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forming an in vitro methylation reaction using the 30S and
50S subunits instead of the intact 70S ribosome. We
found that most of the radioactivity was incorporated into
the 30S subunit (Fig. 4C), which includes the 16S rBNA.
GidB was unable to methylate naked 16S rRNA (data not
shown), implying that the enzyme requires 165 rRBNA to
be properly folded for efficient reaction.

GidB target is G527 of 165 rRNA

There are 10 known methylatable nucleosides within the
E. coli 16S rANA (Andersen and Douthwaite, 2006): m%,A
(N6-dimethyladenosine at positions 1518 and 1519),
m*‘Cm (M4, OF-dimethyleytidine at position 1402), m5C
{5-methylcytidine at positions 967 and 1407), m?G
(2-methylguanosine at positions 966, 1207 and 1516),
m’G (7-methylguanosine at position *527) and m3U
(38-methyluridine at position 1498). In addition, the
genes responsible for methylating mSA1518, 1519
(rsmA=ksgA), m°C967 (rsmB=fmu), m°C1407
{rsmF = yebl), m*G1207 (rsmC=yjiT) and m®U1498
(rsmE = yggJ) are well documented (Andersen and Douth-
waite, 2006). We therefore postulated that gidBis involved
in the methylation of m*Cm1402, m?G966, m*G1516 or
m’G527, and that gidB mutants should fail to methylate
one or more of those residues. To test this, we identified the
methylated nucleosides using iwo-dimensional thin-layer
chromatography (2D-TLC). Following in vitro methylation
of the 30S ribosomal subunits using purified GidB and
[methyFPH]SAM, the H-labelled 16S rRNA was recovered
and completely hydrolysed into 5’-monophosphate nucleo-
sides using nuclease P1, and the hydrolysate was sub-
jected to 2D-TLC followed by fluorography. We found that
the migration characteristics of the radiolabelled com-
pound were identical to those of m’G 5”-monophosphate
(Fig. 4D). Because E. coli 165 rRNA has only one m’G
residue (Apdersen and Douthwaite, 20086), it is apparent
that GidB catalyses the methyiation of G527.

The formation of m’G by GidB was further confirmed by
nucleoside analysis using high-performance liguid chro-
matography (HPLC) (Fig. 4E). When AgidB8 165 RNAs
were digested into nucleosides using nuclease P1 plus

A% Ce
C= G<—GidB target
A
g, A
G—ch
C=G
C=G
U=A
uPAC=G—s0

Fig. 5. Secondary structure of the 530 loop region of E. coli 16S
rRNA. The GidB target site (G527) is indicated by an arrow.
Nucleotides known to be involved in the binding of streptomycin are
shown in red; those that participate in the formation of the
pseudoknot structure are shown in light cyan and connected by a
dotted line.

alkaline phosphatase and analysed by reverse-phase
HPLC, the peak corresponding to m’G was absent,
whereas the peaks for m®C, m?G and m3U were detected
at normal intensity as was in wild-lype 165 RNA. These
results clearly demonsirated that GidB is responsible for
the in vivo methylation of 16S rRNA apparently at G627. it
is noteworihy that G527 is located within the 530 loop and
that this nucleotide interacis directly with streptomycin
(Fig. 5) (Carter ef af., 2000).

In conirast to most of streptomycin-resistant muiations
in E. cofi, gidB mutations did not lead to hyperaccuracy,
as determined by a stop codon read-through assays
(Table 2), thus suggesting, in turn, that the gidB-mutant
ribosome has a reduced affinity for streptomycin.

gidB mutations occur at a high frequency in
streptomycin-resistant clinical isolates of M. tuberculosis

Given the frequent occurrence of gidB mutations in spon-
taneous M. tuberculosis mutants showing low-level resis-

Table 2. Effects of E. coli gidB and psL mutations on read-through of the UAG nonsense codon.

B-Galactosidase Frequency of Relative

Genotype lacZ allele activity? (Miller units) read-through (%) read-through
Wild type lacZ105{(Am) 21.1 +1.67 0.57 1

lacZ* 3680 + 210
AgidB lacZ105(Am) 18.9 + 1.67 0.49 0.86

lacZ* 3881 + 492
rpsi KT lacZ105(Am) 0.39 + 0.18 0.013 0.02

lacZ+ 2892 + 219
a. Mean = SD from four independent experiments.
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Table 3. Overall profile for mutations within the gidB, ipsL and rrs genes from M. tuberculosis clinical isolates.

