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A RELATIONSHIP OF N-ACETYLASPARTATE
BIOSYNTHESIS TO NEURONAL PROTEIN SYNTHESIS 1 )2
D. D. CLARKL,

s. GR[ENflLLD/ E. DICKER, L. J. TIRRI 4
and E. J. RoNAN 5

Chemistry Department, Fordham University, Bronx, NY 10458, U.S.A.

(Received 10 June 1974. Accepted 22 July 1974)
Abstract- A detailed time study of the incorporation of label from sodium-[l- 14C]acetate, [1- 14C]ethanol, and [2- 14C]glucose into the aspartyl moiety of N -acetylaspartic acid (NAA) was conducted. As
expected the specific activity of aspartate increased rapidly with time and peaked within 15 20 min after
which it fell sharply: but significant!). that of the aspartyl moiety of NAA rose very slowly even after the
specific activity of aspartate had fallen to less than I per cent of the peak values.
A rat brain microsomal free supernatant preparation was shown enzymatically to incorporate label
from sodium-[l- 14C]acetate into the t-RNA fraction from which was isolated N-[l- 14C]acetylaspartic
acid. From these observations we were inclined to speculate that NAA-t-RNA may serve as an initiator
of neuronal protein synthesis.

ALTHOUGH N-acetylaspartate (NAA) has been found
to occur in large quantities in brain, 5-7 Jln1o1/g (TALLAN et al., 1956; TALLAN, 1957; GEBHARD & VLLDSTRA,
1964)~ its functional and metabolic importance is as yet
unclarified. Many investigators reported that within
short periods of time after the administration of
labelled precursors. very little radioactivity is incorporated into the aspartyl moiety of NAA, as compared to
that in other amino acids, suggesting that endogenous
NAA might be metabolically inert (JACOBSON, l958;
MARGOLIS et al., 1960; BERL et al., 1961; O'NEAL &
KOEPPE, 1966; REICHELT & KVAMME, 1967). However,
the slow labelling of NAA indicated to us that (1)
NAA is not metabolically inert and (2) its metabolism
1

A preliminary report was presented at the 1972 Meeting
of The American Society for Neurochemistry, Seattle,
Washington.
2
This investigation was supported by Research Grant
NS-07890, ~ational Institutes of Health, Public Health Service. Dr. Ronan is recipient of NASA Traineeship NSG-T121.
3
Present address: Institute of Medical Biochemistry,
University of Aarhus, DK-8000C, Aarhus, Denmark.
4
Present address: The Saul R. Korey Department of
Neurology, Albert Einstein College of Medicine of Yeshiva
University, 1300 Morris Park Avenue, Bronx, NY 10461,
U.S.A.
5
Present address: Department of Pharmacology, Mt.
Sinai School of Medicine, New York, NY l 0029. U.S.A.
Ahhreviations used: NAA, N-acetylaspartic acid; TCA,
trichloroacetic acid; HOAc, acetic acid.
~C.

24 3

I

479

is not directly related to that of free aspartic acid, but
rather to that of protein bound aspartate.
In accordance with this hypothesis, we investigated
the incorporation of label from sodium-[ l- 14C]acetate, [1- 14C]ethanol, and [2- 14C]glucose into the
aspartyl moiety ofNAA for time periods up to 2 h. We
also sought evidence for the existence of an enzyme
system capable of synthesizing NAA-t-RNA which
would relate the biosynthesis ofNAA to that of protein
bound aspartate.
MATERIALS AND METHODS
In vivo experiments
Female albino mice (25 35 g, CF-1 strain, Carworth
Laboratories, Becton & Dickinson & Co., New City, NY
were fasted for 18 h, given water ad libitum, and then injected with 15 11Ci of a labelled precursor. At predetermined
times after the administration of either sodium-[1- 14C]acetaU!, (S.A. 60·8 mCi mmol): [l- 14C]ethanol, (S.A. 5·0 mCi,
mmol); or [2- 14C]glucose. (S.A. 2·62 mCi mmol), obtained
from New England Nuclear. Boston, MA. the animals were
rapidly frozen by being dropped head first into isopentane,
cooled at - l50°C by liquid nitrogen. Each brain was
removed, weighed. and homogeniled with three aliquots of
5 ~ 0 trichloroacetic acid (TCA), 3, l and 1 ml respectively.
The homogenates were centrifuged for 15 min at 50,000 g.
The supernatants containing the free amino acids and small
peptides were neutralized to pH 7·0 + 0·2. and brought to a
volume of 7·5 mJ with deionized water. During the whole
procedure the samples were kept between 0-4°C.
Aliquots of these neutralized samples were chromategraphed on AG 1 x 4 columns (BioRad Laboratories,
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TABLE 1. THE ELUTION SCHI:.MJ.: l-OR THE SEPARATION OF AMINO ACIDS ON AG 1 X 4
Neutrals
0·04 N-HOAc
A
B*

