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Protein tyrosine kinasewas purified extensively
from a 30,000 X g particulate fraction of bovine spleen
by a procedure involving four column chromatographies: DEAE-Sepharose, polyamino acids affinity,
hydroxylapatite, and Sephacryl S-200 molecular sieving. The purification resulted in more than 3,000-fold
enrichment in [Val’langiotensin I1 phosphorylationactivity (specific activity 202 nmol/min/mg). All column
chromatography profiles showed single protein tyrosine kinase activitypeaks with the exception of that of
affinity chromatography, where about 50%of the enzyme activity appeared with the breakthrough fraction; only the bound enzyme was further purified.
Analysis by sodiumdodecyl sulfate-polyacrylamide gel
electrophoresis and autoradiographyof a purified sample phosphorylated in the presence of [ Y - ~ ~ P ] A T
reP
vealed the presence of a single phosphorylated polypeptide of molecular weight 50,000 which represents
about 40%of total protein. Analysis by polyacrylamide
gel electrophoresis under nondenaturing conditions
showed that protein tyrosine kinase activity co-migrated with the phosphoprotein. Stoichiometry of the
phosphorylation of the 50-kDa polypeptide was found
to be 1.0 mol/mol. The purified sample did not appear
to contain phosphotyrosine protein phosphatase activity. Both casein and histone could be phosphorylated
by the purified sample, and the phosphorylation occurred only at tyrosine residue, suggesting that there
was no protein serine and threonine kinase contamination.

There were only few studies on the purification of nonreceptor-associated protein tyrosine kinasesfrom normal tissues. SwarupandSubramanyam (18) purified theprotein
tyrosinekinase over 200-fold from rat spleen.A protein
tyrosine kinase from rat liver microsome fraction has been
extensively purified by Wong and Goldberg (19). Recently,
Neer and Lok (20) have substantially purified a protein tyrosine kinase from bovine brain as a by-product during the
purification of guanine nucleotide-binding proteins.Inall
these studies, the purity of the enzyme preparation was not
reported, and the specific activity of the enzyme preparation
appeared tobe low.
In the present study,we describe the extensive purification
of a protein tyrosine kinase from bovine spleen. The purified
sample contains a single phosphotyrosyl peptide which represents about 40% of the total protein. Theenzyme preparation is essentially free of protein tyrosine phosphatase and
protein serine/threonine kinases. Some molecular and catalytic properties of the purified protein kinase aredescribed.
EXPERIMENTAL PROCEDURES’
RESULTS

Purification of Bovine Spleen Protein Tyrosine KinaseFigs. 1-5 show elution profiles of the chromatographies:
DEAE-Sepharose, poly(a-amino acid) affinity, hydroxylapatite, and SephacrylS-200 columns for the purification of the
protein tyrosine kinase. All profiles exhibited single protein
tyrosine kinase activity peaks with the exception of that of
affinity column chromatography, which showed two activity
peaks; one associated with the breakthrough protein fraction
(Fig. 2A). Onlythe latterpeak fraction
Protein tyrosine kinase activitywas found tobe associated and the other retarded
with transforming gene products of certain viruses (1-7) as was further purified. The relative amounts of the two peaks
well as receptors of epidermal growth factor, platelet-derived of enzyme activity did not change when the applied sample
growth factor (8-10), insulin (11, E ) , a n d somatomedin C was reduced by half, thus suggesting that there were two
differentforms of the enzyme. The suggestion is further
(13, 14). Uninfected vertebrate cells also contained protein
tyrosine kinase activity which does not appear to be in asso- supported by the lack of binding of the pooled peak 1 (Fig.
ciation with membrane receptors (1, 15, 16). Swarup et al. 2A) fraction to the affinitycolumn when reapplied (Fig. 2B).
For monitoring protein tyrosine kinase activity during the
(17) carried out an extensive
survey of protein tyrosine kinase
activity invarious rattissuesand
found thatrat spleen purification, the reaction mixture consisted of 15 PM ATP
and 1mg/ml [Va15]angiotensin 11. It was, however, found that
contained the highest activity.
higher concentration of ATP (0.3 mM) had to be used to
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TABLEI
Protein tyrosine kinuse activity of bovine spleen at differentstages of purification
Step

Volume

ml

1.
2.
3.
4.
5.

