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In this report we describe cloning and expression of rat adenosine kinase (AK) in
Esccherichaia coli cells as a fusion protein with 6xHis. The recombinant protein was
purified and polyclonal antibodies to AK were generated in rabbits. Inmunoblot anal-
ysis of extracts obtained from various rat tissues revealed two protein bands reactive
with anti-AK IgG. The apparent molecular mass of these bands was 48 and 38 kDa in
rat kidney, liver, spleen, brain, and lung. In heart and muscle the proteins that react
with AK antibodies have the molecular masses of 48 and 40.5 kDa. In order to assess
the relative AK mRNA level in rat tissues we used the multiplex PCR technique with
p-actin mRNA as a reference. We found the highest level of AK mRNA in the liver,
which decreased in the order kidney > spleen > lung > heart > brain > muscle. Measure-
ment of AK activity in eytosolic fractions of rat tissues showed the highest activity in
theliver (0.58 U/g), which decreased in the order kidney > spleen > lung > brain > heart
> skeletal muscle. Kinetic studies on recombinant AK as well as on AK in the cytosolic
fraction of various rat tissues showed that this enzyme is not affected by phosphate
ions.

The data presented indicate that in the rat tissues investigated at least two isoforms
of adenosine kinase are expressed, and that the expression of the AK gene appears to
have some degree of tissue specificity.

To date a vast number of reports has been  important role in regulating many metabolic
published indicating that adenosine plays an  processes. It has been recognized that adeno-
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sine may act as a “local hormone” in mamma-
lian tissues showing a diversity of effects in-
cluding modulation of blood flow, inflamma-
tion, neurotransmission, pain, and the endog-
enous response to ischemia [1-6].

The majority of basal adenosine production
during normoxia is derived from the action of
S-adenosylhomocysteine hydrolase [7, 8].
However, during enhanced oxygen demand or
metabolic load, increased amounts of adeno-
sine are formed almost exclusively from AMP
by 5'-nucleotidase (5'-NT) [9-11]. In the cell,
the generated adenosine may be deaminated
to inosine by adenosine deaminase (ADA),
phosphorylated to AMP by adenosine kinase
(AK), or transported into extracellular fluid
where it exerts its effect by coupling to the A1,
A2 or A3 receptors [12, 13].

A comparison of the kinetic properties of AK
and ADA suggests that under normal condi-
tions the majority of intracellular adenosine is
metabolized by AK. It has been demonstrated
that in the heart most (90%) of the adenosine
generated by cytosolic 5'-NT is rephospho-
rylated to AMP by the action of AK [14]. Thus,
the activity of AK may be considered as a key
point in controlling the adenosine level in the
cell. Previous reports showed that the activity
of AK is dependent on monovalent cations
(Na*, KN, magnesium, phosphate, arsenate
and vanadate ions [15-18]. However, the ef-
fect of phosphate on AK activity remains con-
troversial because both an activatory [17, 18]
and an inhibitory [16] effect of P; have been
reported. In order to extend our knowledge of
AK regulatory properties we have measured
the effect of phosphate on recombinant AK ac-
tivity and on AK activity in the cytosolic frac-
tions of various rat tissues.

MATERIALS AND METHODS

Pefabloc SC was from Boehringer Man-
nheim GmbH Biochemica (Mannheim, Ger-
many). Leupeptin, adenosine, ATP, AMP, al-
kaline phosphatase-conjugated goat anti-rab-

bit IgG, 5-bromo-4-chloro-3-indoyl phosphate
and nitro blue tetrazolium were obtained from
Sigma-Aldrich Sp. z o.0. (Poznan, Poland).
Transfer membrane was from Millipore Corp.
(Bedford, MA, U.S.A.). DE81 ion exchange fil-
ters were from Whatman (Maidstone, Kent,
England). [U-*Cladenosine (20 MBq/umol)
was from Amersham Life Science (Buec-
kinghamshire, England). All primers used
were from Integrated DNA Technologies, Inc.
(Coralville, IA, U.S.A.). Total RNA Prep Plus
Kit was from A&A Biotechnology (Gdansk,
Poland). Oligo(dT) and dNTPs were from
Gibco BRL (Paisley, England). Moloney
murine leukemia virus reverse transcriptase
(MMLV-RT) was from Epicentre Technologies
(Madison, WI, U.S.A.). Tth DNA polymerase,
Tfl DNA polymerase and RNasin were from
Promega (Madison, WI, USA). All other re-
agents were of analytical grade. Male Wistar
rats (200-240 g) fed Altromin C 1000 diet
(Altromin GmbH, Lage, Germany) were used
for all experiments. All animals had access to
food and water ad libitum.

