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Synthetases 

Summary. The effects of a partial restriction of valyl- 
tRNA aminoacylation on the synthesis of aminoacyl- 
tRNA synthetases, ribosomal proteins, and other 
translation and transcription proteins were examined 
in otherwise isogenic stringent (relA +) and relaxed 
(relA 1) derivatives orE. coli B. The synthesis of individ- 
ual ribosomal proteins, elongation factor G, and to 
a lesser extent elongation factors Tu and Ts, and 
the valyl- and arginyl-tRNA synthetases was found 
to be subject to the influence of the stringent control 
system. The synthesis of the c~ and/~ subunits of RNA 
polymerase and several of the aminoacyl-tRNA syn- 
thetases, in contrast, is either not subject to the in- 
fluence of the stringent control system, or is subject 
to additional regulatory constraints. 

Introduction 

A large body of evidence suggests that the com- 
ponents of the translation machinery of Escherichia 
coli are coordinately regulated. Specifically, there is 
evidence for coordinate regulation during steady-state 
growth of all ribosomal proteins (r-proteins) (Dennis, 
1974; not measured: S1, L31, and L34), the three 
species (5S, 16S and 23S) of ribosomal RNA (Galibert 
et al., 1967), and elongation factor G (EF-G) (Gor- 
don, 1970; Reeh, personal communication). In addi- 
tion, tRNA (Skjold et al., 1973; Dennis, 1972), elon- 
gation factor Tu (EF-Tu) (Neidhardt et al., 1976), 
and several (if not all) of the aminoacyl-tRNA synthe- 
tases (Neidhardt et al., 1976) are regulated in parallel 
with ribosomes during steady-state growth. 

Another characteristic of the regulation of the 
translational machinery involves the "stringent re- 
sponse," which includes severe reductions in the rates 
of accumulation of ribosomal RNA (Nikolaev et al., 
1973 a and b), ribosomal proteins (Dennis and Nomu- 
ra, 1974), and EF-G (Furano and Wittel, 1976), 

brought about by the relA gene-dependent production 
of guanosine tetraphosphate (ppGpp) following a re- 
duction in the charging level of one (or more) of 
the tRNA species (Stent and Brenner, 1961; Fiil et 
al., 1973). In this paper we have attempted to deter- 
mine the influence of the stringent control system 
on the synthesis of other proteins involved at various 
stages of the transcription and translation processes. 

Materials and Methods 

Bacterial Strains. Three isogenic derivatives of E. coli B AS19 
were used: NF314 (leu- valS + relA+), NF536 (leu valS t~ relA+), 
and NF537 (leu- valS ts relA1). The temperature-sensitive lesion 
in the valyl-tRNA synthetase (vaIS t~) has been described (Fiil et 
al., 1973). The synthesis of ppGpp, rRNA, r-proteins and r-protein 
mRNA in these strains has also been described at various semi- 
permissive and restrictive temperatures (Fiil et al., 1973; Dennis 
and Nomura, 1974, 1975). 

Growth and Labeling o f  Cells. The growth of these cultures was 
performed as described (Dennis and Nomura, 1974), in glucose 
minimal medium. The labeling protocol is summarized in Figure 1. 
Exponential phase cultures grown at 29.5 ° (permissive temperature) 
were labeled with a small amount of [l~C]-L-isoleucine (330 mCi/ 
mmol; 3 nmol/ml of culture) at an A46o of 0.05 0.10. This amount 
of radioactivity was rapidly taken up from the growth medium 
and randomly distributed into cellular protein. When the A46 o 
reached 0.3, the appropriate cultures were shifted to 35.5 ° (semi- 
permissive temperature). After incubation of the cultures at the 
new temperature for 15rain, [3H]-L-isoleucine (26Ci/mmol; 

