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The specificity parameters counteracting the heterologous expression in Escherichia coli of the Desulfomi-
crobium baculatum gene (hydV) coding for the large subunit of the periplasmic hydrogenase which is a
selenoprotein have been studied. hydV*-*lacZ fusions were constructed, and it was shown that they do not direct
the incorporation of selenocysteine in E. coli. Rather, the UGA codon is efficiently suppressed by some other
aminoacyl-tRNA in an E. coli strain possessing a ribosomal ambiguity mutation. The suppression is decreased
by the strA1 allele, indicating that the hydV selenocysteine UGA codon has the properties of a “normal” and
suppressible nonsense codon. The SelB protein from D. baculatum was purified; in gel shift experiments, D.
baculatum SelB displayed a lower affinity for the E. coli fdhF selenoprotein mRNA than E. coli SelB did and vice
versa. Coexpression of the hydV*-*lacZ fusion and of the selB and tRNASec genes from D. baculatum, however,
did not lead to selenocysteine insertion into the protein, although the formation of the quaternary complex
between SelB, selenocysteyl-tRNASec, and the hydV mRNA recognition sequence took place. The results
demonstrate (i) that the selenocysteine-specific UGA codon is readily suppressed under conditions where the
homologous SelB protein is absent and (ii) that apart from the specificity of the SelB-mRNA interaction, a
structural compatibility of the quaternary complex with the ribosome is required.

The biosynthesis and incorporation of the amino acid sel-
enocysteine into proteins require the function of two cis- and
four trans-acting elements (7). The cis-acting elements are a
UGA codon which determines the position at which the amino
acid is to be inserted and an adjacent secondary structure of
the mRNA coding for selenoproteins. This recognition motif
of the mRNA determines the specificity of decoding of the
particular UGA codon. The trans-acting factors are two en-
zymes involved in selenocysteine biosynthesis, namely,
monoselenophosphate synthetase and selenocysteine synthase
plus a specific tRNA, tRNASec, and the specialized translation
factor SelB. tRNASec is charged with L-serine and serves as an
adapter for the conversion of the seryl moiety into selenocys-
teine. SelB is a translation factor with a function homologous
to that of EF-Tu but with exclusive specificity for selenocysteyl-
tRNASec. SelB binds both the charged tRNA and the recog-
nition motif of the mRNA and—according to the present mod-
el—thereby donates the selenocysteyl-tRNA in close proximity
to the UGA codon at the ribosomal A site (1).
The heterologous expression of genes coding for selenopro-

teins is of considerable interest, both from a basic and applied
view. Attempts to achieve such heterologous expression in
prokaryotes have been unsuccessful until now (10, 17, 29).
There is only one report that insertion of selenocysteine di-
rected by a UGA codon in a heterologous mRNA could be
accomplished, namely, when the recognition motif of the fdhF
gene was introduced into the fdhA gene of Methanobacterium
formicicum to match the binding specificity of the Escherichia
coli SelB protein (13). In eukaryotes, the specificity of UGA
decoding of selenoprotein mRNAs is determined by a second-
ary structure in the 39 untranslated region (5). It has been
shown that fusing this untranslated region to the mRNA of an
ordinary protein can direct selenocysteine insertion at any

UGA codon introduced into the reading frame (6, 32). The
yield of selenoproteins synthesized in this way, however, is low.
In this communication we report on the results of the anal-

ysis of the specificity barriers of the heterologous expression of
a selenoprotein gene in prokaryotes. For a model, we have
employed formation of the hydrogenase large subunit from
Desulfomicrobium baculatum (23), which contains a selenocys-
teine residue covalently linked to the nickel metallocenter (9,
11).

