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Precursor and age-dependent differences in in vivo rates of protein synthesis
in the cerebral cortex

Although numerous reports have appeared dealing with the effect of age on
cerebral protein synthesis in vitro4-10.16,18 it is not yet firmly established that these
studies faithfully reflect the in situ relationships which tune the synthetic performance
of brain tissue to its maturational development. In 1966, Johnson and Luttges®
reported a rapid loss with increasing age of the ability of mouse brain cells to incor-
porate amino acids into protein in vitro. Further studies with ribosomal preparations4
confirmed this finding and revealed that, although the poly-U directed synthesis
decreased with age®, no age-dependent differences in the binding of poly-U to template
RNA could account for this decrease’”. Changes in the aggregation statel? and
in the stability’® of polysomes have also been reported during neural development,
yet a recent study failed to note significant age-dependent modifications of the
ability of brain polysomes to incorporate [3H]leucinel8. Roberts et a/.}! summarized
the conflicting information by stating that the ‘overall capacity of the brain for protein
and nucleic acid synthesis varies little with age’.

Our past efforts in the field of cerebral protein synthesis have shown that free
and endoplasmic reticulum-bound polysomes of the immature brain cortex actively
participate in this process!3 and that qualitatively different nascent polypeptides are
among those formed on each of the two polysomal populations!4. Most recently we
also reported that in the developing brain cortex the rates of incorporation of [14C]-
phenylalanine in vivo into the nascent polypeptides of nerve and glial cells®:12 are
quantitatively different. In the present study we compare the formation in vivo of
nascent polypeptides on the free and the endoplasmic reticulum-bound polysomes of
the 7- and 18-day-old brain cortex 10 min after the intracerebral administration of two
different precursors, [1CJleucine and [*4C]phenylalanine. In order to assess fully the
effects of the interplay between the type of precurscr and the age of the animal on the
rates of protein synthesis, we determined at each age (a) the endogenous levels of the
precursors in the cortex; (b) the TCA-soluble radioactivity and the extent of the
conversion of the radioactive precursors to other radioactive, TCA-soluble metabo-
lites; (c) the specific radioactivity of the nascent proteins; (d) the pool-corrected specific
radioactivity of the nascent proteins; and (e) the molar incorporation of the precursors
into the proteins taken to represent the most faithful index of the actual rate of protein
synthesis. We chose 7- and 18-day-old animals because at 7 days the cortex contains
few if any mature glial cells, fully grown dendritic processes and synaptic contacts,
while at 18 days it has abundant glial cells and a virtually complete synaptic organiza-
tion and, moreover, myelination is in its final phase.

The results of the determinations are shown in Table 1. It may be seen (line 1)
that the cortical levels of leucine and phenylalanine changed very little between days
7 and 18 and that thelevels of leucine exceeded those of phenylalanine by about 50 %; at
both ages!l. Table I also shows (line 2) that 3009, more [14C]leucine and 500 %, more
[14C]phenylalanine entered the TCA-soluble pool of the 7-day-old cortex than that of
the 18-day-old cortex. Additionally, thin-layer chromatography (n-butanol-glacial