c

2·0ml
5·0 ml
1·0 ml

Glutamate
0·1 N-HOAc
A
B
C*
D

4·0ml
l·Oml
5·0ml
2·0ml

Aspartate
0·3 N-HOAc
A
B*

c

3·0 ml
6·0 ml
2·0 ml

NAA
0·1 N-HO
A
B
C*
D
E

5·0 ml
3·0ml
6·0ml
3·0 ml
2·0 ml

This elution scheme for AG l x 4, acetate form, is a modification of that reported by BERL et al. {1968). In those experiments where the quantification of the aspartyl moiety of NAA is desired, the major fraction*, 'C', of 0·1 N-HCI is hydrolysed
in 2 N-HCl at 100°C (see Methods) and the neutralized hydrolysate is chromatographed on another AG 1 x 4 column.

Richmond, CA), acetate form by a modified procedure of
BERL ec a/. (1968)(Table 1). NAA was eluted with 0·1 N HCI,
and then hydrolysed in 2 N-HCI at 100°C. Each sample was
dried. neutralized to pH 7·0 + 0·2, brought to a volume of
2·5 ml, and 2·0 ml was chromatographed on another AG
I x 4 column. The aspartate moiety of NAA was eluted
with 0·3 N-acetic acid. Concentrations of the amino acid were
determined by the ninhydrin method of MOORE & STEIN
{1954), on a Technicon Autoanalyzer, using the sample plate
technique. In each experiment a mixture of standard amino
acids and peptides was chromatographed in parallel, thus
resolution and recoveries checked. The radioactivity in a
separately measured aliquot was determined by liquid scintillation spectrometry (BERL et a/., 1968), using a Packard
Tri-Carb Scintillation Spectrometer, Model 3003. Radioactivity units are expressed as either c.p.m. or d.p.m. above
background.
In vitro incorporation of [ 1- 14 C]acetate into N AA-t-R N A
and isolation oft-RNA's
Several female albino rats, CFN strain (200-300 g, Carworth Laboratories) were decapitated and their brains
rapidly excised, weighed and homogenized with 3 ml of a
solution of: 0·35 M-sucrose, 0·035 M-KHC03 , 0·02 MK2HP04, 0·025 M-KO, 0·004 M-MgC1 2, pH 7·4 (HOAGLAND
et al., 1956). The cytosolic supernatant was obtained by first
centrifuging the homogenates at 17,000 g for 15 min, discarding the precipitate, and centrifuging the supernatant for
2 3 h at 100.000 g. Three milliliter samples of the pooled
soluble supernatant were incubated at 37°C with 0·5 ml of
0·2 M-Tris. 0·1 m1 of 0·2 M ATP and 3·75 p.Ci of sodium-[l 14C]acetate for 2 min. At the end of the incubation, 2 ml of
water-saturated phenol was added to each incubation mixture (KIRBY, 1956) the suspension vigorously shaken in the
cold (4 C) for l h, and the resulting emulsion centrifuged at
25,000 g for 30 min. The aqueous layers were then dialysed
against deionized water for 72 hat 4°C. The dialysis residues
retained t-R NA's and were used to obtain fractions which
were expected to contain NAA-t-RNA. In control experiments the water saturated phenol was added to the sample
before incubation with radioactive acetate.
In some experiments portions of the pooled 'I 00,000 g'
soluble supernatant were heated for 10 min at 95°C to destroy enzymatic activity. During this heating period the unheated portions were maintained between 0-4°C. After the

