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For the isolation of pure amino acids from protein hydrolysates, it is advantageous to have available chromatographic
systems in which the eluants can be removed by simple evaporation. The method previously outlined in preliminary form,
wherein amino acids are eluted from a sulfonated polystyrene resin (Dowex 50-X8) with HCI, has proved useful for this pur-
pose, but the resolving power has not been sufficient to permit isolation of all of the common constituents of protein hy-
drolysates. In the procedure described in the present communication, aspartic acid, glutamic acid and tyrosine are isolated
by passage of the hydrolysate over a 30-cm. column of the acetate form of Dowex 1-X8 (a strongly basic resin) using 0.5 N
acetic acid as eluant, and the remaining components of the mixture are separated on a 150-cm. column of Dowex 50-X4 by

elution with 1 to 4 N HCIL.

Jon-exchange columns have been utilized in a
number of different ways for the isolation of amino
acids. The chromatographic methods of high resolv-
ing power developed for quantitative analysis? can
be used for preparative purposes if the amino acids
are separated from the non-volatile buffer salts by
cycling the effluent over cationic or anionic res-
ins.®* For example, the amino acid 3-methylhisti-
dine was isolated from urine in this manner by Tal-
lan, et al.5 Using volatile ammonium formate and
acetate buffers, which are removable by sublimation
at 40°, a system for the isolation of amino acids has
been recently devised,® which is also sufficiently
mild to be applicable in principle to the prepara-
tion of peptides or other substances that might be
labile in acid solution. The displacement develop-
ment methods of Partridge and associates are fre-
quently advantageous, in view of their greater
capacity, if the higher resolving power of elution
analysis is not required.®

When elution analysis is employed, the use of
volatile acids as eluants has the advantage that the
amino acid can be obtained by simple concentra-
tion of the appropriate fractions. Chromatography
on columns of Dowex 50-X8 operated with 1 to 4
NN HCl, in the manner previously outlined in pre-
liminary form,” has been adapted to the isolation
of isotopically labeled amino acids in several series
of investigations (¢f. Ehrensvird, e al.® Aqgvist,®
Lien, Peterson and Greenberg,!® Wall'! and Simp-
son and Velick!?). The method, however, does not
have sufficient resolving power to permit isolation
of all of the common amino acids in pure form, and
the present study was undertaken to arrive at a
procedure which would have wider applicability.
The use of Dowex 50-X8 (200-400 mesh) that has
been screened by the user through a 200-mesh
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sieve? will yield results which are superior to those
previously published.” Recent experience with
the sodium salts of resins of different degrees of
cross-linking? has shown, however, that, with
Dowex 50-X8, separations of amino acids are bor-
derline because attainment of equilibrium is not
always sufficiently rapid. Sharp peaks at faster
flow rates are attainable with Dowex 50-X4. Even
under optimum conditions, it has been found in the
present studies that the resolution of the four most
rapidly moving amino acids (aspartic acid, glutamic
acid, serine and threonine) on the acid form of
Dowex 50-X8 or -X4 is not sufficient for preparative
work. Therefore, a preliminary separation of as-
partic and glutamic acids by elution with dilute
acetic acid from a basic resin has been introduced
as a first step. Tyrosine is also isolated at this
stage. The remaining fourteen amino acids, which
pass through the basic column without significant
retardation, are adequately separated on a 150-cm.
column of Dowex 50-X4 operated at 25 and 50°.
The separations obtained by this procedure are
illustrated in Fig. 1.

When strong HCI is employed as eluant, Dowex
50 columns may contribute more soluble material to
the effluent than is encountered with buffered col-
umns.’ For example, 100 ml. of 4 N HCIl obtained
as effluent from a Dowex 50-X4 column may con-
tain 5 to 10 mg. of a brown residue. This quantity
is generally less than the weight of amino acid in
the same volume of effluent and may not interfere
with radioactivity measurements.’? The residue
from the resin is completely removed in the present
procedure, however, when the free amino acid is
prepared from the hydrochloride by passage of the
concentrated amino acid solution through a small
bed of the acetate form of a basic ion-exchange
resin. By substituting the free base form of the
resin for the acetate, the same ion-exchange step
also separates alanine from the ammonia with which
it emerges under the conditions used for the experi-
ment shown in Fig. 1.

The effluent from the 30-cm. Dowex 1-X8 column
(Fig. 1) is not entirely residue-free, 100 ml. of the
0.5 NV acetic acid containing about 1 mg. of solids.
This small residue does not interfere with the direct
crystallization of tyrosine, glutamic acid, and as-
partic acid from the effluent.