Lobeling Protocol 

TIME 

LABEL WITH 15' CHASE 13H]-'ILE 5'CHASE AT 
~ '[14CJ-ILE AT PULSE POST-SHIFT 

POST-SHIFT TEMPERATURE 
AT 29.5 ° TEMPERATURE 

* This work is in partial fulfillment of the requirements of the 
University of Michigan for the Ph.D. degrees of R.M.B. and P.G.L. Fig. 1. See Materials and Methods for details 
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750 pmol/ml of culture was added. This radioactivity was randomly 
distributed into proteins synthesized at 35.5 ° . Incorporation was 
terminated through the addition of 50 gg/ml each of unlabeled 
L-isoleucine, L-leucine, and L-valine. After 5 rain, cultures were 
stopped by pouring them over crushed ice with ~ 10-2 M sodium 
azide. The cultures were submitted to low-speed centrifugation 
and the pellets were stored frozen at -80 °. 

O'Farrell Electropherograms. To submit samples of the labeled 
cultures to resolution on the two-dimensional electropherograms 
(O'Farrell, 1975), the culture samples were treated as described 
previously (Blumenthal et al., 1976). Proteins were identified on 
these electropherograms as described (Blumenthal et al., 1976); 
the locations of the proteins studied here have been reported previ- 
ously (O'Farrell, 1975; Furano and Wittel, 1976; Reeh et al., 
1976a; Blumenthal et al., 1976; Neidhardt et al., 1976). Protein 
spots were cut from dried gels with a 15 gauge (or smaller) hypoder- 
mic needle. Cuts were then oxidized in a Packard Sample Oxidizer 
(Packard Instruments), counted in a refrigerated liquid scintillation 
counter, and corrected with an external standard. The isotope ratios 
of the extracts were determined both by precipitating a sample 
of the extract in 5 % (W:V) trichloracetic acid, filtering the precipi- 
tate onto filter paper, and counting the filter as described above, 
and by oxidizing a sample of the extract directly and counting 
as described. 

Other Procedures. Ribosomal proteins were extracted from samples 
of these labeled cultures as described (Dennis and Nomura, 1974) 
and were resolved through the electrophoresis procedure of 
Kaltschmidt and Wittmann (1970). Individual ribosomal proteins 
were then processed and counted as described above. 

Elongation factor G was measured through antibody precipita- 
tion from unfractionated extracts, followed by electrophoresis on 
7.5% SDS acrylamide gels as described by Roberts and Roberts 
(1975). The antibody preparation was the kind gift of H. Weissbach 
to M. Nomura. 

Results 

F o u r  exponential  cultures at 29.5 ° (one each of  NF536  
and NF537,  and two of  NF314)  were first labeled 
with [14C]-isoleucine, then shifted to either 29.5 ° or 
35.5 ° and labeled with [3H]-isoleucine as shown in 
Figure 1. The [3H/14C] ratio for a given protein,  when 
divided by the isotope ratio o f  the total extract, is 
a measure o f  the differential rate o f  synthesis o f  that  
protein after 15 min at 35.5 ° (relative to the synthesis 
rate at 29.5 ° ) and  has been used to gauge the effect 
o f  relA gene function.  These measurements  are nor-  
malized and  thus are independent  o f  the recoveries 
o f  the proteins in the gels. 

The values presented are generally the average 
result f rom several determinations.  It was assumed 
that  there was no significant turnover  o f  the 
completed  proteins labeled with [3H]-isoleucine dur- 
ing the short  chase period. Essentially identical results 
were obta ined in an experiment where the post-pulse 
chase time was increased f rom 5 to 30 rain a n d  the 
chase tempera ture  reduced to 29.5 ° (unpublished re- 
sults). It was further  assumed that  15 min o f  incuba- 
t ion at the semi-permissive temperature  is sufficient 
for  the adjus tment  o f  the cells to the partial restriction 

o f  va ly l - tRNA aminoacylat ion.  These condit ions are 
clearly sufficient to elicit the stringent or  relaxed re- 
sponses but have a minimal effect on the rate o f  
accumula t ion  o f  total  cellular protein (Dennis and 
Nomura ,  1974). Presumably  they also minimize any 
secondary and nonspecific effects on the synthesis 
and stability of  the individual proteins which might  
result f rom a more  severe restriction on protein syn- 
thesis and a greater imbalance in the growth  of  the 
culture. 