heated portions had cooled to 0-4 C all incubation constituents were added.
Chromatography oft-RNA's on BioGel P-10
After exhaustive dialysis for 72 h, the dialysis residue containing t-RNA's was chromatographed on a column of BioGel P-10 (20 em), eluted with homogenizing solution, and
the u.v. spectra at 260 nm was taken for each fraction. The
radioactivity of each fraction was determined on a separate
aliquot by liquid scintillation spectrometry.
Isolation ofN-[ l- 14 C]acetyl aspartic acid
The dialysis residues suspected to contain NAA-t-RNA,
were hydrolysed with ammonium hydroxide, pH 10·5
(PREISS et al., 1959). for 20 min at 37°C, lyophilized and
made up to a volume of 3·0 ml with deionized water. These
solutions were then chromatographed on AG 1 x 4
columns, acetate form. NAA was eluted with 0·1 N-HCI (Table
1) and the radioactivity determined by liquid scintillation
spectrometry.
Distillation of volatile radioactivity
The fraction eluted, from the above column, which was
known to contain NAA from calibration studies with authentic NAA, was hydrolysed with 2 N NaOH for 2 hat 95°C.
To this hydrolysate was added 1 ml of concentrated sulphuric acid and 1 ml of glacial acetic acid to act as carrier,
prior to distillation. The resulting acetic acid-H 2 0 distillate, was counted by liquid scintillation spectrometry.
Electrophoretic p1·ocedure
Dialysis residues containing t-RNA's were hydrolysed
with ammonium hydroxide as previously described, lyophilized and reconstituted with deionized water. Aliquots were
then chromatographed electrophoretically on parallel Whitmann No.3 paper strips at 2°C for 1·5 hat 1000 V in 0·01 Mformate buffer pH 2·85. NAA was located with bromcresol
green (SMITH, 1960) and the parallel strip was covered with
llford Industrial X-Ray film. After 30 days, the film was developed.
Protein and nucleic acid estimations
Protein concentrations were estimated by the method of
WARBURG & CHRISTIAN (1941), by measuring extinctions at
260 nm and 280 nm.
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Nucleic acid concentrations were estimated by using the
extinction coefficient of E 111 sj:~ 1 = 0·023 at 260 nm.

10,000

>>
r~ 1,000
1--

RESULTS

u

-

lL

u

w
a..
C/)

100

0

60

MINUTES

120

10000

w
1000
_j
0

~
~

""-..
~

a..

u

4SI

0

100

10~~--r---~----------~

60

120

MINUTES

100,000

After the administration of each labelled precursor,
the specific activity of aspartate increased rapidly with
time reaching a peak within 15- 20 min and then fell
sharply. On the other hand, the specific activity of the
aspartyl moiety of NAA rose very slowly and continued to rise even after the specific activity of free
aspartate had declined to less than 1 per cent of the
peak values (Figs. la-c).
Incubation of a rat brain microsomal supernatant
fraction with sodium-[ l- 14C]acetate resulted in the incorporation of radioactivity into a non-dialysable fraction, which cochromatographed with the soluble
260 nm absorbing material (Fig. 2). The coincidence of
the 2 curves indicated that the radjoactivity is probably associated with the high molecular weight 260 nm
absorbing material, t-RNA.
The radioactivity was released from the 260 nm
absorbing material by mild alkaline hydrolysis with
NH 4 0H (PREISS et al., 1959) and was shown to
migrate electrophoretically with authentic NAA (Fig.
3). A darkened band appeared on the developed film
at 3·35 em toward the cathode which coincided with
the known location of NAA.
In other experiments the fractions containing the
released radioactivity were lyophilized and then chromatographed on AG 1 X 4 columns (Fig. 4). The fraction which eluted with 0·1 N-HCI, which is known to
contain NAA was hydrolysed with concentrated
NaOH. After acidification and steam distillation, the
radioactivity was shown to be volatile, i.e. it was found
in the acetic acid- H 2 0 distillate. Of the 1550 c. p.m.
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l(a- c). The specific activities (c.p.m. per JLmol) above
background of aspartate
e, and the aspartyl moiety
of NAA o-o from mouse brain for the times indica ted
after the administration of 15 JLCi of the following: (a)
sodium-[l- 14C]acetate;
(b)
[l- 14 C]ethanol;
(c)
14
[2- C]glucose.
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2. The chromatogram of isolated t-RNA from rat brain
'100,000 g' supernatant after incubation with sodium-[114C]acetate phenol extraction and dialysis (see Methods).
o--o Optical density at 260 nm, e e radioactivity,
c.p.m./2 ml above background.
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2. THE EFFI.:C'T OF IH:AT-TRLATMLNT ON Till
14
ATl0'-1 OF SODit.. \1-ll- C]ACI.:TAII ll\TO NAA BY

TABLE

t - -...