Extraction
DEAE-Sepharose
Poly (a-amino acid) affinity
Hydroxylapatite
Sephacryl S-200 superfine

1,045
190
258
45
17.5

Units
pmol min"

655,000
507,000
240,800
195,000
101,500

6 shows that the time courses of the enzyme reaction were
linear over long periods of time (at least 20 min) at various
stages of the enzyme purification. In addition, the initial
reaction of the purified enzyme was linearly related to the
proteinconcentration (Fig. 6B,inset). The dependence of
high concentrations of ATP for linear protein tyrosine kinase
reaction at early stages of the enzyme purification appeared
to be due to the presence of ATPase in the crude enzyme
samples. ATPase activity was detected in the DEAE-Sepharose fraction and the first peak of protein tyrosine kinase
activity from polyamino acid affinity column (Fig. 2A). However, the purified protein tyrosine kinase did notcontain
ATPase activity.
Table I summarizes the results of a purification of protein
tyrosine kinase from 3 kg ofbovine spleen. Each of the column
chromatography steps resulted in a significant enhancement
in specific activity of the enzyme. The yield of the enzyme
activity was about 16%. Considering that about 50% of total
protein tyrosine kinase was associated with a different form
of the enzyme, which was not further purified (Fig. 2A), the
yieldfor the purified kinase was about 30%. The specific
activity of the enzyme at different stages of purification was
determined by using 0.3 mM ATP and 3 mg/ml [Va15]angiotensin 11. Under this condition, the specific activity of the
purified enzymewas about 202 nmol/mg/min. Two procedures were used for the elution of the affinity column (Figs. 2
and 3). The yields and purifications by using the different
procedures were about the same. The pooled fractions under
the second activity peak of Fig. 3 had a specific protein
tyrosine kinase activity of 10,000 units/mg.
While routine assay reactions contained protein tyrosine
phosphatase inhibitors,vanadateandp-nitrophenyl
phosphate, the purified sample was found to have the same specific
activity in the absence of these inhibitors. The result suggests
that the purified enzyme preparation was not contaminated
with tyrosine protein phosphatase. To test further for the
possible contamination of phosphatase, samples of histone or
casein phosphorylated on tyrosine residues by the purified
protein tyrosine kinase (see below) were subject to the dephosphorylation conditions in the presence of 2 mM Mn2+,2
mM M2+, 2 mMCa",
2 mM Ni2+,2 mM ca'+ and Ni2+plus
calmodulin (40 ng/ml) or 1 mM EDTA, as well as 6 pg/ml of
the protein tyrosine kinase preparation. No dephosphorylation of the phosphoprotein was observed under any of the
conditions.
Purity of the Bovine Spleen Protein Tyrosine Kinase-Fig.
7A shows the SDS-PAGE' pattern of the protein tyrosine
kinase samples obtained after the affinity and Sephacryl S200 column chromatographies. It can be seen that a polypeptide of molecular weight50,000was
enriched during the
purification. Using a larger amount of the protein ( 5 pg), the
The abbreviationsused are: SDS, sodium dodecyl sulfate; PAGE,
polyacrylamide gel electrophoresis; PNPP, p-nitrophenyl phosphate
disodium; TCA, trichloroacetic acid; DTT, dithiothreitol; HEPES, 4(2-hydroxyethyl)-l-piperazineethanesulfonic
acid.

Protein

Seecificitv
Purification

Yield

mg

units mg"