MATERIALS AND METHODS

Bacterial strains, plasmids, bacteriophages, and media. Bacteria, plasmids,
and bacteriophages used in this work are listed in Table 1. Bacteria were grown
aerobically in TP medium (12) or LB medium (24) and anaerobically in TGYEP
medium (4) supplemented with 0.1% formate when required. Antibiotics were
added at the following concentrations: ampicillin, 100 mg/ml; kanamycin, 50
mg/ml; and chloramphenicol, 20 mg/ml. Bacteriophage l was propagated by the
method of Simons et al. (33).
Recombinant DNA techniques. Chromosomal DNA was isolated as described

by Murray and Thompson (25). All standard genetic procedures were performed
as described by Sambrook et al. (30). Enzymes were used according to the
recommendations of the manufacturer.
Preparation of 5* labeled transcripts. Transcripts were produced by the

method of Wyatt et al. (36) using T7 RNA polymerase with either BamHI-
linearized plasmid pETWT (fdhFmRNA) or the synthetic oligodesoxyribonucle-
otide DbmRNA (59-AATTCTTCACCGGTCTCAGCGTGCAGCACGTGCAC
GGCACAGCCCAGTCACTCTCCCtatagtgagtcgtatta-39) as the template (Dbm
RNA hybridized with oligonucleotide T7-1 [59-TAATACGACTCACTATAG-
39] in the f10 promoter region [given in lowercase letters] of the oligodesoxyri-
bonucleotide DbmRNA). The sequences of the resulting transcripts are identical
to the ones given in Fig. 1. Transcripts were 59 labeled with [32P]ATP using
polynucleotide kinase and purified by gel filtration using Sephadex G50 columns.

b-Galactosidase activity assay. b-Galactosidase activity was determined by the
method of Miller (24) with cells from cultures which had been grown aerobically
to an optical density at 600 nm (OD600) of 0.5 in TP medium.
In vivo labeling with [75Se]selenite. Cells were grown anaerobically to an

OD600 of 1 in the presence of 1 mM [75Se]selenite. Proteins of whole-cell lysates
were separated by sodium dodecyl sulfate (SDS)-polyacrylamide gel electro-
phoresis, and the selenoproteins were visualized by autoradiography by the
method of Cox et al. (8).
Construction of plasmids pDBM100, pDBM700, pDSB215, and pDQB216. In

order to generate the plasmids pDBM700 and pDBM100 encoding the “seleno-
cysteine-inserting cartridges,” the appropriate regions of the hydV gene (23) were
amplified by PCR (16) using the synthetic oligonucleotides JHD1 (59-GTTAG
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TCAATGTTAACAACGTGTTC-39) and JHD2 (59-GAGGGAATTCGATTCC
AAGCTGG-39) or JHD1 and Dbac01 (59-CCCGTTAACGTGGGGCGCCTG-
39), respectively. In the case of the 701-bp selenocysteine insertion cartridge
(JHD1 and JHD2), the PCR fragment was subsequently cut with EcoRI and the
59 overhanging end was filled in with Klenow fragment of DNA polymerase I.
After addition of a HindIII linker (CGAAGCTTCG), the resulting fragment was
cleaved with HindIII and HpaI and ligated with plasmid pSKS106 that had been
cut with HindIII and SmaI resulting in the appropriate hydV-lacZ fusion. In the
case of the 90-bp selenocysteine insertion cartridge (JHD1 and Dbac01), the
resulting PCR fragment was cut with HpaI and directly cloned into pSKS106
linearized with SmaI.
In the first step of the generation of plasmid pDSB215, an NheI-MluI fragment

from pDBB213 was cloned into pT7-6 cut with XbaI-EcoRI. Since MluI and
EcoRI are not compatible with each other, these sites were filled in with Klenow
fragment reconstituting an EcoRI site after ligation. Subsequently, 191 bp up-
stream of the selB gene (positions 214 to 2205) were deleted by inverse PCR
(26) using the synthetic oligonucleotides Dbac22 (GCTAGGAGAGACGCAT
GC) and T7-4 (CTAGAGTCGACCTGCAGC). In the final step, a SalI-EcoRI
fragment was cloned into pSU2719 cut with the same enzymes. Since pSU2719
carries two EcoRI sites, this plasmid was only partially cut with this enzyme.
Plasmid pDQB216 is a pQE32 derivative encoding SelB from D. baculatum as

a N-terminal His tag fusion. In the first step to construct this plasmid, a SphI
fragment carrying the 59 part of the selB gene from plasmid pDSB215 was

transferred to pQE32 cut with the same enzyme (pDQB-N). In order to restore
the complete selB gene, a StuI-EcoRI fragment from pDSB215 was cloned into
pDQB-N cut with StuI and SmaI. Since the EcoRI site is not compatible with the
SmaI site, the EcoRI site was filled in with Klenow fragment.
Construction of strain PT91422::lDRM. An EcoRI-BamHI fragment from