Ribosomal Proteins. $1, L7, and L12 f rom the O 'Fa r -  
rell gels, were examined to establish a baseline against 
which the response o f  the t ranscript ion proteins, 
t ranslat ion proteins and  a m i n o a c y l - t R N A  synthetases 
could be compared .  The results are shown in Table l. 
The average values for  the relative differential rates 
o f  synthesis o f  9 individual r ibosomal  proteins sepa- 
rated on Ka l t schmid t -Wi t tmann  gels are also shown. 
The individual r-proteins isolated using either o f  the 
two separat ion systems gave essentially identical re- 
sults (Table l) and  are consistent with previous mea- 
surements (Dennis and Nomura ,  1974). 

Elongation Factors. EF-G,  EF-Tu,  and EF-Ts  were 
studied, and the results are shown in Table 1. Protein 
E F - G  responded in a manner  nearly identical to the 
r ibosomal  proteins. Protein EF-Tu  responded to the 
restrictions qualitatively like the r ibosomal  proteins, 
but  to a much  lesser degree in the reIA + restricted 
culture. EF-Tu  also showed a significant response 
to the temperature-shif t  in the vaIS + (unrestricted) 
culture, unlike EF-Ts,  which did not.  The responses 
o f  EF-Ts  in the restricted cultures were intermediate 
to those o f  EF-Tu  and EF-G.  

Transcription Proteins. The ~ and/3  subunits o f  R N A  
polymerase,  and  terminat ion factor  p, were examined 
because o f  the intimate relationship that  exists be- 
tween t ranscr ipt ion and translation. The results are 
shown in Table 1. Each transcript ion protein 
responded in a distinct manner ,  and none appear  to 
be "s t r ingent ly"  regulated (see Discussion). Similar re- 
sults have been obtained f rom experiments in which 
R N A  polymerase  subunits were obtained following 
either affinity c h r o m a t o g r a p h y  on DNA-Sephadex ,  
or specific an t ibody  precipitat ion and subsequent 
electrophoresis on SDS acrylamide gels (Dennis and 
Burgess, unpubl ished results). 

Aminoacyl-tRNA Synthetases. The a m i n o a c y l - t R N A  
synthetases specific for arginine (ArgRS),  glutamate 
(GluRS),  glutamine (GlnRS),  glycine (GlyRS),  isoleu- 
cine (IleRS), leucine (LeuRS),  lysine (LysRS), phenyl- 
alanine (PheRS), and valine (ValRS) were examined 
because o f  their role in the t ranslat ion process. Our  
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Table 1. Relative differential rates of synthesis of various proteins 

1 2 3 4 
Protein NF314 30 ° NF314 30 °-, 35 ° NF536 NF537 

[Total extract 1.21 1.85 1.68 1.68] 

Ribosomal proteins 
L7 1,09-+ 0.09 b 1.11_+ 0.09 b 0.78_+ 0.02 b 1.33_+ 0.09 b 
L12 1.08_+ 0.12 b 1.03_+ 0.11 b 0.46_+ 0.07 b 1.59_+ 0.17 b 
$1 1.10_+ 0.16" 1.06_+ 0,15 ~ 0.72_+ 0.09 ~ 1.45_+ 0.15" 
Ave 1.09 1.07 0.65 1.46 
r-P Ave ~ 0.96 0.89 0.62 1.68 

Elongation fac to rs 
EF-Tu 1.06_+ 0.08 b 1.24_+ 0.12 b 0.92_+ 0.08 b 1.35_+ 0.09 b 
EF-Ts 1.05_+ 0.10 a 1.10_+ 0.13" 0.82-+ 0.04" 1.49-+ 0.25 a 
EF-G 1.07_+ 0.09 b 0.98__ 0.09" 0.65_+ 0.03 b 1.47_+ 0.13 b 
EF-G d 0.94 0.94 0.62 1.43 