INCORPORRAf BRAIN

SUPER "\A1 A"'- T

!

c. p.m.

Sample
'100,000 g' extract. heated
'100.000 g' extract. unheated

0

29
758

Prior to incubation \\ilh sodium-[I- 1 ~C]acetate. the unheated sample was maintained between 0 and 4 C while the
experimental sample was heated for 10 min at 95 C. Then
3·75pCi of sodium-Ll- 14C]acctatc was added to each
sample and they \\ICre incubated at 37 C for 20 min. The
reactions were stopped by the additiOn of 2 ml of H 2 0-saturated phenol. After dialysis and mild alkaline hydrolysis (see
Methods) the fraction containing NAA was separated on
· AG I x 4. acetate form (Table 1) and the radioactivit} was
FIG. 3. The radiogram of the electrophoretic separation of
determined by liquid scintillation spectroscop}, and
NAA on Whatmann 1\;o. 3 paper. The electrophoresis was expressed as c.p.m. above background.
run at 2 C for 1·5 h at 1000 V in 0·01 M-formate buffer,
TABLI~ 3. TilE Ef-Fl£T Of THE AIJDJ flO!'< OP llf:A 1 hD LXTRACT
pH 2·85. Authentic NAA. on a parallel electrophoretogram ON Till INCORPORATION OF SODIUM-(1- 1 -+C]AC'ETATE INTO
was located with bromcresol green and migrated a distance
NAA B't RAT BRAI'\: St PLR1"ATANT
of 3·35 em.
Sample
mg I\ ucleic acid added
c. p.m.

i

originally hydrolysed, 1500 c. p.m. was recovered in the
acetic acid- H 2 0 distillate.
The ability to incorporate added radioactivity into
non-dialysable form was destroyed by heating the
'100,000 g' supernatant at 95°C for 10 min (Table 2).
Addition of this heated extract to unheated material
stimulated the incorporation of labelled acetate into
non-dialysable form (Table 3). The addition of coenzyme A also stimulated this incorporation of
labelled acetate (Table 4). A variation of this exper-

4. THE

EFFECT OF rt-IE ADDITIO'\: OF C'Of"\7\

\if-A 0~

THE 1'-!C'ORPORA TJO-..: Of SODit:M-( 1- ~C]ACETA TI I'\ TO
1

BY RA f

600
_j

261
393
441
561
648

The initial protein concentration of each sample was
3·40 mg. The samples were maintained between 0 and 4 C
prior to incubation. Increasing amounts of hca t treated
extract \\ere then added to samples 2 5. and incubations
were performed with sodium-[ I- 14C]acetate as described in
the legend ofTablc 2.
TABLr

700

0·68
1·36
2·04
2·73
4·77

1
2
3
4
5

BRAl~

c.p.m.

Sample

500

~

NAA

Sl lPI R!\A fANT

'1 00.000 g ·supernatant + 12·5 JLg

"'-. 400
2

(.)

200
100

ABC
0.05N

HOAC

ABC 0
O.ION

HO.AC

ABC
0.30N

HOAC

ABC DE
O.ION

HCL

4. The chromatogram of the t-RNA hydrolysis products on AG 1 x 4. The t-RNA, isolated from rat brain
'100,000 g' supernatant after incubation with sodium-[l4
1 C]aceta te, phenol extraction, and dialysis, was treated
with NH 4 0H (see Methods) and lyophilized. The resulting
residue was then chromatographed on AG l x 4, acetate
form, and the various fractions were eluted according to
_Table l. The radioactivity is expressed as c.p.m .jml above
background.

3256
2036

Co-A
'100.000 g' supernatant

~

a.. 300

Each sample contained 10·4 mg protein. and 1·5 mg nucleic acid. Prior to the incubation \\ ith sodium-[ I- 14C]acetatc, l2·5 Jtg Co-A was added. and incubated as described in
the legend of Table 2.
T ABLI:. 5.

[U - 14C]ASPARTATh AND
NAA BY RA l
BRAIN

THr. INCORPORATION 01·

SOOJUM-[ 3 H]AC'ETA IT

FIG.

1'-lTO
S'L PERt"=ATA "\;T

Moiety

d.p.m.

