
Biochem. J. (1983) 209, 789-795 789
Printed in Great Britain

Partial characterization of the phosphotransferase system of human
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The phosphotransferase system of human central-nervous-system myelin was in-
vestigated. Evidence obtained indicated the presence of at least two different
phosphotransferase systems (cyclic nucleotide-dependent and -independent) in myelin,
which were found to be firmly associated with the membrane. The cyclic AMP-
dependent kinase of myelin and white-matter cytosol preferentially phosphorylated
certain histone fractions and displayed only modest activity with basic protein as
substrate. On the other hand, the cyclic nucleotide-independent system showed
specificity toward basic protein. Its activity was not only dependent on Mg2+ but it was
greatly enhanced by this bivalent cation. Whereas the cyclic nucleotide-dependent
kinase could be extracted with buffers containing Triton X- 100, the bivalent
cation-regulated kinase resisted solubilization from myelin under these conditions.

The presence of cyclic AMP-stimulated protein
kinase (EC 2.7.1.37) in brain was first described by
Miyamoto et al. (1969). Weller & Rodnight (1970)
and Maeno et al. (1971) then found substantial
levels of the enzyme in membrane fractions prepared
from ox brain and rat cerebrum. Since then a
number of investigators have shown that myelin
basic protein is phosphorylated under conditions in
vitro by cyclic AMP-dependent protein kinases
purified from different sources (Carnegie et al.,
1973; Miyamoto & Kakiuchi, 1974; Steck & Appel,
1974; Yourist et al., 1975). The phosphorylation of
basic protein has also been found to occur under
conditions in vivo and the data indicate that the
turnover rate of the protein-bound phosphoryl group
is fairly rapid (Carnegie et al., 1974; Miyamoto &
Kakiuchi, 1974; Steck & Appel, 1974; Agrawal
etal., 1982).

The mode of regulation of myelin-associated
kinase(s) has been of interest for some time, but the
precise mechanism by which myelin kinases are
regulated is not yet firmly established. An attempt
was made to compare the properties of the enzyme
solubilized from rat myelin with the kinase while it
was still associated with the membrane. Whereas
phosphorylation of the endogenous basic protein
catalysed by the membrane-associated kinase was
not affected by cyclic AMP, phosphorylation of
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histones catalysed by the enzyme extracted from rat
myelin with Triton X-100 was activated 6-8-fold by
the cyclic nucleotide (Miyamoto & Kakiuchi, 1974;
Steck & Appel, 1974). However, addition of cyclic
AMP to the soluble enzyme preparations en-
gendered only a modest (20-30%) increase in the
rate of phosphorylation of basic protein (Miyamoto,
1975). Subsequently Miyamoto et al. (1978) detec-
ted multiple forms of protein kinase when the
detergent-solubilized extract of bovine brain myelin
was subjected to ion-exchange chromatography. The
significance of these studies was not clear since
proteins (histones, protamine, phosvitin or casein)
other than myelin basic protein were employed as
the substrate. Besides cyclic AMP-dependent kinase
and the kinase whose mode of regulation is not
completely understood, Petrali et al. (1980a,b) and
Sulakhe et al. (1980) have found yet another kinase
in rat central- and peripheral-nervous-system myelin
preparations. This enzyme requires Mg2+ and its
activity is greatly enhanced by Ca2+ and calmodulin.
We have previously described the presence and

purification of a basic protein-specific phospho-
protein phosphatase from human central-nervous-
system myelin (Yourist et al., 1978; Wu et al.,
1980). The present paper describes some properties
of the phosphotransferase system of human central-
nervous-system myelin preparations. A preliminary
report of these results has been published (Ahmad
et al., 1981).
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Materials and methods