Number of mutants

Streptomycin Number of strains
Sample group susceptibility® sequenced gidB psL. ms gidB sl gidB s gidB rpsL s ‘None
| R (20 ug mi) 42 13 19 1 6 2 1 0

S (20 pg mkY 54 15 0 2 0 1 0 36
1 R (10 pg mi™) 15 [ 8 0 0 1 0 0

S (10 ug mk) 21 0 0 ) 0 0 0 21
Total 132 34 27 3 6 4 1 57

a. Determined on Ogawa egg medium.
R, resistant; S, susceptible.

tant phenotype (Table 1), we suspected that these
mutations should be present in a considerable number of
streptomycin-resistant clinical isolates. To address this
possibility, we examined 132 randomly selected clinical
M. tuberculosis isolates from Japanese tuberculosis
patients, including 57 that were streptomycin-resistant
and 75 that were streptomycin-susceptible. The level of
resistance fo nine antituberculosis antibiotics and the
presence or absence of mutations in gidB, rpsL and rrs
are summarized in Tables S2 and S3, while the overall
mutation profile is summarized briefly in Table 3. The rrs
mutations, A514C and A1401, were not considered as
streptomycin-resistance mutations in Table 3 because the
presence of these mutations in clinical isolates suscep-
tible to streptomycin (see Tables $2 and S3) indicates
irrelevancy of these mutations to streptomycin resistance
[A1401 mutation is reportedly known to confer kanamycin
resistance (Suzuki et al,, 1998)]. Sample groups | and I
represent M. tuberculosis strains isolated before and after
2000 respectively. In that year, the standard streptomycin
concentration used fo discriminate resistance and sus-
ceptibility in Japan was changed from 20ugmi’ to
10 pg mi-'.

As expected, in group Il samples, gidB mutations were
tightly assaciated with the streptomycin-resistant pheno-
type, while no mutations were found in streptomycin-
susceptible strains (P=0.003, Fisher's exact test). In
group | samples, however, which were clustered using
20 ug ml~ streptomycin, gidB mutations were found in
both streptomycin-resistant and -susceptible fractions,
indicating that the MICs for M. tuberculosis gidB mutants
were higher than 10 ugml-', most probably around
20 pg mi-' in the Ogawa egg medium used for drug sus-
ceptibility testing. The low-level streptomycin-resistance
phenotype of M. tuberculosis gidB mutants was confirmed
by streaking several representatives onto Middlebrook
7H11 agar medium containing streptomycin (Table S3).

Notably, gidB mutations were found at a high frequency of

33% (19/57) among isolates classified to resistant strain.
The frequency of gidB mutations was comparable to that
of rpsL mutations (47%; 27/57), and even double {gidB
msl. and gidB rrs) and triple (gidB rpsL rrs) mutations

© 2007 The Authors

were detected at a frequency of 18% (10/57), indicative of
the importance of gidB mutations to the development of
high-level resistance (see below). Moreover, the gidB
mpsl. double mutants displayed a variety of msL muta-
tions, including T35N, R86P, K838Q and K88T mutations
(Table S2), that are found only rarely in high-level
streptomycin-resistant clinical isolates (Botiger et al,
1998).

The majority of the clinical isolates (70%; 93/132) had
an amino acid substitution at codon 92 (Glu to Asp; E92D)
of gidB. Glu-92 is thought to be the ancestral type,
because this residue is conserved without exception in
high G+C Gram-positive bacteria. However, examination
of several mutant D92 strains and wild-type ES2 strains
showed that this substitution did not account for the dif-
ference in sensitivity to streptomycin (Table §3). Conse-
quently, we do not consider this alteration to be a
streptomycin-resistance mutation.

gidB mutations result in vigorous emergence of
high-level streptomycin-resistant mutants