[U- 1 4 C]Asparta te

335
57.135

[

3

H]Acetate

The incu ba tjon and work-up procedure is as previously
described (Table 2) except, 4·5 JtCi 3 H]acetatc and 0·6 11Ci
[U - 14C]asparta te as used.

r

The biosynthesis of N-acetylaspartatc

iment was also performed, using tritiated acetate and
[U - 1 4 C]aspartic acid. Both of these labelled compounds were incorporated and found in the NAA fraction (Table 5).
DISCUSSION

It has been reported previously by us as well as by
other investigators. that there is low incorporation of
radioactivity from a variety of labelled precursors into
the aspartyl moiety of NAA (JACOBSON, 1958; MARGOLIS eta/., 1960; BERL el a/., 1961; O'NEAL & KOEPPE,
]966 ~ REICIH:LT & KVAMME, 1967 ~CLARKE eta/., 1972).
In addition we found that this incorporation increases
slowly with time and continues to rise, up to 2 h. In
sharp contrast to this, the specific activity of free aspartate peaks rapidly and then falls to very low values
within the first 30 min of the experiment (Figs. la-c).
Considering the precursor product relationships of
ZILVFRSMIT et a/. {1943), and GOODMAN & NOBLL
(I 968), our data suggest that the free pool or pools of
aspartate could not be the direct precursor of the
aspartyl moiety of NAA. Rather, by relating NAA to
the large pool of protein bound aspartate, the observed
labelling pattern could be explained.
The tin1e required for the synthesis of polypeptides
and their degradation would be consistent with the
appearance of significant label in the aspartyl moiety
of NAA onl) after 30 min to 1 h following the
administration of the labelled precursor. To relate the
biosynthesis of NAA directly to the protein bound
aspartate. two possibilities can be conceived. First that
the activated aspartyl-t-RNA is N-acylated to yield
NAA-t-RNA prior to its insertion into the polypeptide,
and alternatively. that aspartate is N-acylated after the
co1npletion of the polypeptide or during its degradation. We have presented some direct evidence for the
existence of NAA-t-RNA. A rat brain microsomal-free
supernatant preparation. containing mixed t-RNA 's,
incorporated label from sodium-[1- 14C]acetatc into a
form that was not washed out by prolonged dialysis.
The incorporated radioactivity co-chromatographed
with the 260 nm absorbing material which is consistent
with NAA-t-R NA fonnation (Fig. 2).
After mild hydrolysis with NH 4 0H (PREISS et al.,
1959), the Jibera ted radioactivity was found in the acidic fraction which eluted with NAA on an AG 1 x 4
acetate column (Fig. 4). Also. on paper electrophoresis,
it migrated to the same distance as authentic NAA
(Fig. 3).
The volatile nature of the radioactivity after hydrolysis with NaOH, suggested that the label was
located in the acetyl moiety of NAA (sec Results). An
experin1ent with tritiated acetate and [U - 14Claspartatc, gave evidence that NAA was indeed synthesized
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(Table 5). Heating the supernatant prior to incubatiorr
with labelled acetate, resulting in virtually complete
loss of incorporating activity (Table 2). The addition of
heated extract to unheated material stimulated the incorporation of labelled acetate into non-dialysable
form, which after n1ild hydrolysis with NH 4 0H, was
eluted with NAA on AG l x 4 columns (Table 3). The
stimulatory effect of co-enzyme A (Table 4) along with
the heating experi1ncnts gives strong support to the
enzymatic fonnation of NAA-t-RNA.
Thus our data present a strong argument for the
postulate that the N-acylation of aspartate occurs on
aspartyl-t-RNA. However we cannot completely rule
out the possibility, that to some extent, aspartate is Nacylated after the comple~ion of the polypeptide chain.
Therefore the in viro degradation of NAA-t-RNA as
well as proteinaceous material would liberate labelled
NAA from the TCA insoluble fraction into the soluble
amino acid pooL where it can be detected by our experimental methods.
Other brain preparations frotn cat {KNIZLEY. 1967)
and rat (GoLDSTEIN, 1969) demonstrated the enzymatic
synthesis of NAA. In these procedures the reactions
were stopped by the addition of dilute perchloric acid
and the acid was then removed by the addition of
potassium hydroxide. This treatment with base, could
have liberated newly synthesized NAA from NAA-tRNA (PREISS et a/ .. 1959), and not give any indication
that NAA-t-RNA was in fact, first synthesized. In view
of this base treatment our results are consistent with
what has been previously reported in the literature.
A SPECULATIVE FUNCTION FOR NAA-t-RNA