Materials
Benzamidine, different histones, phosphatidic

acid, phosphatidylinositol, phosphatidylcholine, leu-
peptin, antipain, pepstatin A, 1-chloro-4-phenyl-
3-L-toluene-p-sulphonamidobutan-2-one, 7-amino-
1-chloro-3-L-tosylamidoheptan-2-one and protein
kinase inhibitor were purchased from Sigma
Chemical Co. (St. Louis, MO, U.S.A.). Phos-
phatidylserine and phosphatidylethanolamine were
obtained from P.-L. Biochemicals (Milwaukee, WI,
U.S.A.). Triton X-100 was from Polysciences
(Warrington, PA, U.S.A.) and [y-32P]ATP (sp.
radioactivity 1-3 Ci/mmol) was obtained from New
England Nuclear Corp. (Boston, MA, U.S.A.). All
other chemicals were of the highest purity commer-
cially available.

Isolation and purification ofmyelin basic protein
Myelin basic protein was prepared from human

brain by the method of Deibler et al. (1972). The
final step of the purification procedure involves
chromatography on a Sephadex G- 100 column.
Each fraction containing basic protein was subjected
to sodium dodecyl sulphate/polyacrylamide-gel
electrophoresis and only those fractions showing a
single protein band were pooled, concentrated and
then used in the experiments described below.

Isolation ofmyelin
We isolated myelin essentially by the method of

Uyemura et al. (1972) with some modifications.
White matter was separated from grey matter by
careful scraping of human brain (autopsy material
12-24 h after death) with a razor blade at 40 C. After
homogenization in 0.32M-sucrose (15 strokes in a
Teflon/glass homogenizer) the white matter was
processed immediately for myelin isolation or it was
stored at -700C for future use. In a typical
preparation 5g of white matter was suspended in
100 ml of 0.32M-sucrose and then homogenized. The
homogenate (12 ml) was layered over 15 ml of
0.85 M-sucrose and the tubes were centrifuged at
50000g for 45min. Myelin was collected from the
0.32M/0.85M interface. The contents from eight
tubes were pooled, centrifuged and the pellet was
suspended in about 200 ml of cold water. After
homogenization in a Potter-Elvehjem homogenizer
(five strokes) the contents were allowed to stand for
15 min and then centrifuged at 20000 g for 30 min.
The cloudy supernatant solution was discarded. The
pellet was rehomogenized in cold water and recentri-
fuged at 20000g. The pellet constituted one gradient
myelin.
To achieve further purification, myelin is carried

through the above steps (discontinuous gradient
centrifugation and osmotic shocks) two to four more

times. Myelin purified through three successive
gradients is usually mostly white in appearance. A
number of preparations have been examined by
sodium dodecyl sulphate/polyacrylamide-gel electro-
phoresis. Besides some minor protein bands, the
most prominent components were basic protein,
proteolipid and the Wolfgram protein. Presence
of degraded product(s) of basic protein was not
evident in these myelin preparations. The sodium
dodecyl sulphate/polyacrylamide-gel electrophor-
etic profiles observed in our laboratory resemble
those reported for human myelin by others (Everly
et al., 1977; Zetusky et al., 1979). The specific
activity of the cyclic nucleotide phosphodiesterase of
three gradient myelin preparations was enriched
about 6-fold over white-matter homogenate. Further
purification did not lead to additional enrichment of
cyclic nucleotide phosphodiesterase.

Protein kinase assay
Unless otherwise indicated, the protein kinase

activity was measured in a total volume of 100,ul
containing 50mM-Tris/HCl buffer, pH8.0, 10mM-
MgCl2, lOmM-dithiothreitol, 100,ug of basic protein
or other substrate proteins, 1 lOUM-[ y-32P]ATP
(100c.p.m./pmol) and an appropriate amount of
protein kinase. The mixture was incubated at 37°C
for 5min and the reaction was terminated by the
addition of 20,p1 of acetic acid. The incorporation of
phosphate into the acceptor protein was measured
by the method of Huang & Robinson (1976), which
involves separation of the reaction product from
unchanged ATP. Radioactivity was determined in a
liquid-scintillation spectrometer with the use of the
scintillation cocktail described by Fricke (1975).
One unit of enzyme activity represents the transfer
of 1 nmol of Pi from [y-32P]ATP to the acceptor
protein per min at 370C.

