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ABSTRACT

Protein kinases isolated from chick myeloblast cells 

infected with avian myeloblastosis virus were characterized 

and compared to protein kinases from the virus itself. A 

strong resemblance between the two kinase types is indi

cated, with respect to molecular weight and enzyme activity 

On the basis of these similarities, an implication may be 

made as to the origin of the viral kinases.
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INTRODUCTION

Protein kinases have been isolated from purified 

avian myeloblastosis virus, and have been rather thoroughly 

characterized. Current feeling is that the viral genome 

size is not large enough to include the coding information 

necessary for protein kinase activities. Our work attempts 

a comparison of protein kinase from the virus to those 

from cells producing the virus, offering suggestion as to 

the actual origin of the viral enzymes.
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LITERATURE REVIEW

Avian myeloblastosis virus (AMV) is an oncogenic RNA 

virus, or retrovirus. Retroviruses consist of a protein- 

lipid outer envelope and an inner capsid, which includes 

structural proteins, the diploid viral RNA genome, and a 

virus-associated RNA-directed DNA polymerase, or reverse 

transcriptase. Upon entering chick myeloblast cells, AMV 

releases its RNA genome, which is transcribed by the viral 

reverse transcriptase (5). The new DNA synthesized in 

this manner is somehow involved in the processes which 

transform normal chick myeloblast cells in the bone marrow, 

causing abnormal proliferation of white blood cells. These 

myeloblast cells eventually invade the peripheral blood 

supply, producing symptoms of leukemia (personal communi

cation, Kenneth Watson).

Protein kinase enzyme activity has been found associated 

with the virion; examination of virus-associated protein 

kinase activity demonstrates that its action results in 

phosphorylation of certain endogenous viral proteins, as 

well as of specific external phosphoacceptor proteins (2,

6, 10) .

The most predominant of the viral proteins phosphory- 

lated by protein kinase has been shown to be an acidic
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protein of small molecular weight which tends to associate 

with AMV reverse transcriptase (6, 10). This interaction 

would suggest a role for protein kinase in the transforma

tion process.

Specifically, viral protein kinase transfers the 
3 2gamma- P group of labeled ATP to serine and threonine

residues of the polypeptide phosphoacceptor (4, 8). The 

endogenous viral proteins which are most highly phosphory- 

lated in vivo by viral kinase are those referred to as pl9 

and pl2 (6). In phosphorylation of non-viral proteins, the 

kinase showed distinct preferences for either acidic or 

basic phosphoacceptor proteins, suggesting the existence of 

two separate kinase activities. These two kinase activities 

have been purified from the virus and were found to be dis

tinguishable in the following ways. The enzyme that preferred 

acidic phosphoacceptors bound more tightly to anion exchange 

columns and had an estimated molecular weight of 42,000 to 

46,000 (2). The basic protein-preferring kinase tended to 

bind to cation exchange columns and was demonstrated to have 

an approximate molecular weight of 60,000 to 64,000 (6). 

However, more recent findings indicate similar molecular 

weights for both activities, ranging from 40,000 to 45,000 

(personal communication, Kenneth Watson).

While it has been clearly demonstrated that these 

protein kinases are associated with pure AMV, corresponding 

activities may also be found in their host cells, and the 

viral genome does not appear to be extensive enough to code
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for such enzyme. It is attractive to attribute the presence 

of protein kinases in the virus to encapsulation of these 

enzymes from host cells by viral progeny. Our investigation 

attempts to characterize cellular kinase activities in order 

to compare them to the corresponding viral protein kinase

activities.
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MATERIALS AND METHODS

Materials

All chemicals were reagent or enzyme grade unless

otherwise specified. DEAE-cellulose (Whatman, DE-52),

phosphocellulose (Whatman, P-11), phosphocellulose paper

(P-81) and glass fiber filters were purchased from Whatman,

Inc. o(, -casein, serum albumin, ovalbumin, and myoglobin

were obtained from Sigma Chemical Co.; and protamine
— 32 —sulfate was purchased from Eli Lilly and Co. / T ~ P/ ATP 

(10-50 ci/mmol) was obtained from New England Nuclear.

BAI strain-A AMV-infected myeloblasts were obtained from 

Life Sciences Inc., St. Petersburg, Florida. All enzyme 
work was carried out at 4°C unless otherwise specified.