Cloning of the adenosine kinase (AK)
gene. Unless otherwise indicated, the recom-
binant DNA methods used were those of
Sambrook et al. [19]. In order to obtain cDNA
for AK we used PCR reaction with the primers
AK101, GTGCTGTTTCATATGGGGAATCC-
TCTTC (forward) and AK102A, CGCACTAG-
TGGATCCCTGAGTTGCTT (reverse), which
introduced restriction enzyme cleavage sites
(underlined) for Ndel and BamHI, respec-
tively. The primers were based on the rat
cDNA sequence (GeneBank, accession No.
U57042). PCR reaction was performed in 20
ul final volume in 50 mM Tris/HCL, pH 7.5, 20
mM ammonium sulfate, 2.5 mM MgCl,, 0.25
mM dNTPs, 2.5 U of Tfl DNA polymerase, 0.5
uM primers and 1 ug of rat liver cDNA. The
PCR consisted of an initial denaturation at
95°C for 3 min and 35 cycles of 45 s at 95°C, 60
s at61°C, 90 s at 72°C, and a final extension of
10 min at 72°C. The AK cDNA was then cut
with appropriate enzymes and ligated into the
unique Ndel and BamHI sites in pPROEX-1.
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The cloned cDNA was sequenced and was con-
firmed to be complete AK coding cDNA.

Cell growth and expression of adenosine
kinase. pPPROEX-AK was used for the expres-
sion of AK as a fusion protein with the 6xHis
peptide at the amino-terminus. E. coli strain
BL21 (DE3) was transformed with the above
mentioned plasmid and colonies were grown
on LB agar plates containing ampicillin (100
ug/ml). Picked colonies were grown overnight
at 37°C in LB-ampicillin medium, and 1 ml of
this culture was inoculated into 11 of fresh LB
medium, and incubated at 37°C to an absor-
bance of 0.8 (measured at 600 nm). Cells were
then cooled to the desired temperature and
the expression of the 6xHis-AK protein was in-
duced by the addition of 1 mM IPTG. Follow-
ing induction, the cells were grown for the ap-
propriate time, and harvested by centrifu-
gation.

Purification of adenosine Ekinase. All
steps were done at 4°C. Cell pellet from 11 cul-
ture was suspended in 40 ml of buffer A
(50 mM potassium phosphate buffer, pH 6.0,
0.5 ug/ml leupeptin, 0.2 mM Pefablock SC),
placed on powdered dry ice and sonicated.
The crude cell extract was clarified by
centrifugation at 50000 X g for 30 min. Clear
supernatant was passed through a 5 ml
Ni-nitrilotriacetate (Ni-NTA) column
preequilibrated with buffer A containing 300
mM KCl (buffer Al). The column was washed
with buffer A1 containing 50 mM imidazole
until no more protein was eluted. The
6xHis-AK protein was then eluted from the
column with 7 ml of buffer A1 containing 100
mM imidazole. Fractions containing high pro-
tein concentration were combined, desalted
on Sephadex G-25 M (Pharmacia columns
PD-10) previously equilibrated with buffer B
(50 mM phosphate buffer, pH 7.5, 1.0 mM
dithiothreitol, 0.5 ug/ml leupeptin, 0.2 mM
Pefablock SC, 20% glycerol), and applied to a
Mono S HR 5/5 cation exchange FPLC col-
umn equilibrated with buffer B. The column
was washed with 10 ml of buffer B and eluted
with a linear gradient from 0 to 2 M KCl over

20 ml. The active fractions were pooled and
stored at -20°C.

Tissue preparation. On the day of the ex-
periment randomly selected rats were anes-
thetized with pentobarbital (40 mg/kg of body
mass), and the organs of interest were re-
moved. Half of each organ was immediately
frozen in liquid nitrogen for RNA isolation.
The other half was placed in ice-cold saline for
cytosol preparation.

Preparation of cytosolic fractions. The
appropriate tissue was homogenized in three
volumes of 50 mM Tris/HCl, pH 7.4, 1 mM
MgCly, 1 mM dithiothreitol, 0.2 mM Pefabloc
SC, 0.5 ug/ml leupeptin, in a glass homoge-
nizer with a power-driven Teflon pestle. The
homogenate was centrifuged at 100000 X g
for 1 h. The resulting supernatant (in 0.5 ml
portions) was stored at -20°C as the cytosolic
fraction.