Preparation qfphospholipid vesicles
Individual phospholipids (1 mg/ml) were sus-

pended in 20 mM-Tris/HCl buffer, pH 8.0, and
dispersal was achieved by sonication with a W-375
sonicator (Heat System, Plainview, NY, U.S.A.),
equipped with a sonic cup. Sonication was per-
formed intermittently at 0°C for 2min followed by
a 30s cooling period for a total time of 10-20min in
a test tube under an N2 blanket. The dispersed
phospholipids were kept on ice and portions of the
individual phospholipids were added to the assay
mixture before initiating the phosphorylation
reaction.

Other methods
Protein was measured by the method of Bradford

(1976). Protein concentration of myelin pre-
parations was determined by the method of Lowry et
al. (1951) after digestion of the membrane in 0.5%

1983

790



Myelin enzymes

sodium deoxycholate/0.5 M-NaOH (Petrali et al.,
1980a). Bovine serum albumin was used as a
standard. Sodium dodecyl sulphate/polyacrylamide-
gel electrophoresis was performed by the method of
Weber & Osborn (1969).

Results
Properties ofmyelin-assoiated kinases

Substrate specificity and cyclic nucleotide effects.
Despite numerous reports demonstrating the pre-
sence of protein kinase activities in myelin pre-
parations, some doubts are still expressed whether
these enzymes are indeed intrinsic to myelin mem-
brane. Therefore, in the present study myelin purified
through one, three and five successive sucrose-
density-gradient centrifugations has been in-
vestigated. The distribution of protein kinase activity
of different myelin preparations measured with
histone V and basic protein as substrate is presented
in Table 1.

Table 1. Protein kinase activity of various myelin pre-
parations in the presence and absence ofcyclicAMP
Myelin purified through one, three and five successive
sucrose-density-gradient centrifugations was sus-
pended in buffer A [20mM-Tris/HCI, pH 7.5, con-
taining 20mM-benzamidine, 2mM-dithiothreitol and
0.15% (v/v) Triton X-1001 and then assayed for
protein kinase activity as described in the Materials
and methods section. White matter was homogenized
in 10vol. of buffer A without Triton X-100 in a
Waring blender for 30s at 4°C and the homogenate
was centrifuged at 100l Og for 1h. Supernatant
solution was assayed for protein kinase activity.
Cyclic AMP was present at a final concentration of
10pM where indicated. Protein kinase activities are
expressed as means + S.D. Myelin preparations
derived from three different brains were examined.
Death-to-autopsy time interval varied between 12
and 24 h. Storage of myelin at -700C for 24 h results
in about 50% loss of the basic protein phospho-
transferase activity. The reasons for this loss are not
clear. However, myelin isolated from white matter
previously homogenized in 0.32 M-sucrose and stored
at -70°C for up to 2 months contains basic protein
phosphotransferase levels comparable with those
found in myelin isolated from freshly dissected tissue.

Enzyme source
One-gradient myelin

Three-gradient myelin

Five-gradient myelin

White matter cytosol

Kinase activity (units/mg)
Cyclic, A- N

AMP Histone V Basic protein
- 2.0+0.2
+ 4.2± 1.3
- 1.7+0.1
+ 3.0+0.6
- 1.5+0.1
+ 2.6 + 0.6
- 0.8+0.4
+ 2.3 + 0.3

2.5 + 0.2
2.8 + 0.3
3.3 + 0.5
3.4 ± 0.4
3.5 + 0.4
3.6 + 0.4
0.3 + 0.1
0.5 + 0.2

Myelin purified through one gradient centri-
fugation had the highest kinase activity. The activity
determined with histone V decreased somewhat in
three gradient myelin preparations, whereas the
phosphotransferase activity assayable with basic
protein as substrate showed some enrichment over
the levels found in less pure membrane preparations.
Additional purification (up to five gradients) neither
enriched nor did it bring about a significant change
in the ratios of these activities over the values found
in three gradient myelin preparations. Since repeated
density-gradient centrifugations and osmotic shocks
failed to release the basal and the cyclic AMP-
stimulated kinase activities we conclude that these
enzymes constitute a tightly associated phospho-
transferase system of human central-nervous-system
myelin.