Brain Research, 34 (1971) 413-417



SHORT COMMUNICATIONS

414

dq dd H dq dd H

Aop-g] dvp~,

2UNIT [ D1/ (s11un ) pauiutiddp |qoLiv 4

‘SUOTIBUILLISIAP JO 19QUINU 2} SI $3saYuated Udmiag "AIANIDBOIPEI SY1dads = *e'1's (sall
-oskjod punoq = dd ‘sowoskjod 2a1) = J.] ‘91euasowoy = H "SIUSWLIAAXS [BNPIAIPUL Y} JO SUBSWL Y] JO dI8 UMOLS sones ay I, "A[panoadsal ‘sjeuniue
Plo-Aep-g] PU® -/ U} JOJ Pasn dIdm X91100 Jo F/umeioxd Jo Sul ¢[| PUB ¢[9 JO SIN[eA 3y} ‘SUOHE[ND[ED 3Y) [[B U] -10sinda1d pagueyoun ‘Afje101 jou
J1‘Apsowr sem (g dUl[) AIAIOBOIPRI 3[qN{os-y D L Y} 18y} uondwunsse pijea 3y} UO pue [ dul] UO pajsi] sonfeA-z1) Y3 WOlJ yusunradxd yors ur paje[noed
Sea 19178] 3Y) ‘PIoR ourwe 10sIndaxd ay) Jo A1AnSBOIpRI dUIoads a3} AQ san[eA AJIALIOROIPEI OYIoads |qnjosul-yDL U3 SuIpIAID AQ Paure}qo 219m (§ dull)
suone10dI0ooUT JBJOW dY L, 'UMOYS 312 PIJRISUST SN} SOIEI [BNPIAIPUL 3U) JO SUBAW AU T, *ANANOEOIpES ayi0ads 9[qn[os-yD L 23Ul Aq ANANOROIpRL SYI53ds
2[qNOSUI-YDL Y3 JO san[ea oy} SUIPIAID £Q “IUSWILISAXS UAAIS B U ‘POUTRIGO SANTANOBOIPEI SYIoads Pa1221100-jood 9y} 01 JOJOX  JUI UO SaN[eA sy ],
-101ndwod g-gqd 9Yr uo wessoid d[qeyns e Suisn W/ JUISIP 0) PIJISAUOD AIOM UIUI/SIUN0D YL
“°/ g PUR 0§ Uoam}aq paguel £ouarorgs Sununoo sy, 1ejewondads (11 xnjiun) 03ed1y) 1edpnN & ul pawriojIad o1am ANAIIOROIPEI JO SHUIWAINSBIUW [V
- ANATIOBOIPRI 210} 9Y) WOIJ AJANIBOIPRI S[QNIOSUI-Y) L U} JO uondenqns £q pauruiialop sem (7 auI]) AJAT)OROIPRI J[qN{OS-YD L YL, "UIW (¢ Jdyjoue
10J 931 UO [003 0) PIMO[[e UdY} SEM PUE D,06 18 UIW Of 10J PAEIY SEm UOISUAASHS Y} “301 UO UI G SOV ‘ayeusdowroy ay) Jo jonbije 1dYyjoue 01 pappe
a1om YOI %01 PlO2-991 Jo [uI§ (g aulf) A1IANDROIPRI S[GN[OSUI-Y) [, 2Y) SUILLIDIOP O 1, *5}UE[[HULIS SUIN[0} JO [UI Q] pUe (31reD ‘uolis[ng o)) ueun|oeg)
¢-Ajosolg JO W 7 ‘19jem Jo [ur | 01 dn Suruieiuod [e1A € Ul sjonbije SUBUN0d AQ PIUILLIARD Sem ojeuafowoy sy} Jo ANANIROIPRI (8101 YL “rrerlDA
