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Protein kinase activity in isolated nuclei from rat liver was detected in situ after electrophoresis on SDS- 
polyac~~a~de gel untying no exogenous protein substrate. After rena~ation of ~l~tides, the gel 
was incubated with [~-~aplATp and divalent cations. Among five major protein kinase activities observed 
as radioactive bands by autoradio~aphy, a protein k&se autophospho~lating on tyrosine (A& 30 O&l) was 
identified and found to be localized in the nucleus, particularly in the nuclear matrix. The intensity of the 
activity band representing the level of the protein-tyrosine kinase in rat liver nuclei did not appreciably 

change during 3-24 h after partial hepatectomy. 

Protein-tyrosine kinase Autophosphorylation Nuclear matrix (Rat liver) 

1. INTRODUCTION 2. MATERIALS AND METHODS 

Protein-tyrosine kinases seem to play important 
roles in the regulation of cellular growth and 
development [1,2]. All of the protein-tyrosine 
kinases found to date are located in the cytoplasm 
[2], and little attention has been focused on nuclear 
protein-tyrosine phosphorylation. We have ap- 
plied an activity gel method (in situ assay of en- 
zyme after SDS-polyacrylamide gel electrophore- 
sis, SDS-PAGE) to detect protein-tyrosine kinases 
that are presumed to be present in nucleus. This 
method has been successfully employed for DNA- 
metabolizing enzymes and some other enzymes 
using macromolecular substrates [3-71. Here we 
report the existence nuclear protein kinase 
capable of autophosphor ating on tyrosine, which 
is associated with the 
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2.1. Materials 
[T-~~P]ATP (3000 Ci/mmol) was purchased 

from ICN; cellulose-coated thin-layer plates from 
Eastman-Kodak; DNase I from Takara; 
phosphoserine and phosphothreonine from Sigma; 
trypsin from Boehringer. Phosphotyrosine was 
synthesized as in [S]. 

All operations were carried out at 4°C. Fresh 
livers (2-3 g) from normal and 7O~o-hepatecto- 
mized Wistar male rats weighing 100-200 g were 
homogenized in 5 vols of 0.25 M sucrose/3.3 mM 
MgClz in a glass-Teflon homogenizer, and the 
homogenates were centrifuged at 1000 x g for 
10 min. The resulting pellets were resuspended in 
15 ml of 2.2 M sucrose/3.3 mM MgClz and then 
gently layered on a 10 ml cushion of 2.2 M 
sucrose/3.3 mM MgCl2. The nuclei were 
precipitated by centrifugation at 40000 x g for 

~biished by EIsevier Science Publ~be~ B. V. ~~~orned~c~i Div~ion~ 
00145793/86/$3.50 0 1986 Federation of European Biochemical Societies 451 



Volume 208, number 2 FEBS LETTERS November 1986 

60 min, followed by washing twice with 0.25 M 
sucrose/3.3 mM MgClz. Isolation of the nuclear 
matrix was carried out by a modification of the 
method of Berezney and Coffey [9]. The nuclear 
pellet was suspended in 2 M NaCl/lO mM Tris- 
HCl, pH 7.5110 mM MgClz/l mM phenylmethyl- 
sulfonyl fluoride and digested with DNase I (100 
pg/ml) at 37°C for 60 min. The resulting nuclear 
matrix was collected by centrifugation at 1500 x g 
for 15 min and washed with 2 M NaCl/lO mM 
Tris-HCl, pH 7.5/0.1% Triton X-100/1 mM 
EDTA/l mM phenylmethylsulfonyl fluoride. 
Plasma membrane and mitochondria [lo] and 
post-nuclear particular fraction [ 1 l] were prepared 
from rat liver homogenate. Protein was deter- 
mined by the method of Bradford [12]. 

2.3. In situ assay of protein kinase after 
SDS-PAGE (activity gel method) 

Polyacrylamide gel electrophoresis in the 
presence of SDS was carried out as in [7]. The 
samples were directly dissolved in 62.5 mM Tris- 
HCl, pH 6.8/2% SDS/lO% glycerol/5% 2-mer- 
captoethanol (sample buffer), incubated at 40°C 
for 10 min, and then immediately loaded onto an 
SDS-IO% polyacrylamide slab gel (1 mm depth) 
containing no exogenous protein substrate with a 
3% stacking gel. After electrophoresis, the gel was 
washed three times for 30 min each with 300 ml of 
50 mM Tris-HCl, pH 7.5, at room temperature 
with mild agitation, followed by storage in 500 ml 
of 50 mM Tris-HCl, pH 7.5/0.5 mM dithiothreitol 
at 4°C for 20-24 h. The gel was then incubated at 
30°C for 15 h in a reaction mixture (10 or 20 ml) 
containing 50 mM Tris-HCl (pH 7.5), 5 mM 
MgC12, 5 mM MnC12, 0.5 mM dithiothreitol and 
5 nM [T-~~P]ATP (100 &i/l0 ml) with mild agita- 
tion. Autoradiography of the gel was carried out 
after washing with 5% trichloroacetic acid/ 1% 
NaPPi [7]. 