%

10,230
551
25.8
4.7
0.50

67
920
156 9,300
647
43,300
202,400

100
77
37
30
16

-fold

1
14
3,021

SDS-PAGE gel was analyzed by densitometric tracing (Fig.
7B), and the analysis indicated that the 50-kDa polypeptide
represented about 40% of the total protein in the Sephacryl
S-200 sample.
When the purified sample was subjected to phosphorylation
conditions in the presence of [T-~'P]ATP followed by SDSPAGE and autoradiography, the 50-kDa polypeptide was
found to be the only polypeptide significantly phosphorylated
(Fig. 8, lane A). Treatment of the gel with an alkaline solution
prior to autoradiography did not result in significant decrease
in radioactivity of this protein band, suggesting that the
phosphorylation occurred only on tyrosine residue(s) (Fig. 8,
lane B). Thesuggestion was substantiated by the direct analysis of phosphoamino acid of the protein sample (Fig. 8, lane
C). In order to testwhether or notthe 50-kDa phosphotyrosyl
peptide was a protease derivative, the SDS-PAGE analysis of
phosphotyrosyl proteins of a freshly prepared bovine spleen
particulate fraction was carried out. Autoradiography of the
alkaline-treated SDS-PAGE gel shows that the particulate
fraction of bovine spleen contained an alkaline-resistant 50kDa phosphopeptide (Fig. 9). The result suggests that the50kDa phosphotyrosyl peptide is not aprotease derivative.
The phosphorylation of 50-kDa peptide was time-dependent and plateaued at about 60 min (Fig. 10). A maximum of
0.40 mol of phosphate per 50,000 g of protein could be determined. Since the 50-kDa polypeptide constituted 40% of the
total protein(Fig. 7), the stoichiometry of its phosphorylation
could be calculated to be 1.0 mol per mol. Foulkes et al. (27)
have recently purified Abelson murine leukemia virus tyrosine
protein kinase expressed in Escherichia coli to homogeneity.
The purified enzyme could be autophosphorylated to 1mol of
phosphate per mol of protein. They also showed that preincubation of the protein under phosphorylation conditions in
the presence of unlabeled ATP did not result in blocking of
autophosphorylation by labeled ATP, suggesting that the
enzyme may catalyze the transfer of y-phosphate of ATP to
ADP. Similarly, the incorporation of [32P]phosphateinto the
50-kDa peptide in the present preparation was not blocked
by preincubation of the sample with unlabeled ATP under
phosphorylation conditions (Fig. 10). Totest further the
suggestion thatthe protein tyrosine kinase catalyzes the
transfer of phosphate from ATP to ADP, a sample of the
enzyme was phosphorylated to close to maximal level with a
.
concentralow concentration of [y-32P]ATP(50 p ~ )High
tions of unlabeled ATP were then added and the proteinbound radioactive phosphate was continuously monitored.
Fig. 11shows that rapid loss in protein-associated radioactivity occurred following the addition of the unlabeled ATP.
To testwhether the 50-kDa polypeptide represents protein
tyrosine kinase which underwent autophosphorylation or a
protein tyrosine kinase substrate, the purified sample was
subjected to nondenaturing PAGE, followed by slicing the gel
into 5-mm sections and then analyzed for phosphoprotein
and kinase activity. Fig. 12 shows that the radioactivity and
protein tyrosine kinase activity co-migrated on the gel, sug-
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FIG. 7. SDS-PAGEpattern of protein tyrosine kinase preparations. Upper panel, lanes A and B, Sephacryl S-200 superfinepurified sample electrophoresed with 5 and 3 pgof total protein,
respectively; lane C, poly(@-aminoacid) affinity column-purified sample (5 pg of total protein). Lower panel, densitometric tracing of the
gel in lane A of upper panel; arrow indicates the major protein band.

gesting that the phosphopeptidewas the protein kinase. The
stained gel showed few minor bands anda major band which
was associated with the radioactivity (results not shown).
To test whether the purified protein tyrosine kinase was
contaminated with serine/threonine protein kinases, casein
and histones,two common substrates of protein kinases, were
phosphorylated by the purified sample, and the phosphorylated proteinwas analyzed forits phosphoaminoacid contents.
Fig. 13 shows that both proteinswere substrates of the purified sample. The initial ratesof casein (3 mg/ml) and histone
(2 mg/ml) phosphorylation were 18 and 15 nmol/min/mg,
respectively. Phosphoamino acid analysis of the phosphorylated proteins, along with the control sample (containing the
purifiedkinase only), revealed that only tyrosine residues
were phosphorylated (Fig. 13, inset). Thus the enzyme preparation appears essentially free of serine and threonine protein kinases.
Properties of Bovine Spleen Protein Tyrosine Kinase-Molecular weight of the purified enzyme under nondenaturing
conditions was determined by gel filtration (Sephacryl S-200
superfine). Molecular weight calculated on the basis of this
determination was 50,000. The similar molecular weight was
obtained by SDS-polyacrylamide gel electrophoresis (Fig. 7).
Kbetic characterization using a constant concentration of
[Val']angiotensin I1 (1 mg/ml) with varying ATP concentrations showed that the K , value of ATP was 166 p ~ The
.
purified protein tyrosine kinase can be activated by either
M$+ or Mn2+.Fig. 14 shows that the maximal enzyme activation by Mn2+was only 20% that of M$+ activation. However,muchhigher
concentration ofMg2+ than Mn2+ was
required to achieve the maximal activation. Concentrations
of M$+ and Mn2+for 50% maximal activation by respective
metal ions were 27 and 2 mM, respectively. In thepresence of
5 mM Mn2+, the enzyme activity was further activated by

