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Myelin is a membrane characteristic of the nervous tissue and functions as an insulator to increase the velocity
of the stimuli being transmitted between a nerve cell body and its target. Myelin isolated from human and
bovine nervous tissue is composed of approximately 80% lipid and 20% protein, and 30% of the protein fraction
constitutes myelin basic protein (MBP). MBP has an unusual amino acid at Res-107 as a mixture of N°-
monomethylarginine and N°, N dimethylarginine. The formation of these methylarginine derivatives is cata-
lyzed by one of the subtypes of protein methylase I which specifically methylates Res-107 of this protein.
Several evidences are presented to demonstrate an involvement of this biological methylation in the integrity

and maintenance of myelin
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PROLOGUE

Several amino acid side chains such as lysine, arginine,
histidine, and aspartic/glutamic acid have been shown to be

1'~®. The formation of these

methylated at the polypeptide leve
methylated amino acids involve various methyl-group transfer
reactions utilizing S-adenosyl-L-methionine (AdoMet) as the
methyl donor. It is now clear that each protein methyltrans-
ferase with a specificity for any given amino acid residue can
be further subclassified based on the specific methyl acceptor
protein. The significance of protein methylation covers from
prokaryote to eukaryote and from structural/membrane pro-
teins to other compounds such as carnitine’ and calmodulin®.

Protein methylase I° (PMI; S-adenosylmethionine: protein-
arginine N-methyltransferase; EC 2.1.1.23) is one enzyme
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with more than one subtype existed, however, an unequivocal
molecular evidence for the presence of subclasses of the enzy-
me (myelin basic protein-specific and histone-specific) has
been obtained only in recent years. In 1971, the occurrence
of specific methylarginine in Res-107 of myelin basic protein
(MBP), which is catalyzed by PMI, was independently
reported by Baldwin and Camegiem, and Brostoff and Eylar“.
Since this initial discovery, several laboratories have studied
the MBP-arginine methylation in conjunction with myelina-
tion'>™*® because MBP is the major protein constituent of the
myelin membrane. The modification of the side chain arginine
is expected to play some role in the structure-function rela-
tionship of this membrane protein. Furthermore, this system
is very suited for the study of the posttranslational modifica-
tion, since membrane assembly is predominantly postsynthetic
phenomenon. Here, we have reviewed two major areas of re-
cent development in the study of protein-arginine methylation:
(1) the molecular distinction between subclasses of PMI
(namely, MBP-specific and histone-specific) of mammalian
brain and other eukaryotic tissue; and (2) the biochemical sig-
nificance of MBP-specific methylation as it relates to mye-
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lination in the central nervous system.

ENZYMOLOGY OF PROTEIN-ARGININE
METHYLATION

Reaction of protein methylase 1

Enzymatic methylation on the guanidinium group of ar-
ginyl residue is catalyzed by PMI. The enzyme was initially
discovered in 1968 in calf thymus’, and the enzymatic reac-
tion yields three methylated arginine derivatives™’: N°mono-
methylarginine [MMeArg], NG,N ’G-dimethylarginine [Di(sym)
MeArg] and N°N°dimethylarginine [Di(asym)MeArg], as
shown in Fig. 1. The demethylated AdoMet, S -adenosyl-L-
homocysteine (AdoHcy), which is a potent product inhibitor
for all known AdoMet -dependent transmethylation reac-
tions™ ™%, also inhibits PMI with a Ki value of approximately
107% M%.

The natural occurrence of these methylated amino acids in
proteins is limited only to a number of highly specialized
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, and nuclear

proteins such as MBP and contractile
proteins”, and basic fibroblast growth factor”. The reaction
is highly specific for the amino acid sequence around the
methylation site : Among 18 arginine residues in MBP, only
arginine at residue-107 in the sequence of Lys-Gly-Arg-Gly-
Leu is present as a mixture of MMeArg and Di(sym)MeArgw'”.
Additionally, several nuclear/nucleolar proteins and muscle
proteins contain MMeArg and Di(asym)MeArg, however,
Di(sym)MeArg is not detectable in these proteins. The pre-
sence of several Di(asym)MeArg residues in nonhistone nu-
clear proteins, such as nucleolin, 34 kDa nucleolar protein,
HnRNP protein (protein A-1) and high mobility group pro-
teins(HMG 1 and 2), are of interest since these proteins con-
tain clusters of glycine and Di(asym)MeArg interspersed with

phenylalanine”ls.