The results described above led us to hypothesize that
cells may be more likely to acquire high-level streptomycin
resistance if they carry a gidB mutation in their genetic
background. This was tested by comparing the frequen-
cies at which high-level streptomycin-resistant mutants
emerge from wild-lype and gidB mutant strains on plates
containing a high concentration of streptomycin. In
wild-type E. cofi, the frequency at which high-level
streptomycin-resistant mutants emerged was 1.1x 109,
but the frequency was substantially higher (by 450-fold) in
the gidB mutant (Table 4), always accompanied by an
rpsl mutation (data not shown). This was also true for
M. smegmatis, although the increase was only 11-fold.
The results obtained with three M. tuberculosis sirains
carrying gidB mutations were remarkable. High-level
streptomycin-resistant mutants (often accompanied by an
mpsL mutation) emerged at an extraordinary frequency of
10, which represents >2000-fold increase over the
frequency of their emergence from wild-type strains
(<3x10%. In contrast, virlually no difference was
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Table 4. Effect of gidB mutation on emergence of high-level
streptomycin-resistant mutants.®

Streptomycin
{11g mi™") used
for high-level Frequency Relative
Strain resistance of mutants frequency
E. coli 50
Wild type 1.1 %x10° 1
gidB mutant 5.0x 107 450
M. smegmatis 100
Wild type 6.3x10° 1
gidB mutant 68x10° 11
M. tubsrculosis 16
Wild type
No. 05-028 <54x10° 1
No. 05-048 <31x10°® 1
gidB mutant
No. 05-029 1.7x 10 > 2000
No. 04-034 1.4x 107 > 2000
No. 03-075 1.2x10* > 2000

a. Selected on LB (for E. col), R (for M. smegmatis) or 7H11 (for
M. tuberculosls) agar.

detected, as examined and compared between
M. smegmatis gidB and wild-type sfrains, in the frequency
of emergence of mutanis resistant to antituberculosis
drugs other than sireptomycin (we tested kanamycin,
rifampicin, ethambutol and isoniazid) (data not shown).
These results indicate that the gidB mutations do not
affect the overall mutation rate of cells.

Discussion

The bacterial ribosome is a major target for antibiotics
(Poehlsgaard and Douthwaite, 2005). The aminoglycoside
antibiotic streptomycin, the first antibiotic found to target
the ribosome, has been important in the treatment of
tuberculosis. In addition, streptomycin serves as an essen-
tial molecular probe to dissect ‘decoding’ process of protein
synthesis (Ogle and Ramakrishnan, 2005). Recent publi-
cations of the crystal structures of the 30S and 50S ribo-
somal subunits (Ban et al, 2000; Carter etal., 2000;
Wimberly ot al., 2000}, as well as the intact 70S ribosome
(Korostelev ef al, 2006; Selmer etal, 2008), have
increased our understanding of the mechanism of protein
synthesis and the actions of antibiotics. The A site of the
308 subunit consists of a pocket formed by the so-called
530 loop, a portion of the long helix 44, and helix 34 in the
16S rRNA (Wimberly et al., 2000). The only protein locating
in the vicinity of the A site is the S12 ribosomal protein.
Strepiomycin binds to the phosphate backbone of 16S
rRNA in four different domains — U14 in helix 1, G526 and
G527 in the 530 loop, A913 and A914 in helix 27/28, and
C1490 and G1491 in helix 44 — through it also forms both
salt bridges and hydrogen bonds and makes contact with
the S12 protein (Carter ef al,, 2000). Thus, streptomycin

perturbs the A site function, eventually leading to misread-
ing of the genelic code during translation (Ogle and
Ramakrishnan, 2005). The 530 loop region is one of the
most highly conserved features of 16S rRNA and appears
to play a key role in mediating the accuracy of protein
synthesis (Powers and Noller, 1991; Wimberly et al., 2000;
Ogle and Ramakrishnan, 2005). Mutations in this region
often result in resistance to streptomycin (Melancon et al.,
1988; Powers and Noller, 1991; Springer et al, 2001).
However, no mutations had ever been found in the invari-
ant nucleotide G527. Consequently, our conclusion that
failure to methylate G527 resulis in resistance to sirepto-
mycin is striking, although methylation at position G527
was not actually demonstrated in the present work.