Stimulation by cyclic AMP was observed only
when the reactions were performed with histone
(especially histone V) as substrate. A heat-stable
protein has been used as a tool to distinguish cyclic
AMP-dependent protein kinases from other protein
kinases (Traugh et al., 1974). This inhibitor effec-
tively blocked the stimulatory effect of cyclic AMP
during histone V phosphorylation but it had no
effect on the rate of phosphorylation of basic protein
(Table 2), indicating that perhaps phosphorylation
of basic protein was being catalysed by the basal or
the cyclic AMP-independent kinase. These and the
results presented below support the suggestion that
both the cyclic AMP-dependent (histone kinase) and
-independent phosphotransferase activities (basic
protein kinase) are present in human myelin. Results
of Table 1 also show that, had the assays been

Table 2. Effect ofcyclicAMP andprotein kinase inhibitor
on the phosphorylation of histones and basic protein by

whole myelin preparations
Myelin (1 g), purified through three gradients, was
suspended in 20ml of buffer A and then gently
stirred over a magnetic stirrer for 1min. Portions
(1O,l) of this suspension were assayed for protein
kinase activity with basic protein and histone V as
substrate. When added, the concentration of cyclic
AMP was 10pUM, whereas the inhibitor concentration
was 1 20,g/assay. Protein kinase activities are
expressed as means + S.D. Myelin from three
different brains was examined.

Additions
None
Cyclic AMP
Cyclic AMP + inhibitor
None
Cyclic AMP
Cyclic AMP + inhibitor

Substrate
Histone V
Histone V
Histone V
Basic protein
Basic protein
Basic protein

Relative activity
(%)

100+ 7
184 ± 25
106 + 10
100+ 28
103 + 24
103 ± 25
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performed with basic protein only, the presence of
the cyclic AMP-dependent kinase in myelin pre-
parations would have escaped detection.

Table 3 compares the substrate specificities of the
kinase present in whole myelin and in high-speed
supernatant solutions derived from myelin extract
and white-matter homogenate. Both basic protein
and histone V were phosphorylated at nearly equal
rates by the phosphotransferases of whole myelin.
On the other hand, histone V was phosphorylated at
a much higher rate by the enzymes present in myelin
extract and white matter cytosol than most other
histone fractions tested, including basic protein. As
observed with the phosphotransferase system of
whole myelin, stimulation by cyclic AMP of the
soluble enzymes was noticed only when histones
were used as the substrate (histone V > histone
III > histone VII etc.).

White-matter cytosol contained high levels of
cyclic AMP-dependent kinase (Table 3). However,
phosphorylation of the basic protein was catalysed
at modest rates by this phosphotransferase system.
Thus, in relation to histone fractions V, III and VII,
basic protein appears to be a poor substrate for the
cyclic AMP-dependent kinase.

Under the standard assay conditions, cyclic GMP
did not influence the rate of phosphorylation of basic
protein or of histone V catalysed by the myelin
enzymes. However, activation of the cyclic GMP-
dependent protein kinase by cyclic GMP requires an
unusually high concentration of Mg2+ (Nishiyama
et al., 1975). When phosphorylation of both the
histone V and basic protein was measured at
50-100mM-Mg2+ in the presence of 5-10 pM-cyclic
GMP no enhancement in the catalytic rate was
observed. Thus, according to the procedures used,
presence of the cyclic GMP-dependent kinase could
not be detected in human myelin preparations.