Initial Cell Treatment

BAI strain-A myeloblasts were suspended in dilution 

buffer, 50 mM Tris, pH 7.6, 5 mM MgCl, 0.25 M sucrose,

5 mM dithiothreitol (DTT). Cells were disrupted in a Dounce 

homogenizer with twenty strokes at setting five. The pre
paration was centrifuged 5 min at 5000 x g at 4°C in a 

Sorvall HB4 swinging bucket rotor to sediment cell debris. 
The supernatant was then centrifuged 1 hr at 26Krpm at 4°C 

in a Spinco SW27 rotor, in polyallomar tubes. A 

small sample of supernatant was reserved for assay; the
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remaining supernatant was then diluted 10-fold with 10 mM 

KPO^, pH 7.6, 10% glycerol, 1 mM DTT.

Purification of Protein Kinase

The final, diluted supernatant was applied to a DE-52 

cellulose chromatography column (2 x 20 cm) which had been 

pre-equilibrated with 10 mM KPO^, pH 7.6, 10% glycerol.

A small sample of flowthrough was reserved for assay; the 

remaining flowthrough was reserved for further chromato

graphy. The column was then washed with dilution buffer, 

until an absorbance of wavelength 280 nm (0D_on) was less

than 0.1. The column was then eluted with a 500-ml KC1 

gradient (0.0-0.6 M) in 10 mM KPO^, pH 7.6, 1 mM DTT, 10% 

glycerol. Fractions of approximately 3.5 ml were collected 

throughout the elution.

The flowthrough from the DE-52 phosphocellulose column 

was applied to a P-11 phosphocellulose column (1.5 x 15 cm) 

which had been pre-equilibrated with 500 ml of 0.01 M KPC>4, 

pH 6.0, 10% glycerol, and then was washed with the same 

buffer with 1 mM DTT added until OD280 WaS -*-ess than 0.1. 

Samples of flowthrough and wash were reserved for assay.

The column was then eluted stepwise, using three concentra

tions of KPO^, pH 6.0, 10% glycerol: 0.15 M, 0.25 M, and 

0.42 M. Throughout the elution 0D2gg was monitored; 3.5-ml 

fractions were collected. Concentrations of KPO. were

increased following each absorbance peak.
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Protein Kinase Assays

Fractions from the columns were assayed for protein 
32kinase activity as measured by the transfer of P from 

— 32 —
/J* - P/ ATP to both -casein and protamine sulfate

which served as phosphoacceptors. Each complete reaction 

mixture (60 ul total volume) consisted of: 10 ul kinase 

basal mixture (see appedix), 22 ul 0.01 M Tris, 3 ul 

phosphoacceptor protein (OC-casein 3 mg/ml, protamine 
sulfate 10 mg/ml), 10 ul /y -^2P_/ ATP, and 15 ul from the 

tested fraction. The reaction mixture was then incubated 
for 20 min at 37°C.

When a( -casein was the phosphoacceptor, the reaction 

was terminated by placing the reaction vessel in an ice bath. 

Labeled protein was then precipitated by the addition of 

0.5 ml of glass distilled water, 10 ml Bovine Serum Albumin 

(5 mg/ml), and 0.5 ml of a mixture of saturated sodium ortho

phosphate, saturated sodium pyrophosphate and 100% (wt/vol) 

trichloracetic acid (1:1:1, vol/vol/vol). After 10 more 

minutes on ice, the precipitated proteins were collected on

glass fiber filters, using TCA precipitation and filtration (6) 
32Uptake of P was measured by liquid scintillation spec

trometry.

When protamine sulfate was the phosphoacceptor, the 

reaction was terminated by placing the reaction vessel in 

ice. The entire reaction mixture (60 ul) was then spotted 

on P-81 acidic phosphocellulose paper and the incorporation

was measured by liquid scintillation spectrometry.
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Pooling of Enzyme Activity Peaks

Upon analysis of fractions collected from DE-52 and 

P-11 chromatography, those fractions found to contain 

significant levels of enzyme activity were pooled together, 

and enzyme was concentrated by 0-70% ammonium sulfate 

precipitation followed by dialysis.
e

Molecular Weight Determination: Velocity 
Gradient Centrifugation

Enzyme pools were subjected to molecular weight 

determination on 12-ml linear glycerol gradients composed 

of 50 mM Tris, pH 7.4, 200 mM NaCl, from 10% to 30% glycerol 

Six gradients were used, four of which contained enzyme 

pools, and two of which contained the marker proteins 

ovalbumin (45,000 daltons), myoglobin (16,900 daltons), 

and bovine serum albumin (66,500 daltons). Gradients were 

centrifuged for 67.5 hr in a Spinco SW41 rotor at 40,000 
rpm at 2°C. Fractions of 0.4 ml volume were collected by

tube puncture and assayed for enzyme activities.