The present work, however, demonstrated unambigu-
ously that loss of the m’G modification in 16S rRNA due to
gidB mutations results in resistance to streptomycin. This
was somewhat unusual, given that resistance to most
drugs that interact with ribosomes is associated with
changes in the rBNA sequence (Springer et al, 2001),
acquisition of methylated bases (Cundliffe, 1989; Douth-
waite of al., 2005) or alteration of ribosomal proteins (Poe-
hisgaard and Douthwaite, 2005). Our findings are not
unprecedented, however. Resistance to kasugamycin,
another aminoglycoside antibiotic, results from the loss of
a methylase, RsmA (also known as KsgA), which methy-
lates bases 1518 and 1519 of the E. coli 165 rBNA
{Helser et al., 1972). Likewise, resistance to capreomycin,
a cyclic peptide antibiotic used as a second-line antituber-
culosis drug, was recently shown to result from loss of
another methylase, 2’-O-methyltransferase (encoded by
tiyA), which methylates the pentose moieties of nucle-
otides 1409 of 16S rRNA, 1920 of 23S rRNA (Johansen
et al., 2008). Thus, acquisition of drug resistance from a
lack of rRNA methylation appears to be fairly common
among bacteria, although unlike gidB, tyl/A homologues
are found only in limited number of bacteria. As we have
now established that GidB is an rBNA methyltransferase,
we propose that rsmG (tRNA small subunit methyltrans-
ferase gene G) would be a more appropriate designation
than gidB, based on James Ofengand’s nomenclature
system for rRNA modifying enzymes (Andersen and
Douthwaite, 2008). (Nonetheless, to avoid confusion, we
have used the gene name gidB through this paper.)

Homologues of gidB are highly conserved among
eubacteria, so it was somewhat surprising that, despite
the apparently important contribution made by GidB to
ribosomal function, disruption of gidB had no effect on the
growth of E. coli (Fig. 1C) or M. smegmatis (Y. Tanaka, S.
Okamoto and K. Ochi, unpublished). In addition, high-
level resistance to streptomycin in M. tuberculosis is pre-
dominantly linked to mutations in rpsL which do not carry
a fithess cost (Botiger et al., 1998; Sander et al., 2002).
Therefore, it is apparent that two major resistance mecha-
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Table 5. Bacterial strains used in this study.
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Strain Description Source®

E. coli
BW25113 A(araD-araB)567 AlacZ4787(::rmB-3) laclp~4000(lacl®) A~ rph-1 A(thaD-rhaB)568 hsdR514 CGsC
JWK3718 BW25113 AgidB::kan NBRP
CAG12080 MG1655 zah-281:Tn10 NBRP
DEVSE lacZ105(Am) A~ galU65 relAt spoT1 thi-1 CGSC
SEC166 DEV6 zah-281:Tn10 This study
SEC167 DEVS6 zah-281:Tn10 lacZ* This study
SEC170 DEV6 AgidB::kan zah-281:Tn10 This study
SEC171 DEV6 AgidB::kan zah-281:Tn10 lacZ* This study
SEC174 DEV6 mpsl*™*T zah-281:Tn10 This study
SEC175 DEVS rpsL*?T zah-281:Tn10 lacZ* This study
W3110 F- A~ mph-1 Inv (mD-rmE} Laboratory stock
448T W3110 gidB (frameshift) This study

S. aureus
209P Prototroph, avirulent strain JCM

M. smegmatis
58667 Type strain, prototroph JCM
205C 58667gidB (frameshift) This study

M. tuberculosis
05-028 Streptomycin-susceptible strain Clinical isolate
05-048 Streptomycin-susceptible strain Clinical isolate
03-075 gidB mutant with low-level streptomycin resistance Clinical isolate
04-034 gidB mutant with low-level streptomycin resistance Clinical isolate
05-029 gidB mutant with low-level streptomycin resistance Clinical isolate

a. NBRP, National BioResource Project (NIG, Japan): E. coli, CGSC, E. coli Genetic Stock Centre; JCM, Japan Collection of Microorganisms.

nisms (due to gidB or rpsl. mutation) obsetved in sirains
isolated from clinical cases (Table 3) do noi affect celil's
filness and thus their virulence {(i.e. no reduction in
virulence).

Most importantly, gidB mutanis arose spontaneously
and at high frequency (1010 in organisms including
M. tuberculosis (Table 1). In addition, it is noteworthy that
mutanis showing high-level sirepiomycin resistance
arose at an extraordinarily high frequency among cells
that carried a gidB mutation in their genetic background.
This was especially pronounced in M. tuberculosis, in
which gidB mutation caused a > 2000-fold increase in the
emergence of mutants with high-level streptomycin resis-
tance (Table 4). Indeed, gidB rpsl and gidB rrs double
mutants, together even with a gidB rpsL s friple mutant,
are frequently detected in clinical isolates from tuberculo-
sis patients (Table 3). As gidB mutatiion did not affect the
frequency at which mutants resistant to antibiotics other
than sfreptomycin emerged, it is not likely that GidB func-
tions as an anti-mutator-like protein. Nonetheless, the
emergence of high-level streptomycin-resistant mutants
at an exiraordinary high frequency due to gidB mutation
is of considerable imporiance in the treatment of
tuberculosis. Although clinical trials have shown the effi-
cacy of sireptomycin in the initial phase of tuberculosis
treatment, the increasing frequency of resistance to strep-
tomycin at global level has made this drug less useful. Our
findings account for this clinical aspect.