Experimental

The following section includes only the details required in
addition to those given for the operation of buffered Dowex
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Fig. 1.—The elution of amino acids from Dowex 1-X8 with 0.5 N acetic acid at 25° and from Dowex 50-X4 with

1to4 N HCl at 25 and 50°.
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50 columns.'28 The directions apply to chromatographie
separations on columns 0.9 cm. in diameter with a load of
70 mg. of protein hydrolysate (100 mg. per sq. cm. cross-
sectional area of the column). For larger loads, the cross-
sectional area of each column, the volume of the effluent,
and the size of the mixing chamber (see below) should be in-
creased proportionately.$

Dowex 1-X8.—The 200-400 mesh resin (Technical Service
and Development, Dow Chemical Co., Midland, Mich.)
in the chloride form, is suspended in two volumes of water
and decanted after two minutes of settling, to remove any
dense, white particles that settle rapidly. The bulk of the
resin is screened through a 200-mesh sieve (74 u openings)
in the manner detailed for Dowex 50.2 The through-200
mesh resin is suspended in water, allowed to settle for one
hour, and the supernatant suspension is decanted to remove
fine particles. This step is repeated until the supernatant
fluid remains clear. The resin is converted to the acetate
form by washing it on a biichner funnel with 3 3 sodium
acetate until the filtrate is chloride free (¢f. Busch, ef al.'?).
After thorough washing with water to remove all traces of
sodium salts, the resin is washed with 0.5 M acetic acid and
suspended in this solvent for the pouring of the columns.
Several hold-up volumes of 0.5 N acetic acid are passed
through the column before use.

Dowex 50-X4.—The resin was prepared for chromatog-
raphy as previously described.? The sodium salt was
washed with 2 N HCI to remove all traces of ash, and the
resin was equilibrated with 1 N HCI for the pouring of the
150-cm. columns in 30-cm. sections. Water jacketed chro-
matograph tubes were employed. The prepared column
was washed well with the acid before the chromatogram was
started. The variations in the chromatographic perform-
ance of different lots of Dowex 50-X4 have been discussed.?
The resin used for the curve in Fig. 1 was a sample which
had been adjusted by admixture with a small amount of an
-X5 resin to give the standard performance defined for so-
dium Dowex 50-X4 columns.? In order to separate the
components of the relatively simple mixture remaining after
the use of the Dowex 1 column, it seems likely that most
commercial samples of Dowex 50-X4 would be adequate,
and Dowex 50-X8 columns might be applicable in some in-
stances. A test run with a synthetic mixture of amino acids

(13) H. Busch, R. B, Hurlbert and V. R. Potter, J. Biol. Chem., 196,
717 (1952).

| 50°——
| [HC1] gradualty increasing (100N— 4.00N)

on the acid form of a given commercial batch of Dowex 30
would serve to show whether the desired degree of separation
could be achieved without special adjustment of the resin.
A newly poured column is required for each experiment.

Performance of the Chromatograms.—The acid hydroly-
sate from 70 mg. of bovine serum albumin was taken to dry-
ness and transferred to the Dowex 1 column with 2 ml.
of 0.5 N acetic acid. The effluent was collected in 1-ml.
fractions on an automatic fraction collector at a rate of 4
ml./hr. (6 ml./hr. per sq. cm. cross-sectional area of the
column). The chromatogram was operated at a room tem-
perature of 25°. Aliquots of 0.05 ml. were pipetted! from
the effluent fractions for analysis using 1 ml. of a strongly
buffered ninhydrin reagent.!* Crystalline aspartic and glu-
tamic acids and tyrosine were obtained upon concentration
of the appropriate pooled fractions.

The fractions corresponding to peak A in Fig. 1 were com-
bined, including any crystals of cystine that may have sepa-
rated, taken to dryness in a rotary evaporator!® and dis-
solved in 2 ml. of 1 .V HCI for addition to the Dowex 50
column. The effluent in this case was collected in Z2-ml.
fractions, at a rate of 8 ml./hr. After the emergence of
glycine, the HCI concentration of the eluant was gradually
increased by feeding 4 N HCl into a 250-ml. mixing chamber?
containing the 1 N acid. The temperature of the water
circulating through the jacket of the chromatograph tube
was also raised at this point from 25 to 50°, the higher tem-
perature serving to improve the separation of methionine
from isoleucine.t¥” TFor analysis by the ninhydrin method,
0.10-ml. aliquots of the effluent were pipetted. The samples
were neutralized with the appropriate quantity of NaOH, if
they corresponded to more than 0.1 ml. of 1.0 N HCI (all
effluent fractions after the alanine peak in Fig. 1 were nen-
tralized).