W STO'0 Pue ae1soe SN W $00°0 Surureuod ‘g, HA ‘19gnq SLLL W 700 Ut (sexous umop-pue-dn @) Affenuetl paziusSowoy dIoM $IONI0D Y3 ‘sfet
-jue om} wouij anssn Jo Surjood Iayye ‘pUE 19)JBW A)IYM JUBNS JO S]qIssod S 391] SE INO PIJIISSIP 3IaM §3D[1100 U} ‘pareidedap dJam sjel eme L[Ny
ol IoTe[ SAINUIW US], “dUI[PIWT 3U} JO [2A3] 2Y1 1€ A[[enuew patjdde onoalus a[Suls e ul 17 $7°g PIAIAI Jel PIO-Aep-8] Yors PuB 1)7 ¢'g PIAIAI el p[O
-Aep-; yoeyg -10s1n231d Jo |7 0§ UBY} SSI[ YHm A][IqaI20BIIUT PAIIAUT 919M PUR IDYID YIIm PIZIYISoUe A[IYSI| 21aa S1BL ‘¢ PUB T SAUI[ UO PI)SI| SANTANOR
-o1pe1 oyioads oy} ureiqo o “(DQg ] 19po) JazATeue PIdE OUILUE UBLUYIY U} Sursn sisA[eue pajewioint Aq pareiniuenb o1am spIoe oullue 3y} pue 7'y Hd
‘1opnq S1BNH A £90°0 JO WX T Ul papuadsns sem dnPIsax AIp AU L, "PIZIYdoA| sem eIy 33 PUE SId)Y [9OLIION azis-aaod wir G YySnoayy paIdl[y sem
aseyd snoasnbe ayJ, '19YI0 JO SWN[OA [BND3 UB YA (JUI $ INOQE) siuejRUIadns pajood 2y} JO UONORNX (X ¢) PaYeaddl AG PIAOIURI Sem ) I "dIow adUo
pareadar sem ssaooId Surysem ay L, ‘9A0QE se PaSNJLIIURD UoIsuadsns Y3 pue YD L 901 JO [W § YI1s Paysem ‘papuadsnsal sem 19[{od 3y Sultl/ AdI 000 I
1B U gz 10j pasSnJInusd sem uorsuadsns YL "(3ySrom ysaij jo §/[w €) VDL PIoo-931 (A/m) % QT UL (UlW/'AdX (0S ] INOQE Je SAoIs O]) paziuagowoy
sem pue uoneydesop 4Q YIeap 191Je A[S)RIPIUILI PIIOISSIP SBA 18I S[SUIS B JO X31I0D [BIGISD Y} | SUI[ UO UMOYS SIN[EA PIoe ourwre[ gl Y1 urelqo oL
-dg uonoedj syuasaidar
japed Bunnsar sy, U g9 10y § X Q00 POT 38 PASNYINUAD sem pue ) 0 I8 Ul O] 10§ (UOTIBIIUADUOD TeUl “(A/M) % €70 ‘0°L HA) 21e[0Y2£x09p-BN UM
ParEa1} Ssem UOISUIdSNS Y} SUIMBY)Y 181V "D,07— 1 TYSIUISAC UIZOIJ SEM (;3RJINUI 3SOIONS 4 (TN §°Q SY) WOIJ PIIGA0IIL SEM (Ol pue wnnonal
sruse[dopus 3y} 01 Payoee sewosA[od a1 SUIUIBIUOD [BLISIEW JO PUBQ AU, “pr'/P 42 103UI[[9S £q PIQLIDSIP SE PIJB[OST Alam (dd) sewosAod 9213 94 I,

