histidine and the scarcity of isoleucine
in hemoglobin.

The ratio of relative abundance of
tRNA in reticulocytes compared to
that in liver is approximately 2 for
valine, alanine, glycine, and phenyl-
alanine. It is more difficult, however,
to evaluate the translational needs of
reticulocytes compared to the liver with
respect to these amino acids than it is
in the cases of isoleucine and histidine.

There are hazards in a study of
tRNA content. The reliability of an
assessment of tRNA content is depen-
dent on the quantitative or at least rep-
resentative extraction of all tRNA spe-
cies from the cells being studied. It is
also dependent on the intactness of all
of the tRNA with respect to amino acid
acceptance, at least to the- extent that
the molecules are intact within the cell.
That these criteria may not have been
fully met in this study is suggested by
the sum of acceptance of all amino
acids per absorbancy unit of tRNA.
The value for tRNA from both sources
is substantially less than stoichiometric
(1400 to 1800 pmole). This could indi-
cate alteration of some of the tRNA
during extraction so that it cannot ac-
cept amino acids. Acceptance -of amino
acids even by some purified individual
tRNA species falls far short of 100 per-
cent for reasons that are not fully un-
derstood (8). It is likely that the tRNA
preparations in our study contain frag-
ments of larger nucleic acid molecules,
causing a decrease in apparent total ac-
ceptance activity but not altering the
validity of the results for comparative
purposes.

Gilbert and Anderson (9) have pub-
lished determinations of amino acid
acceptance by reticulocyte and liver
tRNA, though not from the point of
view of specialization of tRNA content
for hemoglobin synthesis. Their data
show some differences from ours, pos-
sibly because their preparations were
made from supernatants of homog-
enates centrifuged at 105,000¢ which
would not include the tRNA associated
with the ribosomes and that shown to
be attached to reticulocyte membranes
(10). In the cases of isoleucine and
histidine their results and ours are in
close agreement.

Our results are offered as evidence
for the specialization of the content of
certain tRNA species in reticulocytes
for hemoglobin synthesis. Studies in
other laboratories have shown a tRNA
content in other specialized cells which
is consistent with the synthesis of pro-
teins of unusual amino acid composi-
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tion. These studies include the silk
glands of silkworms, which synthesize
fibroin that is composed almost en-
tirely of four amino acids (/7); fibro-
blasts of healing wounds that make
collagen, which is rich in proline (12);
and the livers of roosters treated with
estrogenic hormones causing them to
synthesize large amounts of a serine-rich
phosphoprotein (713). We suggest that
in general the relative tRNA content
of different kinds of cells in the same
animal is similar, but that modification
of the content can occur in a manner
consistent with unusual amino acid re-
quirements in protein translation. The
modifications in some cases are the
result of temporary functional adap-
tations and in other cases (such as
reticulocytes) are an aspect of dif-
ferentiation.

DAviD W. E. SMITH

ANNE L. MCNAMARA
Department of Pathology,
Northwestern University Medical
School, Chicago, Illinois 60611
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Specific Enzymic Methylation of an Arginine in the Experimental
Allergic Encephalomyelitis Protein from Human Myelin

Abstract. A cytoplasmic enzyme from guinea pig brain was shown to transfer
methyl groups from S-adenosylmethionine to only one of 19 arginine residues in
the basic protein from human brain. The products were w-N-monomethylarginine
and o-N,N’-dimethylarginine. These methylated arginines are adjacent to the main
encephalitogenic determinant in the protein. Methylation may aid in the transfer
of this region of the protein into the nonpolar environment within myelin and in

maintaining the integrity of myelin.

Myelin from the central nervous sys-
tem contains an unusual basic protein
that will induce experimental auto-
immune encephalomyelitis. From their
studies on the plaques of multiple scle-
rosis Adams and Hallpike (I) consider
it to be the most vulnerable part of

myelin. During sequence studies (2)
on the encephalitogenic basic protein
from human brain microheterogeneity
was observed at position 107. An
arginine at this position occurs either
in the dimethylated, monomethylated,
or unmethylated form (3). Eylar (4)
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has reported a modified arginine at
residue 107 in the bovine protein.

Although methylated arginine had
not hitherto been identified in an
amino acid sequence, the enzymic
methylation of arginine in proteins has
been extensively studied (5, 5a). A cyto-
plasmic enzyme from calf thymus
transferred methyl groups from S-
adenosylmethionine to arginine in his-
tones. Liver, but surprisingly not thy-
mus, histones contain methylated
arginine (6). Paik and Kim (7) found
in a survey of a number of tissues that
brain had the highest level of this
arginine methylase (8), but that in
brain an wunidentified protein other
than histone was acting as the receptor
for methyl transfer. We now present
evidence for the specific methylation
of an arginine residue in the encepha-
litogenic basic protein from human
brain.