2.4. Analysis of phosphoamino acids 
The radiolabeled bands were excised from the 

gels and digested at 37°C for 1 h in 300~1 of 
50 mM (NH&CO3 containing 10 pg trypsin. After 
lyophilization, samples were hydrolyzed with 6 M 
HCl at 110°C for 1 h. The hydrolysates were 
lyophilized, dissolved in Hz0 and subjected to 
electrophoresis on cellulose thin-layer plates at pH 
3.5 for 1 h at 400 V [ 131. Autoradiography was 
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carried out at -70°C for 48 h. Authentic 
phosphoserine, phosphothreonine and phospho- 
tyrosine were detected by ninhydrin staining. 

3. RESULTS AND DISCUSSION 

We applied the activity gel method to the detec- 
tion of nuclear protein kinase activity. A nuclear 
pellet from rat liver was directly separated into 
protein components by electrophoresis on an SDS- 
polyacrylamide gel containing no exogenous pro- 
tein. Following removal of SDS, the gel was in- 
cubated in a reaction mixture containing 
[Y-~~P]ATP, MgC12, and MnC12 to allow the 
phosphotransferase reaction to occur. Among 
radiolabeled bands representing phosphorylated 
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Fig. 1. In situ detection of protein kinases in nuclei of rat 
liver after SDS-PAGE. (A) Total nuclear proteins were 
analyzed by SDS-PAGE. The activity gel method was 
carried out as described in section 2. Lane 1, 30 fig 
protein; lane 2, 6Opg protein; lane 3, 120pg protein. 
Numbers on the right refer to the molecular masses of 
marker polypeptides: phosphorylase b (94 kDa); bovine 
serum albumin (67 kDa); ovalbumin (43 kDa); lactate 
dehydrogenase (35 kDa); carbonic anhydrase (31 kDa). 
The migration positions of the 84-, 58-, 4O-, 36- and 
30-kDa protein are indicated. (B) Phosphoamino acids 
of the phosphorylated protein bands in (A) were 
separated by electrophoresis on cellulose thin-layer 
plates, detected by autoradiography and identified by 
co-migration with authentic phosphoserine (P-Ser), 
phosphothreonine (P-Thr) and phosphotyrosine (P- 
Tyr). Lane 1, 84-kDa protein; lane 2, 58-kDa protein; 
lane 3, 40-kDa protein; lane 4, 36-kDa protein; lane 5, 

30-kDa protein. 
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proteins, five major and reproducible bands cor- 
responding to 84, 58, 40, 36 and 30 kDa were 
observed (fig. 1A). To identify the phosphoamino 
acids present in these proteins, each protein band 
was eluted from the polyacrylamide gel by diges- 
tion with trypsin and acid-hydrolyzed. Following 
electrophoretic separation of phosphoamino acids, 
the 30-kDa protein was found to be 
phosphorylated exclusively at tyrosine residues, 
the other four proteins being phosphorylated at 
serine (84-, 40- and 36-kDa protein) or threonine 
residues (58-kDa protein) (fig.lB). Since the 
polyacrylamide gel included no exogenous protein 
substrate, it seems likely that tyrosine 
phosphorylation of the 30-kDa protein represents 
an autophosphorylation reaction. The 30-kDa pro- 
tein seems to be present in vivo as a monomeric en- 
zyme or an active subunit of the oligomeric 
enzyme, because the freshly prepared nuclear 
pellet was directly treated with sample buffer con- 
taining SDS, followed by SDS-PAGE. 