ININVTY
*
“1ANEHA[Jp1] ANV GNIONTTDp ] 40 NOILIEINI TVEEINAOVILINI T1ONIS V ¥ALIV SLVY AT0-AVA-§] ANV -/ A QIZISTHINAS SNIALOUL TVOILIOD INIOSVN

13714vVL

Brain Research, 34 (1971) 413-417



415

SHORT COMMUNICATIONS

*(¢ au1p) ayeusBowoy Supuodsaliod Y3 Jo "BI'S JqNOS-YDL 34} Aq € dUI[ JO ‘BI'S SuIpPIAID AQ PAUTRIQO 44

"UIAIS SI an[eA

sferoae oY) woiy d8ues T 9FvIoAr oY) ‘OPBUI 2I0M SUOHIEUIULISIAP 7 dI9UMm SUDAIS a1k ‘I'H'S T sueaw ‘OpEU I3M SUOHBUILIISNOP JIOW IO ¢ SIOUM

(urdyoad jo Suwy/sojowrd)

8 FiLev 9  FiIgo 9 F oz S¥ F 80S I F 0ss v FIiz uonerodiodur IBOW °§
#+CC0T 9TT #4910 F 091 SO0F €S0 ++L00F 8.0 +x000F $8°0 €00F €0 ('7/°¢) "e'x's pajoanIod-jood “y
@ @ (oD €d] @ ) (uraj01d jo Sw/urw/ 3uwsip)
9z0° T F 2419 98T F LT0'8 STy FS€9°T  TILTFOIb'Zc 607 F I0E'WT  €9S°T F +0c's e'I'S AQNIOSUl-YO L g
(on) (2] (ura04d jo
— — 018 TFeITS — —  LEY'€ T §6L°8C Swi/unw/jusip) "e-1's AQUIOs-VI L, ‘T
(®) ©
— — 8000 F v#0'0 — — 1000 T 8£0°0 (3/sa10w17) proe ourwry[Dgy] 1
dq dd H dg dd H
Avp-gr dvp-,
LI 11 LUE TR fhe TR (s1un) paunuiaiap apqoiiv g
(ur04d Jo Bwy/sajowrd)
L F 9 871 T v08 ] S o ¥ LT F 19z 121 F 6Ly L't F ozos uonerodioout RO °§
+xLT0T 880 »xSTTO0F TTI TO0F 9€0 #xC00T LTO«x900 F 90 000 F 800 ('/*€) "e'1's paydaLIco-[00d ‘¢
(on (6) (28] @ @ (€) (waro01d jo Su/urw/ yuisip)
SLO'TF LLT%  TO'TF 160'S  8S€ T SIST  SOL'c F 2008  00F'S T 060°ST 968 F pLIZ ‘IS J[qN[OSU-YD L ‘¢
D (€ ugdjoxd jo
— — LS6 F soI‘8 — — TIL'OT F 829°LT  Buu/utuy/Juisip) “e'r's Sqn[os-yO 1L ‘7
) (2]
— — $00°0 F 1L0°0 — — 1100 F €900 (8/ssjowrr’y proe ouly[Dg;] °]

Brain Research, 34 (1971) 413-417



416 SHORT COMMUNICATIONS

acetic acid—water, 4 : 1 : 5, v/v) revealed that more than 759 of the TCA-soluble
radioactivity was unchanged [14C]leucine and more than 95%, was unchanged [14C]-
phenylalanine. The incorporation of the [14Clamino acids into TCA-insoluble form is
shown on line 3 of Table 1, while the pool-corrected TCA-insoluble specific radioac-
tivity (PCSA) appears on line 4. Examination of the PCSA values reveals (a) higher
specific radioactivity values for the proteins of the 18- than for those of the 7-day-old
cortex at all levels of comparison (homogenate (H), free polysomes (FP) and membrane-
bound polysomes (BP)) and with both precursors and (b) higher incorporations into
the free than into the membrane-bound polysome-associated nascent polypeptides,
with a greater FP-BP difference for leucine than for phenylalanine. Finally, a com-
parison of the molar incorporations of leucine and phenylalanine into the cortical
proteins (line 5), which provides the best quantitative assessment of the actual rates of
protein synthesis, reveals (a) that the highest rate of incorporation was that of leucine
into the nascent polypeptides associated with the free polysomes of the 18-day-old
cortex and (b) that synthesis of the cerebral proteins is largely precursor- and age-
dependent, since the molar incorporation of leucine increased markedly between
days 7 and 18 while, conversely, that of phenylalanine remained constant over the
same time period.

We may compare the results of Table I to the previous findings of Ojal® who
showed identical molar incorporations of [3H]tyrosine into the brain proteins of 7-
and l4-day-old rats in vivo, of Szijan et al.l5 who reported decreasing PCSA values
with age for the [1#C]phenylalanine pulse-labelled cortical, cerebellar and hypothalam-
ic, but not for the hypophyseal proteins, and of Dainat er al.2 who observed higher
PCSA values for cerebellar [14C]Jleucine pulse-labelled proteins at 14 than at 7 days
post-natally. Finally, it is worth mentioning that Zomzely et al.'® noted an age-
dependent difference in the partition of [3H]leucine pulse-labelled nascent proteins
between the light and the heavy ribosomal aggregates and that in similar experiments
in which preparations of polysomes were examined in linear sucrose density gradients,
we observed a larger percentage of the [14C]leucine pulse-labelled nascent proteins to
associate with the monomer -+ dimer 4 trimer region in the cortices of 18-day-old
animals than in those of 7-day old animals.

We believe that the results shown in Table I should help reconcile some of the
conflicting literature findings listed above, inasmuch as they directly document the
fact that brain cells utilize amino acids unequally during their maturation. We there-
fore recommend that future measurements of cerebral protein synthesis during devel-
opment be carried out with this constraint in mind.
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