♦



RESULTS

Disrupted myeloblast cells in suspension were applied 

to a DE-52 phosphocellulose column, pH 7.6, and the flow-
9 through was collected for further chromatography. The 

column was eluted as previously described (see Methods) 

and the fractions collected were analyzed for protein 

content (°D280' t^ien for eRZ7ffie activity. Protein peaks 

were selected and analyzed for two kinase activities with 

specificity for o(. -casein and protamine sulfate. Kinase 

preferentially phosphorylating protamine sulfate was found 

to bind to this anion-exchange column. Locations of protein 

and enzyme activity peaks along the gradient are shown in 

Fig. 1.

Fractions containing the highest levels of enzyme 

activity were pooled and concentrated, and then reserved 

for further chromatography. (These were labeled pools DE-A

and DE-B.)

The flowthrough from the DE-52 column was applied to 

* a P-11 phosphocellulose column, pH 6.0, and the column was

eluted stepwise as previously explained. Fractions were 

collected and analyzed as above. Protein kinase activity 

preferring the acidic phosphoacceptor, X -casein, was shown 

to be that which binds predominantly to this cation-exchange 

column, as shown in Fig. 2.

9
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Peaks of enzyme activity preferentially phosphorylating 

-casein were pooled and concentrated for molecular weight

determination. These pools were labeled C and D.

DE pools A and B were applied separately to a P-11 

phosphocellulose column, pH 6.0; the column was eluted 

stepwise. Fractions collected were assayed for activity 

with both protamine sulfate and °<-casein. Results of 

these assays are shown in Figs. 3 and 4. Activity peaks 

were pooled and concentrated for molecular weight determina

tion and were labeled A^, A^, and A^.

Two pools of enzyme activities specific for o(-casein 

and two specific for protamine sulfate were selected for 

velocity gradient molecular weight determination. Pools A^ 

and A^ gave clearest protein resolution and the strongest 

activity with protamine sulfate and o( -casein, respectively 

(Figs. 5 and 6).

Molecular weights of marker proteins simultaneously 

run on the velocity gradients with the kinase pools were 

used as a basis of comparison in estimating the molecular 

weights of the two kinase types (Fig. 7). By this extrapo

lation method, the protein kinase which preferentially 

phosphorylated °< -casein was found to lie between 39,000 

to 40,000 daltons; the protamine sulfate-specific kinase 

was found to have an estimated molecular weight of 45,000
daltons.
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Fig. 1. DE-52 phosphocellulose chromatography of myeloblast
protein kinase activity. Disrupted myeloblast cells were 
chromatographed on DE-52 phosphocellulose as described in 
the text, and 3.5 ml fractions of 0.01 M potassium phosphate 
wash were collected. Samples (5 ul) of the indicated frac
tions were assayed in standard protein kinase reactions for 
the presence of protein kinase activity stimulated by 3 ul of 
°( -casein (•) or protamine sulfate (o) . The absorbance at 
280 nm (OD2„_;A) was determined with a Gilford spectropho
tometer .
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Fig. 2. P-11 phosphocellulose chromatography of the DE-52
flowthrough. Disrupted myeloblast proteins not binding to the 
DE-52 phosphocellulose column at pH 7.6 were further chromato
graphed on phosphocellulose P-11. Fractions (3.5 ml) were 
collected, and 5 ul samples of the indicated fractions were tested 
in standard protein kinase assays containing 3 ul of protamine

