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ABSTRACT

We have developed a rapid, efficient, and reproducible method
for the purification of thymosin ay (Tej) from thymosin fraction 5
(TF5). This procedure can serve as a model for isolation of other
biologically active peptides from TF5 in sufficient quantity for
characterization. The purification procedure is based on the use
of high-performance preparative/semi-preparative and analytical
reversed-phase (C1g Delta-Pak) chromatographic columns. The HPLC
retention time, pI, RIA, SDS-PAGE, and amino acid composition
analysis have shown that natural, purified Taj is identical to
synthetic aj.

INTRODUCTION

A thymic preparation termed thymosin fraction 5 (TF5) has been

shown to be a potent immuno-potentiating agent (1). TF5 consists
845
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of a family of biologically active polypeptide components with
hormone-like activities (2). Thymosin aj (Tay) was the first
biologically active polypeptide to be purified from TF5 and
completely characterized. It is an acidic peptide with an
isoelectric point of 4.2, and a molecular weight of 3108 (3,4).
This peptide is highly active in amplifying T-cell immunity (5) and
is active in modulating the expression of terminal deoxynucleotidyl
transferase (TdT) (6). Intercerebral injections of Taj in mice
stimulates corticosterone production (7). Taj has been isolated
and purified from TF5 by ion-exchange chromatography on CM-
cellulose and DEAE-cellulose, as well as by gel filtration
chromatography on Sephadex G-75 (8). Taj; has also been isolated by
HPLC techniques, using a p-Bondapak Cig column (9) with recovery of
0.6%. Low recoveries have always been a problem in the isolation
of TF5 peptides and have limited the amount of purified peptide
available for further characterization. In this paper, we report a
very fast, reproducible, and easy, large-scale isolation procedure
as well as an analytical reversed-phase HPLC (RP-HPLC) procedure
for the purification of the Ta; and other peptides from TF5.

MATERTALS AND METHODS

Delta-Pak Cyg columns and chemicals for the Pico-Tag system
were from Waters Chromatography Division of Millipore Corporation
(Milford, MA). Water for HPLC was purified with a Milli-Q water
system (Millipore Corporation, Bedford, MA). All buffers and
solvents were of HPLC grade (Fisher Scientifiec, Pittsburgh, PA).
All HPLC solutions were filtered through a 0.45 um membrane
(Millipore) prior to use. Clinical grade TF5 (Lot C114080-02) and
synthetic aj were provided as a gift from Alpha One Biomedicals,
Inc. (Washington, DC). SDS-PAGE chemicals were of molecular
biology grade and were purchased from Sigma Chemical Co. (St.
Louis, MO). The SDS Low-molecular weight protein standards and
silver stain kit were purchased from Bio-Rad Laboratories
(Richmond, CA).
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HPLC Methods

Preparative reversed-phase chromatography of thymosin fraction
5 (1.5 g) was performed on a Delta-Prep HPLC system equipped with a
Model 481 variable-wavelength detector with a semi-preparative
flow-cell, set at 280 nm, and a 300 x 50-mm Delta-Pak, 300-A, 15-um
C1g column (Waters). Eluent A was 0.02 M ammonium acetate, (pH
6.8), and Eluent B was acetonitrile. A 60-min linear gradient from
0-80% B was run at a flow-rate of 80 ml/min. Thymosin fraction 5
was dissolved in the initial buffer and applied to the column
through a port in the solvent delivery system. One-min fractions
were collected, and assayed for Taj by RIA.

Optimization of reversed-phase chromatographic conditions for
the purification of Taj from Fractions 13 and 14 from the
preparative separation of TF5 was carried out on a Model 600 HPLC
system (Waters), equipped with a Model 490 multi-wavelength
detector set at 214 nm and 220 nm and a 150 x 3.9-mm Delta-Pak,
300-A, 15-um, C1g column (Waters). Eluent A was 0.1% phosphoric
acid in water and Eluent B was acetonitrile with 0.1% phosphoric
acid. 80 pg of fraction 14 was used in each separation. Panel A
was a 30-min linear gradient from 0-30% B. Panel B was a 10-min
linear gradient from 0-15% B followed by a 20-min linear gradient
from 15-23% B and a 10-min hold at 23% B. At 40.l1-min the column
was washed with 50% B for 10-min. Panel C was a 10-min linear
gradient from 0-15% B with a 10-min hold at 15% B followed by a 20-
min gradient from 15-20% B with a 10-min hold at 20% B. At 50.1-
min the column was washed with 50% B for 10-min. Panel D shows the
optimal conditions of a 10-min linear gradient from 0-15% B with a
5-min hold at 15% B followed by a 20-min gradient from 15-17% B
with a 10-min hold at 17% B. At 45.1-min the column was washed
with 50% B for 10-min. All the separations were run at a flow-rate
of 1 ml/min. Detection was at 214 and 220 nm.

