein, proteose, peptone, and subpeptone, and analyzed by the
method described on page 1, which is based upon the methods
worked out for each of the fractions separately.
The results are
given in Table V.
Nos. 1, 2, and 3 were carried out on a total nitrogen content of
237.6 mg.; No. 4, on 207.9 mg.

H. Wasteneys and H. Borsook

ol/”
1
1
2

3

4

5

6

7

6

9

10

1. Relation between pH and amount of proteose and peptone precipitated from 10 cc. of 2 per cent solution in 95 per cent alcohol. pH given
as abscissae; ordinates, amount precipitated
in mg. of dry weight.
FIG.

lyzed, half of which, A, contained no additional pepsin, and the other half,
varying amounts. The values of pepsin corresponding to the above were
subtracted from the analytical results obtained with B, and the final data
compared with the results of A. The correspondence, as Table VI shows,
is quite good. The widest varying pair, out. of eighteen such analyses,
carried out over a period of 5 months, is the last two given. The largest
B,
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More complete confirmation
of the accuracy of the method was provided by the following series of analyses. Eimer and Amend pepsin was
analyzed, and it was found that 2.00 gm. contained 259.9 mg. of nitrogen;
that it was free of protein nitrogen, and contained 31.0 per cent as proteose,
42.2 per cent as peptone, and 26.8 per cent as subpeptone.
-4 number of
samples from several prolonged and concentrated peptic digests were ana-

Fractional

Analysis of Protein Digests

error is in the peptone and subpeptone fractions where the titration result
is multiplied
by approximately
16, while the results for protein and proteose are multiplied only by 8; and all four are expressed in terms of percentage of the same original total nitrogen.

The dependence of the degree of precipitation of proteose and
of peptone by alcohol upon the hydrogen ion concentration is
shown in Table VII and in l?ig. 1. The phenomenon is similar to
the precipitation of protein in alcoholic solution by small amounts
of salt, which, as Loeb (11) has pointed out, is strongly indicative of the existence of a Donnan equilibrium.
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