Our data demonstrate that NAA-t-RNA formation
is truly enzymatic and by relating the biosynthesis of
NAA to that of aspartate, bound in polypeptides or
aspartyl-t-RNA the results of the in vivo labelling experiments can be rationalized.
From our data the postulate that N-acylation of
aspartate occurs on aspartyl-t-RNA suggests that
NAA-t-RNA might be an initiator of protein synthesis,
since an N-blocked amino acid could only be incorporated into a protein or a polypeptide chain at the Nterminus. The fact that N-blocked amino acids may
serve as chain initiators has been shown in bacteria by
MARCKER & SANGER {1964). They showed that methionine, after binding with its specific t-RNA is formulated and used as a chain initiator. In mammalian systems LIEUW ( 1970) demonstrated that N -acetyl-seryl-tRNA participated in initiation of histones. More
recently review articles by LUCAS-LENARD & LIPMANN
(1971) and HASELKORN & ROTHMAN-DENES (1973) discussed the role of methionyl-t-RNAr as an initiator of
protein synthesis in isolated reticulocytes.

•
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Once NAA has initiated protein synthesis and the
polypeptide chain is completed, NAA may be cleaved
from the polypeptide chain in a similar way as the Nformyl-methionine initiator in E. coli (WALLER, 1963).
Proteins which lose their N-acylated terminal groups
would therefore be the source of endogenous NAA.
The finding of acetyla ted pep tides in brain of various
species such as N-acetyl-L-aspartyl-glutamate (RIECHELT&KvAMME, 1967; CURATOLO eta/.. 1965~AUDI
TORE et a/., 1966; MIYAMOTO et al., 1966) suggest that
this process is indeed occurring.
REICHELT & KvAMME (1973) have recently suggested
the possibility of a transfer reaction for the incorporation of NAA into N-acetyl-L-aspartyl-glutamate via
an NAA-histamine complex intermediate. However
the mechanism for the formation of this complex is unknown. This NAA- histamine complex would not be
consistent with our in vivo isotopic labelling data if it
were in equilibrium with the free pool of NAA. If
NAA-t-RNA is involved with the hista1nine dependent
synthesis of N-acetyl-aspartyl-glutamate then the inconsistencies would be reconciled. The pH dependent
recovery of NAA observed and reported by REICHELT
eta/. (1971) would suggest that NAA-t-RNA is indeed
involved. They observed that the levels of NAA were
lowered by the presence of histamine and that they
would return to near normal if accidental overtitration
with potassium hydroxide had occurred.
It is well known that NAA is present in high concentrations in brain of most vertebrates, while only
trace amounts can be detected in other tissues. Since
metabolism of NAA is very fast in non-nervous tissue
(BENUCK & D' ADAMO, 1968), this would explain the
failure to find NAA in those tissues without ruling out
the possibility that it was in fact synthesized.
NADLER & CooPER (1972) have suggested that NAA
is largely localized in neurons. This has been based on
its distribution in grey vs white matter (TALLAN, 1957),
as well as in different types of tumors. NADLER &
COOPER (1971), also observed that N-acetyi-[U14C]aspartate is rapidly metabolized in brain tissue.
Furthermore this labelled aspartyl moiety resulted in
glutamine having a higher specific activity than glutamate. In other words it is metabolized via the 'small
compartment' of the citric acid cycle. BALAZS et al.
( 1972), as well as VAN DEN BERG (1972) presented evidence that the small compartment is probably associated with gJia.
Evidently there must be deacylase activity in brain
to explain the observations of Nadler and Cooper. In
addition, D'Adamo's laboratory has reported direct
rneasurements of this activity in brain (1973). If we
assuxne that this deacylase activity is localized in glia
and is absent from neurons, the high levels of NAA in

brain as well as the rapid metabolism of exogenous
NAA can be explained.
NAA has been found to be the terminal amino acid
in certain proteins which are not found in neuronal tissue, for example, G-Actin (GAETJENS & BARANY, 1966).
This may be an indication that NAA-t-RNA functions
as a chain initiator not only in neurons but also in glia
and other non-neuronal cells; however, due to the high
deacylase activity, free NAA would not be detected in
these tissues.
Acknowledgement The authors wish to express their gratitude to Dr. W. T. NORTON for his constructive criticisms,
and comments in preparing this manuscript, and to Ms.
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