We next examined the subcellular localization of 
the 30-kDa protein kinase. The 30-kDa 
phosphoprotein was observed in nuclei of rat liver, 
but not in cytoplasmic fractions such as the post- 
nuclear particulate fraction, plasma membrane 
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Fig.2. Subcellular localization of protein-tyrosine kinase 
(30 kDa). Proteins from rat liver nuclei (lane 1, 80 #g), 
particulate fraction (lane 2,40 fig; lane 3, 80 Fg), plasma 
membrane (lane 4, 4Opg; lane 5, 80/1g) and 
mitochondria (lane 6, 4Opg; lane 7, 80 pg) were 
analyzed by SDS-PAGE. The activity gel method was 
carried out as described in section 2. Positions of the 
30-kDa protein and marker polypeptides (see fig. IA) are 

indicated. 
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Fig.3. Subnuclear localization of protein-tyrosine kinase 
(30 kDa). Nuclear matrix and 2 M NaCl extract from rat 
liver nuclei were analyzed by SDS-PAGE. The activity 
gel method was carried out as described in section 2. 
Lane 1, nuclei (180 pg protein); lane 2, nuclear matrix 
(3OOpg protein); lane 3, 2 M NaCl extract (19Opg 
protein). Positions of the 30-kDa protein and marker 

polypeptides (see fig. 1A) are indicated. 

and mitochondria (fig.2). Furthermore, the 
30-kDa protein was found to be localized ex- 
clusively in the nuclear matrix (fig.3). Recently, a 
protein-tyrosine kinase of 30 kDa has been 
detected in post-nuclear particulate fraction of 
lymphocytes by the activity gel method [14]. The 
relationship between our 30-kDa protein kinase 
and the lymphocyte tyrosine kinase remains 
obscure. 

Since protein-tyrosine kinases have been found 
in cytoplasmic fractions (membrane fraction, 
cytoskeleton, cytosol, etc.) [2], this is the first 
report of a protein-tyrosine kinase localized in the 
nucleus, particularly in the nuclear matrix. 
Tyrosine phosphorylation seems to be involved in 
cellular growth control [1,2]. In addition, the 
nuclear matrix is suggested to be involved in DNA 
replication, transcription and post-transcriptional 
regulation [ 15-171. Therefore, it is tempting to 
speculate that this protein-tyrosine kinase may 
play an important role in cellular proliferation. 
Partial hepatectomy of rat was carried out to 
determine whether the activity level of the protein- 
tyrosine kinase fluctuates after the operation. We 
observed no appreciable change in intensity of the 
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activity bands representing the level of the kinase 
in nuclei and the nuclear matrix of rat liver during 
3-24 h after the operation (not shown). Further 
work is required to reveal a physiological role of 
the protein-tyrosine kinase. 

REFERENCES 

VI 

PI 

[31 

141 
151 

bl 

Hunter, T. and Cooper, J.A. (1983) Prog. Nucleic 
Acid Res. Mol. Biol. 29, 221-232. 
Hunter, T. and Cooper, J.A. (1985) Annu. Rev. 
Biochem. 54, 897-930. 
Spanos, A., Sedgwick, S.G., Yarranton, G.T., 
Hubscher, U. and Banks, G.R. (1981) Nucleic 
Acids Res. 9, 1825-1839. 
Teraoka, H. (1983) Seikagaku 55, 1332-1334. 
Geahlen, R.L., Anostario, M., Low, P.S. and 
Harrison, M.L. (1986) Anal. Biochem. 153, 
151-158. 
Bertazzoni, U., Scovassi, A.I., Mezzina, M., 
Sarasin, A., Franchi, E. and Izzo, R. (1986) Trends 
Genet. 2, 67-72. 

[71 

PI 

[91 

WI 

1111 

WI 

[I31 

v41 

u51 

WI 

1171 

Ohmura, Y., Uchida, T., Teraoka, H. and 
Tsukada, K. (1986) Eur. J. Biochem., in press. 
Rothberg, P.G., Harris, T.J.R., Nomoto, A. and 
Wimmer, E. (1978) Proc. Natl. Acad. Sci. USA 75, 
4868-4872. 
Berezney, R. and Coffey, D.S. (1977) J. Cell Biol. 
73, 616-637. 
Fleischer, S. and Kervina, M. (1974) Methods 
Enzymol. 31, 6-41. 
Swarup, G., Dasgupta, J.D. and Garbers, D.L. 
(1983) J. Biol. Chem. 258, 10341-10347. 
Bradford, M.M. (1976) Anal, Biochem. 72, 
248-254. 
Hunter, T. and Sefton, B.M. (1980) Proc. Natl. 
Acad. Sci. USA 77, 1311-1315. 
Geahlen, R.L. and Harrison, M.L. (1986) Bio- 
them. Biophys. Res. Commun. 134, 963-969. 
Vogelstein, B., Pardoll, D.M. and Coffey, D.S. 
(1980) Cell 22, 79-85. 
Robinson, S.I., Nelkin, B.D. and Vogelstein, B. 
(1982) Cell 28, 99-106. 
Ciejek, E.M., Nordstrom, J.L., Tsai, M.J. and 
O’Malley, B.W. (1982) Biochemistry 21, 
4945-4953. 

454 


