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SUMFL&RY . Qlantitat~ve changes in to%~l tRNA and in five individual tRNA 
species have been studied in the developing posterior silkgland during the 
fifth larval instar of the silkworm Bombyx mori L.. Using starvation and 
refeeding of the larvae at two distinct physiological stages - growth and 
secretion phases - half-lives and synthesis rates of tRNAs have been esti- 
mated . Half-llfe times are roughly similar for all tRNA species examined 
(130 h for tRNA Ser , 100 h for tRNA Asp , 97 h for tRNA Gly , 92 h for tRNA 
Ala and 70 h for tRNA Thr) while the rates of synthesis vary widely according 
to the intrace!lular levels of each tRNA species . Our results suggest that 
the adaptation of individual tRNA species takes place at the transcriptional 
level or at the pre-tRNA maturation level . They rule out a regulatory mecha- 
nism through a selective degradation of mature tRNA species . 

INTRODUCTION 

The differentiation in the silkgland of the silkworm Bombyx mori L. 

leads to the massive biosynthesis of the two silk proteins fibroin and sericin 

at the end of the fifth larval stage (I,2) . Of particular interest is the 

intracellular distribution of tP~NA species and of amino acid-tRNA ligases for 

the preponderant amino acids of fibroin (glyeine,alanine and serine) in the 

posterior part . Quantitative changes occur in the tRNA population during the 

fifth instar resulting in a distribution of tRNA species , which matches the 

amino acid composition of fibroin (3-9) . Amino acid-tRNA ligases also are 

quantitatively adapted to their cognate tRNA species (9,10) . This functional 

adaptation takes place in the middle silkgland for sericin synthesis (5,6,9) • 

It has also been observed in many other differentiated systems (ll,12) . 

Part X of a series on Functional Adaptation of tRNAs to Protein Biosynthesis 
in highly differentiated cell system . Part IX , J.P.GAREL (1976) Nature,260, 
805-806 : Quantitative adaptation of isoacceptor tRNAs to mRNA codons of 
alanine,glycine and serine . 

Copyright © 1976 by Academic Press, Inc. 
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The adaptation of the tRNA population to the codon distribution 

of translated mRNAs implies a coordinated regulatory mechanism (i3) • This 

may involve either a selective transcription of tRNA genes needed by a mRNA 

being decoded or a random transcription of all tRNA genes followed by a spe- 

cific degradation at the precursor level or at the mature tRNA level . In 

the latter case the half-lives of tRNA species are expected bo be inversely 

proportional to the concentration of the tRNA . In order to distinguish bet- 

ween these possibilities , we examined the intracellular levels of total tHNA 

and five individual tRNA species in the posterior silkgland during the fifth 

instar under various feeding conditions . We found that starvation acts dif- 

ferentially upon the decrease of the tRNA in the two physiological phases : 

the growth stage during the first three days of the last instar and the fol- 

lowing secretion stage . Refeeding leads to a rapid increase of tRNA content . 

Analysis of the data made it possible to estimate the£urnover and synthesis 

rates of tRNA species . 

MATERIALS AND METHODS 

Silkworm larvae are hybrids of European strains 200 and 300 . 
Lots of 50 caterpillars are raised in clo~ed boxes and fed ad libitum with 
mulbezry~ leaves . At a temperature of 21 £ i C , the eocoon~p~occurs 
on the ninth day of the last larval instar . Silkworms have been divided 
into 47 groups . Twenty two were fed continuously and used as controls . The 
starvation starts after 48 h or 120 h of the fifth moult . These periods 
were chosen on the basis of two dietary s+~ges according to Legay (14,15) : 
the larvae being starved during the first three days (necessary feeding 
stage) do not enter the final nymphosis whereas starving larvae after the 
third day (optional feeding stage) spin a lighter cocoon and undergo meta- 
morphosis . Some groups of starving worms ~ve been refed after different 
periods of fasting . 

tRNA and amino acid-tRNA ligases have been extracted as previously 
described (5) • Amin~acylation was performed as indicated by Chavancy et all. (5). 

RESULTS 

i. quanti+~tive chan~es of to+~l tRNA : the quantitative changes 

of the posterior silkgland tRNA in normal fed , fasted and refed silkworms 

are given in absorbance at 260 nm (fig.IA) and after in vitro aminoacylation 

using an hydrolysate of Chlorella C-p_oteins (fig.iB) . The similarity 

between both profiles shows that the accumulated tRNA re~ins active under 
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Fig. i ° Quanti+~tive c~hanges of total tRNA in the posterior silkgland of 
Bomb~x mori L. fasted and refed larvae during the fifth instar . The titra- 
tion is based on ultraviolet absorbaney at 260 nm in panel A and on in vitro 
aminoacylation assays in panel B according to the conditions described by 
Chavancyetal.(5).The first meal taken by the silkworms after the fifth 
moult has been chosen as the origin of time . Each point indicates the moment 
of dissection and extraction of tRNA of a lot of 50 la~tae : : : period 
of nor~! feeding (control anim~!) ,~---~ period of fasting , ~..& period 
of refeeding . 

these physioloEical conditions . When the worms are normally fed , we ob- 

serve a ten fold increase of total tRNA from the first up to the eighth day 

of the fifth instar as described earlier (5,9) • Starvation leads to a 

decrease in the amount Of the tRNA . When fasting begins on the third day 

(end of the growth phase or necessary feeding stage) , there is a lag period 

during which the tRNA accumulation seems to be little affected ; the tRNA 

concentration then begins to decrease after 20 h . When starvation is 

initiated on the sixth day (secretory phase or optional feeding stage ) , 

accumulation of tRNA stops immediately and the tRNA level decays exponentially. 

