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Abstract—The free polyribosomes of the cerebral cortex of the immature rat (12-14 days oid)
were exposed to very low concentrations of trypsin at 0°C and for very brief periods of time
and the conditions under which their breakdown to smaller aggregates occurs were deter-
mined. Trypsin also caused the release of nascent, radioactive polypeptides from poly-
ribosomes prelabelled with ['*Clamino acids in vivo. An examination of the kinetics of
release of the nascent chains by trypsin revealed that it was dependent on the concentra-
tion of trypsin as well as on the duration of incubation in the presence of trypsin. The
influence of the nature of the [**CJamino acid used as precursor of the nascent polypeptides
and of the duration of the radioactive pulse in vivo was also determined. The radioactivity
associated with polyribosomes as a result of the brief radioactive pulses administered (2 to
10 minutes) was incompletely removed even after the ribosomes were dissociated into
subunits by EDTA. These findings suggest that the assembly of the cerebral ribosome
in vivo must be a very rapid process, particularly in the immature animal.

The nature of the nascent, radioactive polypeptides was studied by disc gel and high vol-
tage electrophoresis and by thin-layer and column chromatography. Evidence was obtained
that a rather limited number of qualitatively different molecules resides on the polyribosomes
at any given moment.

THERE is general agreement that ribosomes of neural tissue exist in the cell as aggre-
gates (polyribosomes) held together by a strand of messenger RNA (ToscHI, 1959;
DATTA, 1966; MURTHY, 1966; ZOMZELY, ROBERTS, BROWN and PROVOST, 1966 ; JACOB,
SAMEC, STEVENIN, GAREL and MANDEL, 1967, CAMPAGNONI and MAHLER, 1967;
ZomzELY, ROBERTS, GRUBER and BROWN, 1968). As in other tissues, some of the poly-
ribosomes of brain exist free in the cytoplasm and not attached to the membranes of
the endoplasmic reticulum (NIEVEL and CUMINGS, 1967; AZCURRA and SELLINGER,
1967; SELLINGER, AZCURRA and OHLSSON, 1968 ; MERITS, CAIN, RDZOK and MINARD,
1969). In an effort to extend some of our previous preliminary observations on brain
ribosomes (AZCURRA and SELLINGER, 1967) and on differences in protein synthesis
between the free and the endoplasmic reticulum-bound ribosomes (SELLINGER and
OHLssoN, 1969), we examined the synthesis of nascent polypeptides as it occurs on
the free polyribosomes of the cerebral cortex of the immature rat after very brief
(2 to 10 minutes) pulses in vivo of radioactive precursor amino acids. We also describe

1 This research was supported by the United States Public Health Service Grant NB-06294.

2 Present address. Instituto de Anatomia General y Embriologia, Facultad de Medicina, Uni-
versidad de Buenos Aires, Buenos Aires, Argentina.

Abbreviations used: TPCK* L-(tosylamido-2-phenyl) ethyl chloromethyl ketone; LBI, lima
bean inhibitor: PPO, 2,5 diphenyloxazole; dimethyl POPOP, 1,4 bis [2-(4-methyl-5-phenyloxazolyl]-
benzene; MTK medium, Mg-acetate, tris-HCl and KCl medium (as specified under Methods);
TS, trypsin supernatant; TP, trypsin pellet; DOC, deoxycholate.
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experiments involving controlled proteolysis of the polypeptides growing on the free
polyribosomes in an effort to gain information on the structural association of the
nascent chains and the ribosome. The results form this report.

EXPERIMENTAL PROCEDURES

Materials. TPCK *trypsin (subsequently abbreviated as trypsin), trypsin-LBI and chymotrypsin
(twice recrystallized) were purchased from Worthington Biochemicals (Freehold, N.J.); sucrose
(enzyme grade) and bovine serum albumin were products of Mann Research Laboratories (New York
City); propylene oxide was obtained from Matheson, Coleman & Bell (East Rutherford, N.J.);
PPO and dimethyl POPOP were from Packard Instrument Co. (Downers Grove, Ill.); L-[U-1%C]
leucine (250 mCi/mmol), L-[U-'*C]phenylalanine (375 mCi/mol), and r-[U-'*CJarginine (250 mCi/
mmol) were from International Chemical & Nuclear Co. (City of Industry, Calif.) and the Millipore
filters (GA-6, 0-45 pm pore size) were from Gelman Instrument Co. (Ann Arbor, Mich.). Silica gel
G was obtained from Brinkman Insttuments, Inc. (Westbury, N.Y.), and glutaraldehyde and Epon
812 were from Ladd Research Industries (Burlington, Vt.).

Animals. Male, Sprague-Dawley rats, 12-14 days old, were used throughout this study. While
under light ether anaesthesia, they were injected intrathecally with no more than 0-05 ml (6-5 »Ci)
of a solution of the [**Clamino acid.

Isolation of the free polyribosomes. The animals were killed by decapitation and the brain was
rapidly excised and placed on a petri dish resting on crushed ice. The cerebral cortex was dissected
free of white matter as far as possible and after weighing, it was homogenized at 4°C by six manual
up-and-down strokes of a Teflon-stainless pestle. Homogenates (15-20%, w/v) were prepared in a
buffer containing: 5 mm-Mg-acetate, 20 mm-tris-HCl (pH 7-2), and 25 mM-KCl (MTK medium).
The homogenates were centrifuged at 20,000 g for 15 min and the supernatant fluid (4 ml) was layered
over 3:5 ml of 0-5 M-sucrose resting on 4 ml of 2-0 M-sucrose. Both sucrose solutions also contained
MTK medium in which the concentration of Mg?* was 10 mm. Centrifugation was at 4°C for 120 min
at 269,000 g in the Spinco Ty-65 rotor. The resulting pellet consisted of free polyribosomes of a high
degree of purity (Fig. 1, below).

Suspensions of the free polyribosomes in 20 mm-tris (pH 7-2) containing 25 mM-KCl were mixed
with one-tenth of their volume of 3 % (w/v) Na-deoxycholate (pH 7-0) and were centrifuged at 204,000
g for 50 min. The ribosomal petlets were suspended in distilled water for analysis (Table 1 below).
The main purpose of these experiments was to assess the degree of contamination of the free poly-
ribosomes with lipid (MurTY and HALLINAN, 1969). The deoxycholate soluble fraction was not
investigated. Samples of free polyribosomes (0-8 ml containing about 0-2 mg of protein) in MTK
medium (1 mM-Mg?*) were layered on a linear gradient (4-8 ml) of sucrose (15-40%, w/v) which was
prepared in the suspension solution within 1 h of use; the tubes were centrifuged for 1 h at 165,000 g.
For collection of the gradients, the bottom of the centrifuge tube was pierced slightly off centre to
avoid perturbing the pellet (the piercing unit manufactured by Buchler Co., Fort Lee, N.J., was used),
and the gradients were pumped at a constant rate through a rectangular flow-cell (0-4 cm path-
length, Uvicord, LKB Instruments) while being continuously monitored at 254 nm.