Streptomyces coelicolor strain KO-179 with a mutation
(str-19) conferring low-level streptomycin resistance exhib-

© 2007 The Authors

its an enhanced expression of SAM synthetase, eventually
leading to overproduction of antibiotic (Okamoto etal,
2003). As will be reporied elsewhere, we have confirmed
that sir-19is a mutation within gidB and that a gidB knock-
out mutant constructed by gene manipulation displays
similar phenotype as the mutant KO-179, accompanied by
an increased protein synthesis activily at late growih phase
(K. Nishimura, T. Hosaka, S. Tokuyama, S. Okamoto and
K. Ochi, submitied). Although we do not know whether
M. tuberculosis gidB mutanis exhibit an enhanced expres-
sion of SAM synthetase and an increased protein synthe-
sis activity as did the S. coelicolor gidB mutants, these
findings may be helpful in considering the plausible physi-
ological effects of gidB mutation in M. iuberculosis.

In conclusion, we have identified the mutation conferring
low-level resistance to streptomycin that has remained
obscure for long time and uncovered the resistance
mechanism. Furiher studies will establish the precise func-
tion of GidB in the bacterial ribosome and unravel the
molecular mechanisms underlying the vigorous emer-
gence of high-level resistance to sireptomycin in M. tuber-
culosis, and perhaps in other pathogenic bacteria.

Experimental procedures
Bacterial strains and cuilture conditions

The bacterial strains used in this study are listed in Table 5.
Unless stated otherwise, E. coli BW25113 and an isogenic
AgidB::kan strain JWK3718 were used as the wild-type and
AgidB strains respectively (Baba et al,, 2006). E. coli and
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8. aureus were grown in Luria-Bertani (LB) medium oron LB
agar, M.smegmatis was grown on R agar, and
M. tuberculosis was grown on Ogawa egg medium or Middle-
brook 7H11 medium. All incubations were done at 37°C.

Generation of spontaneous streptomycin-resistant
mutants

Spontaneous low-level streptomycin-resistant mutants (gidB
mutants) were generated from the wild-type strains of E. coli
(W3110), M. smegmatis (5866") and clinical isolates of
M. tuberculosis (strain no. 05-028 and 05-048). Mutant exhib-
iting high-level streptomycin resistance (ipsL. or s mutants)
were obtained from wild-type strains and their respective
gidB mutants. Portions of a cell suspension of each strain
were spread on streptomycin-containing plates. Serial dilu-
tions of the cell suspension were also plated on media
without streptomycin to determine the numbers of viable cells
in the original cell suspensicn. When measuring the fre-
quency of resistant mutants, we first conducted single colony
isolation, and cells originating from each clone (usually we
tested 1020 clones) were separately examined.

In vitro translation assay

Cellfree translation of GFP mRNA was performed as
described previously (Hosaka ef al., 2006). Aliquots of reac-
tion products were subjected to electrophoresis on 10%
native-polyacrylamide gels, and GFP levels were determined
using a Fluorolmager (Molecular Dynamics).

Plasmid constructions

The E. coli gidB gene was amplified using the forward primer,
5-GGATCCATGCTCAACAAACTCTCCTTACTG-3, contain-
ing a BamHl site, and the reverse primer, 5-CTGC
AGTTAAATTTTATTTGCTTTAATCACCACCAG-8, contain-
ing a Pstl site. The gene fragment was amplified using KOD
-Plus- DNA polymerase (Toyobo, Japan) and cloned into the
pTA2 vector (Toyobo, Japan) using a TArget clone -Plus- TA
cloning kit (Toyobo, Japan). After sequence confirmation, the
BamHI-Pstl fragment was inserted into pQE-80 L (Qiagen),
generating the pQE-Eco_gidB. The gidB gene from
8. coelicolor was amplified using the forward primer,
5-GGATCCATGTCGGAGGCAGCGGAGCT-3, containing a
BamH! site, and the reverse primer, 5-CTGCAGC
TATCCGCGGCGTCGACGCGT-3', containing a Pstl site,
and cloned into pQE-80L in analogous fashion, generating
the plasmid pQE-Sco_gidB.