FIG. 8. Analysis of autophosphorylationof protein tyrosine
kinase. Purified protein tyrosine kinase (0.4 pg) was autophosphorylated in the presence of 50 mM M F and 300 p~ [y3*P]ATP (10
Ci/mmol) at 30 "C for 30 min. The reaction was terminated by the
addition of SDS-PAGE sample buffer and was then subjected to SDSPAGE (10%).The SDS-PAGE gel was autoradiographed either with
(lane B ) or without (lane A ) alkaline treatment. Lane C, purified
protein tyrosine kinase (1.5 pg) was autophosphorylated a t 30 "C for
60 min in the presence of 50 mM M e and 300 p~ [-p3'P]ATP. The
phosphorylated sample was analyzed for phosphoamino acid as described under "Experimental Procedures." Ser(P), phosphoserine;
Thr(P),phosphothreonine; Tyr(P),phosphotyrosine.

M$+. Under this condition, the activation
was dependent on
even higher concentration of M$+, and maximal activation
was not achieved a t 100 mM of Mg2+ (Fig. 14). Thus thespleen
protein tyrosine kinase canuse either Mg2+ or Mn2+ as metal
ion activator. WhereasMg2+ is a better activator inachieving
higher maximal activation, MnZ+ is better inshowing higher
affinity towardthe enzyme. The observation that higher
concentrations ofM$+ were required to achieve maximal
activation in the
presence of Mn2+suggests that thetwo metal
ions compete for a common binding site(s).
DISCUSSION

We describe in this paper the
purification of bovine spleen
protein tyrosine kinase to about 40% purity. The success of
this purification depended on three previous observations by
others. First, Wong and
Goldberg (28) found that angiotensin,
a small peptide containing a tyrosine residue with no serine
or threonine residue,served as a general protein tyrosine
kinase substrate. It is therefore possible to assay specifically
protein tyrosine kinase activity in presence
the
of overwhelming protein serine and threonine kinases during theenzyme
purification. Second, Swarup et al. (17) showed that ratspleen
contained by far the highest protein tyrosine kinase activity
among 8 rat tissues surveyed. Thus, mammalian spleen provides a good source of protein tyrosine kinase. Third, Braun
et al. (29) found that co-polymers of various tyrosine-containing polypeptides could serve as substratesof protein tyrosine
kinase, and polymer of G1u:Ala:Tyr was shown to have high
affinity toward a virus-encoded protein tyrosine kinase. We
have used a copolymer-Sepharose 4B conjugateas anaffinity
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FIG. 11. Effect of radiodilution of ATP on the 3*P-labeled
BO-kDa peptide. Two identical samples of purified protein tyrosine
kinases were autophosphorylated at 30 "C for 90 min with 50 p~ [ y 32P]ATP.To one sample, unlabeled ATP was added to a final concentration of 300 pM (0-0)whereas the other sample was used as a
Aliquots
). were removed at the indicated time and
control (M
then analyzed by SDS-PAGE followed by autoradiography. The radioactive protein bandwas excised and counted.