Transcriptional pro teins 
RNAP 1.05_+ 0,05 b 1.08_+ 0.06 b 1.01_+ 0.07 b 1.14_+ 0.10 b 

/3 RNAP 1.08-+ 0,09 b 0.97-+ 0.13 b 0.99_+ 0.11 b 0.80_+ 0.14 b 
p Factor 0.88_+0.13 ~ 0.94_+0.05" 0.64_+0.01" 0.69_+0.06" 

Aminoaeyl-tRNA synthetases 

ArgRS 1.00_+ 0.06 a 1.04+ 0.034 0.81+_ 0.05 a 1.15_+ 0.06" 
GInRS 1.23_+ 0.02" 1.08_+ 0.14" 0.97_+ 0.03" 1.25_+ 0.0P 
GluRS 1.11 0.87 0.92 1.03 
GlyRS 1.07_+ 0.03 a 1.06 1.26-+ 0.1l a 1.19-+ 0.13 a 
IleRS 1.04+ 0.09 a 0.90_+ 0.05 a 0.88+ 0.04 a 0.85-+ 0.03 a 
LeuRS 1.12_+ 0.07 a 0.85_+ 0.04 ~ 0.75_+ 0.08 a 0.86_+ 0.04 a 
LysRS 1.24+_ 0.06" 1.08_+ 0.0P 1.09 0.97_+ 0.04 a 
/~-PheRS 1.08_+ 0.03 ~ 0.89_+ 0.0P 0.85+ 0.06" 0.50_+ 0.0P 
~-PheRS 0.96 0.91 - 0.76 
ValRS 0.94_+ 0.07" 0.93 0.73_+ 0.28" 1.19_+ 0.18 a 

The values given here are the differential rates of synthesis of the proteins after 15 min. at 35.5 ° 
relative to the rate at 29.5 °. These rates are calculated by dividing the isotope ratio of a protein 
by the isotope ratio in the total extract, i.e. (3H/~4C of spot)/(3H/~4C of total extract). Most 
determinations were made from at least two different electropherograms and the results averaged. 
Typically, the amount of variation was close to 5%. 

Average + one standard deviation, calculated from two electropherograms 
b Average _+ one standard deviation, calculated from three electropherograms 

This is the average of determinations of individual ribosomal proteins $3, $4, $5, $7, S12, 
L1, L2, L3, and L17. The determinations were made as described by, and confirm results obtained 
by Dennis and Nomura (1974). The genes for several of these proteins are cotranscribed with 
either the e subunit gene of RNA polymerase or .genes for EF-G and EF-Tn (Jaskunas et al., 
1975) 
a This determination of response of EF-G to the temperature shifts was made by antibody precipita- 
tion and electropboresis on 7.5% SDS polyacrylamide gels as described by Roberts and Roberts 
(1975). The labelillg protocol was essentially as described in Materials and Methods, but employed 
a 30-rain. post-pulse chase period 

m e a s u r e m e n t s  i n d i c a t e  t h a t  t h e  a m i n o a c y l - t R N A  s y n -  

t h e t a s e s  d o  n o t  r e s p o n d  c o o r d i n a t e l y  w i t h  o n e  a n -  

o t h e r  ( T a b l e  1). T h e  r e s p o n s e s  o f  A r g R S  a n d  V a l R S  

t o  t h e  r e s t r i c t i o n s  a r e  m o d e r a t e  a n d  a r e  s i m i l a r  t o  

t h o s e  o f  E F - T u  a n d  E F - T s .  T h e  r e m a i n i n g  s y n t h e t a s e s  

e x a m i n e d  s h o w  e i t h e r  n o  r e s p o n s e  o r  a m i x e d  r e -  

s p o n s e  t o  t h e  r e s t r i c t i o n s  i n  t h e  s t r i n g e n t  a n d  r e l a x e d  

s t r a i n s .  