The peaks in aliquots of Fraction 13(108 ug) and 14(80 ug)
from the 1.5-g separation of TFS5 were identified as Taj by

comparing their retention times with the retention time of
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synthetic a; on the Delta-Pak C1g column using the 10-min linear
gradient from 0-15% B with a 5-min hold at 15% B followed by a 20-
min gradient from 15-17% B with a 10-min hold at 17% B. 80 ug of
Fraction 14 was also spiked with 9 pg of synthetic o7 to further
confirm the identity of Tay .

Semi-preparative reversed-phasé HPLC of an aliquot of the Taq
immunoreactive Fraction 13(4.3 mg) from the preparative separation
was carried out on a Model 600 HPLC using the 10-min linear
gradient from 0-15% B with a 5-min hold at 15% B followed by a 20-
min gradient from 15-17% B with a 10-min hold at 17% B. One minute
fractions were collected and assayed for Taj by RIA. The peak of
immunoreactive Tay (Fraction 23, 300 pl) was diluted with 300 ul of
water and re-chromatographed under the same conditions. One half
minute fractions were collected. Fractions 30-31.5 collected from
this separation were pooled, concentrated to 800 pl to remove
acetonitrile and re-injected. The peak was collected and subjected
to amino acid composition analysis and SDS-PAGE.

Data from all the chromatographic procedures was collected

using a Model 840 chromatography workstation (Waters).

Gel Electrophoresis

SDS-PAGE was performed according to the method of Laemmli
(10). Tay samples were incubated at 90°C for 5-min before gel
electrophoresis. Proteins were visualized in the gels by Coomassie

Blue R-250 staining.

Amino Acid Analysis

This procedure was performed with the Pico-Tag amino acid
analysis system of Waters-Millipore. The method is based on the
formation of a phenylthiocarbamyl (PTC) derivative of the amino
acids from acid-hydrolyzed proteins. The Taj samples (about 5-10
pg) were hydrolyzed in 200 gl of a constant boiling HCl atmosphere,
containing 1% (v/v) phenol, at 110°C for 48 h in the Pico-Tag work

station. The hydrolysates were dried and the amino acids were
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derivatized with phenylisothiocyanate (PITC) for 20-min at room
temperature to yield the corresponding phenylthiocarbamyl
derivatives (11l). These derivatives were analyzed with the Pico-
Tag amino acid analysis system, which had been previously

calibrated with a standard mixture of amino acids.

Protein Determinations

Protein was estimated by the method of Lowry et al. (12) with
Bovine Serum Albumin (BSA) as standard in the case of crude
preparations and by amino acid analysis in the case of highly

purified samples.

Radioimmunoassa RIA

The RIA for Tajy was performed according to the method of
McClure et al. (13) with minor modifications. Fractions collected
from HPLC separation were lyophilized and resuspended in 1 ml HPLC-
grade water, and aliquots of these fractions were used for the RIA.
The antiserum to synthetic N14-Taj; and the labeled N-AC(Tyrl) Tay
(1251-labe1ed synthetic Tay with the N-terminal serine substituted
by a tyrosine) in 0.05 M phosphate buffer saline, containing 0.01
mM EDTA, 0.05% NaN3 and 0.5% BSA were incubated with standard or
HPLC fractions for 24 h at 4°C. A second antibody (goat anti-
rabbit IgG) was used to precipitate the immune complexes. The
radioactivity in the immunoprecipitates was measured in an

automatic Beckman Gamma 4000 spectrometer (Columbia, MD).

RESULTS AND_DISCUSSION

A primary goal of our ongoing thymosin research program is to
develop more efficient and rapid methods for the isolation of
sufficient quantity (15-100 pg) of the biologically active peptides
in TF5. This amount of peptide is generally sufficient to
characterize peptides. In the present study a simpler and faster
separation of thymic peptides in TF5 has been achieved by RP-HPLC

on Delta-Pak columns,
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RP-HPLC OF THYMOSIN FRACTION 5
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FIGURE 1. RP-HPLC separation of 1.5-g of TF5 on a 300 x 50-mm
Delta-Pak, 300-A, 15-um, C1g column. Eluent A was 0.02 M ammonium
acetate (pH 6.8) and Eluent B was acetonitrile. A 60-min linear
gradient from 0-80% B was run at a flow rate of 80 ml/min.
Detection 280 nm, 1.5 AUFS. Collected fractions were assayed for
Taj by RIA. Results are superimposed on the Chromatogram.