28
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sulfate (o) or °<-casein (• ) . The absorbance at 280 nm 
was determined with a Gilford spectrophotometer.
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Fig. 3. P-11 phosphocellulose chromatography of
DE-52 protein pool A. Kinase activity peaks from 
DE-52 chromatography pool A were further purified 
by P-11 phosphocellulose chromatography. Fractions 
(3.5 ml) were collected, and 5 ul samples of the 
indicated fractions were tested in standard protein 
kinase assays containing 3 ul of protamine sulfate 
(o) or °<-casein ( • ) . The absorbance of 280 nm 
(OD ; A ) was determined with a Gilford spectro
photometer.
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Fig. 4. P-11 phosphocellulose chromatography of
DE-52 protein pool B. Kinase activity peaks from 
DE-52 chromatography pool A were further purified 
by P-11 phosphocellulose chromatography. Fractions 
(3.5 ml) were collected, and 5 ul samples of the 
indicated fractions were tested in standard protein 
kinase assays containing 3 ul of protamine sulfate ( o) 
or -casein (*)• The absorbance of 280 nm (OD2qq;A) 
was determined with a Gilford spectrophotometer.
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Fraction
Fig. 5. Velocity gradient- centrifugation of DE-52 protein 
pool A„ from P-11 phosphocellulose chromatography. The 
kinase activity peak (labeled DE-52 pool A£> from P-11 phospho 
cellulose chromatography was selected for molecular weight 
determination on a velocity gradient. Fractions (0.4 ml) were 
collected, and 5 ul samples of the indicated fractions were 
tested in standard protein kinase assays containing 3 ul of 
protamine sulfate.
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Fig. 6. Velocity gradient centrifugation of DE-52 protein 
pool A^ from P-11 phosphocellulose chromatography. The 
kinase activity peak (labeled DE-52 pool A^) from P-11 
phosphocellulose chromatography was selected for molecular 
weight determination on a velocity gradient as described in 
text. Fractions (0.4 ml) were collected, and 5 ul samples 
of the indicated fractions were tested in standard protein 
kinase assays containing 3 ul of o<-casein.
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Fig. 7. Molecular weight determination of the two protein 
kinase activities. The proteins myoglobin, ovalbumin, and 
bovine serum albumin (BSA) were placed on a velocity gradient 
to serve as markers for determining the molecular weight of 
the two protein kinase activities. Shown above is a plot of 
the volume where the marker proteins were located in the gra
dient versus the log of their molecular weights (♦ ). Also 
shown are the activity peaks from Fig. 5 (o) and Fig. 6 (• ) 
indicating their gradient positions in relation to the protein 
markers.
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DISCUSSION AND CONCLUSION

Through comparison of chromatographic behavior, 

enzyme activity and specificity, and molecular weights, 

strong similarities were noted between protein kinases 

isolated from avian myeloblastosis virus and from the

cells it infects.

It was our finding that there are two distinct forms 

of protein kinase activity within the myeloblast cells; 

one bound preferentially to anion-exchange chromatography 

columns, while the other was bound by cation-exchangers.

The kinases isolated from the virus itself shared this dual

characteristic with respect to ion-exchange chromatographic 

behavior ( 6 ).

The basic form of the cellular kinase was found to

preferentially phosphorylate the acidic phosphoacceptor 

protein tested (°< -casein) , while the acidic form more 

strongly phosphorylated the basic phosphoacceptor protein 

tested (protamine sulfate). These phosphoacceptor specifi- 

cities also resemble those of the corresponding protein 

kinases isolated from the virus itself (2, 6 ).

The molecular weights, which were estimated for the 

cellular kinases also provide favorable comparison with the 

viral kinases. On the basis of velocity gradient centri-
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fugation, the molecular weight of the basic form of cellu

lar protein kinase was estimated to be between 39,000 and 

40,000 daltons, compared to a molecular weight of approxi

mately 45,000 daltons determined for the basic kinase from 

the virus (2). Our molecular weight for the acidic cellular

kinase was approximately 45,000 daltons, as compared to that
I

found for the viral form, which is between 42,000 and 46,000

daltons (2, 6).

In light of these characteristic resemblances, we 

would suggest the possibility that the protein kinases 

isolated from purified avian myeloblastosis virus may be the 

same enzymes that are isolated from the myeloblast cells.

A possible explanation for the presence of cellular 

protein kinases within the virus particles could be offered 

by a study of the manner in which the viral particles are 

formed. Following viral infection of animal cells, the 

viral genome is replicated, and the protein elements of the 

viral capsid are synthesized by the host cell. Assembly of 

the viral particle occurs at the cell membrane by a budding 

process taking cell membrane as part of its envelope (9). 

Since protein kinases seeming to be associated with transforming

activities in animal tumor cells have been localized in close

association with the plasma membrane (3), we would suggest 

the possible existence of.some mechanism whereby the viral 

particles leaving host cells may actually be incorporating 

protein kinases from the host into the viral particle.



APPENDIX

Kinase basal mixture contains the following 

0.1 ml of 1 M MgCl2 

0.1 ml of 1 M DTT

0.25 ml of 1 M Tris, pH 8.2 

1.55 ml of 0.01 M Tris, pH 8.2

20
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