Protein methylase I from mammalian organs

PMI activity is present widely in mammalian organs, in
testis, brain, thymus, spleen, kidney, and liver in the decreas-
. 3~5
ing order” .

We have successfully purified two PMIs from calf brain
cytosol to near homogeneity. It is remarkable to observe that
although both enzymes methylate arginine residues in protein

substrates. there are more differences than similarities in their
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Fig. 1. Reaction of protein methylase |I.

respective properties. The most notable differences are their
molecular weights, affinities for protein substrate, and im-
munological recognition. The MBP-specific PMI (500 kDa)
preferentially methylates MBP (K = 2 X 10~7 M) and histone
to a much lesser extent (Kp = I X 10°* M), while the histone-
specific enzyme (275 kDa) methylates histone only. Both en-
zymes exhibit two major subunit bands on SDS-polyacry-
lamide gel electrophoresis; 100 and 75 kDa for the fonﬁer,
and 110 and 72 kDa for the latter Sensitivity toward various
chemicals and higher temperatures are also different, as sum-
marized in Table 1. Western immunoblot analysis of the puri-
fied PMIs following nondenaturing PAGE indicated that the
corresponding enzyme band is only immunoreactive against
its own respective antibodies, with no cross-reactivity between
them.

More recently, an unmethylated recombinant hnRNP pro-
tein A1 became available and we, therefore, embarked to in-
vestigate the true nature of the substrate for the “histone-
specific” PMI. It was found that the Kn value for the
recombinant protein Al was two orders of magnitude lower
than that of histone (1.9% 1077 M vs. 2.1X 107> M) (Table
1), In addition, the maximal extent of methylation with
protein Al was 1.08 mol/mole of the protein, whereas only
0.04 mol into the histone. The greater capacity of the protein
Al methylation with higher affinity constant made it more
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Table 1. Comparative properties of MBP-specific and nuclear protein/histone-specific protein methylase | from calf brain

Properties MBP-specific Nuclear protein/Histone-specific
M (by Sephadex G-200) 500 kDa 275 kDa
Subunit(by SDS-PAGE) 100 kDa, 72 kDa 110 kDa, 75 kDa
pl 5.09 5.68
Km values :
MBP 23x100° M
Histone 1.0x107* M 1.1x107° M
Protein Al 1.9x107" M
AdoMet’ 44%x10°° M 80x107° M
Ki values :
MBP - 342x107° M
AdoHcy” 1.8x10°°M 23x10°° M
Sinefungin 70x107* M 6.6x107° M
Dialysis Easily inactivated Not inactivated

50% inactivation :
p-chloromercuribenzoate
Guanidine HCl

At 50T for 5 min

0.46 mM
3.1 mM
99% activity remained

0.15 mM
03 mM
60% activity remained

" AdoMet represents S-adenosyl-L-methionine and AdoHcy S-adenosyl-L-homocysteine.

relevant to rename the enzyme as “nuclear protein/histone-
specific” protein methylase 1°. In order to investigate the sub-
strate specificity, several synthetic peptides were prepared for
methyl-acceptability for the nuclear protein/histone-PMI 2
The hexapeptide containing Gly-Arg-Gly- motif was found to

be the minimum essential structure to be methylated.
Protein methylase 1 from cultured mammalian cells

Several mammalian culture cells have been shown to con-
tain a significant amount of PMI activity. Casellas and Jean-
teur” partially purified PMI from Krebs II ascites cell nuclei
by lysing the cells in 0.4 M NaCl followed by phospho-
cellulose, DE-52, and hydroxyapatite chromatography. His-
tones were the only efficient substrates. The reaction was very
sensitive to the strength of ion, 50% of the activity being
inhibited at 0.1 M NaCI. The molecular weight of the enzyme
was approximately 500 kDa determined by gel filtration,
indicating a possible multimeric structure or aggregation,
however, all attempts to dissociate the complex into smaller
enzymatically active molecules have failed. The methylated
products were identified as MMeArg and Di(asym)MeArg.