Treatment of polyribosomes with trypsin, chymotrypsin, or EDTA. Suspensions of the free poly-
ribosomes were incubated with trypsin or chymotrypsin under conditions specified in the text or in
the appropriate legend. The incubations were carried out at 0°C. Proteolysis was arrested by the
addition of a five-fold (w/v) excess of trypsin-LBI. Solutions of trypsin and chymotrypsin were
freshly prepared before each experiment and were free of contaminating ribonuclease activity in the
concentration ranges employed. Two different procedures were followed: (1) The incubation mixture
was layered directly on a 15-409; (w/v) sucrose gradient for determination of the polyribosomal
extinction and radioactivity profiles, or (2) the incubation mixture was sedimented at 269,000 g for
45 min to provide a ‘trypsin supernatant’ (TS) which had all of the released radioactivity and a ‘trypsin
pellet’ (TP) which had the trypsin-resistant, ribosome-bound radioactivity. The TCA-insoluble
radioactive materials of TS were precipitated by the addition of 2 ml of ice-cold 10%{ (w/v) TCA.
After 20 min on ice, the suspensions were filtered through 0-45 pm Millipore filters which were washed
successively with three 2-ml portions of 109, and 2-ml portions of 5% (w/v) TCA, three 2-ml portions
of ethanol and 5 ml of ether. The washed filters were dried under an infra-red lamp for transfer into
scintillation vials. Heating in 5% (w/v) TCA in the presence of [!2Clleucine carrier, as recommended
by ZoMzELY et al. (1968) proved to be unnecessary and was therefore omitted. Bovine serum albumin
(100 ug) was added to each gradient tube before precipitating its contents with 2 mi of ice-cold 109
(w/v) TCA, and the insoluble radioactive material was processed on Millipore filters, as just described.
The TCA-soluble radioactivity of fraction TS was counted separately after removal of the acid by
repeated ether extraction.
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To suspensions of polyribosomes in 0-5 ml of 20 mm-tris (pH 7-2) containing 25 mM-KCl was
added 0-5 ml of a 0-134 M-solution of Na-EDTA (pH 7) and after 10 min on ice, the suspension was
layered on 5 ml of a 15-50% (w/v) sucrose gradient and was centrifuged for 15 h at 53,000 g in the
Spinco SW-25-1 rotor, fitted with adaptors for tubes of 6-5 ml capacity. The gradient was processed
for determination of the E,s4 and radioactivity profiles as already described.

Counting of radioactivity. The TCA-insoluble radioactivity was determined by counting the Milli-
pore filters in 10 m! of scintillation fluid, containing 4 g of PPO and 0-1 g of dimethyl POPOP per
litre of toluene. The total and the TCA-soluble radioactivities were counted in 15 ml of a mixture of
xylene, dioxane and ethyl celiosolve (1:3:1 by vol.) containing 14 g of PPO, 1-7 g of dimethyl POPOP
and 60 g of naphthalene per litre. In later experiments, radioactivity was counted after mixing 1 m! of
sample with 2 ml of Biosolv-3 (Beckman Co., Fullerton, Calif.) to which 10 m! of the toluene scintil-
lation solvent were added. The counting efficiency ranged between 75 and 85 per cent. Quenching
corrections were carried out by the channels-ratio method. A Unilux-II (Nuclear Chicago Co., Des
Plaines, IlL.) liquid scintillation spectrometer was used.

Analytical Procedures. Protein was determined according to Lowry, RosEBROUGH, FArRR and
RANDALL (1951) with bovine serum albumin as standard. RNA was determined by the procedure of
Freck and BEGG (1965) in which the lipid extraction step is omitted ; the omission of the lipid extrac-
tion step in the determination of RNA in brain tissue avoids losses of RNA into the organic phase
(SrrpatI, RUET and KHOUVINE, 1967). A factor of 41-5 was used to convert the E, ¢, readings (taken
in a final volume of 1-3 ml) to ug of RNA/ml. Yeast RNA was used as standard. For the determination
of phospholipid phosphorus (BARTLETT, 1959), samples were extracted with three successive portions
of 4 vol. of chloroform-methanol (2:1, v/v). A factor of 25 was used to convert the ug of P to ug of
phosphotipid (HALLINAN and MUNRO, 1965).

High voltage electrophoresis: Portions (1-1-2 ml) of fraction TS were lyophylized, the dry residue
was suspended in distilled water, and samples were streaked on prewetted Whatman No. 1 paper
(6 x 57 cm). Electrophoresis (Electrophorator, Model D, Gilson Medical Electronics, Middleton,
Wis.) was at 4000 v for 20 min in 0-06 M-Na-oxalate buffer (pH 1-9). Strips (1 X 6 cm) of the dry
paper were counted in the toluene scintillation solvent already described.

Polyacrylamide disc gel electrophoresis. The technique described by REISFELD, LEw1s and WiLLIAMS,
(1962) was used with fraction TS prepared as above for high voltage electrophoresis. After the run
(conducted at pH 4-2) the gel was extruded and immersed for 30 sec in a dry-ice-acetone mixture
(—60°C). The frozen cylinder was then divided into about 35 1-mm thick sections by means of the
‘lateral’ slicer (Canalco Co., Rockville, Md.). Each section was placed in a scintillation vial containing
1 ml of Biosolv-3, the capped vials were incubated at 55°C for 16 h and the radioactivity was counted
in 10 ml of toluene scintillation solvent. The counting efficiency was about 75 per cent. Recoveries of
the radioactivity applied to the gel were in excess of 80 per cent.

Chromatography on Cu-Sephadex and TLC. Fraction TS was processed on columns of Cu-Sepha-
dex and the tryptic peptides were separated from the amino acids by the procedure described by
FazaxeriLey and BEsT (1965). The peptide effluent from the Cu-Sephadex column was Iyophylized,
the residue was suspended in 2-4 ml of ice-cold 70 %, (w/v) ethanol and the suspensions was centrifuged
at 3000 rev/min for 10 min. The clear supernatant fluid was quantitatively transferred to another tube
and reduced to about 0-5 m! under N,. Samples were then streaked on a TLC plate coated with silica
gel G according to RiTscHARD (1964). Development by the solvent [chloroform-methanol-34%
(v/v) ammonium hydroxide (2:2:1 by vol.)] was allowed to proceed for a distance of 16 cm. The area
between the line of application of the sample and the solvent front was divided transversely into 16 x
1-cm wide lanes which were individually scraped for transfer to scintillation vials. For counting,
0-5 ml of water followed by 10 m! of the toluene scintillation solvent containing 109} (v/v) of Biosolv-3
were added.