Adenosine kinase assay. The activity of
AK was assayed at 25°C by the radiochemical
method as described previously [20].

Multiplex PCR. In order to assess the level
of the AK gene transcript, we performed mul-
tiplex PCR with B-actin mRNA as a reference
template. The reaction mixture contained 50
mM Tris/HCI, pH 9.0, 20 mM ammonium sul-
fate, 300 ng of template, 0.40 uM each of the
5" and 3’ primers, 0.375 mM of each dNTP,
3.75 mM MgCl, and 0.75 U of Tth DNA poly-
merase. The PCR for -actin and AK consisted
of an initial denaturation at 95°C for 3 min
and 34 cycles of 30 s at 95°C, 30 s at 58°C, 30 s
at 72°C, and a final extension of 10 min at
72°C amplification. For AK amplification the
AK1 and AK2 primers were used [21]. This de-
fines a DNA fragment of 616 base pairs.
Primers for -actin amplification were as de-
scribed [21], and the product was 511 base
pairs long.

The PCR reactions were performed in an
Eppendorf-Mastercycler. PCR products were
separated by agarose gel electrophoresis and
assessed by quantitation of ethidium bro-
mide-stained bands with the use of the Gel
Doc 2000 system (Bio-Rad). The relative
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amounts (OD/mm2) of both amplified tran-
scripts were compared using the computer
program Quantity One (Bio-Rad).

Antibodies. Polyclonal antibodies to rat
adenosine kinase were generated in rabbits.
Rabbits were subcutaneously injected in the
back of the neck with 400 ug of purified re-
combinant AK in Freund’s adjuvant followed
by three boost with 200 ug of antigen each ev-
ery 3 weeks. The antibodies were purified by
chromatography on a protein A-agarose col-
umn.

SDS/PAGE and immunoblotting. Sam-
ples (100 ug of protein) were separated by
polyacrylamide gel electrophoresis (12%
acrylamide) in the presence of sodium dodecyl
sulfate (SDS/PAGE) [22] and then electro-
phoretically transferred to Immobilon poly-
(vinylidenedifluoride) (Millipore) transfer
membrane. The membrane was blocked with
3% bovine albumin (fraction V) in phos-
phate-buffered saline (NaCl/P;) with 0.02%
NaNj3 and then washed with NaCl/P;. The
blocked membrane strips were incubated with
rabbit anti AK polyclonal antibodies (dilution
1:10000). Immunostaining was done using
alkaline phosphatase-conjugated goat anti-
rabbit IgG (dilution 1:20000), the chromo-
genic substrate 5-bromo-4-chloro-3-indoyl
phosphate and nitro blue tetrazolium.

Analytical. Protein concentration was de-
termined by the method of Bradford [23] with
bovine serum albumin as standard. DNA and
RNA concentration was determined by mea-
suring the absorbance at 260 nm.

RESULTS

Expression and purification of adenosine
kinase

In order to obtain large quantities of adeno-
sine kinase protein we have cloned the cDNA
of rat AK into the pPROEX-1 vector, which in
our hands proved to be useful in obtaining re-
combinant proteins in E. coli cells [24-26]. A

high yield of the induced protein was obtained
when BL21(DE3) cells were cultured at 37°C
for 5 h, although an even higher yield of solu-
ble protein was obtained in cells cultured at
24°C for 16 h. Therefore, expression of 6xHis-
AK at 24°C was run routinely.

Usually the process of 6xHis-AK purification
started with 5 g of E. coli cells obtained from
11 of the cell culture. Soluble bacterial lysate
was first subjected to chromatography on
Ni-NTA. The purity and the apparent molecu-
lar mass of the eluted proteins were checked
by SDS/PAGE (Fig. 1). It was found that
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Figure 1. SDS/PAGE (12%) of adenosine kinase
expressed in E. coli cells.

Lane A, 50 ug of E. coli cells lysate (not induced);
lane B, 50 ug of lysate of E. coli cells induced for 16 h at
23°C; lane C, 50 ug of high-speed supernatant of E. coli
cell lysate; lane D, 10 ug of 6xHis-AK purified on
Ni-NTA; lane E, 10 ug of 6xHis-AK purified on Mono S
column. Positions of the molecular mass markers are
indicated on the left.