In order to probe AdoMet binding site, the inhibition kine-

tics of ascites cell PMI were carried out using various analogs
of AdoHcy, and S-isobutyladenosine(SIBA)* ™ was found to
be the most potent inhibitor’. Similar studies were also carr-
ied out by Lederer and co-workers’ "> with PMI isolated
from chick embryo fibroblast. The most significant observa-
tion in this study was that there existed a correlation between
the inhibition of PMI and that of the virus-induced chick
embryo fibroblast transformation by AdoHcy analogs; i.e. all
good inhibitors of PMI were also good inhibitors of the fi-
broblast transformation.

Protein methylase I from other eukaryotes

PMI has also been partially purified from wheat germ® and
Euglena gracilis®. The former enzyme is specific for histone
and the latter for cytochrome c. Both methylases do not
methylate MBP. An unique feature of wheat germ PMI is that
intracellular adenosine acts as an endogenous inhibitor of the
enzyme. Thus, the recovery of the enzyme activity was 160%
of the total whole homogenate activity after 90-fold puri-
fication. The enzyme requires a low molecular weight, dialyz-
able and heat-labile cofactor present in cell extract, but its

identity is not yet clarified. The molecular weight of the en-
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zyme is 28 kDa and the optimum pH of the reaction is 9.0,
which is unlike that of mammalian PMI which is pH 7.2. The
in vitro methylation site of the histone H4 by the enzyme was
identified as the Res-35 arginine yielding only N°-monome-
thylarginine™, The AdoMet analogs such as AdoHcy, 9145C,
sinefungin and Sinosyl(2-hydroxy-4-methyl-thio)-butyrate on
wheat germ PMI showed the K; value of about 10~ M. The
PMI that specifically methylates horse heart cytochrome ¢ at
the Res-38 arginine has also been identified and purified from
Euglena gracilis cytosol®

METHYLATION OF MYELIN BASIC
PROTEIN AND MYELINATION

Myelin Basic Protein(MBP)

Myelin is a membrane characteristic of the nervous tissue
laid down in segments along the selected nerve fibers and
functions as an insulator to increase the velocity of the stimuli
being transmitted between a nerve cell body and its target*’.
The myelination process can be broadly divided into two
stages of development®. In the mouse, the first stage is
between 8 to 15 d of postnatal period, and the second stage
between 16 to 30 d of age. In the first stage, oligodendrocytes
proliferate, enlarge, and plasma membrane is formed which
then starts to wrap loosely around the nerve axon to form a
multilamellar structure. In the second stage, an active de-
position of different proteins takes place for the compaction
of the lamellar structure.

The cytoplasmic surfaces of these bilayers interact to form
a major dense line of myelin where MBP is appositioned,
while the extra cytoplasmic surfaces interact to form the in-
traperiod line where proteolipid proteins are located. Thus,
structurally, myelin is recognized as a lipid bimolecular leaflet
with proteins sandwiched between the two layers which is
wrapped in a spiral fashion around a segment of axon. A mo-
del, based on available data, illustrating the molecular organi-
zation of myelin macromolecules, indicates that proteolipid
protein is a transbilayer component in monomeric/polymeric
form, whereas MBP is an extrinsic protein having one or
more domains in contact with hydrophobic interior of the bi-
layer™. Thus, the basic protein is exclusively located at the
cytoplasmic layer, probably as a dimer, a head-to-tail (i.e.,
antiparallel) orientation.

Myelin isolated from human and bovine nervous tissue is
composed of approximately 80% lipid and 20% protein. The
protein fraction coustitutes 30% of MBP, 50% proteolipid and
20% high molecular weight Wolfgram protein®’. The protein
is highly conserved and occurs in many species as a single
polypeptide chain with a molecular weight of approximately
18,000 (170 amino acids)***” In rodents, however, several dif-
ferent molecular species of MBP are reported and they are
encoded by distinct mRNA formed by alternative RNA splicing
pathways acting on a common primary transcript'**. MBP
has several unusual properties. It is highly basic (pI=10.5)
with a high proline content and lacks of tertiary structure™.
It undergoes rapid proteolysis’ > particularly when it is disso-
ciated from the membrane structure®. Baldwin and Carnegie'’
and Brostoff and Eyla'' found a presence of an unusual amino
acid at Res-107 and identified it as methylarginine deriva-
tives.