plasmid pDBM100, encoding the N-terminal amino acids of the lacZ gene and 90
bp from hydV carrying the putative stem-loop structure necessary for selenocys-
teine insertion, under the control of the lac promoter, was transferred to plasmid
pRS552. The BamHI site was subsequently filled in with Klenow fragment, thus
rendering the selenocysteine insertion cartridge in frame with the downstream
lacZ gene of plasmid pRS552. The construct encoding the fusion protein was
then transferred to the l attachment site of strain PT91422 with the aid of the
lambda derivative lRS45 by the method of Simons et al. (33).
Purification of H6SelBDb. The fusion protein H6SelBDb (i.e., SelB from D.

baculatum possessing a hexahistidine tag at the N terminus) was purified from E.
coli JM109/pREP4/pDQB216, that was grown to an OD600 of 1, induced with 0.5
mM isopropyl-b-D-thiogalactopyranoside and subsequently cultivated for an ad-
ditional 2 h. The cells were resuspended in 50 mM sodium phosphate (pH 7.2)
containing 0.5 M NaCl and 1 mM 2-mercaptoethanol and broken up by passage
through a French pressure cell at 16,000 lb/in2. After centrifugation at 30,000 3
g, the supernatant was loaded onto a 1-ml Zn21-chelating Sepharose (Pharma-
cia) column. The proteins were eluted with an imidazole gradient from 0 to 100
mM in the above buffer. The pure H6SelBDb protein eluted at about 20 mM

TABLE 1. Bacterial strains, plasmids, and bacteriophages used in this study

Strain, plasmid, or
bacteriophage Relevant genotype or characteristica Source or

reference

Strains
D. baculatum DSM 1743 Wild type DSMb

E. coli
JM109 F2 (traD36 proAB1 lacIq lacZDM15) recA1 endA1 gyrA96 thi-1 hsdR17 relA1 supE44

D(lac-proAB) l2
37

FM433 F2 araD139 F(argF-lac) U169 ptsF25 deoC1 relA1 flbB5301 rpsE13
F(srl-recA)306::Tn10

39

WL81460 FM433, DselC400::kan 39
WL81300 FM433, DselB300::kan 20
PT91422 F2 araD139 F(argF-lac)U169 ptsF25 deoC1 relA1 flbB5301 strA1 F(srl-recA)306::Tn10 This work
PT91460 PT91422, DselC400::kan This work
FM433::lERM FM433, Kmr F(fdhF9-9lacZ)42; selenocysteine-inserting cartridge from plasmid pWT

in the l attachment site of the chromosome
34

PT91422::lDRM PT91422, Kmr, F(hydV9-9lacZ)90; selenocysteine-inserting cartridge from plasmid
pDBM100 in the l attachment site of the chromosome

This work

Plasmids
pSU2719 Cmr lac9IPOZ9a 22
pUC19 Apr 37
pQE32 Apr Qiagen
pREP4 Kmr lacI Qiagen
pSKS106 Apr 9lacZ lacYA 31
pCB2013 Apr selCEc 2
pWT Apr F(fdhF9-lacZ)42 lacYA 12
pETWT Apr f10 fdhF42 (stem-loop structure of the fdhF gene from E. coli) 1
pFM58 Apr F(fdhF9-9lacZ)hyb423c (TCA) 38
pRS552 Kmr Apr 9lacZ lacYA 33
pWL143 Cmr selBEc, derivative of pWL101 carrying 402 bp of chromosomal DNA between the

39 end of the selB gene and the SalI cloning site
19

pDBM100 pSKS106, F(hydV9-9lacZ)90d This work
pDBM700 pSKS106, F(hydV9-9lacZ)645 This work
pDBC300 pBR322, selCDb 35
pDBB213 pBR322, selBDb 18
pDSB215 pSu2719, selBDb under the control of the lac promoter This work
pDQB216 pQE32, selBDb; under the control of the lac promoter, codes for H6SelBDb This work