Crude arginine methylase was pre-
pared by centrifugation of a homoge-
nate of guinea pig brain at 105,000g
for 60 minutes followed by precipita-
tion of the enzyme from the super-
natant with 30 percent (NH,),SO, as
described by Paik and Kim (5). The
encephalitogenic protein (2) from hu-
man brain (3 mg) was incubated
with 0.20 mg of enzyme and 0.30 uc
of §-adenosyl-L-[methyl-14C]methionine
(International Chemical and Nuclear;
specific activity, 55 uc/umole), in a
total volume of 0.5 ml of 0.1M sodium
phosphate buffer, pH 6.6. After incu-
bation for 2 hours the protein was
precipitated and washed as described
(5). The precipitate contained 8970 dpm
(3.18 pmole of [*Clmethyl per minute
per milligram of enzyme). The precipi-
tate was hydrolyzed with constant boil-
ing HCI, and the hydrolyzate was frac-
tionated on a Technicon C-2 resin; of
the total radioactivity 83 percent
was recovered in two zones which
corresponded to monomethylarginine
(MMA) and dimethylarginine (DMA)
(3). The ratio of [1*C]methyl in these
two zones was respectively 2.86:1. In
contrast in the batch of protein (3)
used as the receptor the ratio of argi-
nine to MMA to DMA was 1:6:10.
Thus it appeared that the enzyme pref-
erentially transferred methyl groups to
arginine rather than to the monomethyl
form although the latter was present
in the receptor in a sixfold greater
amount,

Other samples incubated under iden-
tical conditions except with twice as
much enzyme were digested with tryp-
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Fig. 1. Autoradiogram of a peptide map of
a tryptic digest of the encephalitogenic
basic protein from human brain after *C-
methylation by arginine methylase. Elec-
trophoresis was at pH 6.5 in pyridine ace-
tate; the position of a lysine (Lys) marker
is shown. Electrophoresis was followed by
chromatography in a system consisting of
n-butanol, pyridine, acetic acid, and
water (15:10:3:12, by volume); the posi-
tion of a leucine (Leu) marker is shown.
The peptides were stained with ninhydrin
and traced onto the autoradiogram. Only
one spot of radioactivity was found in the
position of peptide T23. The area in the
square was cut out and digested with
thermolysin.

sin or pepsin, and the products were
fractionated by electrophoresis and
chromatography (9). The peptide maps
were placed in contact with x-ray film
for 16 days and then stained with
ninhydrin. A typical autoradiogram of
a tryptic digest of the labeled protein
is shown in Fig. 1 with the positions
of the tryptic peptides outlined. Only
one peptide, T23, was labeled; no trace
of radioactivity was found elsewhere
on the map. Trypsin does not cleave
bonds involving methylarginine (3); if
therefore any arginine other than 107
had been labeled, an additional radio-
active spot, not found in the posi-
tion of a peptide on a normal map,
would have been present. The sequence
of peptide T23 is shown in Fig. 2. It
arises from the fission of a Lys-Gly
(10) bond at residues 105-106 and an
Arg-Phe bond at residues 113-114. To
further substantiate the localization of

Lys-Gly- A?\xﬁ -Gly-Leu-Ser-Leu-Ser-
105 110
Arg

Arg-Phe-Ser-Trp-Gly-Ala-Glu-Gly-Gln-Arg

15 120
Fig. 2. Amino acid squence of residues 105
to 122 in the encephalitogenic basic protein
from human brain. DMA is «-N,N’-di-
methylarginine and MMA is «-N-mono-
methylarginine. Tryptic peptide T23 re-
sulted from fission of a Lys-Gly bond at
105-106 and an Arg-Phe bond at 113-114.
The encephalitogenic determinant is under-
lined.