Preparative scale-up isolation of Tay from TF5 was carried out
on a 50-mm x 30 cm preparative Delta-Pak 300-A, 15-um Ci1g column.
This was our general, initial step for the fractionation of TF5
described previously (14). The RIA analysis of the fractionated
TF5 (Fig. 1) indicated that immunoreactive Taj elutes in Fraction
13 (F13), the peak of activity, and Fraction 14 (Fl4). The volume
of each fraction collected from each separation was 80 ml and 10 ml
of each fraction was used for the rest of the study.

Optimization of chromatographic conditions was carried out on

a 150 x 3.9 mm analytical Delta-Pak, 300-A, 5-um C1g column using
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METHODS DEVELOPMENT THYMOSIN ALPHA 4
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FIGURE 2. Optimization of chromatographic conditions for the
isolation of Taj from Fraction 14 of the 1.5-g separation of TF5 on
a 150 x 3.9-mm Delta-Pak Cyg, 300-A, S-pm column. Eluent A was
0.1% phosphoric acid in water and eluent B was acetonitrile with
0.1% phosphoric acid. The gradient conditions for each separation
were the following: Panel A, 0-30% B, 30-min, Panel B, 0-15% B,
10-min, 15-23% B 20-min, hold 10-min, 50% B at 40.l-min, Panel C,
0-15% B, 10-min, hold 10-min, 15-20% B, 20-min, hold 10-min, 50% B
at 50.1-min, Panel D, 0-15% B, 10-min, hold 5-min, 15-17% B, 20-
min, hold 10-min, 50% B at 45.1-min. All the separations were run
at a flow rate of 1 ml/min. Tay(l) was detected at 214 nm. Panel
A at 0.15 AUFS and Panels B, C, D at 0.1 AUFS,
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IDENTIFICATION OF THYMOSIN ALPHA
- IN FRACTION 14
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FIGURE 3. Identification of Taj (1) in Fraction 14 from the 1.5-g
separation of TF5 by comparison with synthetic @ (1) by reversed-
phase HPLC. Chromatographic conditions are described in Fig. 2,
Panel D. Panel A shows the separation of 1l-ug of synthetic e;.
Panel B shows 80 ug of Fraction 14 and Panel C 80-ug of Fraction 14
spiked with 9 pg of synthetic ay. Detection at 214 nm, 0.1 AUFS.

aliquots of Fl4, containing 80 ug of protein. Eluents of 0.1%
phosphoric acid in water and acetonitrile resolved the most peaks.
Maximum separation of Taj (peak 1) was achieved by applying a
series of gradients with decreasing amounts of acetonitrile until
the minimum concentration of acetonitrile (17%) was found that
would elute Tay (Fig. 2). With these conditions (Fig. 2, Panel D)
the hydrophilic impurities are eluted in 10-min with a gradient to
15% acetonitrile, the Ta; is then baseline resolved with a 20-min

gradient to 17% acetonitrile. The hydrophobic impurities are
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IDENTIFICATION OF THYMOSIN ALPHA 4
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FIGURE 4. Identification of Taj (1) in Fraction 13 from the 1.5-g
separation of thymosin fraction 5 by comparison with synthetic o)
by reversed-phase HPLC. Chromatographic conditions are described
in Fig. 2, Panel D. Panel A shows ll-ug of synthetic a and Panel B
108-ug of Fraction 13. Detection 214 nm, 0.1 AUFS (Panel A) and
0.15 AUFS (Panel B).

washed from the column with 50% acetonitrile. The Taj; peak was

identified by running synthetic ap under the same conditions (Fig.

3, Panel A). Since the retention time of a peak in a complex

sample such as this can shift, synthetic a; was added to Fl4 and

chromatographed similarly (Fig. 3, Panel C). The area of the o

peak

increased proportionally to the amount added. Fl3 was treated

similarly as shown in Fig. 4. By comparing the peak areas of Taj

in F13 and Fl14 to the peak area of known amounts of synthetic aj

the amount of Ta; was determined to be 594 pg in F13 and 111 pg in

Fl4.

This is in agreement with the amounts calculated by RIA,



13: 58 24 January 2011

Downl oaded At:

my

854 BADAMCHIAN ET AL.

PREPARATIVE RP-HPLC OF FRACTION 13
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FIGURE 5. Reversed-phase HPLC separation of 4.3-mg of Fraction 13
from the 1.5-g separation of TF5. Chromatographic conditions were

described in Fig. 2, Panel D. Detection 214 nm, 2.0 AUFS.
Collected fractions were assayed for Taj using RIA. Results are
superimposed on the chromatogram.