Bacteriophages
lRS45 lacZ9YA imm21 ind1 33
lERM100 lRS45, F(fdhF9-9lacZ)42 34
lDRM100 lRS45, F(hydV9-9lacZ)90 This work

a Apr, ampicillin resistance; Kmr, kanamycin resistance; Cmr, chloramphenicol resistance. Db and Ec superscripts indicate the origin of the respective gene from D.
baculatum or E. coli, respectively.
b DSM, Deutsche Stammsammlung für Mikroorganismen.
c 423 nucleotides present from fdhF.
d The numbers indicate the numbers of base pairs from the hydV gene cloned into the lacZ gene.
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imidazole. The protein was stored in a solution containing 50 mM sodium
phosphate (pH 7.2), 5 mMMgCl2, 2 mM dithiothreitol, 0.5 mM EDTA, and 50%
(wt/vol) glycerol.
Gel shift experiments. The gel shift experiments involving translation factor

SelB from E. coli (SelBEc) were carried out as described previously (1), except a
660-fold excess of competitor tRNA (baker’s yeast bulk tRNA) was added. Gel
shift experiments with the translation factor SelB from D. baculatum (SelBDb)
were performed in a solution containing 50 mM Tris-acetate (pH 7.0), 50 mM
KCl, 2 mM dithiothreitol, 0.5 mM MgCl2, 1 pmol of transcript, and different
amounts of SelB. Unspecific aggregation of protein and RNA was suppressed by
addition of a 660-fold excess of competitor tRNA (baker’s yeast bulk tRNA).
The SelB-mRNA complex was resolved in a 4% polyacrylamide gel (cross-link
60:1) in 50 mM Tris-acetate buffer, pH 7.0.

RESULTS

The UGA codon of the hydV gene from D. baculatum does not
direct selenocysteine insertion in E. coli. Figure 1a compares
the proposed secondary structures bordering the UGA seleno-
cysteine codon of the fdhF mRNA from E. coli and the hydV
mRNA of D. baculatum at the 39 side. It is evident that the two
recognition motifs differ, especially in the loop region, which
has been demonstrated to be crucial for interaction with trans-
lation factor SelB in E. coli (12, 15, 39). To measure

readthrough of the UGA codon, two plasmids were con-
structed, fusing the D. baculatum SelB recognition motif to
lacZ (Fig. 1b). pDBM700 differs from pDBM100 by containing
645 nucleotides of the hydV gene upstream of the UGA codon
compared to 33 nucleotides in pDBM100. In both plasmids,
expression of the hydV9-9lacZ fusion is under control of the E.
coli lac promoter. The two plasmids were transformed into E.
coli FM433 (sel1), and the capacity for selenoprotein synthesis
was analyzed by incorporation of [75Se]selenium. Figure 2
shows that selenium is incorporated into the fdhF gene product
(lanes 1 to 3) and into an fdhF9-9lacZ-encoded fusion protein
(lane 1). There was no incorporation into the fusion protein
detectable in the case of the cells carrying the recognition
motif of the D. baculatum hydV gene fused to lacZ (lanes 2 and
3).
The UGA codon from D. baculatum is suppressed in an rpsE

mutant of E. coli. The rate of b-galactosidase formation ex-
pressed from the hydV9-9lacZ fusion was determined to assess
whether the lack of selenium incorporation is due to efficient
termination of protein synthesis at the UGA codon. Surpris-
ingly, the UGA codon is efficiently read in strain FM433 which
carries the rpsE gene (Table 2) and thus has a diminished
proofreading activity during translation (28). This suppression
was independent from the presence of a functional selC gene
product. No misreading of the UGA codon was detected in the
case of the homologous system, i.e., the fdhF9-9lacZ fusion of
plasmid pWT in a DselC strain.
When the rpsE mutant allele was exchanged for the wild-

type rpsE gene and the strongly restrictive strA1 mutation was
also introduced, the misreading of the UGA codon followed by
the mRNA secondary structure from D. baculatum was
strongly reduced, both in the presence and absence of a func-

FIG. 1. (A) Comparison of the mRNA secondary structure of the fdhF gene
of E. coli and the putative structure of the hydV gene of D. baculatum directing
selenocysteine incorporation at the UGA selenocysteine codon (shown in bold-
face type). (B) Schematic representation of selenocysteine insertion cartridges
carrying the putative stem-loop structure of the hydV gene of D. baculatum
cloned in frame into the lacZ gene of plasmid pSKS106. nt, nucleotides.