If worms are refed , the tRNA level increases in both phases . ~qe amount 

of s~thesized tRNA tends to reach the level observed in control anir~%!s , 

except when starvation is prolonged (80-100 h) . 
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The decays in tRNA concentration observed in the secretory stage 

(fig. I-3) upon fasting represent only the result of degradative activities 

of preexisting mature tRNA molecules . In fact , essentially no de novo syn- 

thesis of tRNA occurs . A five hour pulse with 32phosphate showed that only 

4 %of total tRNA remains when larvae are starved for 24 h beginning on the 

sixth day whereas 17 % synthesis occurs after 48 h of starvation beginning 

on the third day . It was thus possible to estimate the half-lives of tRNA 

listed in Table I ( 124 h based on absorbance , 119 h based on acceptor 

activity ) . They are not significantly different from values estimated for 

total tRNA in mammalian organs : rat liver 80 h (16) , 90 ~ iI h (17) , 

120 h (18,1~) , rabbit liver 127 h , heart 132 h and utez~/s 144 h (20) . 

TABLE I 

TURNOVER AND SYNTHZgIS RATES OF ~TURE tRNAs IN THE POSTERIOR SZLKGIAND 

OF Bomb~x ~gri L. DURING THE FIFTH LARVAL INSTAR 

Half-life (h) Synthesis rate 
(pmo es/h) 

to%zl tRNA based one60 124 

total tRNA based on acceptor activity li9 

tRNA A!a 92 2.1 

tRNA Asp 100 0.4 

tRNA G!y 97 3.1 

tRNA Set 130 1.5 

tRNA Thr 70 0.3 

Ha]f-lives and s~nthesis rates are computed from experimental data provided 
in fig. IA for total tRNA based on absorbance , fig. iB for total tRNA based 
on aeceptor activity , fig. 2 for preponderant tPJ~A species (alanine,glycine 
and serine) and fig. 3 for the two minor tRNAs (aspartate and threonine) . 
The exponential decays following starvation during the secretory stage b~ave 
been taken into account for calculating turnover rates and ~ncrease~-: following 
refeeding during the optional n~tritional stage for that of synthesis rates . 
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Fig° 2 ~ Quantitative changes of prepondezznt tRNA species (glycine,alanine 
and serine) in the posterior silkgland of Bomb~x mori L. fasted and refed 
larvae during the fifth instar . Measurements are based on in vitro amino- 
aeylat~on assays aeco~ing to Chavancy e_~alo(5 ) . For symbols , see fig. I. 
F = fasting , R = refeeding . 
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Fig. 3 - Quantitative changes of minor tRNA species (aspartate and threonine) 
in the posterior silkg!and of Bomb[x mori L. fasted and refed larvae during 
the fifth larval instar . Measurements are based on in vitroamin~cylation 
assays according to Chavancy et al.(5 ) . For symbols , see fig. i . F = fas- 
ting , R = reffeding . 
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2. quantitative changes of individual tRNA species : in addition 

to the changes in total tRNA , we .have also examined in detail changes of 

three tRNA species corresponding to the major amino acids of fibroin (glycine, 

alanine and serine) and of two 0ther species representative of minor amino 

acids (aspartate and threonine) . The quantitative changes measured by in vitro 

am'noacyle.tion assays are shown in f%g~res 2 and 3 • The maximum levels of 

tRNA occur at the end of the secretory phase (7-8th days) for the prepon- 

P S ~ derant three species (tRNA ~Iy tRNA Ala and tRNA e~.) and earlier for the 

two minor species (tRNA Asp and tRNA Thr) as sho~n previously by Chavancy 

et al. (5) • Fasting and refeeding have similar effects to those already 

observed with total tRNA (see fig. I) . 

Half-life times are roughly similar for all tRNA species e~amined 

(see Table I) . An additional information is given by the changes of tRNA 

level when silkworms are refed . A differential s}~nthesis takes place . 

A synthesis rate for each five mature tRNA species can be computed . The 

rates of synthesis are widely distributed according to the adaptive levels 

of each tRNA required for an optimal translation of fibroin mRNA . tRNA GIy 

species have the highest rate of synthesis , ten times higher than that 

of the minor tRNA Asp or tRNA Thr species , followed by tRNA Ala and tRNA Set 

species . 

DISCUSSION 

Of interest for a possible regulatory mechanism of tRNA biosyn- 

thesis is the observation of Hanoune and Agarwal (i9) , that individual 

tRNA species from rat liver turn over at a constant rate with respect %o one 

another and that the rate of biosynthesis of each tRNA species is indis- 

tinguishable from that of total tRNA as observed during regeneration (21) . 

However , in specialized tissue such as the silkgland this does not appear 

to be the case . The similarity of the turnover rates of the five tRNA 

species studied does not imply similar rates of synthesis . Our observations 

therefore rule out a selective degradation of mature tRNA species as the 
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main regulatory mechanism for maintaining an optimal steady-state concen- 

tration of individual tRNA species in order to ensure the maximum efficiency 

for decoding fibroin mRNA . 

We suggest that a positive and specific regulation occurs at 

the tRNA biosynthesis level . In the posterior silkgland we know that there 

r 

is no selective amplification either of total tRNA genes (22) or of tRNA G~ 

(23) . Regardless of the topography of these tRNA genes , the adaptation 

of tRNA population to the amino acid composition of silk proteins appears 

to be determined either from a selective transcription of DNA c~strons cor- 

responding to the preponderant tRNA species or from a preferential proces- 

sing of some pre-tRNA molecules accompanied by a rapid degradation of the 

other unused pre-tRNA transcripts . A distinction between these two regula- 

tory processes can be made when qua.~titative distributions of pre-tPuNAs 

and of tRNA genes become available . 
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