Expression and purification of (His)s-GidB protein

Escherichia coli BL21/pLysS celis harbouring pQE-Eco_gidB
were grown at 37°C to an ODey of 0.6 in 200 mi of LB
medium containing 0.2% glucose, 50 ug mi™' carbenicillin
and 25 ugmi™ chioramphenicol. Expression was induced
with 1 mM isopropyl-B-D-thiogalactopyranoside, and incuba-
tion was continued at 37°C for an additional 4 h. Cells were
harvested by centrifugation and frozen at —70°C. The cell
pellet was resuspended in 16 mi of binding buffer [20 mM
sodium phosphate (pH 7.4), 500 mM NaCl, 50 mM imidazole,

3 mM dithiothreitol] containing Complete™ protease inhibitor
cocktail (Rosche) and sonicated. Insoluble material was
removed by centrifugation, and the crude extract was chro-
matographed on a 1 ml HisTrap HP column (GE Healthcare
Bio-Sciences) equilibrated in binding buffer. The (His)s-GidB
protein was eluted with a linear gradient of 50-300 mM imi-
dazole in binding buffer. The fractions containing (His)s-GidB
were pooled, dialysed against storage buffer [20 mM
HEPES-KOH (pH 7.5), 100 mM KCI, 3 miM dithiothreitol, 20%
(vAv) glycerol], concentrated and stored at —70°C until use.

In vitro methylation assay

Methylation reactions were performed using 20 pmol of 70S
ribosomes, 30S subunits, 50S subunits or 16S rRNA as sub-
strates in 20 pl of 50 mM HEPES-KOH (pH 7.5), 100 mM
NH,CI, 2 mM Mg(OAc),, 5 mM dithiothreitol, and 10% (V/v)
glycerol containing 4-100 pmol of (His)e-GidB as the
methylase. The methyl donor [methyFH]SAM (15 Ci mmol™;
GE Healthcare Bio-Sciences) was added to a final concen-
tration of 3 uM, and the mixtures were incubated at 37°C for
the indicated times (usually 16 h). The reactions were ter-
minated by precipitation with 10% ice-cold trichloroacetic acid
for kinetic analyses or by extraction with an ISOGEN reagent
(Nippon Gene, Japan) for fluorographic analysis. To measure
radioactivity, samples were collected on glass fillers
(Whatman GF/F), and radioactivity on the filter was mea-
sured by scintillation counting. For fiuorographic analysis,
extracted rBNAs were precipitated with isopropanol, dis-
solved in TE buffer, and applied onto acrylamide gels.

Identification of in vitro methylated nucleotide

In vitro methylation reactions were performed with 308
subunits as described above, and the °H-labelled RNAs
were extracted with ISOGEN, precipitated with isopropanol
and digested with nuclease P1 (Yamasa, Japan). The
5-monophosphate nuclecsides thus generated were sepa-
rated by 2D-TLC on celiulose plates using the solvent system
| described previously (Grosjean efal, 2004). Radioac-
tive compounds were detected by fluorography using
EN3HANCE spray (PeridnElmer).

Analysis of in vivo methylation profiles of 165 rRNA

16S RNAs were exiracted from 30S subunits isolated from
E. coli wild-type and AgidB strains. A 25 ug aliquot of each
extract was digested for 3 h at 37°C with nuclease P1 (3 U)
and alkaline phosphatase (0.04 U) in 25 pl of reaction mixture
containing 20 mM HEPES-KOH (pH7.5). The resulting
nucleosides were analysed by HPLC using an Inertsil ODS-3
column (250 x 2.1 mm, GL Science, Japan) as described
{lkeuchi et al., 2006).

Stop codon read-through assay B-galactosidase activity
was measured according to standard protocols (Miller, 1992),
except that all incubations were at 30°C. Read-through fre-
quency is expressed as the activily obtained with the
lacZ105(Am) strain divided by the activity obtained with the
wild-type lacZ strain.
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IF v — AR ELRIZTIENTE
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