6xHis-AK was purified to near homogeneity
by this step. However, some proteins with
higher molecular masses as well as degrada-
tion products were visible. Subsequent chro-
matography on a cation exchange (Mono S)
column gave further improvement in the pu-
rity of 6xHis-AK. Pure 6xHis-AK migrated on
12% SDS/PAGE as a protein with a molecular
mass of 41 kDa (Fig. 1). This is in good agree-
ment with 41.5 kDa calculated from the
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Table 1. Purification of recombinant rat adenosine kinase.

The purification started with 5 g of E. coli cells obtained from 11 of 16 h cell culture grown at 23°C. AK was as-
sayed as described under Materials and Methods with 1 M adenosine. Data presented are representative of

those obtained in five separate purifications.

Step PEotein Total activity Specific activity Yioeld
mg) (nmol/min) (nmol/min per mg) (%)
E. coli extract (supernatnat) 994 1612 1.62 100
Ni-NTA 10.1 302 29.9 19
MonoS 8.04 285.2 35.47 18
amino-acid sequence of the recombinant pro- 080 [ ® P
tein. Typical data obtained from purification 0.25 O +Pi o
steps are summarized in Table 1.
S 0.20
Effect of phosphate ions on adenosine E
kinase activity %J 0.15
Several previous reports indicated that the % 010
activity of AK is affected by monovalent cat- =
jons (K", Na"), magnesium, phosphate and 0.05
other polivalent ions [15-18]. Our experi- f
ments with the recombinant rat enzyme A / N T T
showed that phosphate ions do not affected ei- -1.0 0.0 1.0 2.0 3.0 4.0

ther the K, (1.2 uM) for adenosine or the en-
zyme V.« (Fig. 2). The lack of the phosphate
effect on AK activity was observed in the
range of 0.1-50 mM. No effect of P; on AK ac-
tivity was observed at various concentrations
of ATP and MgCly (not shown). A change in
the pH of the reaction mixture from 7.4 to 6.0
was not associated with an alteration of AK
sensitivity to P; (not shown). The effect of
phosphate ions was also tested on AK activity
in the cytosol obtained from several rat tis-
sues. Each cytosols preparation was deprived
of low molecular mass molecules by chroma-
tography on Sephadex G-25 equilibrated with
the extraction buffer, which does not contain
phosphate ions. Measurements of AK activity
in the presence and absence of 10 mM P;
showed that phosphate ions do not affect the
enzyme activity in the cytosol of rat liver, kid-
ney, spleen, lung, brain, heart and skeletal
muscle (Table 2).

1/1Ado] (umy!

Figure 2. Effect of phosphate on the activity of re-
combinant adenosine kinase.

The activity of AK was assayed as described under Ma-
terials and Methods in 50 mM Hepes/NaOH, pH 7.2,
100 mM KCl, 1.0 mM MgCl,,, 1 mM ATP. The open and
closed symbols represent data obtained in the presence
and absence of 10 mM P;, respectively. The average
standard deviation for all points in the presence and
absence of P; was within 4-7% and 3-8%, respectively
(n = 4).

Expression level of adenosine kinase in rat
tissues

Immunoblot analysis showed that all rat tis-
sues examined contained at least two protein
band reactive with anti-AK IgG (Fig. 3). The
apparent molecular mass of these proteins
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was 48 (AK1) and 38 (AK3) kDa in rat kidney,
liver, spleen, brain and lung. In heart and
muscle the proteins that reacted with AK anti-
bodies have molecular masses of 48 (AK1) and

ney and spleen there was a good correlation
between AK activity and the protein and
mRNA levels. The level of AK mRNA corre-

lated only partially with the activity and pro-

Table 2. The effect of phosphate ions on adenosine kinase in the cytosol of various rat tissues.

The activity of AK was assayed as described under Materials and Methods with 1 M adenosine. The data are

mean +S.D. (n = 7).