D i s c u s s i o n  

Ribosomal Proteins. T h e  s y n t h e s i s  o f  r i b o s o m a l  

p r o t e i n s  a n d  r - p r o t e i n  m R N A  h a s  b e e n  s t u d i e d  p r e v i -  

o u s l y  in  t h e  s a m e  b a c t e r i a l  s t r a i n s  u n d e r  v e r y  s i m i l a r  

c o n d i t i o n s  ( D e n n i s  a n d  N o m u r a ,  1974,  1975).  T h e  

r e s u l t s  o b t a i n e d  in  t h o s e  s t u d i e s  a n d  in  t h i s  o n e  a r e  

i n  a g r e e m e n t .  I t  s h o u l d  b e  n o t e d  t h a t ,  a l t h o u g h  t h e  
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r-proteins L7 and L12 respond somewhat differently 
from one another (probably due to the precursor/pro- 
duct relationship that exists between them [Terhorst 
et al., 1972]), both proteins respond in parallel with 
each other and with the other r-proteins. Protein S1 
has not previously been studied in this manner. The 
co-regulation of S1 and the other r-proteins was not 
a foregone conclusion, since S1 seems to act as an 
initiation factor (Dahlberg and Dahlberg, 1975) and 
differs significantly from other r-proteins both in mo- 
lecular weight (Craven et al., 1969; Dzionara et al., 
1970; Traut et al., 1969) and in the strength of the 
physical association with the ribosome (Held et al., 
1973 ; Voynow and Kurland, 1971 ; Weber, 1972). 

Elongation Factors. The elongation factors EF-G and 
EF-Tu have been studied previously (Furano and 
Wittel, 1976) under virtually identical conditions, and 
our results are largely confirmatory. The only signifi- 
cant difference between the experimental protocols 
of these two studies is in the post-shift temperature 
(35.5 ° here, 36.5 ° in Furano and Wittel [1976]). This 
one degree increase in temperature, which inhibits 
protein synthesis to a greater extent in the valS ts cul- 
tures, increases the strength of the responses of both 
EF-G and EF-Tu in the valS ts relA + culture (Table 2). 
In the valS t~ relA1 (relaxed) culture however, while 
the strength of the response of EF-G is increased, 
the strength of the response of EF-Tu is unchanged. 
This suggests that either EF-Tu synthesis is less sensi- 
tive than that of EF-G to restrictions in relA1 cul- 
tures, or that the response of EF-Tu is limited to 
a maximum that has been reached in the 35.5 ° temper- 
ature shift. 

Transcription Proteins. The influence of the relA gene 
control system on the synthesis of transcription 

proteins was examined to give an idea of how coordi- 
nate the responses of a group of functionally related 
proteins might be. The measurements indicate that 
the synthesis of the c~ subunit of RNA polymerase 
is not like the synthesis of r-proteins and may not 
be subject to stringent control. The gene coding for 
the e subunit (rpoA) is probably cotranscribed with 
the genes coding for ribosomal proteins $4 (rpsD), 
Sll (rpsK), and L17 (rpIQ) (Jaskunas et al., 1975). 
The responses of $4, S11, and L17 to the restrictions 
employed here are typical of the responses of riboso- 
mal proteins (Dennis and Nomura, 1974). These ob- 
servations seem to indicate that an additional and 
more complex control regulates the synthesis of the 
c~ subunit of RNA polymerase during partial restric- 
tion of protein synthesis. The nature of this additional 
control remains obscure. 