Electron microscopy. Samples were fixed in ice-cold 1-59 (v/v) glutaraldehyde in 01 M-phosphate
buffer (pH 7-4) and post-fixed for 2 h in a 29 (w/v) solution of ice-cold OsQ, in 0-1 M-phosphate
buffer (pH 7-4) also containing 5% (w/v) sucrose. After a brief buffer wash, the samples were dehy-
drated at room temperature in a graded series of alcohols and washed thrice with pure propylene
oxide, once with propylene oxide-Epon 812 (1:1, v/v) and once with pure Epon 812. Embedding was
in Epon 812 of medium hardness in ‘beem’ capsules with successive 24 h polymerizations at 37°,
45° and 60°C. The ultra-thin sections were mounted on bare 400-mesh copper grids and were stained
with 59 (w/v) uranyl acetate in 50%; (v/v) ethanol. They were counterstained for no longer than
15 min with lead citrate and examined in a JEOLCO, JEM 6-A electron microscope.

RESULTS

Characterization of the polyribosomes. The UV (extinction) spectrum of the free
polyribosomes exhibited an E,¢/E,g0 ratio of 1-84, which was also the value of its
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E ax/Ezgo ratio; the Ep,.y/Enia 1atio (Ejeo/E,3s) was 1-48. ZoMmzeLy et al. (1966)
reported E,./En, ratios of about 1-5 and E,¢0/E, g, ratios of about 1-7 for ‘mixed’
ribosomes isolated from the cerebral cortex of adult rats. YAMAGAMI, Masul and
KawakiTa, (1963) and YAMAGAMI and Mori (1970) determined values of 1:65 for
the E,x/Ennia 1atio of ribosomes from guinea pig brain and 1-58 for polyribosomes from
6-day rat whole brain, whereas DATTA and GHOsH (1963) and MURTHY and RAPPOPORT
(1965) reported E,,./Eni, ratios of 1-75 for ribosomes from goat and rat brain,
respectively.

The RNA, protein and phospholipid contents of the free polyribosomes before
and after treatment with deoxycholate are summarized in Table 1. The preparation
contained 0-26 mg of protein and 0-153 mg of RNA pergwet wt. cortex and exhibitedan
RNA/protein ratio of 0-59 before and 0-58 after treatment with deoxycholate. There-
fore, since the phospholipid content was negligible, the preparation could be con-
sidered devoid of contamination by the membranes of the endoplasmic reticulum
(MurtYy and HALLINAN, 1969). A morphological corroboration of the biochemical
purity of the polyribosomes is illustrated in Fig. 1.

TABLE 1.—RNA, PROTEIN AND PHOSPHOLIPID CONTENTS OF CEREBRAL FREE POLYRIBO-
SOMES BEFORE AND AFTER TREATMENT WITH DEOXYCHOLATE

RNA Protein  Phospholipid RNA Phospholipid

(mg/g) (mg/g) (mg/g) protein protein
Control 0-153 4-0-06 026 & 0-02 0:021 4- 0-01 0-59 0-08

@ C)] @
+DOC 0111 016 0-013* 0-58% 0-08*
2) )] @
Percentage
recovery 72-5 615

Means + s.D. or averages are given for the number of determinations given in
brackets. All data are expressed per g wet wt. of cerebral cortex. Consult text for details.

* At the limit of reliability of the method; } After correction for unequal recoveries
of RNA and protein.

Abbreviation: DOC, deoxycholate.

The effects of trypsin and of EDTA. Trypsin caused a significant disaggregation of
the polyribosomes (Fig. 2) if allowed to incubate for one minute and if its concentra-
tion exceeded 5 pg/ml. Disaggregation could be avoided by shortening the incubation
to 15 seconds and lowering the concentration of the protease to 0-5 pg/ml or less
(Fig. 3). Increasing the concentration of trypsin to 5 pg/ml (Fig. 3C) resulted in visible
disaggregation to monomers and dimers and also in the release of about half of the
nascent radioactivity formed on the polyribosomes in vivo following a 5 minute pulse
of [**C]leucine (Table 2; experiment 1). The trypsin-resistant radioactivity shifted
toward the lighter regions of the gradient (Fig. 3C; tubes 5 to 10), i.e. in the direction
of increased disaggregation. Moreover, like the polyribosomal disaggregation, the
release of the nascent radioactivity (Table 2) could also be effectively modulated by
prolonging incubation and/or by increasing the concentration of trypsin; yet it was
not possible, under any of the conditions used, including the most rigorous ones
(Table 2; experiment 3), to strip the polyribosomes of all their radioactivity. Thus,
fraction TP always had radioactivity associated with it.



F1G. 1.—The appearance of the free polyribosomes in the electron microscope. The
electron micrograph shows a representative field of free polyribosomes at a magnification
of x 10,300 (negative) and <46,000 (print). For preparative details, see ‘Methods.”
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Fic. 2.—The effect of trypsin on polyribosomal aggregation. To triplicate 1 ml por-
tions of a polyribosomal suspension (about 0-25 mg of protein/ml) were added : (A) 20 ng
of trypsin and 100 pg of trypsin-LBI; (B) 5 ug of trypsin alone and (C) 20 ug of trypsin
alone. Incubation (0°C; 1 min) was terminated by the addition of 100 ng of trypsin-LBI
to samples (B) and (C). The suspensions were then loaded on 15-40%, (w/v) sucrose
density gradients (see Methods) and the gradient tubes were centrifuged at 165,000 g
for 1 h. The extinction profiles of the polyribosomal aggregates were monitored con-
tinuously as described in ‘Methods’.
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Fic. 3.—The absorbance and radioactivity profiles of cerebral polyribosomes after a
5-min ir vivo pulse of [1*Clleucine. Free polyribosomes were isolated from cortices of
animals which had received an injection of [1*Clleucine (see ‘Methods’) 5 min before
death. Three animals were used. The suspension of polyribosomes was divided into three
portions of 0-8 ml each (0-2 mg of protein). One served as control, and trypsin was
added to the remaining two to achieve the concentration/ml indicated. Incubation was
for 15 s at 0°C. It was arrested by the addition of a five-fold excess (by weight) of trypsin-
LBI and the ice-cold suspensions were loaded on 15-40 %, (w/v) sucrose density gradients.
The tubes were centrifuged at 165,000 g for 1 h. The extinction profiles (left ordinate)
were obtained by continuously monitoring the effluent at E, 54, as described in “Methods’.
Radioactivity (right ordinate) was determined in each tube (also as described in
‘Methods’) and is expressed as c.p.m./tube.