Tissue Specific activity (nmol/min per mg protein)
-p; +10 nm P;

Liver 0.579 + 0.019 0.563 + 0.006
Kidney 0.376 + 0.017 0.358 + 0.11
Spleen 0.346 + 0.014 0.339 + 0.013
Lung 0.173 + 0.014 0.179 + 0.008
Brain 0.081 + 0.003 0.094 + 0.005
Heart 0.075 + 0.003 0.071 + 0.004
Skeletal muscle 0.027 + 0.006 0.021 + 0.004

40.5 (AK2) kDa. The highest level of the AK3
protein was found in the liver, which de-
creased in the order kidney > spleen > brain >
lung (Fig. 3B). In all tissues examined the
level of the AK1 protein was similar except for
skeletal muscle where it was 5-fold higher. The
only tissues where the AK2 protein was de-
tected were heart and skeletal muscle. The
level of the AK2 protein in skeletal muscle ex-
ceeds 5-fold that in the heart (Fig. 3B).

In order to evaluate the level of mRNA for
adenosine kinase in rat tissues we performed
multiplex RT-PCR. As a reference transcript,
we amplified a fragment (511 bp) of S-actin.
The data presented in Fig. 4 indicate that kid-
ney and liver contained similar and highest
level of AK mRNA. Heart, lung and spleen
contained similar levels (about 50% of that
found in the liver) of AK mRNA. The lowest
level of AK mRNA was found in the brain and
skeletal muscle. A comparison of the relative
level of AK mRNA, protein and activity indi-
cated that the expression level of adenosine
kinase was highest in the liver and decreased
in the order kidney > spleen > lung > heart >
brain > skeletal muscle (Fig. 5). In liver, kid-

tein level in lung, heart and brain. In skeletal
muscles the level of the AK protein was
unproportionally high comparing the level of
mRNA and AK activity.

DISCUSSION

The system for expression of rat AK in
E. coli cells presented in this report makes it
possible to obtain high quantities of active en-
zyme. From 11 of 16 h E. coli culture 8 mg of
pure enzyme was obtained by a two step puri-
fication procedure (Table 1). The existence of
two isoforms of AK mRNA in rats and hu-
mans was reported previously, and the human
isoforms were cloned and expressed in E. coli
[27]. The sequence-derived molecular mass of
these two rat AK isoforms are 38.5 and 41.4
kDa. In our experiments we have cloned the
short (38.5 kDa) isoform of AK. Purified re-
combinant AK displayed similar kinetic prop-
erties to those observed in various mamma-
lian tissues [17, 21, 27, 28]. The activity of the
obtained enzyme exhibited substrate inhibi-
tion by adenosine and a dependence on the
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Figure 3. Protein level of adenosine kinase in tis-
sues of diabetic rats.

Cytosolic fractions (100 ug) of the tissues examined
were subjected to SDS/PAGE (12%) and transferred to
Immobilon membrane as described under Materials
and Methods. The membranes were immunobloted
with anti-AK IgG. A. Lanes L, H, K, B, S, M, and P refer
to the cytosolic fractions of rat liver, heart, kidney,
brain, spleen, muscle, and lung, respectively. The pre-
sented blot is representative of those performed on tis-
sue extracts obtained from five different animals. The
bands with apparent molecular masses of 48, 40.5 and
38 kDa are marked as AK1, AK2 and AKS3, respec-
tively. B. The blot shown in part A was scanned and the
bands were quantitated with the use of the Gel Doc
2000 system and the computer program Quantity One.
The program calculated area of the analyzed bands by
summing the intensities of the pixels within the band
boundary and multiplying by pixel area. The obtained
value was adjusted for background intensity and ex-
pressed in arbitrary intensity units X mm? (INT x
mm2). Data are means of three separate quantitation
+S.D.

presence of ATP and Mg2+, but not phosphate
ions (Fig. 2). Experiments performed by Maj
et al. [17] on Chinese hamster ovary recombi-
nant AK and purified AK from beef liver
showed that AK is activated by P;. They pro-
posed that the P; effect on AK is to protect the
enzyme from inactivation at high adenosine
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Figure 4. Level of adenosine kinase gene tran-
script in rat tissues.

The AK mRNA level was assessed by quantitation of
multiplex RT-PCR products as described under Mate-
rials and Methods. A. Multiplex RT-PCR products sepa-
rated by 2% agarose gel electrophoresis. Lanes K, H, L,
P, M, S, and B refer to the PCR products obtained for
kidney, heart, liver, lung, muscle, spleen and brain, re-
spectively. The gel shown is representative of those ob-
tained for five rats. B. Multiplex RT-PCR products were
assessed by quantitation of ethidium bromide-stained
bands with the use of the Gel Doc 2000 system and the
computer program Quantity One. The ratio of AK PCR
product (OD/mm2) to f-actin PCR product was calcu-
lated (AK/f-actin). The data are mean £S.D. (n = 5).

concentration and decreased pH or to stabi-
lize substrate binding at the active site. Our
experiments showed that neither the activity
of recombinant AK nor the activity of AK in
the cytosolic fractions from various rat tis-
sues is affected by phosphate ions. The reason
for such a discrepancy between our results
and those reported by Maj et al. [17] are un-
known.

