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Modification of Escherichia coli Ribosomes with the Fluorescent Reagent 
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ABSTRACT: N- [ [ (Iodoacetyl)amino] ethyl] -5-naphthylamine- 1 -sulfonic acid (IAEDANS) is a fluorescent 
reagent which reacts covalently with the free thiol groups of proteins. When the reagent is reacted with 
the Escherichia coli ribosome under mild conditions, gel electrophoresis shows modification of predominantly 
two proteins, S18 and L31’, which become labeled to an equal extent. When the native (i.e., untreated) 
ribosome is dissociated into 30s and 50s subunits, only the 30s ribosomal protein S18 reacts with IAEDANS 
despite the fact that L3 1’ is still present on the large subunit. Upon heat activation of the subunits, a procedure 
which alters subunit conformation, S18 plus a number of higher molecular weight proteins is modified, but 
not L3 1’; the latter reacts with IAEDANS only in the 7 0 s  ribosome or when it is free. In contrast to the 
relatively stable association of L3 1’ with native or with dissociated ribosomes, dissociation of N- [(acetyl- 
amino)ethyl]-5-naphthylaminesulfonic acid (AEDANS)-treated ribosomes weakens the AEDANS- 
L3 l’/ribosome interaction, resulting, upon gel filtration analysis, in ribosomes devoid of this derivatized 
protein. 

have been interested in the conformational changes in - 
ribosome structure which take place upon subunit dissocia- 
tion-reassociation, ribosomal translocation, and streptomycin 
binding, the latter with respect to the mechanism of mis- 
translation. Such changes have been detected by using the 
method of hydrogen exchange (Sherman & Simpson, 1969a,b; 
Chuang & Simpson, 1971). However, detailed knowledge of 
the nature of these alterations is lacking. Fluorescence 
spectroscopy is a useful tool for examining such problems. 
When specific ribosomal proteins (r-proteins) are covalently 
labeled intraribosomally with a fluorescent group, they can 
be useful for the analysis of conformational changes of, or 
ligand binding to, the ribosome (Kang et al., 1979). To study 
these phenomena by fluorescence, it is desirable to use a probe 
which is environmentally sensitive, is water soluble, and, in 
order to limit the number of proteins derivatized, is specific 
for thiol groups. N - [  [(Iodoacetyl)amino]ethyl]-5-naphthyl- 
amine- 1 -sulfonic acid (IAEDANS) fulfills these qualifications 
(Hudson & Weber, 1975). 

In the present study, we examine the reaction of IAEDANS 
with the Escherichia coli ribosome under mild conditions. We 
observe labeling of primarily two proteins in the 70s ribosome. 
One of these is S18, a protein implicated in codon binding 
(Pongs et al., 1975; Cantrell & Craven, 1977). The other, 
L31’, is a relatively unexplored ribosomal protein which is 
found at the subunit interface of the 70s ribosome in asso- 
ciation with 5s RNA (Kenny et al., 1979; Fanning & Traut, 
1981). Studies to be published (J. S. Hanas and M. V. 
Simpson, unpublished results) explore the effect of strepto- 
mycin and other aminoglycoside antibiotics on the fluorescence 
of AEDANS-derivatized ribosomes. 
EXPERIMENTAL PROCEDURES 

Ribosome Isolation. All operations were performed at 4 
‘C. A frozen pellet of E .  coli cells (strain 413, grown to early 
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log phase) was ground with twice its weight of alumina. The 
paste was suspended in 3 volumes of cold buffer A (20 mM 
Tris-HC1, pH 7.5, 70 mM NH,Cl, 12 mM MgCl,, and 0.5 
mM DTT) containing DNase I (10 pg/mL). The suspension 
was centrifuged first at low speed to remove alumina and cell 
debris and then at 30000g for 30 min. The supernate was then 
centrifuged for 2.5 h at 38 000 rpm in a Beckman 60 Ti rotor. 
The ribosome pellet was then resuspended in buffer A con- 
taining 1 M NH,C1; the suspension was clarified by low-speed 
centrifugation and then respun at 38 000 rpm for 2 h. This 
high-salt washing was repeated, and the ribosomal suspension 
(in buffer A) was adjusted to 200-300 ,4260 units/mL. A 
ribosome concentration of 1 mg/mL is equivalent to 14.5 A260 
units (Acjarua & Moore, 1973). 

Sucrose Gradient Centrifugation of Ribosomes and Ribo- 
somal Subunits. Ribosomes were routinely purified by cen- 
trifuging 600 ,4260 units through a 36-mL, 12.5-3092 sucrose 
gradient (in buffer A) in an SW 27 rotor for 9 h at 21 000 
rpm. Fractions around the center of the 70s peak were pooled 
and were recentrifuged for 7 h at 38 000 rpm in a 60 Ti rotor. 
The pellets were resuspended in buffer A (200-300 A260 un- 
its/mL), and 0.2-mL aliquots were stored at -90 “C. Ribo- 
somal subunits were isolated by first dissociating ribosomes 
by overnight dialysis against buffer B (buffer A with MgC12 
concentration lowered to 0.5 mM) followed by sucrose gradient 
centrifugation in buffer B. 