Although treatment of the fraction TP with EDTA proved effective in releasing
most of the radioactivity (>95 per cent) which resisted trypsin, closer inspection of the
E, s, profile of such an EDTA-treated preparation revealed perceptible radioactivity
in the region of the gradient in which ribosomal subunits are known to sediment. Since
these findings suggested that de novo assembly of ribosomes had taken place during
the 5-minute [*#Clleucine pulse which had been administered, the experiments were
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TABLE 2.—THE EFFECT OF CONCENTRATION OF TRYPSIN AND OF DURATION OF TRYPTIC
DIGESTION ON THE RELEASE OF NASCENT RADIOACTIVITY

Radioactivity
Experiment Time of Trypsin Released* Resistant{
No. incubation

(s) (pg/ml) (Per cent) (Per cent)

1 15 none 0 100

15 0-01 15 85

15 0-05 24 76

15 50 56 44

2 60 05 68 32

60 50 74 26

3 30 min 20-0 78 22

Free polyribosomes were isolated from animals injected with [1*CJleucine 5 min
before death (see Methods for details). In expt. No. 1, the polyribosomes from
three cortices (about 0-45 mg of protein) were suspended in 3 ml of 1 mmM-Mg-
acetate, 20 mm-tris (pH 7-2), and 25 mM-KCl, and four samples of 0-70 ml each
were treated as indicated. The total radioactivity was determined on the remaining
0-2 ml. After 15s of incubation with trypsin, a five-fold excess (by weight) of
trypsin-LBI was added, as required, and the suspensions were centrifuged for 45 min
at 269,000 g. The total radioactivity of the supernatant, fraction TS, was deter-
mined. The trypsin-resistant radioactivity of fraction TP (the pellet) was obtained
as the difference in radioactivity between fraction TS and the initial polyribosomal
suspension. In expts. Nos. 2 and 3, the procedure was identical to that described
above for expt. No. 1, except for the incubation conditions which varied as
indicated.

* Total radioactivity of fraction TS. The radioactivity of the initial polyribo-
somal suspension was taken as 100 per cent.

1 Calculated by difference. Resistant refers to fraction TP.

repeated with freshly isolated polyribosomes. As shown by the E,s, and the radio-
activity profiles of such preparations after EDTA treatment (Fig. 4), both ribosomal
subunits were labelled. In addition, as indicated by the relative displacement of the
peak of radioactivity in the EDTA-treated preparation in comparison to the control
preparation, EDTA presumably released peptidyl-RNA molecules (PHiLipps, 1966)
under conditions in which finished RNA-free polypeptides came off the control poly-
ribosomes (BRETSCHER, GOODMAN, MENNINGER and SMITH, 1965).

Modulation of the release and of proteolysis of the nascent polypeptides.

(a) By the conditions in vitro. These experiments revealed (i) a rather uniform time
course of release of the nascent polypeptides as determined by measuring the radio-
activity of the TCA-insoluble portion at various intervals during the incubation
with trypsin (Fig. 5A), and (ii) an equally uniform digestion of these polypeptides to
TCA-soluble fragments (Fig. 5B). The effect of varying the concentration of trypsin
on the TCA-soluble peptide fragments present at the end of 9 min of incubation is
illustrated in Fig. 6.

(b) By the [1*Clamino acid precursor. Prelabelled polyribosomes were incubated
with trypsin and chymotrypsin, and the proportions of the released nascent polypep-
tides which were present in fraction TS as TCA-soluble fragments (TS, TCA-soluble,
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F1G. 4.—The effect of EDTA on cerebral free polyribosomes. Free polyribosomes were
isolated from cortices of animals which had received an injection of [**C]leucine (see
‘Methods’) 5 min before death. Three animals were used. The suspension of polyribosomes
was divided into two portions of 0-5 ml (about 0-3 mg of protein) and to one of these
EDTA was added as described in ‘Methods’. The other 0-5 mlportionreceived an equal
volume of saline. Both suspensions were centrifuged at 53,000 g for 15 h and the values
for E,s, and radioactivity were determined as described in ‘Methods’. The top half
of the figure shows the extinction profiles of the control and the EDTA-treated pre-
paration separately, whereas the bottom half illustrates the radioactivity profiles of
the control and the EDTA-treated preparation together. Note the positional con-
cordance of the large and small subunit F,ss and radioactivity peaks (tubes 7 and
12, respectively) in the EDTA-treated curves, and the virtual absence of radioactivity
in the region of heavy aggregates (tubes 2 and 3) in the control curve.

Table 3) and as trypsin-resistant, TCA-insoluble radioactivity (TP, TCA-insoluble,
Table 3) were compared as a function of the amino acid precursor. In these experi-
ments it was assumed that a correlation might exist between the phenylalanine-
labelled polypeptides and their susceptibility in vitro to chymotrypsin and, alternatively,
between the arginine-labelled polypeptides and their susceptibility in vitro to trypsin.
Leucine-labelled polypeptides were assumed to be equally susceptible to both proteases.
The results (Table 3) conformed only partly to these expectations. Although the diges-
tion of the arginine polypeptides by trypsin was no greater than that of the leucine
polypeptides, the release of the arginine polypeptides from polyribosomes was more
complete (3:1 vs. 74 per cent remaining in fraction TP). Similarly, although the diges-
tion of the phenylalanine polypeptides by chymotrypsin was no greater than that of
the leucine polypeptides, the release of the phenylalanine polypeptides from the poly-
ribosomes was also more complete (7-2 vs. 12:3 per cent in fraction TP). Moreover,
as expected, the release of the arginine polypeptides by chymotrypsin was the least
complete (19-7 per cent remaining in fraction TP).

(¢) By the duration of the in vivo pulse. The susceptibility of the nascent polypeptides
to release from the polyribosomes and, in turn, to proteolysis to smaller, TCA-soluble
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F1G. 5.—The effect of trypsin on the release of the nascent polyribosome-bound radio-
activity. A. Polyribosomes were isolated from cortices of animals which had been in-
jected with [**Clleucine 5 min before death (see Methods). Trypsin (20 pg/ml) was
added to 2 ml of a suspension of polyribosomes which was then incubated at 0°C for
the intervals indicated. Samples (300 ul) were withdrawn at intervals and their TCA-
insoluble radioactivity was determined as described in Methods. The TCA-insoluble
radioactivity of the initial polyribosomal suspension was taken as 100 per cent (= 5298
c.p.m./g wet wt. of cortex).