Effect of time of incubation, enzyme protein con-
centration and pH on rate of catalysis. The rate of
phosphorylation of basic protein was linear for

incubation periods extending to 15min. Similar
results were obtained with histones when the assays
were performed in the presence or absence of cyclic
AMP. Linearity in the rate of phosphorylation was
also observed when the enzymic protein con-
centration was maintained at or below 0.5 mg/ml
during assays. By using buffers of overlapping pH
values, different buffers (Tris/HC1, 4-morpholine-
ethanesulphonic acid and glycylglycine) of similar
pH value gave almost comparable results. Optimal
pH range was found between pH 7.5 and pH 8.5.

Effect of bivalent cations and increasing ionic
strength on myelin kinase activity. The effects of
various concentrations of Mg2+ on the phosphoryla-
tion of basic protein is shown in Fig. 1. Increasing
concentrations activated the kinase and at optimal

0 5 10 15 20 100
Concentration (mM)

Fig. 1. Effect of Ca2+, Mn2+ and Mg2+ on the phospho-
transferase reaction

Protein kinase activity was measured at various
concentrations of the cations shown with basic
protein as substrate. Assays were performed in the
absence of cyclic nucleotides (0), and in the
presence of 10#M-cyclic AMP (0) or 10pM-cyclic
GMP (A). Three-gradient myelin suspended in
buffer A was the enzyme source.

Table 3. Substrate specificity ofkinases present in myelin and white-matter cytosol
Three-gradient myelin was suspended in buffer A and then assayed for kinase activity. Extraction and preparation
of high-speed supernatants (from myelin and white-matter cytosol) is described in the legends to Tables I and 4.
Assays were performed in the absence or presence of cyclic AMP (10pM) as described in the Materials and
methods section.

Activity (units/mg)

-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-Substrate ... Basic protein Histone II Histone III Histone V Histone VI Histone VII Histone VIII
"

A ---

source Cyclic AMP ...

Whole myelin
Myelin extract
(1000OOg supernatant)

Cytosol (white matter)

+ - + - + - + - + - + - +

0.6
0.3

0.6 0.1 0.1 0.4 0.5 0.5 0.6 0.1
0.3 0.3 0.5 1.0 1.3 2.0 3.0 0.8

0.1 0.2 0.2 0 0.1
1.0 1.0 1.3 0.3 0.6

0.5 0.7 0.4 0.7 0.8 1.4 1.6 4.7 0.4 0.7 0.7 1.3 0.3 0.4
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concentration of Mg2+ (10mM), the rate of reaction
was enhanced about 9-10-fold.
Though MgATP2- is the most likely substrate for

the kinase, nearly a 100-fold excess of Mg2+ over
ATP (which was 110 uM) is needed to achieve
maximum rate of catalysis. This suggests a role for
free Mg2+ presumably via interaction with a metal-
binding site on the enzyme, substrate or both. The
phosphorylation reaction was also supported by
Mn2+, but this bivalent cation was considerably less
potent. Ca2+, on the other hand, could not replace
Mg2+, and when included in the reaction mixture at a
concentration of 1 mM, it was inhibitory.

The rate of phosphorylation of histones catalysed
by the cyclic AMP-dependent protein kinases of
cytosolic and membranous origin responds different-
ly to changes in the ionic strength (Uno et al.,
1977). Similarly, the activation normally observed
with cyclic AMP is almost completely blocked when
the kinase of membranous origin is assayed in the
presence of 0.1 M-NaCl.

At different fixed concentrations of Mg2+ (0.2, 1
and 1OmM), the effect of ionic strength on the
phosphotransferase system of myelin has been
investigated (Fig. 2). With increasing ionic strength
the rate of phosphorylation of basic protein
increased only when IOmM_Mg2+ was present

0 50 100 150 200 250

[NaCIi (mM)
Fig. 2. Effect of ionic strength on the phosphorylation of

basic protein and histonefraction V
Ionic strength of the medium was varied by adding
different concentrations of NaCI. Assays were

performed in the absence (O and C), or presence of
1O0uM-cyclic AMP (0 and O with basic protein (o
and 0) or histone fraction V (O and S) as substrate.
Three-gradient myelin suspended in buffer A was the
enzyme source.