MBP contains a single tryptophan residue near the mid-
point of the sequence® ¥’ which has been implicated as a
focus for the immunological properties of MBP*. When
injected with this protein, the animal develops neurological
symptoms known as “experimental allergic encephalomye-
litis”, a model often used for the study of multiple sclerosis
in the human*~*"’. An another unique feature of the protein
is the presence of a relatively rare triproline sequence (Res
99 to 101) in the region close to the tryptophan residue. It
has been suggested that the triproline sequence bends the
protein into a double chain configuration and that the meth-
ylation of arginine at Res-107 could provide stabilization of
the “hair-pin” conformation(Fig. 2), either by interaction with
lipids or in conjugation with an adjacent phenylalanine side
chain, thereby helping the insertion of MBP into myelin
sheath',

MBP methylation in myelination

An involvement of biological methylation in the integrity
and maintenance of myelin has been suggested early through
the animal experiments of subacute combined degeneration
(SCD). SCD is also found in man with untreated vitamin B,
deficiency and is characterized by the degeneration of the
myelin sheath. When mice™ or monkeys™” were exposed to
an atmospheric environment containing 15% nitrous oxide,
the animal became ataxic and neurological disorder developed
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Fig. 2. Schemtic representation of myelin basic protein (MBP)
in the hair-pin configuration.

over a period of 2 to 3 weeks until the animals were mori-
bund. Microscopic examination of the nitrous oxide-treated
spinal cord and peripheral nervous system showed the class-
ical changes of SCD®. Nitrous oxide oxidizes cobalamin
(vitamin By;), thus blocking the formation of methylcoba-
lamin which is an essential intermediate for the biosynthesis
of methionine in animals (the overall biological transmethyla-
tion pathway is depicted in Fig. 3). However, when the ex-
perimental diet was supplemented with methionine, the ani-
mals were free of any detectable clinical changes®.
Jacobson and co-workers® and Flipp and Holder® further
demonstrated that a neurological syndrome similar to vitamin
Bi; deficiency can be produced in mice by injecting cyclo-
leucine®. Cycloleucine is an analog of methionine which
inhibits the biosynthesis of AdoMet, a biological methyl do-
nor for a variety of compounds including proteins and other
macromolecules®, Indeed, Crang and Jacobson'®®! found that
cycloleucine inhibited the activity of S-adenosylmethionine
synthetase (EC 2.5.1.6) as well as methylation of MBP in the
brain. These results thus argue against the previously sus-

%85 which invol-

pected phospholipid methylation hypothesis
ves the synthesis of methylmalonyl-CoA®*: Cycloleucine does
not block CoA biosynthesis. Utilizing cycloleucine to produce
myelopathy in mice, Small et al®. suggested that the inhi-
bition of MBP methylation might be responsible for this
condition, since cycloleucine strongly depressed the formation
of NG—methylarginine in vivo whereas the incorporation of
methionine directly into myelin protein was not affected,
suggesting that MBP-methylation but not the synthesis of the
protein was inhibited
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Fig. 3. Biological transmethylation pathway.

In vivo biosynthesis and methylation of myelin basic

Protein: The developmental expression of the mouse MBP
was studied by Campagnoni and his coworkers using intra-
cerebral injection of L-[3H]lysine”’. The studies showed that
the biosynthesis of MBP paralleled with the myelination
process with maximal at 18 d of the mouse brain, with higher
rate of synthesis of the 14-kDa synthesis than that of the
18.5-kDa species. As shown by several investigators® ~%
unlike bovine and human MBP (Mr =18.0 kDa), the MBP
from rodents displays polymorphism, with apparent molecular
weights of 34, 30, 29, 23.6, 21, 18.5, 17, and 14.5K, which
are all immunoreactive against MBP antibody. We have also
demonstrated that differences in the rate of accumulation of
each MBP species correlated with brain development™; the
higher molecular weight species were predominant in younger
brain while the smaller MBPs were the major species in older
brain. Although the genetic basis of this developmental MBP
polymorphism is not clear, it has been speculated that each
species may play a particular role during the myelination
process : Different rates of incorporation into myelin, their
turnover rates, and/ or their functional relationship within the
membrane.