chromatography resinfor spleenprotein tyrosinekinase. This
affinity chromatography was found to be effective for the
enzyme purification.
The purification procedure described in the present study
has been used successfully for large-scale preparations of the
enzyme (up to threekg). The procedure may be easily scaled
up further. Theenzyme appears tobe very stable. Samples a t
FIG. 9. Identification of alkaline resistant spleen membranevarious stages of purification had been left in the cold room
phosphoproteins. Freshly prepared bovine spleen particulate frac- for 2-3 weeks, with little loss in enzyme activity.
The nature of the two protein tyrosine kinases separated
tion (see "Experimental Procedures") was phosphorylated at 30 "C
for 2 min in the presence of 50 mM Mgcl~,7 mg/ml PNPP, 50 p M by the poly(a-amino acid) affinity column is not known a t
Na3V04,0.1% Nonidet P-40, and 50 p~ [y-32P]ATP.After stopping present. When a rat spleen particulate fractionwas phosphothe reaction with SDS-PAGE sample buffer, the sample was subjected rylated, twopolypeptides of molecular weight 53,000 and
to SDS-PAGE. Stained SDS-PAGE gel was treated with alkaline
solution (see "Experimental Procedures") and autoradiographed
( l a n e 56,000 were found to be phosphorylated at tyrosine residues
(17). It is well known that mammalian spleen contains high
A ) . Lune B, purified spleen proteintyrosinekinaseautophosphorylated for 40 min with 50 p~ [y-32P]ATPand then subjected to amounts of B and T cells. Recently Earp et al. (15, 16) have
SDS-PAGE alkalinetreatment and autoradiography.
suggested that membrane fractions
from normalB and T cells
have a t least two different tyrosine-specific kinases. Thereacid) affinitycolumn
fore, it is possible that the poly(a-amino
can separate these protein tyrosine kinases. Purification of
the enzyme of the first activity peak (Fig. 2A) is necessary
for substantiating thissuggestion.
0
Homogeneous preparations of receptor kinase (30-32) and
0.4
of protein tyrosine kinases of viral origins (27) have been
obtained. None of the non-receptor-associated protein tyrosine kinases of normal tissues has been extensively purified
and characterized. Wong andGoldberg (19) purified a protein
tyrosine kinase from the
liver microsomal fractions andshow
that it has a molecular weight of 73,000. Neer and Lok (20)
have purified a protein tyrosine kinase from bovine brain as
aby-product of their guaninenucleotide-bindingproteins.
From molecular weight and immunological properties they
concluded that the enzyme is cellular e"". In both cases, the
purity of the enzyme preparation was not reported. Specific
enzyme activities of these preparations are much lower than
that obtained for the purified bovine spleen enzyme in this
V
I
I
I
0
30
60
90
120
study. However, the comparisons between the spleen enzyme
TIME (rnin)
and the braincETe
may not be valid, since different substrates
FIG. 10. Time course of autophosphorylation of protein ty- were used in the twostudies. The bovinespleen enzyme
rosine kinase. Purified protein tyrosine kinase (4 pg/300 pl) was preparation has beenshown to befree of proteinserine/
subjected to autophosphorylationwith 0.3 mM of either [y-32P]ATP threonine kinase and protein tyrosine phosphatase
activities,
(M
or)
with 0.3 mM unlabeled ATP for 60 min followed by and theenzyme protein can be readily identified on an SDSaddition of [y-32P]ATPtrace (o"-o). At individual time intervals PAGE gel. The sample is therefore
useful for most enzymatic
aliquots of 30 pl were withdrawn and analyzed by SDS-PAGE and
and
some
molecular
characterizations.
autoradiographed. Radioactive protein bandwas excised fromthe gel
The purified spleen protein tyrosine kinase has a specific
and counted in scintillation counter. Phosphate incorporation was
expressed as mol of phosphate per 50,000 g of the protein.
activity of about 202 nmol/min/mg toward [Val'langiotensin
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FIG.13. Phosphorylation of casein and histone by protein
and
tyrosine kinase: Time courses of casein(3 mg/ml, A-A)
histone (2 mg/ml, W)
phosphorylation were carried out
(10
P Ci/mmol). At indicated times,
with 300 NM [ Y - ~ ~ P I A T
aliquots were withdrawnfor the analysis of phosphate incorporation. Inset, 400 pg of histone (lane A ) and casein (lane C)
phosphorylated by 0.86 pg of protein tyrosine kinase were analyzed
for phosphoamino acids (see "Experimental Procedures"). Lane B,
Phosphoamino acid analysis of 0.86 pg of protein tyrosine kinase
autophosphorylated under the sameconditions.