The pooled effluent fractions containing a given amino acid
hydrochloride were concentrated to dryness in a rotary
evaporator, transferred to a test-tube and taken to dryness
under a filtered air stream on a steam-bath. To remove the
last traces of HCI, the contents of the tube were transferred
with 1 to 2 ml. of 0.5 N acetic acid to a 0.9 X 4-cm. bed of
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Dowex 1-X8 acetate, the effluent being collected from the
beginning of the addition. The bed was washed with 0.5 N
acetic acid until 0.05-ml. aligquots from successive 1-ml.
portions of the effluent were ninhydrin negative. The first
3 ml. of effluent usually contained all of the amino acid.
Thus freed of HCI and residual material from the resin, the
neutral amino acids were obtained in crystalline form upon
evaporation of the acetic acid and could be recrystallized
from a suitable solvent.® The basic amino acids are most
conveniently crystallized as their hydrochlorides,’ sufficient
HCI being added back for this purpose. In the case of ala-
nine, a 0.9 X 3-cm. bed of Dowex 1 was initially converted
to the free base form (¢f., Dréze, ef ¢l.?) by NaOH and
washed thoroughly with freshly boiled (CO;free) water.
When the mixture of alanine hydrochloride and ammonium
chloride was transferred to the bed, the NH; was washed
through with 2 to 3 ml. of water, and the amino acid was
eluted with 0.5 NV aceticacid. The alanine emerges in 5 ml.,
starting just before the break-through of acetic acid, as in
the desalting of amino acid solutions on Dowex 2.3

Discussion

In the present experiments, the recoveries of glu-
tamic acid and aspartic acid from Dowex 1-X8
were only 85 and 709, respectively. When buffered
columns of Amberlite IR-4B were used in the NH,
acetate system,® the amino acids were recovered
quantitatively. The reason for the losses of these
two amino acids when chromatographed in dilute
acetic acid on the quaternary base resin is not
known. The results of the Dowex 50 chromatogram
show that there is no carry-over of either of the
amino acids into the second step of the procedure.

The recoveries from the Dowex 50-X4 column
were quantitative, except for methionine, which pre-
sents a special case, since a portion of this amino
acid may undergo oxidation to the sulfoxide during
hydrolysis and during chromatography. The yield
of methionine was 70%, in the experiment given in
Fig. 1. Since the protein itself is low in methionine
(0.8%), an additional 1.64 mg. of methionine was
added to the serum albumin before hydrolysis in or-
der to provide a sufficient quantity of the amino
acid to permit an accurate determination of the re-
covery. Traces of sulfoxide that might be formed
during hydrolysis would emerge from Dowex 50-X4
near alanine. After oxidation of this mixture by
performic acid, rechromatography would separate
alanine from the sulfone, which moves ahead near
the position of the glycine peak. Methionine that
is gradually transformed to the sulfoxide during
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chromatography will not give rise to a peak on the
efluent curve, but would be present {(at a level un-
detectable by the ninhydrin method) in the region
between the positions of emergence of alanine and
methionine.

Tyrosine and cystine frequently crystallize in
the effluent from the Dowex 1-X8 column prior to
concentration of the solution. About 409 of the
cystine present crystallized out in the experiment
described in Fig. 1, but was added back to fraction
A for chromatography on Dowex 50-X4. The dou-
ble peak in the cystine position indicates the pres-
ence of the meso- and p- or L-forms of the amino
acid formed as a result of partial racemization dur-
ing acid hydrolysis.'®* The leucine—cystine separa-
tion can be improved by operation of the chromato-
gram at a temperature lower than 50°, either dur-
ing the initial separation on the Dowex 50-X4 col-
umn or during rechromatography of material from
the leucine—cystine zone. At 25° the two amino
acids are widely separated, but the resolution of
methionine and isoleucine is less satisfactory. If
the cystine in the original protein has been oxidized
by performic acid,'®® the resulting cysteic acid
may be eluted from the Dowex 1-X8 column with 1NV
HCl (Fig. 1). The elution at the point of break-
through of HCIl obtained under these conditions
provides little resolving power, and separation of
cysteic acid from other strong organic acids pos-
sibly present in the sample would require the use of
a less strongly acidic eluant.!?

Tryptophan emerges at 32 ml. from a column of
Dowex 1-X8 operated as described in Fig. 1. A
longer column would be necessary to provide com-
plete separation of tryptophan from glutamic acid,
if detectable quantities of tryptophan were to sur-
vive the hydrolytic procedure.
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