B. At the intervals indicated, portions (300 i) of the incubation mixture were with-
drawn and the TCA-soluble radioactivity was determined by collecting the TCA used to
precipitate the TCA-insoluble materials (in A) as it passed through the Millipore filters
(see Methods). To obtain the values plotted, 483 c.p.m./g representing TCA-soluble back-~
ground radioactivity (determined on the initial polyribosomal suspension) were sub-
tracted at each interval. Note that after 9 min of incubation about 400 c.p.m./g were

available as TCA-soluble radioactivity.

fragments, was examined as a function of the duration of the in vivo pulse ([1*C]
leucine). To determine the susceptibility to release, 20 ug/ml of trypsin were added to
suspensions of polyribosomes isolated from animals pulsed for 2, 5 or 10 min, and
the release of the nascent chains was estimated at the end of the 30-min incubation
at 0°C by determining the TCA-insoluble radioactivity which remained in fraction
TP. Since the release was expressed (Fig. 7) as the percentage difference from the total
TCA-insoluble radioactivity of the polyribosomal suspension (taken as 100 per cent;
MaLkiN and RicH, 1967), a larger fraction of the nascent radioactivity could be
released from polyribosomes which had incorporated [*“C]leucine for longer times.
Of particular interest was the finding that 75 per cent of the radioactivity which became
polyribosome-bound after 2 min of pulse was of sufficient chain length to be attacked
by trypsin. The plot shown in Fig. 7 does not distinguish between the respective
proportions of polypeptide available in fraction TS as TCA-soluble or TCA-insoluble
materials. This distinction is made in Fig. 8; after 5 min of a [**C]leucine pulse, about
55 per cent of the tryptic and about 70 per cent of the chymotryptic digests of the
polyribosomal suspensions were TCA-soluble; conversely, only a uniform 40 per cent
was TCA-soluble after 2 min of pulse.
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Fi1G. 6.—The effect of concentration of trypsin on the TCA-soluble radioactivity
derived from the released polypeptides. Conditions for the preparation of labelled poly-
ribosomes and for incubation with trypsin were as described in the legend of Fig. 5,
except that at the end of 9 min all samples were treated with TCA and the TCA-soluble
radioactivity was determined (see Methods). Note that in this experiment, there were
also about 400 c.p.m./g after incubation for 9 min with trypsin (20 pug/ml), in agree-
ment with the similar value obtained in the experiment illustrated in Fig. 5B.

TABLE 3.—THE RELEASE AND THE PROTEOLYSIS OF THE NASCENT ['*C]POLYPEPTIDES: THE EFFECT OF
THE TYPE OF AMINO ACID PRECURSOR

Protease Fraction* Radioactivity Leucine Arginine Phenylalanine
determined as:  (Per cent) (Per cent) (Per cent)
TS TCA-soluble 54-2 337 —
TCA-insolublet 45-8 66-3 —
Trypsin TP TCA-insoluble} 75 31 —
TS TCA-soluble 512 24-8 20-6
Chymotrypsin TCA-insoluble?t 48-8 75-2 79-4
TP TCA-insoluble} 123 197 72

*TS and TP are respectively the supernatant and the pellet resulting from the high-speed
(269,000 g, 45 min) centrifugation of the protease-treated polyribosomal suspensions (see ‘Methods”).

t Calculated by difference; the total (TCA-insoluble + TCA-soluble) radioactivity of fraction
TS being 100 per cent.

t The radioactivity of fraction TP refers to the TCA-insoluble radioactivity resistant to release
by the protease and hence polyribosome-bound. It is expressed as a percentage of the sum of its own
value + the total (TCA-insoluble 4+ TCA-soluble) radioactivity of fraction TS.

Polyribosomes were isolated from cortices of animals injected 5 min before death with the radio-
active amino acid indicated (see Methods for details). The polyribosomes were suspended in 1 mMm-
Mg-acetate, 20 mm-tris (pH 7-2), and 25 mMm-KCl, and the proteases were added to achieve a concen-
tration of 20 pg/ml. After 30 min at 0°C, protease action was arrested by the addition of the trypsin-
LBI, 100 ug/ml (see MALKIN and RicH, 1967, for the effectiveness of a trypsin inhibitor to arrest
the action of chymotrypsin), and the suspensions were centrifuged for 45 min at 269,000 g to give
fractions TS and TP respectively, the supernatant (TS) containing the totality of the released radio-
activity and the pellet (TP) containing the trypsin-resistant, polyribosome-bound radioactivity. The
total radioactivity of fraction TS was determined on a portion and the remainder of this fraction was
treated with TCA, as detailed in Methods. The TCA-soluble portion of fraction TS was determined.
The TCA-insoluble radioactivity was calculated as a percentage by subtracting the TCA-soluble
radioactivity from the total radioactivity of fraction TS, taken as 100 per cent. The TCA-insoluble
portion of fraction TP was also determined as indicated in Methods and values for it have been
expressed as a percentage of the sum of its own radioactivity plus the total radioactivity of fraction TS.
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Fi. 7.—The effect of the duration of the in vivo pulse on the release of nascent poly-
peptides. Suspensions of polyribosomes isolated from animals which were pulsed with
[1*Clleucine, as indicated, were incubated with trypsin (20 pg/ml) for 30 min. Three
animals were used for each time point and each experiment was repeated at least twice.
The total radioactivity of the initial polyribosomal suspensions and of fractions TP
obtained from them by the procedure outlined in Methods was determined. Tryptic
release is expressed as the percentage of the initial polyribosomal radioactivity which
was no longer associated with fraction TP at the intervals examined (see Fig. 9 of
MALKIN and RIcH, 1967). The percentage values were 74-1 and 75-0 at 2 min, 824, 80-2
and 68-8 at 5 min and 80-0 and 87-4 at 10 min.
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FiG. 8.—The effect of the duration of the in vivo pulse on the appearance of TCA-
soluble radioactivity in fraction TS. Suspensions of polyribosomes isolated from animals
which were pulsed with ['*Clleucine, as indicated, were incubated with 20 pg/ml of
trypsin for 30 min. Three animals were used for each time point and each experiment was
repeated at least thrice. At the end of the incubation which was arrested by the addition
of a five-fold excess (by weight) of trypsin-LBI, the suspensions were centrifuged at
269,000 g for 45 min to obtain fraction TS (see Methods) and the TCA-soluble radio-
activity of this fraction was expressed as the percentage of the total radioactivity
released. The actual per cent mean values + s.D. were: 41-1 4 14-2 at 2 min, 58-4 4 62
at 5 min and 40-8 + 15-2 at 10 min.
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Characterization of the nascent polypeptides