Employing chicken as an experimental animal, Small and
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Carnegie studied the in vivo methylation of MBP”. The
incorporation of methyl groups of injected ['H-methyljme-
thionine into methylarginines in myelin was found to occur
readily in 2-d-old chickens at a ratio of Di(sym)MeArg :
MMeArg : Arg of 1.3:0.9:1.0, and these arginine derivatives
were confined only in MBP. Di(asym)MeArg was not de-
tected in MBP, and could only be found in other brain pro-
teins, occurrence of Di(sym)MeArg being exclusively in MBP.
Deslardins and Morell”’ further studied the metabolic
relationship between MBP backbone and the methyl groups
of methylarginine using [methyl—sH]-methionine as a precur-
sor. Turnover rates of the incorporated [3H]-labels into MBP
and the methylarginine were shown to have similar half lives,
indicating the parallel synthesis and methylation of MBP.
Emplying a double-labelling technique with L-{35-S]-methio-
nine for backbone synthesis and L-[methyl-3H]methionine for
both backbone and methylation via Ado[methyl-3H]Met,
Chanderkar et al® found that the methylation of MBP was
the highest at 17 d of age when myelination and protein
synthesis were at maximum and decreased thereafter. These
results demonstarate strongly that MBP-arginine methylation
is closely coupled with myelination process.

In vitro methylation of MBP embedded in membranes of
different degrees of compaction has been investigated to un-
derstand the effect of membrane structure on their methyla-
tion””. Myelin fractions of different compactions were first
isolated [myelin, PsA and P;B™], and the methyl-accep-
tability of MBPs embedded in each fractions were compared
for their methyl-acceptability. The result showed that MBP
from the most compact myelin had higher methyl-acceptabi-
lity compared to those from the less compact fractions, P3A
and PsB, and suggested possible sturctural andjor topogra-
phical differences in their methyl-acceptabilities between MBPs
associated with different membrane subfractions. Apparently,
a highly methylatable MBP structure is bound to compact
myelin.

Protein methylase I activity during brain development

Miyake”, and Crang and Jacobson'®, employing developing
rat brain and the mouse spinal cord, respectively, have de-
monstrated a parallel increase of the MBP-PMI during active
myelination, whereas histone-specific PMI activity decreased
during this period. In 1986, Chanderkar et al” have also

confirmed the temporal correlation between MBP-PMI and
myelination in mouse brain; the enzyme activity increased
during brain development and reached its peak level at the
age of 17 d when myelination and MBP-synthesis is maximal.
Employing primary embryonic brain cells, often used for the
study of differentiation of oligodendroglia, Amur et al’
further demonstrated an effect of thyroid hormone as well as
temporal correlation between expression of MBP-PMI and
myelin marker enzymes” such as 2’,3’-cyclic nucleotide
3’-phosphohydrolase and 5’-nucleotidase during the culture
period.

Protein methylase I activity in dysmyelinating brain

There are a number of dysmyelinating mutant mice which
possess abnormalities in the structure, composition, andfor
metabolism of myelin. These animal models are useful tools
in studying biochemical lesions which are associated with
molecular defects of myelination, since the pathology is li-
mited to the myelinated fiber tracts. These include jimpy (jp)
which is a sex-linked recessive, and quaking (qk), myelin
deficient (mld), twitcher mouse(Twi), and shiverer (shi),
which are autosomal recessive mutations. These mutants are
characterized by reduction of myelin in their brains, although
the reasons for its deficit are different in each case’.

The jimpy mouse is the most severely affected dysmyeli-
nating mutant and is characterized by failure to incorporate
MBP into myelin sheath, manifested by the fact that the
deficit of MBP in myelin is greater than the total reduction
of the basic protein in whole brain’”® In 1984, using both
histone and MBP as the methyl acceptor substrates, Kim et
al” studied PMI activity in the jimpy brain as a function of
age. The histone-specific PMI activity in the jimpy brain
exhibited an age -dependent decrease as normal brain does.
However, the MBP-specific PMI activity in 15-, 18-, and 21
-d-old hemizygous jimpy mice (jp/y) brains decreased by 20,
50, and 75%, respectively, from those of normal littermates
(Fig. 4). The heterozygous jimpy mice (jp/+) which are phe-
notypically normal showed unaltered normal enzyme levels.