Adenosine kinase is found almost in all
mammalian cells. We found that rat liver had
the highest AK activity, which decreased in
the order kidney > spleen > lung > brain >
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heart > skeletal muscle (Table 2). Similar re-
sults for rat tissues were reported previously
[29]. In human tissues almost equivalent lev-
els of AK activity were found in liver, kidney,
brain cortex and pancreas [30]. The immuno-
blot analysis of various rat tissues performed
with the use of our anti-AK IgG showed three
distinct protein bands with the apparent mo-
lecular masses of 38, 40.5, and 48 kDa (Fig. 3).
As was mentioned above, in rats the presence
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Figure 5. Relativelevels of adenosine kinase activ-
ity, protein and mRNA in rat tissues.

The activity of AK was assayed as described under Ma-
terials and Methods. The AK protein (AK1+AK2+AKS3)
content was assessed by quantitation of Western blots
as described in Fig. 3. The level of AK mRNA was evalu-
ated by performing multiplex RT-PCR and quantitation
of ethidium bromide-stained bands as described under
Materials and Methods. The data are presented as a
percentage of the value found in the liver and are
means of the analyses performed on tissues obtained
from five rats +S.D.

of two AK isoforms with molecular masses of
38.5 and 41.4 kDa was deduced based on
cDNA sequence [27]. The nature of the 48 kDa
protein is unknown because to date such
adenosine kinase has not been cloned or iso-
lated from any tissue. The work on cloning

and identifying this protein is under way in
our laboratory. Our data indicate that the 48
kDa protein binds to a 5'-AMP-Sepharose col-
umn and is eluted by adenosine (not shown).
A similar observation was made by Singh et
al. [31] for Syrian hamster liver cell extract. A
clue indicating that the 48 kDa protein might
be another isoform of AK is the report of
Chang et al. [32] who isolated and purified AK
with a molecular mass of 56 kDa from murine
leukemia cells.

In order to asses the AK mRNA level in rat
tissues we performed multiplex RT-PCR with
P-actin as reference template. Densitometric
analysis of PCR products separated by
agarose gel electrophoresis showed similar
levels of AK mRNA in liver and kidney, an in-
termediate level in the heart, lung and spleen,
and significantly lower levels in brain and
muscle. In humans the level of AK mRNA was
reported to be intermediate in the heart and
low in brain and lung [33]. The cDNA frag-
ment chosen by us for amplification was com-
mon for both the AK2 and AK3 isoforms of
AK. A comparison of the cDNA sequence for
AK3 and AK2 showed 100% identity following
bases 105 and 113, respectively [27]. There is
no rationale to exclude the existence of other
isoforms of AK (including the 48 kDa protein)
produced by differential splicing. Thus, it
should be kept in mind that the product of our
multiplex PCR could be generated on two or
more kinds of AK templates. We found that
the AK mRNA level correlated partially with
AK activity and protein level in the analyzed
rat tissues except for skeletal muscles, where
the protein level was unproportionally high
(Fig. 5). The reason for such a deviation is un-
clear, but it might be a result of differences in
protein synthesis and degradation and/or dif-
ferences in AK gene expression and mRNA
stability. On the other hand, the activity of AK
in muscle was only 5% of that found in the
liver, whereas the level of the protein that
immunoreacted with anti-AK IgG was 1.5-fold
higher than in the liver. If one assumes that
the protein band detected in muscle cytosol by
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our immunoblots corresponded to native AK
it might be speculated that the regulation of
AK activity in skeletal muscle involves some
unknown factors, which are generated in mus-
cle cells under conditions requiring a rapid in-
crease in the enzyme activity.

In summary, the results presented have indi-
cate that the activity of rat AK is not affected
by phosphate ions and that the expression of
the AK gene in rats appears to have some de-
gree of tissue specificity. The presence in the
skeletal muscle of high level of the AK protein
which is inactive under standard assay condi-
tions remains to be examined, as well as the
nature of the 48 kDa protein immunoreactive
with anti-AK IgG that was detected in all rat
tissues examined.
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