F13 (4.3 mg) from the preparative separation (Fig. 1) was
further fractionated using the conditions described previously
(Fig. 2, Panel D). The RIA analysis of the Fractions (Fig. 5)
indicated that the peak of Taj activity was in Fraction 23 (F23).
All the Fractions 22-26 containing immunoreactive Taj; (only F23 is
shown in Fig. 6) were rechromatographed and the amount of Taj was
determined by comparison of peak areas with synthetic a] as shown
in Table 1. 540 pg of Tay was recovered from the 593 ug injected,

a 91% recovery.

THYMOSIN o, RIA, pg/ml (— — =)
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FIGURE 6. Rechromatrography of 300 ul of Fraction 23 from the
preparative separation of Fraction 13. The sample was diluted with
300 pl of water and injected on to the 150 x 3.9-mm Delta-Pak Cjg
column. The chromatographic conditions are described in Fig. 2,
Panel D. One half min fractions were collected across the major
peak of Teq (1). Detection 214 nm, 0.25 AUFS.

TABLE 1
Recovery of Taj from F13

Fraction Amount recovered in ug
22 96
23 200
24 125
25 78
26 41

Total 540

Recovery of Tey from F13. Fl13 4.3-mg from the preparative
separation (Fig. 1) was further fractionated using the conditions
described in Fig. 2, Panel D. All the Fractions 22-26 containing
immunoreactive Ta) were rechromatographed, and the amount of Tajp
was determined by comparison of peak area with synthetic aj.
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RECHROMATOGRAPHY OF FRACTIONS 30-31.5
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FIGURE 7. Rechromatography of Fraction 30-31.5 from the separation
of Fraction 23. The pooled samples were concentrated to 800 ul to
remove the acetonitrile. Chromatographic conditions were as
described in Fig. 2, Panel D. The Taj (1) was detected at 214 nm,
0.25 AUFS.

Fractions 30-31.5, containing 60 ug of Taj, from the
rechromatography of F23 were pooled and used as the final
preparation of Tay for SDS-PAGE and amino acid composition
analysis.

An estimate of the homogeneity of the isolated Tay (Fig. 7)
was obtained by comparing the peak area ratio at 214/220 nm to that
of the synthetic aj. Both gave a 214/220 ratio of 1.76.

SDS-PAGE analysis of the natural and HPLC purified synthetic
aj, illustrated in Fig. 8, was carried out as described in Methods.

When the protein bands on SDS gels were stained with Comassie Blue
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FIGURE 8. SDS-PAGE of synthetic o), and Taj. About 10-20 ug of

Taj samples were electrophoresed on a 1.5-mm 12% SDS-Polyacrylamide

gel according to the method of Laemmli (10) and stained with

Coomassie Blue R-250. Lane 1: Standard protein.
synthetic and natural aj, respectively.

Lanes 2 and 3:
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TABLE 2
Amino Acid Composition?® of Natural and Synthetic Thymosin @)
Amino Acid Synthetic ag Natural Tay  From Reported Sequenceb
Asp 3.6 4.15 4
Glu 5.9 6.4 6
Ser 2.7 3.1 3
Thr 2.6 2.5 3
Ala 2.9 3.4 3
Val 2.6 3.0 3
Ile 1.0 1.0 1
Leu 1.3 1.1 1
Lys 4.0 4.4 4

Amino acid analysis was performed with a Pico-Tag amino acid
analysis system. About 10-ug samples of synthetic and natural ay
were hydrolyzed with 6N HC1, containing 1% phenol by volume at
110°C for 48 h. The hydrolysates were dried and used for amino
acid analysis by the Pico-Tag standard procedure (11).

a. The data are presented as assumed numbers of residues per
molecule.

b. Number of residues obtained from the reported sequence
result®.

R-250, a single identical protein band with a low molecular weight
was evident for both natural and synthetic @] samples. We were not
able to visualize the aj protein bands on the SDS-gels with silver
stain. As we reported previously (14), TB, behaves differently
i.e. it stains with the silver stain, but not with Comassie Blue R-
250. IEF analysis of the natural and HPLC purified synthetic aj on
an isoelectric focusing slab gel of pH range 3.5-10 revealed a
single identical protein band with pI of 4.2 for both natural and
synthetic al samples (results are not shown).

Amino acid analysis of the purified synthetic and natural Taj
are shown in Table 2. Our results indicate that synthetic and
purified natural Taj have the identical amino acid composition.

In summary, we were able to easily purify enough Taj for
characterization from TF5 using this procedure. The presence of
Ta) was followed by RIA and comparison of the HPLC retention time
to that of the synthetic a; . The final preparation of Ta) is
homogenous, and had a similar HPLC retention time, pI and amino

acid composition as the synthetic aj.
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