Vol. 209

(results of the experiments conducted at 0.2 and
1 mM-Mg2+ are not shown in this Figure). This
concentration of Mg2+ elicits maximum rate
enhancement. However, as the concentration of
NaCl exceeded 0.15M, phosphorylation of basic
protein was inhibited and the rate in the presence of
0.25M-NaCl declined to the rate obtained in the
absence of added NaCl. The rate of phosphorylation
of basic protein was not affected by the presence of
cyclic AMP over the entire range of ionic strength
employed. In contrast, increase in ionic strength
inhibited the phosphorylation of histone V and a
partial masking of the cyclic AMP effect was also
observed. For example, in the absence of NaCl,
phosphorylation of histones was increased by about
100% by cyclic AMP, whereas in the presence of
150mM-NaCl this stimulation declined to about
50%. These properties of the myelin enzyme (with
histone V as substrate) are similar to those described
by Uno et al. (1977) for a neural membrane
(cerebral cortex)-associated cyclic AMP-dependent
(type II) protein kinase.

Effect of certain lipids on the rate of phos-
phorylation of basic protein and estimation of Km
values. The effect of a number of lipids (pure and in
the form of different brain extracts) on the
phosphorylation of basic protein was also studied.
Most of the lipids (bovine brain extract fractions V
and VII, phosphatidylinositol, phosphatidylethanol-
amine, phosphatidylcholine, phosphatidylglycerol,
sphingomyelin, lysophosphatidylcholine and lyso-
phosphatidylethanolamine) when included during
assays at lOO,ug/ml had no measurable effect on
activity. Modest stimulation (15-30%) was observed
in the presence of phosphatidylserine, bovine brain
extract fractions III and VI and phosphatidic acid.
From the double-reciprocal plots of initial velocity

versus substrate concentration, the apparent Km
values for ATP and basic protein were estimated at
12#fM and 40pM respectively. The apparent kinetic
constants (Km and Vmax.) remained essentially the
same when the experiments were performed in the
presence of phosphatidylserine, phosphatidyl-
inositol or phosphatidylethanolamine.
When the phosphotransferase reactions were

conducted with assay mixtures containing [y-32p]-
ATP to which had also been added unlabelled GTP,
UTP or CTP (each of the unlabelled nucleotides was
tested at a final concentration of 0.1, 0.2 and
0.3 mM), the amount of radioactivity transferred to
the basic protein remained constant. These findings
suggested that ATP could not be replaced by GTP,
UTP or CTP during phosphorylation of basic
protein catalysed by the myelin kinase.

Solubilization ofmyelin kinases
Myelin purified through three to five sucrose-

density-gradient centrifugations contains almost
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comparable levels of histone and basic protein
kinase activities (Table 1). Conditions were sought
(different concentrations of Triton X-100, duration
of extraction etc.) to achieve solubilization of these
enzymes from myelin. Maximum histone kinase
activity was found in the 100000g supernatants
derived from myelin suspension that had been stirred
in buffer A for 16 h. However, this supernatant
solution contained a relatively small amount (15-
20%) of the basic protein phosphotransferase ac-
tivity (Table 4). [Two well resolved peaks of protein
kinase activity are obtained when the freshly pre-
pared supernatant is chromatographed over a QAE-
Sephadex column. The first peak of activity shows a
high degree of specificity for basic protein and it is
not activated by cyclic AMP. The second (major)
peak of activity is activated by cyclic AMP but basic
protein is a poor substrate for this enzyme. Owing to
the labile nature of basic protein phosphotrans-
ferase it has not been possible to purify it further.]
Most of the basic protein phosphotransferase ac-
tivity remained in the 1000OOg pellet. Once the
basic protein kinase had been separated from myelin
and/or its fragments by high-speed centrifugation, its
activity declined rapidly on storage at 40C. Under
identical conditions the histone kinase remained
stable.