The synthesis of the fi subunit of RNA polymerase 
(and of /3" assuming that their coordinacy is not 
altered by the restrictions) appears not to be subject 
to stringent control. Like c~, fi does not respond to 
a restriction in the stringent culture. In the relaxed 
culture during restriction, the differential rate of fl- 
subunit synthesis seems to drop, while that of e, if 
anything, rises very slightly. The genes for the fl and 
/3' subunits of RNA polymerase (rpoB and rpoC, re- 
spectively) are very close to ribosomal protein genes 
(rplA, rplH, rplJ, rplK, and rplL) on the E. coli chro- 
mosome and (although not seen here) their expression 
may be related under some other conditions (as may 
be the case for e and its adjacent r-protein genes). 
In addition some caution must be exercised in inter- 
preting the results with regard to the/~ and/3' subunits 
since they have been found to turn over rapidly under 
certain conditions (Kirschbaum et al., 1975; Taketo 
and Ishihama, 1975; Iwakura et al., 1974). 

Table 2. Comparison of Restrictions at 36.5 ° and 35.5 ° 

Protein NF314 NF536 NF537 
va lS  + relA + va lS  t~ relA + va lS  t~ rel / t  

EF-G 35.5 ° 0.98 0.65 1.47 
36.5 ° 1.03 0.34 2.28 

EF-Tu 35.5 ° 1.24 0.92 1.35 
36.5 ° 1.15 0.42 1.39 

The values given here for the shift to 35.5 ° are taken from Table l. 
The values given for the shift to 36.5 ° are the averages of three 
determinations and are taken from Table 1 of Furano  and Wittel 
(1976). The post-pulse chase time employed by Furano and Wittel 
was 30 min, but increasing the post-pulse chase time in our protocol 
had no significant effect (see Results). Both this work and that 
of Furano and Wittel allowed 15 min between the temperature 
shift and the isotope pulse. The strains used were identical to 
those used here 

Aminoacyl-tRNA Synthetases. The aminoacyl-tRNA 
synthetases do not all respond in parallel to one an- 
other to the restrictions employed in this work. ArgRS 
and ValRS, like EF-Tu and EF-Ts, show moderate 
stringent responsiveness both in reIA + and relA1 
backgrounds. GlnRS does not show dramatic "strin- 
gency" although the regulation of GlnRS is difficult 
to interpret because of the response to temperature 
in the unrestricted cultures. The synthesis of LysRS, 
GluRS, IleRS and LeuRS all show essentially no re- 
sponse to the restrictions, while the fi (and possibly 
the ~) subunit of PheRS has a depressed differential 
rate of synthesis in the restricted relA 1 culture. The 
synthesis of GlyRS seems to respond positively to 
a restriction, independent of the state of the relA 
gene. The heterogeneous responses of the aminoacyl- 
tRNA synthetases is striking in comparison to the 
qualitative uniformity with which they respond to 
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changes in the steady-state growth rate (Neidhardt et 
al., 1976) or in a metabolic shift-up (Reeh et al., 
1977 b). 

The response of a particular aminoacyl-tRNA 
synthetase to these restrictions is difficult to predict. 
In terms of genetic data, IleRS is the only aminoacyl- 
tRNA synthetase whose structural gene (ile5) is 
known to be very close to a ribosomal gene on the 
chromosome (rpsT, the structural gene for r-protein 
$20). Yet IleRS (Table 1) does not respond in parallel 
to the r-proteins, or to $20 (Dennis and Nomura, 
1974). In terms of metabolic considerations, the ami- 
noacyl-tRNA synthetases specific for biosynthetically 
related amino acids do not seem to respond together. 
Although caution in interpretation is needed as the 
ValRS is mutationally altered, it can be seen that 
neither ValRS, IleRS, and LeuRS, nor GluRS and 
GlnRS respond similarly to one another. It appears 
that the aminoacyl-tRNA synthetases may not be 
controlled by a single common regulatory element. 

There have been suggestions that the aminoacyl- 
tRNA synthetases are autogenously regulated (see 
Neidhardt et al., 1975). One study using anti-phenyl- 
alanyl-tRNA synthetase antiserum found that the 
amount of PheRS cross-reactive material in a PheRS ts 
mutant rose rapidly upon shifting the cells to a non- 
permissive temperature (Nass, 1968). This observa- 
tion is consistent with the idea that the native PheRS 
may act as a repressor. Two of the strains used in 
this study have a temperature-sensitive ValRS. Dur- 
ing the restriction, the synthesis of ValRS does not 
seem to be unusual in comparison to the other ami- 
noacyl-tRNA synthetases studied. This suggests that 
either the temperature-sensitivity of the ValRS does 
not affect its repressor activity or that it is not a 
repressor of its own synthesis. 