Another hypomyelinating mutant mouse, shiverer, also dis-
played an altered pattern of PMI activity®, however, sig-
nificantly differed from that of jimpy mouse. The activity in
homozygous shiverer (shi/shi) mutant mouse brain is sig-
nificantly higher at the onset of myelination than in the nor-
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Fig. 4. teration of protein methyiase | activity in jimpy(jimpy/y)
mice. ®—® represents the ratio of enzyme activities using
histone as the substrate, and oc—o using MBP as the sub-
strate. Jimpy/normal represents the ratio of protein methylase |
activity in jimpy (hemizygous) to that of normal.

mal littermate brain but decreases rapidly during the period
of myelination. Since there is no difference either in the weight
or protein concentration between the normal and shiverer
mutant brains, the decrease in enzyme activity is not a simple
reflection of changes in the protein concentration in the
mutant brain. Although the reason for this anomalously high
MBP-PMI activity in the younger shiverer brain is not known,
it may be related to the fact that the number of oligoden-
drocytes in shiverer brain was found to be high (Knobler,
unpublished observation).

Among the mutant mice, myelin deficient quaking is
known to have a normal life span® and is characterized by
the reduction of 14-kDa MBP as compared to the 18.5-kDa
species in the brain. In homozygous quaking mutant (qk/qk)
brain, both histone-specific and MBP-specific PMI activities
were shown to be normal”. Finally, when the methylation of
an arginine residue of MBP was examined in slices of the
brain stem and spinal cord, using ﬁ-l]—methionine as the do-

nor of the methyl groups, no difference was found between
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Twi and the controls®’. Radioactivity of the [’H] methionine
residue of MBP of Twi was also similar to that of the control.

Hormonal effect on myelination and protein methylase I

The functional maturation of the mammalian central nerv-
ous system depends on the presence of the thyroid hormone.
It has been shown that both neonatally induced hypo- and
hyperthyroidism cause marked reduction in the number of
oligodendroglian’”, and also impairment of myelination in rat
brains®. In 1981, Walters and Morell®® studied the develop-
mental pattern of myelin proteins in both hypo- and hyper-
thyroid status by intracranial injection of [*Hlglycine. The
results indicated that hypothyroidism retards the developmen-
tal program for myelinogenesis, whereas myelin synthesis is
initiated earlier and also terminated earlier in hyperthyroid
state. Employing myelinogenic cultures of cells dissociated
from embryonic mouse brain, the effect of thyroid hormone
on the expression of MBP-PMI was studied by Amur et al”™,
Whereas the MBP-PMI activity in the cell was highly depen-
dent on the presence of the thyroid hormone, such depend-
ency was not seen for histone-PMI expression. These investi-
gators have also studied several adrenergic effectors and neu-
rotransmitters as a potential regulator for MBP- and histone-
specific PMI®. Both enzymes were stimulated by B-adrener-
gic agonists (propranolol) via an increase in the cAMP/adenyl
cyclase system. However, the agonist did not block the
stimulation of MBF-enzyme triggered by thyroid hormone,
indicating that the effect of the hormone is not mediated via
B-adrenergic-dependent system. Therefore, the methylation of
MBP seems to be regulated by the thyroid hormone and/or
by neurotransmitter, whereas the methylation of histone is

regulated by an adrenergic system.
Effect of MBP-methylation on myelin structure

A direct approach to elucidate a possible involvement of
MBP-arginine methylation in the formation of compact mye-
lin has been carried out at an ultrastructural level; the myelin-
like membranes isolated from sinefungin inhibitor for PMI-
treated and -untreated myelogenic cells in culture were com-
pared using a transmission electron microscop687. In the mye-
logenic cells, MBP-PMI activity was inhibited by 50% at 25
UM of the inhibitor, although the ratioc of MBP to the total