The loss in the basic protein phosphotransferase
activity could be due to proteolysis, since myelin
is known to contain proteinases (Benjamins &
Smith, 1977). Therefore, the effects of a num-
ber of proteinase inhibitors (leupeptin, antipain,
pepstatin A, 1-chloro-4-phenyl-3-L-toluene-p-sul-
phonamidobutan-2-one and 7-amino-i -chloro-3-L-
tosylamidoheptan-2-one), at a final concentration of
0.1 mm, either singly or in combination, were
examined on the solubilized kinases. Unfortunately,

Table 4. Solubilization ofkinases present in myelin
Myelin purified through three sucrose density
gradients was suspended in buffer A and assayed
immediately or it was extracted with buffer A for
16 h and then centrifuged at 100 OOOg for 1 h. The
pellet was suspended in buffer A. Assays were
performed in the absence or presence of cyclic AMP
(10pUM) as described in the Materials and methods
section.

Cyclic AMP ...

Whole myelin
Myelin extract

(1000OOg supernatant)
Pellet

Activity (units/mg)

Basic protein Histone V

+ - +

0.7 0.7 0.4 0.8
0.1 0.1 0.7 1.1

0.8 0.9 0.7 0.6

no protective effect on the basic protein phos-
photransferase activity was observed. In spite of
these observations all the buffers employed con-
tained 20 mM-benzamidine to prevent suspected
proteolysis.

Discussion

The phosphotransferase system of human central-
nervous-system myelin was investigated with respect
to substrate specificity, differential stability, ac-
tivation by cyclic AMP and the effects of ionic
strength on enzyme activity. The results presented
suggest that human myelin contains at least two
different kinases. It was shown for the first time that
one of the human myelin-associated kinases pre-
ferentially phosphorylated basic protein. The activity
of the basic protein phosphotransferase was not only
dependent on bivalent cations (Mg2+) but it was
greatly stimulated by them.
Human myelin has been shown previously to

contain a basic protein-specific phosphoprotein
phosphatase whose activity was markedly enhanced
by bivalent cations (Yourist et al., 1978; Wu et al.,
1980). Whereas 10mM-Mg2+ -was required for
optimal phosphorylation, the maximum rate of
dephosphorylation of basic protein by myelin
phosphatase was achieved at much lower con-
centrations of Mn2+ (0.125mM). Thus there exists
the possibility that the relative concentrations of
bivalent cations may control the degree of phos-
phorylation of basic protein in myelin membrane.

Basic protein is known to form stable complexes
with acidic phospholipids such as phosphatidyl-
serine and phosphatidylinositol (Palmer & Dawson,
1969). Yet in the presence of these compounds
phosphorylation of basic protein was not altered.
The lack of stimulatory effect during basic protein
phosphorylation might indicate that the lipids tested
thus far do not possess the proper structural features
(chain length and degree of unsaturation of fatty
acyl moieties etc.) that the basic protein and/or the
enzyme require for the activation process.

Besides the kinase that preferentially phos-
phorylated basic protein, human myelin also con-
tained at least an additional kinase. Basic protein
was a poor substrate for the latter enzyme. Although
its activity was activated by cyclic AMP during
histone V phosphorylation, such stimulation was not
observed with basic protein as substrate. The
biological significance and the relationship of this
enzyme to the basic protein phosphotransferase
activity of myelin is not yet clear. This kinase could
be involved in the phosphorylation of another myelin
protein. Additional work is required to substantiate
this suggestion.

This work was supported by National Institutes of
Health U.S. Public Health Service Grants NS- 13646,
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Harrell for typing the manuscript.
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