Labeling of Ribosomes with IAEDANS. A 10 mM stock 
solution of IAEDANS (Pierce Chemical Co.) was prepared 
in 0.2% NaHCO, and stored at 4 ‘C in the dark. Ribosomes 
in buffer A (0.18 mL containing about 40 A260 units) were 

’ Abbreviations: SDS, sodium dodecyl sulfate; IAEDANS, N - [  [(io- 
doacetyl)amino]ethyl]-5-naphthylamine-l -sulfonic acid; IAF, 5-(iOdO- 
acetamido)fluorescein; DTT, dithiothreitol; r-protein, ribosomal protein; 
I-D one dimensional; 2-D, two dimensional; PAGE, polyacrylamide gel 
electrophoresis; AEDANS, N-[(acetylamino)ethyl]-5-naphthylamine- 
sulfonic acid; Tris-HCI, tris(hydroxymethy1)aminomethane hydro- 
chloride. 
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ABSTRACT: A derivative of Escherichia coli tRNAMet containing an altered anticodon sequence, CUA, has 
been enzymatically synthesized in vitro. The variant tRNA was prepared by excision of the normal anticodon, 
CAU, in a limited digestion of intact tRNAMet with RNase A, followed by insertion of the CUA sequence 
into the anticodon loop with T4 RNA ligase and polynucleotide kinase. The altered methionine tRNA showed 
a large enhancement in the rate of aminoacylation by glutaminyl-tRNA synthetase and a large decrease 
in the rate of aminoacylation by methionyl-tRNA synthetase. Measurement of kinetic parameters for the 
charging reaction by the cognate and noncognate enzymes revealed that the modified tRNA is a better 
acceptor for glutamine than for methionine. The rate of mischarging is similar to that previously reported 
for a tryptophan amber suppressor tRNA containing the anticodon CUA, su+7 tRNAT'p, which is ami- 
noacylated with glutamine both in vivo and in vitro [Yaniv, M., Folk, W. R., Berg, P., & Soll, L. (1974) 
J. Mol. Biol. 86,245-260; Yarus, M., Knowlton, R. E., & Soll, L. (1977) in Nucleic Acid-Protein Recognition 
(Vogel, H . ,  Ed.) pp 391-408, Academic Press, New York]. The present results provide additional evidence 
that the specificity of aminoacylation by glutaminyl-tRNA synthetase is sensitive to small changes in the 
nucleotide sequence of noncognate tRNAs and that uridine in the middle position of the anticodon is involved 
in the recognition of tRNA substrates by this enzyme. 

A number of aminoacyl-tRNA synthetases are known to 
require specific anticodon nucleotides for recognition of cognate 
tRNAs (Kisselev, 1983). In addition, the anticodon sequence 
appears to play a critical role in determining the specificity 
of aminoacylation by at least one of these enzymes. Es- 
cherichia coli glutaminyl-tRNA synthetase (GlnRS) loses the 
ability to discriminate against E.  coli tRNATrp following a 
single base change in the tRNA, converting the anticodon 
sequence from CCA to CUA. The resulting amber suppressor 
su+7 tRNATv is mischarged with glutamine both in vivo and 
in vitro (Yaniv et al., 1974; Yarus et al., 1977). A mutant 
tyrosine tRNA, su+3 tRNATy, containing the anticodon CUA, 
accepts only tyrosine but can also be mischarged with glut- 
amine when additional mutations are introduced in the ac- 
ceptor stem region (Hooper et al., 1972; Shimura et al., 1972; 
Smith & Celis, 1973; Celis et al., 1973; Ghysen & Celis, 
1974). E.  coli tRNA7'" and tRNA:'" contain the anticodon 
sequences U*UG and CUG, respectively (Yaniv & Folk, 
1975). The uridine in the middle position of the anticodon 
is therefore common to the wild-type glutamine tRNAs and 
the mutant suppressor tRNAs mischarged by GlnRS. In order 
to further investigate the role of the anticodon sequence in 
recognition of tRNAs by GlnRS, we have examined the ability 
of the enzyme to aminoacylate a methionine tRNA in which 
the normal anticodon sequence CAU has been permuted to 
yield the anticodon CUA. This tRNA has been found to be 
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a better substrate for GlnRS than the single mutant tyrosine 
suppressor tRNA and to be aminoacylated with glutamine in 
vitro at a rate comparable to that measured by others for su'7 
tRNAT'p. 

MATERIALS AND METHODS 
Materials. The trinucleotide GpCpU was purchased from 

Sigma Chemical Co. Adenosine 3',5'-diphosphate and ribo- 
nucleases PhyM and Bacillus cereus were obtained from P-L 
Biochemicals. RNases T,, T2, and U2 were purchased from 
Calbiochem, and RNase A was from Worthington Biochem- 
icals. Nuclease P,, calf intestinal alkaline phosphatase, and 
nuclease-free BSA were obtained from Boehringer-Mannheim. 
[ 14C]Glutamine and PseTI T4 polynucleotide kinase (Cameron 
et al., 1978) were purchased from New England Nuclear. 
[T-~~PIATP, [cY-~~PIATP, and [3SS]methionine were obtained 
from Amersham. E. coli methionyl-tRNA synthetase was 
purified from E.  coli K-12 strain EM20031 (Schulman & 
Pelka, 1977), and T4 RNA ligase was purified from E.  coli 

' Abbreviations: tRNAmCt, the E .  coli initiator methionine tRNA; 
tRNA%i, tRNA containing the sequence CUA in the anticodon posi- 
tion that has been enzymatically synthesized in vitro from half-mole- 
cule-sized fragments of E. coli tRNAMMn; tRNA:'", the E .  coli glutamine 
tRNA containing the anticodon CUG; su'7 tRNATv, the E .  coli amber 
suppressor tRNATrp containing the anticodon CUA; MetRS, E .  coli 
methionyl-tRNA synthetase; GlnRS, E .  coli glutaminyl-tRNA synthe- 
tase; EDTA, ethylenediaminetetraacetic acid; Tris-HCI, tris(hydroxy- 
methy1)aminomethane hydrochloride; DTT, dithiothreitol; p*, 3ZP-labeled 
phosphate; U*, a derivative of 2-thiouridine; Hepes, N(2-hydroxy- 
ethyl)piperazine-N'-2-ethanesulfonic acid; BSA, bovine serum albumin. 
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