(A) By high voltage electrophoresis. The electrophoretic profiles of the nascent
polypeptides which became polyribosome-bound after 2, 5 or 10 min of a [**C]leucine
pulse were obtained by subjecting suitable suspensions of labelled polyribosomes to
identical tryptic treatment (20 pg/ml for 30 min at 0°C), followed by high voltage
electrophoresis of the resulting fraction TS. The fastest moving cathodic component
(20-24 cm from the origin) which was readily discernible in the 2- and 5-min profiles,
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Fi6. 9.—High voltage electrophoresis of the nascent polypeptides. Polyribosomes iso-
lated from animals prelabelled with [*“Clleucine were incubated with chymotrypsin or
trypsin (20 pg/ml) for 30 min at 0°C. The reaction was stopped by the addition of pro-
tease inhibitor (100 pg/ml). Portions of the supernatant fluids obtained by centrifuga-
tion of the incubated suspensions at 269,000 g for 45 min (fraction TS) were processed
for high voltage electrophoresis as outlined in ‘Methods’. The duration of the electro-
phoretic run was 20 min. The profiles were determined by plotting radioactivity as a
function of migration (in cm) from the origin.
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Fi1G. 10.—Polyacrylamide disc gel electrophoresis. Prelabelled polyribosomes (5 min

of an in vivo pulse of [**Clamino acid) were incubated with trypsin (20 ug/ml) for 10

min at 0°C and fraction TS (see the legend of Figs. 8 and 9) was prepared and lyophyliz-

ed. The dry residue was suspended in 0-2 ml of distilled water, insoluble materials were

removed by centrifugation (2000 rev/min for 10 min) and electrophoresis was con-

ducted in 159 (w/v) polyacrylamide gels for 60 min as described by REISFELD et al.
(1962). For additional details, see Methods.

-

Radioactivity (Disintegrations/min)

was no longer present in the fraction TS obtained after 10 min of pulse (Fig. 9).
These findings indicated that nascent polypeptides did not remain bound to their
polyribosomal template for more than a few minutes after their completion before
being translocated to nonribosomal compartments of the cell.

(B) By polyacrylamide gel electrophoresis. Polyribosome-bound, nascent polypep-
tides available for tryptic or chymotryptic release into fraction TS at 5 min after a
pulse with either [*#CJarginine or [**C]leucine were analysed by the polyacrylamide
disc gel procedure for basic proteins described by REISFELD et al. (1962). As expected
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Fi1G. 11.—Thin-layer chromatography. Fraction TS was prepared as described in the
legend of Fig. 8 and was lyophylized. The dry residue was suspended in 1 ml of 0-05 M-
borate (pH 11-0) and was applied to the Cu-Sephadex (G-25) column (2 x 45 cm). The
remainder of the separation was as outlined by FAZAKERLEY and BEsT (1965). The tubes
containing the radioactive peptides were pooled and the radioactivity was extracted and
subjected to monodimensional TLC, as described in Methods. The profile shown was
determined by plotting the radioactivity as a function of the distance (in cm) from the
origin. The solvent front migrated a distance of 16 cm.
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(Fig. 10), some of the arginine-labelled polypeptides migrated much faster than any
of the leucine-labelled polypeptides and exhibited a large peak in the gel slice No. 29.
On the other hand, the highest leucine-labelled peak and the smallest arginine-labelled
peak were in gel slice No. 13. An additional difference between the two patterns was
the much larger proportion of labelled peptides in the leucine profile which did not
migrate away from the origin.

(C) By thin-layer chromatography. Fraction TS was obtained by treating a polyribo-
somal suspension (labelled in vivo with [**C]leucine for 5 min) with trypsin (20 pg/mi
for 30 min at 0°C). The mixture was lyophylized and the residue was suspended in
1 ml of 0-05 M-borate (pH 11-0). This suspension was applied to a column of Cu-
Sephadex, and the peptide fractions and the amino acid fractions were collected
separately. No more than 10 per cent of the radioactivity applied to the Cu-Sephadex
column was eluted in the amino acid fraction, with about 90 per cent appearing in the
peptide fraction. The latter fraction was examined by monodimensional TLC (Fig. 11)
with indication of the presence of at least four distinct areas containing radioactive
peptides.

DISCUSSION

CAMPAGNONI and MAHLER (1967), who developed the procedure for the isolation
of free polyribosomes from the cortex of 17-21 day old rats, did not report analytical
figures or yields in their original paper but in a later paper (MAHLER and BROWN,
1968) an average yield of 0-28 mg of polyribosomal protein per g wet wt. cortex is
mentioned, in excellent agreement with our value of 0-26 mg/g (Table 1). ZoMZELY
et al. (1966) reported a yield of 0-1 mg/g for RNA in ‘ribosomal aggregates’ obtained
in the presence of deoxycholate from whole brains of 7-week old rats; no additional
information on yield was provided in their later paper (ZOMZELY ef al., 1968) in which
brains of 23-25 day old rats were used. MURTHY (1966) has reported yields ranging
from 0-18 to 1-02 mg of protein per g depending on the procedure used to obtain ribo-
somes from whole brains of rats of unspecified age. Recently YAMAGAMI and MORI
(1970) reported a protein yield of 0-56 and 0-45 mg/g of whole brain for a total tissue
polyribosomal preparation obtained with the aid of 19, (w/v) deoxycholate from 6-
and 90-day old rats, respectively.

After treatment of the free polyribosomes with deoxycholate (Table 1) to remove
contaminating lipidic materials as recommended by MURTY and HALLINAN (1969)
and a suitable correction for the differences in the recovery of protein and RNA
(61-5 and 72-5 per cent, respectively), the RNA/protein ratio of our polyribosomal
preparation remained unchanged. This finding, taken together with the excellent con-
cordance of our protein data with those of MAHLER and BROWN (1968), indicates
that our preparation contained no adsorbed membranes of the endoplasmic reticulum
which, obviously, would contribute both protein and lipid. Contamination by
extraneous proteins which do not contain lipid is considered highly unlikely in view
of the ‘clean’ appearance of the preparation under the electron microscope.