protein concentration was not significantly altered. The sine-
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Fig. 5. Electron micrographs of myelin-like membranes obtained from brain cell cultures. E is from normal controlcultureand F from

sinefungin (30pM)-treated culture. Bar=100nm

fungin-treated membrane exhibited a ring-like structure that
was devoid of multilamellar periodicity and compactness
characteristic of normal myelin, resembling vacuolated myelin
observed in vitamin Bir-deficient membrane(Fig. 5). In sup-
port of these findings, Young et al*. have studied an effect
of MBP-methylation in the dimer formation of unilamellar
vesicle; the fully methylated bovine MBP was shown to be
more efficient in inducing the dimerization of the vesicle than
by the carp MBP which is not in vitro methylated.

Urinary excretion of methylated arginines in demethylat-
ing human diseases

Multiple sclerosis is one of the demethylating diseases in
human. Under the conditions, MBP is dissociated from the
membrane, and MBP-fragments formed by intracellular pro-
teolysis®® and free amino acids find their way into the body
fluids™ ~*. Futhermore, Park et al” showed the presence of
MBP-specific PMI as well as its endogenous substrate in
human cerebrospinal fluid. Since methylarginines are not
reutilized for protein synthesis in vivo, it appeared to be quite
feasible to assess myelin-associated abnormalities by analyz-
ing the urinary concentrations of these methylarginine. Thus,
Whitaker et al**”, attempted to correlate clinical features and
urinary excretion of MBP-like material in multiple sclerosis

patients. Employing highly sensitive HPLC post-column
o-phthaldialdehyde derivatization method, we have also an-
alyzed the urinary samples from multiple sclerosis patients
and found approximately 20% lower level of DiMeArg from
all the patients and 33% decrease from the chronic-progres-

sive conditions™.
CONCLUDING REMARKS

Among the enzymatic post-/cotranslational methylation of
arginine in proteins, the modification of MBP-arginine in the
central nervous system is one of the best-studied biological
systems thus far. There are several evidences which point out
strongly possible involvement of MBP-arginine methylation
in the formation of compact myelin sheath. (1) Historically,
the methyl-deficiency in animals is known to induce
myelopathy”, and studies indicate that the methylation of
MBP, not that of phospholipid, is linked to the biochemical
lesion associated with the methyl-deficiency. (2) The specific
location of methylarginine in MBP (residue- 107) together
with the chemical nature of hydrophobicity enhanced by the
methylation has been implicated to help in stabilizing the
proper myelin structure. (3) In several experimental systems,
the MBP-specific PMI activity, but not histone-specific PMI,



is shown to be temporarily correlated with myelination during
brain development. Finally, (4) cells treated with transmethy-
lation inhibitor (sinefungin) yielded membrane structure which
lacks the compactness, similar to vitamin Bj,-deficient myelin
with concurrent reduction in the MBPspecific PML

In addition to the above, a possible alteration in the sus-
ceptibility of the protein toward intracellular proteases by
arginine-methylation should also be considered in relation to
membrane structure-function. While the maintenance of com-
pact myelin sheath requires an intact maintenance of its mem-
brane components, MBP is known to be easily metabolized
by the MBP-associated neutral and acidic proteases. Since the
methylated arginine residue in MBP is partially resistant to
trypsin'’, it is tempting to speculate that the rate of MBP
degradation may be influenced by the level of MBP-arginine
methylated, inducing the stability of myelin.

Recent advances in enzymology on PMI have clarified the
earlier confusion concerning the identity of MBP-specific and
histone-specific PMI. Although both enzymes methylate argi-
nine residues, they are completely different proteins in terms
of molecular, catalytic, and immunological properties. In light
of these findings, it is now possible to study the molecular
mechanism by which PMI activities are regulated, since
MBP-specific PMI is low at postnatal and increases during
myelination, while histone-specific enzyme is high in early
postatal and decreases progressively thereafter. In this re-
gard, one interesting finding should be pointed out in which
MBP was shown to be an inhibitor for histone-specific PMI
in vitro’®. What role, if any, MBP plays on the in vivo
expression of two coexisting PMI activities during myelina-

tion is not known.
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