Division of the Translation Machinery. Purely through 
functional considerations, the translation machinery 
can be divided into two sections: the "core ,"  whose 
role is to polymerize amino acids into protein, and 
the "supplier," whose role is to supply the core with 
aminoacyl-tRNA. At this point it is not certain that 
core and supplier components are regulated as sepa- 
rate groups, but this possibility is under investigation. 

The core components, which include ribosomal 
RNA, ribosomal proteins, and EF-G, appear to be 
tightly co-regulated under a variety of conditions in- 
cluding the restrictions reported here. Co-regulation 
of ribosomal RNA and r-proteins is, while not under- 
stood mechanistically, what one would expect on the 
basis of efficiency considerations. It is less clear why 
EF-G is co-regulated on a 1 : 1 basis with ribosomes, 
but it may be necessitated by the kinetics of the EF-G- 
catalyzed translocation step in protein synthesis. The 

structural gene for EF-G (fus) appears to be co- 
transcribed with those for r-proteins $7 (rpsG) and 
S12 (rpsL) (Jaskunas et al., 1975). 

The supplier components, which include transfer 
RNA, the aminoacyl-tRNA synthetases, and EF-Tu, 
also appear to be regulated together in steady-state 
growth, although not coordinately (Neidhardt et al., 
1976; Furano, 1975). Even this weak "co-regulation" 
breaks down when valyl-tRNA is growth ratelimiting. 
In relA-- cultures, the restriction leads to a marked 
reduction in the rates of accumulation of tRNA (Laz- 
zarini and Dahlberg, 1971) and EF-Tu (Furano and 
Wittel, 1976; this work), but of only some of the 
aminoacyl-tRNA synthetases. In reIA- cultures, re- 
striction leads to increased tRNA accumulation, and 
an increased differential synthesis rate of EF-Tu (but 
see Table 2) and of some of the aminoacyl-tRNA syn- 
thetases. With respect to the tRNA, it is significant 
that at least some of it is not properly modified during 
restrictions of relA- cultures (for example: Kitching- 
man et al., 1976). The possibility therefore remains 
that the levels of properly modified tRNAs may be 
in some way involved in the regulation of the synthesis 
of EF-Tu and/or the cognate aminoacyl-tRNA syn- 
thetases. 

Translation proteins that are difficult to categorize 
as core or supplier proteins are EF-Ts and the initia- 
tion factors (IFs). Functionally, EF-Ts is neither a 
generator nor carrier of aminoacyl-tRNA, but it is 
required to "recharge" EF-Tu. On the basis of this 
requirement, one could consider EF-Ts to be a sup- 
plier protein, but in terms of predicting its regulation 
it can be seen that EF-Ts could successfully be reg- 
ulated with ribosomes on a one-to-one basis (EF-Tu 
that has been "decharged"  through its interaction 
with a translating ribosome is "recharged" by EF-Ts, 
so maintaining one EF-Ts per ribosome will satisfy 
the cell's requirement for EF-Ts regardless of the 
amount of EF-Tu present). The initiation factors also 
do not seem to fit into either functional category 
(although IF2 does carry fmet-tRNAfmet). There is 
no obvious reason to expect the IF's to be co-regulat- 
ed with one another, but if they are one might expect 
them to be regulated as core proteins on the basis 
of our results with r-protein S1. 

Effects of tufB. Many of the proteins studied here 
have been examined, under similar conditions, in tufB 
(see Pedersen et al., 1976) mutants (Reeh et al., 
1976a). Although this tufB mutation may be benign, 
it will be interesting to see if its presence affects the 
responses of proteins to the restrictions employed. 
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