the label on Arg-107, the radioactive
peptide was cut out, before staining
with ninhydrin, and was digested with
thermolysin (9). The label was associ-
ated with a peptide having mobility, at
pH 2.1, relative to lysine of 0.91 and
having an Ry relative to leucine of ap-
proximately 0.39. In that Gly-MMA-
Gly and Gly-DMA-Gly have these
chromatographic and electrophoretic
properties (3), they would not have
been separated from each other.
Additional evidence for the locali-
zation of the [“C]methyl group on
Arg-107 came from an autoradiogram
of a peptide map of the peptic digest.
The strongest radioactive spot was as-
sociated with a peptide with the se-
quence  Pro-Arg-Thr-Pro-Pro-Pro-Ser-
GIn-Gly-Lys-Gly-(MMA or DMA or
Arg)-Gly-Leu-Ser-Leu (2). After acid
hydrolysis of the peptide, the radio-
activity was found mainly associated
with the MMA zone with only a little
in the DMA zone. Some undigested
and partially digested protein was
found on the electrophoresis strip.
Thus we have demonstrated that the
encephalitogenic basic protein was spe-
cifically methylated at only one of 19
arginines in the protein. Since the pro-
tein in aqueous solution appears to lack
secondary structure (1), we conclude
that arginine methylase probably rec-
ognizes some feature of the amino acid
sequence in the proximity of Arg-107.
The recognition site could be quite
small; in the transfer of N-acetylgluco-
samine residues to a protein the trans-
ferase appears to recognize the short
sequence Asn-X-Ser (or Thr) (12).
Studies with synthetic polypeptides
should enable the delineation of the
required sequence in the receptor for
arginine methylase. Some histones and
cytochromes have been shown to con-
tain methylated lysines at one or two
specific residues (13). However, there
is at present no obvious homology
between the sequences around these
lysines in the two types of proteins.
Paik and Kim have shown that a lysine
methylase is located in nuclei (14).
The methylated arginine occurs close
to the main encephalitogenic deter-
minant in the protein from human
brain (Fig. 2). This determinant was
isolated and characterized (9), and its
structure has been confirmed by chemi-
cal synthesis of a peptide encephalito-
gen (I5). There is a striking structural
resemblance between the encephalito-
genic determinant (2) and the require-
ments for a binding site for 5-hydroxy-
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tryptamine (/6) in a neuronal mem-
brane. It was postulated (2) that the
clinical symptoms of hind quarter
paralysis and incontinence typical of
experimental allergic encephalomyelitis
could be due to an immunopharmaco-
logical block of a receptor site for 5-
hydroxytryptamine in certain regions of
the central nervous system that have a
high concentration of 5-hydroxytrypta-
mine nerve terminals.

The basic protein is closely associ-
ated with lipids in myelin and is located
in the intraperiod line in the lamellar
structure of myelin (17). One of sev-
eral possible roles for the arginine
methylase could be to aid in the trans-
fer of this region of the basic protein
into the nonpolar environment within
myelin, because the attachment of
methyl groups would raise arginine on
the hydrophobicity scale of Tanford
(18).

Vitamin By, deficiency in man can
cause “subacute combined degenera-
tion” in the central nervous system.
This disease is characterized by the
presence of malformed (“spongy”)
myelin, and it has always been difficult
to rationalize the role of vitamin By,
in preventing this disease (I9). How-
ever, because B;, takes part in the
metabolism of S-adenosylmethionine
(20), which is the source of methyl
groups for the methylation of arginine
in the basic protein of myelin, it is
possible that incomplete methylation
could result in malformed myelin. We
predict that the basic protein from
“spongy” myelin in subacute combined
degeneration will be found to be de-
ficient in dimethylarginine.

The coexistence in brain of the un-
methylated and partially methylated
basic protein with a cytoplasmic argi-
nine methylase raises important ques-
tions concerning the control and site
of methylation. Are the three forms
of the protein located in different re-
gions of the oligodendroglial neuron
complex, or does the partially methyl-
ated form represent an intermediate
stage in the formation of myelin? We
suggest that arginine methylase and the
encephalitogenic basic protein may
have an important functional role in
maintaining the myelin sheath in the
central nervous system.

G. S. BALDWIN

P. R. CARNEGIE
Russell Grimwade School of
Biochemistry, University of Melbourne,
Parkville, Victoria 3052, Australia
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Induction of Micresomal Oxidase in F: Hybrids of a

High and a Low Oxidase Housefly Strain

Abstract. Microsomal oxidase activity is increased up to sixfold in dieldrin-
resistant houseflies exposed to sublethal doses of dieldrin. The net increase in
enzyme activity is greater in a strain initially high in oxidase activity than in a
strain low in this respect, and this tendency is carried into the F, hybrids of the

strains.

The phenomenon of insect resistance
to insecticides is generally attributed in
considerable part to increased detoxica-
tion of the toxic agent. Early evidence
of this was provided by Perry and Hos-
kins (I) who demonstrated that DDT-
resistant houseflies converted DDT to
less toxic DDE. Others have shown
that DDT-resistant houseflies contain
more of the enzyme DDT-dehydro-
chlorinase than susceptible strains (2)
and that microsomes isolated from re-
sistant houseflies are more active in
hydroxylating naphthalene (3). Numer-
ous reports have confirmed and extend-
ed this concept.

The microsomal oxidases of the
housefly are important in resistance to
several types of insecticides (4), and
it is now known that this system be-
comes more active in insects exposed
to enzyme inducers such as DDT (5)

and dieldrin (6, 7). In our study of in-
duction by dieldrin in the housefly (7)
we observed a greater net response in
the microsomal oxidase activity of a
high oxidase strain than in a low oxi-
dase strain. This indicated that high oxi-
dase strains have a greater tendency to
be induced and suggested that a test of
this assumption would be to cross a
high and a low oxidase strain and mea-
sure induction in the hybrids. We now
report that such hybrids are induced by
dieldrin to produce microsomal oxi-
dases of intermediate activity relative
to the parents. We interpret these re-
sults to mean that the high oxidase
strain differs from the low oxidase
strain in the regulation of enzyme level,
possibly by possessing more genes or
gene sequences for increased produc-
tion of detoxifying enzymes.

The dose of dieldrin necessary for in-
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