CaMPAGNONI and MAHLER (1967) and later MAHLER and BROWN (1968) provided
no solid analytical data on the RNA/protein ratios of free polyribosomal preparations
of brain. Ribosomal RNA/protein ratios of about 1-0 were determined earlier by
MurTHY (1966), who used the biuret and the orcinol reactions for protein and RNA,
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respectively. ZOMZELY et al. (1966) reported some analytical data for their ‘mixed’
ribosomal preparation, but neither that paper nor their later one (1968) reports
analytically determined ratios for free polyribosomes. They merely state (ZOMZzELY
et al., 1968): ‘Incidentally, cerebral polyribosomes prepared in the absence of deter-
gent exhibited the same high RNA to RNA + protein ratio (about 0-6) as the usual
preparation’ and do not specify whether they used spectral or analytical methods to
support this statement. To obtain the RNA/protein ratio of 0-59 (Table 1), RNA was
determined by a UV method (FLECK and BEGG, 1965) adapted for brain tissue in which
the polyribosomes were not extracted with organic solvents (see ‘Methods’). More-
over, unlike ZOMZELY et al. (1966), we used the cerebral cortex of 12-13 day old rats
and not the whole brain of 4- or 7-week old animals (ZOMZELY et al., 1968). Recently,
YAMAGAMI and MoriI (1970) have shown that the RNA/protein ratio of polyribosomal
preparations varies widely as a function of age of the animal, ranging from 1-06 for
6-day to 0-67 for 90-day old brains; these authors also showed that at 12 days of
postnatal age polyribosomes contain less than one-half of the RNA per gram of brain
present in a similar preparation isolated from a 30-day old rat brain. Our free poly-
ribosomal preparation exhibited an E, g0/ E, 50 ratio of 1-84, in excellent agreement with
the ratio of 1-85 obtained by YamMaGami and Mori (1970) for polyribosomes of 6-day
old rat brain and also with the ratio of 1-72 obtained by LERNER and JOHNSON (1970) for
ribosomes of 11-day old mouse brain. The preparation also had an E,,,,/En;, (260/235)
ratio of 1-48 which, as ZoMzeLY et al. (1966) have stated, is a sufficiently high value to
indicate that the preparation is relatively free of extraneous proteins.

In the present experiments, the free polyribosomes were isolated from the cerebral
cortex of 12-13 day old male rats in a medium containing no sucrose and in which the
concentration of Mg2?* was 5 mM. Previously, free polyribosomes of a comparable
degree of structural integrity (i.e. containing almost no monomers or dimers; Fig. 2A)
were demonstrated only by CAMPAGNONI and MAHLER (1967), who prepared the free
polyribosomes from homogenates of the cerebral cortex of 18-24-day old rats in
0-35 M-sucrose and 10 mM-Mg?*. An additional difference between the present pro-
cedure and that of CAMPAGNONI and MAHLER (1967), again apparently not of crucial
importance, was the layer of 0-5 M-sucrose (in 10 mM-Mg?*) which we interposed
between the sample containing the total tissue polyribosomes and the layer of 2-0
M-sucrose (also in 10 mM-Mg2*) through which the free polyribosomes are sedimented
in the final step of both procedures. Our sucrose density gradients and those of
CAMPAGNONI and MAHLER (1967) had the same ionic composition, namely 1 mMm-
Mg-acetate and 25 mm-KCl.

Thus, our results conform to the conclusions reached by CAMPAGNONI and
MaHLER (1967), who stated that in order to isolate intact, heavily aggregated poly-
ribosomes from immature cerebral cortex, it is not necessary to resort to the high
concentrations of Mg?* and K prescribed (for quite different polyribosomal prepara-
tions) by ZoMzELY et al. (1966) and, more recently, by MacInNes, McCoNKEY and
SCHLESINGER (1970).

Cerebral polyribosomes, prepared in the presence of an unusually high concentra-
tion of deoxycholate (2 %;, w/v), reportedly suffer no damage when treated with trypsin,
albeit under unspecified conditions (APPEL, DAvIS and Scort, 1967). In the present
study, our aim was to use trypsin and chymotrypsin as probes for the elucidation of
the nature of the association of the growing nascent polypeptides with the ribosomal
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particles. Before establishing the conditions of proteolysis which would be required
to do this with free polyribosomes from brain, and thus confirm the findings of MALKIN
and RicH (1967) and of BLoBEL and SaBATINI (1970), who worked with reticulocyte
and hepatic polyribosomes respectively, we examined the relationship between the
structural damage imparted to our preparation of free polyribosomes by trypsin and
the release of nascent polypeptides from them. We found (Figs. 2 and 3) that treatment
of the polyribosomes with trypsin resulted in a change of their state of aggregation
only if the incubation conditions exceeded certain limits (Fig. 3; Table 2). Our studies
thus revealed the apparent independence of the polyribosomal disaggregation elicited
by trypsin from the release of nascent radioactivity equally well elicited by trypsin,
since it was possible to cause (a) an appreciable release of the nascent radioactivity
even while causing no structural damage to the polyribosomes, and conversely, (b)
even when the polyribosomes were totally degraded, an incomplete release of the
radioactivity.

The latter result is of particular significance because it confirms previous observa-
tions made with polyribosomes of other cells. In experiments on rabbit reticulocytes
labelled in vitro as intact cells, MALKIN and RicH (1967) demonstrated that tryptic
hydrolysis at low-temperature (0°C) released only about one-half of the nascent
polypeptides forming on the extensively labelled polyribosomes. More recently,
BLoBEL and SaBaTINI (1970), working with free polyribosomes of rat liver labelled
in vitro, were able to remove about 80 per cent of the radioactivity by incubating the
polyribosomes with trypsin and chymotrypsin (50 ug/ml each) for 5h at 0°C. Our
results (Table 2) show that a maximum of about 80 per cent of the nascent radioactivity
could also be removed from cerebral free polyribosomes labelled in vivo with a 5-min
intrathecal pulse of ['*C]leucine. The mild conditions necessary to release a maximal
amount of the cerebral nascent polypeptides contrast with the rather drastic conditions
required for the hepatic and the reticulocyte systems. The findings of trypsin-resistant
ribosome-bound nascent radioactivity implies to us, as it did to MALKIN and RicH
(1967) and to BLOBEL and SABATINI (1970), that the growing ends of the nascent
polypeptides were protected against tryptic attack by ribosomal structure. Experi-
ments in which fraction TP was treated with EDTA and 95 per cent of its radioactivity
was released concomitantly with the dissociation of the ribosomes into subunits
support this viewpoint and agree with the findings of MALKIN and RicH (1967). The
finding that the chains released from the polyribosomes by EDTA were still attached
to sRNA (Fig. 4, lower panel) is a further indication that, as in the reticulocyte, the
attachment of the polypeptides to sSRNA does not account for their resistance to
trypsin. Plotting the percentage of the initial radioactivity of a prelabelled polyribo-
somal suspension which remained TCA-insoluble as a function of the time of incu-
bation with trypsin (Fig. 5A) revealed that about 66 per cent was still TCA-insoluble at
the end of 30 min of incubation. The c.p.m./g of TCA-soluble radioactivity generated
during the same 30 min period is also plotted (Fig. 5B). No TCA-soluble radioactivity
appeared in fraction TS during the first minute of incubation, a result which suggests,
although by no means proves, that the digestion of the nascent polypeptides to TCA-
soluble fragments can effectively proceed only after release from the polyribosomes
as TCA-insoluble blocks has been achieved.