Gel Slice Number
FIG.12. Co-migration of protein tyrosine kinase activity
and phosphoprotein on disc polyacrylamide gel electrophoresis. Purified protein tyrosine kinase (1.2 pg) was subjected to autophosphorylation reaction in the presence of 300 p~ [r-"P]ATP for
60 min a t 30 "C. The phosphorylated sample was then subjected to
polyacrylamide gel electrophoresis. After electrophoresis the gel was
immediately sliced into 5-mm sections and counted for radioactivity.
The gel slices were then extracted by Tris-HC1 buffer (see "Experimental Procedures"). The upper panel indicates the radioactivity of
the sliced segments. The protein tyrosinekinaseactivities
of the
extracts were determined and are shown in the lower panel.
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11. Considering that the preparation is about
40% pure, a
homogeneous preparation of the enzyme is expected to have
a specific activity of about 500 nmol/min/mg. This specific
activity is similar to that
of a homogeneous preparation of a
protein tyrosine kinase encoded by the Abelson murine leukemia virus (270 nmol/min/mg) (27). The resultsuggests that
non-receptor-associated cellular protein tyrosine kinase and
the viralenzyme may have same intrinsicactivities. However,
since thespecific enzyme activities were determined by using
the peptide substrate angiotensin 11, the possibility that the
protein kinases have different activities toward protein substrates, especially physiological protein substrates, has tobe
investigated.
The spleen protein tyrosine kinase shares some common
properties with theAbelson murine leukemia viralenzyme in
addition to the similar
specific activities. Both enzymes eluted
on gel filtration column in buffers containing 0.2 M NaCl as
a single molecular species of M , about 50,000. When NaCl
was omitted from the buffer, both enzymes showed aggrega-
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FIG.14. Effect of metal ions of protein tyrosine kinase activity. Reactions were carried out for 12 min a t 30 "C with 3 mg/ml
[Val'langiotensin 11, 300 p~ [y3'P]ATP, and 0.25 pg of purified
enzyme inthe presence of various concentrations ofMg2f
ions
(W),
or Mn2+ions (M
or)
with
,5 mM of Mn2+plus various
concentrations of M F (a"0).

tion. Both enzymes undergo autophosphorylation with the
incorporation of approximately 1 mol of phosphate per mol
of protein. Like that of the viral protein tyrosine kinase,
autophosphorylation of the spleen protein tyrosine
kinase
appears readily reversible. The role of autophosphorylation is
not clear. Recently, Swarup and Subramanyam (18) showed,
using a partially purified rat spleen protein tyrosine kinase,
that theenzyme activity correlated with the phosphorylation
of a 56-kDa polypeptide, suggestingthat autophosphorylation
was associated with enzyme activation. On the other hand,
we found that the timecourse of the protein tyrosine kinase
reaction was linear (showing no lag phase) whereas autophos-
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Acad. Sci. U. S. A. 79,4303-4307
phorylation was a slow process. However, it is possible that
10. Ek, B., Westermark, B., Wasteson, A., and Heldin, C. H. (1982)
the purifiedenzyme had already contained phosphate and
Nature 295,419-420
that theobserved incorporation of radioactive phosphate rep11. Kasuga, M., Zick, Y., Blithe, D. L., Crettaz, M., and Kahn, C. R.
resented the exchange reaction rather than net phosphate
(1982) Nature 298, 667-669
incorporation.Furtherstudiesare
needed to elucidate the 12. White, M. F., Haring, H.-U.,Kasuga, M., and Kahn, C. R. (1984)
function of autophosphorylation.
J. Biol. Chem. 259,255-264
13. Jacobs, S., Kull, F. C., Jr., Earp, H. S., Svoboda, M. E., Van Wyk,
The discovery of viral transforminggene-relatedand
J. J., and Cuatrecasas, P. (1983) J. Biol. Chem. 258, 9581growth factor-associated protein tyrosine kinases has brought
9584
about intensive studies of this new class of protein kinases.
14. Rubin, J. B., Shia, M. A., and Plich, P. E. (1983) Nature 305,
However, physiological function, regulatory properties, and
438-440
the mechanism of action of protein tyrosine kinases are still 15. Earp, H. S., Austin, K. S., Buessow, S. C., Dy, R., and Gillespie,
largely unknown. The study of non-receptor-associated celG.Y. (1984) Proc. Natl. Acad. Sci. U. S. A . 8 1 , 2347-2351
lular protein tyrosine kinase is even more hampered, chiefly 16. Earp, H. S., Austin, K. S., Gillespie, G. Y., Buessow, S. C., Davies,
A. A., and Parker, P. J. (1985) J. Biol. Chem. 260, 4351-4356
due to low abundance of these enzymes in the cells and the
lack of suitable affinity chromatographyprocedures for their 17. Swarup, G., Dasgupta, J. D., and Garbers, D.(1983) J. Biol.
Chem. 258,10341-10347
purification. The purification of bovine spleen protein tyro- 18. Swarup, G., and Subramanyam, G. (1985) FEBS Lett. 88, 131sine kinase in reasonable amounts with reasonable purity for
134
enzymological and protein analysis should facilitate the study
19. Wong, T. W., and Goldberg, A. R. (1984) J. Biol. Chem. 259,
8505-8512
of this enzyme.
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