Although the results of the above experiments and of those shown in Table 3
clearly point to qualitative and quantitative differences in the susceptibility of the
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growing polypeptide chains to proteolytic attack, they reveal little concerning the
regions of the nascent chains that are resistant to proteolysis. As pointed out by
MALKIN and RicH (1967), ‘the fact that the resistant portions are still attached to the
ribosome suggests, but does not prove, that the more distal regions of the chains are
being hydrolysed.” Similarly, BLOBEL and SaBaTini (1970) have stated that: ‘In a
sufficiently long nascent polypeptide, two segments can be defined on the basis of
their susceptibility to proteolysis. One segment is of variable length, is accessible to
proteolytic enzymes, and is rapidly digested to acid-soluble peptides; the other is
largely protected from digestion and accounts for the residual radioactivity . . .” To
gain information on whether an analogous situation holds for cerebral nascent
polypeptides, advantage was taken of the fact that nascent polypeptide chains grow
from the ribosome outward and thus selective labelling of the proximal region can
be effected by pulsing the cortical cells with the [**Clamino acid for a length of time
shorter than that needed for the complete synthesis of average-length chains. With only
the proximal regions labelled, proteolysis should not release any radioactive material;
with longer pulse times in vivo, the more distal regions of the chains will become label-
led and trypsin should then release radioactive materials. Our results (Fig. 7) indicate
that after barely 2 min of in vivo pulse about 75 per cent of the polyribosome-bound
radioactivity was already susceptible to tryptic release and hence, most likely, con-
sisted of full-length chains. Consequently, since 2 min appeared to be a considerably
longer period of time than that required for the synthesis of complete chains, we could
not ascertain unequivocally whether only the proximal ends of growing polypeptide
chains were resistant to trypsin and hence were protected by ribosomal structure.
However, the 10 per cent increase in the susceptibility of the chains (from 75 per cent
at 2 min to about 85 per cent at 10 min, Fig. 7) is compatible with this supposition.
We did not carry out the elegant pulse-chase experiment designed by BLOBEL and
SaBATINI (1970), which permitted them to identify directly and unambiguously the
resistant segment at the carboxy (ribosomal)-terminal end of the nascent polypeptide.

The chemical nature of the nascent radioactivity formed on the ribosomes of brain
in vitro has been investigated by several workers. RUBIN and STENZEL (1965) studied
the formation of a ‘soluble protein unique to brain’ and determined its isoelectric
point and immunological reactivity, while CAMPBELL, MAHLER, MOORE and TEWARI
(1966) described a ribosomal system from immature brain capable of synthesizing a
soluble, acidic protein. More recently, a polyribosomal system which converts about
40 per cent of the radioactivity added to the system to TCA-insoluble products was
reported from the latter laboratory (MAHLER and BROWN, 1968). To our knowledge,
there have been no previous reports on the characterization of nascent polypeptides
formed on brain polyribosomes in vivo. Unlike MALKIN and RIcH (1967) and BLOBEL
and SABATINI (1970), who focused on the characterization of the polyribosome-bound,
trypsin-resistant segments of the growing polypeptides, we directed our efforts at the
characterization of those segments of the growing chains which could be released from
the polyribosomes by trypsin or chymotrypsin and which presumably reflected, there-
fore, the spectrum of molecules specifically assembled on the free polyribosomes.
Although we have obtained preliminary results which suggest that the spectrum of
nascent polypeptides formed on the free polyribosomes of cerebral cortex does not
exactly match that formed on the endoplasmic reticulum-bound polyribosomes
(SELLINGER and OHLSSON, 1969 ; SELLINGER, OHLSSON and FRANKEL, 1969), we cannot
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yet relate these findings to those of other workers who have clearly shown that different
proteins are synthesized on the hepatic free and endoplasmic reticulum-bound poly-
ribosomes (PETERS, 1962; HALLINAN, MURTY and GRANT, 1968; REDMAN, 1969;
Hicks, DRYSDALE and MUNRO, 1969; GaNozA and WILLIAMS, 1969; SABATINI and
BLOBEL, 1970) and, moreover, that the structural proteins of the free and the endo-
plasmic-reticulum ribosomes are different (FRIDLENDER and WETTSTEIN, 1970).

Polypeptides released from polyribosomes prelabelled for 5 min are maximally
susceptible to proteolytic digestion to TCA-soluble fragments (Fig. 8). However,
upon examination of the entire fraction TS by high voltage electrophoresis (Fig. 9),
no difference could be discerned between the 2- and the 5-min pulse profiles, both of
which exhibit a rather distinct cathodic component. Since the 10-min pulse profile
(Fig. 9, lowest panel) failed to reflect the presence of this cathodic component in
fraction TS, we presume that its synthesis was completed within 2 min after administra-
tion of the precursor and that its residence in polyribosome-bound form did not last
for more than 5 min. Consequently, it was released from its polyribosomal template
and translocated to non-ribosomal sites at sometime between 5 and 10 min.

The diversity of the nascent polypeptides is illustrated (Fig. 10) by the disc gel
profiles of the polypeptides released after 5 min of labelling with arginine and leucine.
There is indication of the presence of materials which were selectively labelled by
arginine, but into which leucine apparently failed to incorporate. Incidentally this ex-
periment demonstrates the necessity of characterizing the nascent polypeptides with
more than one labelled amino acid precursor.

Before specific synthetic functions can be assigned to the free polyribosomes as
distinct from the endoplasmic reticulum-bound polyribosomes in any neuroanatomical
area of the brain, the relative synthetic capacities of these polyribosomes in the two
principal cell types comprising cerebral tissue, the neurons and the glial cells, must
be determined. If, as RosE (1969) has recently suggested, neurons and glial cells are
independently programmed to manufacture their own cell-specific proteins, the ful-
fillment of the aforementioned requirement instantly becomes an item of the highest
priority for study. Research on this aspect of cellular specificity in the nervous system
is in progress in several laboratories, including our own (BLOMSTRAND and
HAMBERGER, 1969; AZCURRA, LODIN and SELLINGER, 1969; DUTTON and BARONDES,
1969 ; Cicero, COWAN, MOORE and SUNTZEFF, 1970; SELLINGER and AZCURRA, 1970;
JounsoN and SELLINGER, 1970; SELLINGER, AZCURRA, JOHNSON, OHLSSON and LODIN,
1971).
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