FIG. 2. Effect of the putative mRNA secondary structure of the hydV gene
from D. baculatum on UGA decoding in E. coli FM433 as measured by in vivo
75Se labeling experiments. Lane 1, FM433/pWT; lane 2, FM433/pDBM100; lane
3, FM433/pDBM700. The positions of the fdhF gene product, lacZ fusion pro-
tein, and selenated tRNAs are indicated.

TABLE 2. Suppression of the D. baculatum selenocysteine
insertion cartridges in E. coli

Strain Relevant
genotype

b-Galactosidase activitya of strain with
plasmid:

pWT pDBM100 pDBM700

FM433 rpsE 1,600 (640) 618 (611) 775 (620)
WL81460 rpsE DselC ,1 665 (620) 1,143 (650)
PT91422 strA1 2,050 (6120) 49 (62) 43 (62)
PT91460 strA1 DselC ,1 44 (67) 35 (62)

a b-Galactosidase activity is given in Miller units (24). Values in parentheses
are standard errors of the mean.
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tional selC gene. Again, the efficiency of the decoding of the
UGA codon from the homologous fdhF9-9lacZ was unaffected
and fully dependent on a functional selC gene.
Purification of SelB from D. baculatum and analysis of its

interaction with the homologous and heterologous recognition
sequence. The failure to translate the D. baculatum selenopro-
tein mRNA in E. coli could reside in the inability of the E. coli
SelB to interact with the heterologous mRNA. To test whether
the D. baculatum SelB protein can interact in vitro with its
cognate recognition motif, the protein was purified. To this
end, the selB gene previously cloned (18) was fused with a
DNA segment encoding 13 additional amino acids including a
His tag at the N terminus (Fig. 3A). The gene fusion was
overexpressed, and the product was purified in a single step by
immobilized metal affinity chromatography (Fig. 3B).
The purified protein containing the N-terminal His tag

(H6SelBDb) was tested for interaction with the
32P-labeled

stem-loop structures of the fdhF and hydV mRNAs (Fig. 1).
The reciprocal experiment employing SelB protein (without
His tag) from E. coli was also performed. Figure 4 shows that
the two translation factors preferentially—but not exclusive-
ly—interact with the homologous mRNA; the heterologous
one is bound only at excessive protein/RNA ratios. Note that in
the experimental set using SelB from D. baculatum, the mo-

bility of the complex changes with increasing SelB concentra-
tion. This effect is also observed using SelB from E. coli in an
experiment without the addition of competitor RNA. To date,
we have no explanation for this phenomenon.
Interaction of SelB from D. baculatum with selenocysteyl-

tRNASec. The functionality of SelB is dependent on the inter-
action with two different RNA species. Apart from the mRNA
recognition motif, SelB has to bind the specific tRNASec. We
have, therefore, analyzed whether SelB in its native form (with-
out His tag; pDSB215) can interact with selenocysteyl-tRNA in
the heterologous host. We exploited the fact that in the E. coli
system, overproduction of SelBEc and the consequent high
ratio of SelBEc relative to tRNA

Sec and mRNA impairs the
statistics of interaction of SelBEc with both RNA species and
thereby suppresses selenoprotein synthesis (34). This suppres-
sion can be relieved by concomitant overproduction of
tRNASec. Table 3 demonstrates that overproduction of SelB
from D. baculatum indeed reduces readthrough of the UGA
codon of the fdhF9-9lacZ fusion almost completely as it is
observed with SelB from E. coli(pWL143). This reduction is
also reversed by concomitant overproduction of tRNASec

(pCB2013). In the light of the results obtained for the SelB
protein from E. coli (34), this reduction strongly indicates that

FIG. 3. Purification of translation factor SelB from D. baculatum as a His tag fusion protein (H6SelBDb). (A) Schematic representation of the His tag fusion protein
carrying 13 additional amino acids at its N terminus. Structural domains I, II, III, and IV of the protein are indicated. (B) Purification of H6SelBDb followed by
SDS-polyacrylamide gel electrophoresis. Lanes 1 and 2, SDS lysates of E. coli JM109/pDQB2166/pREP4 before and after induction with isopropyl-b-D-thiogalacto-
pyranoside; lane 3; S30 extract; lane 4, affinity chromatography pool; lane A, molecular mass standards (positions shown to the left of the gel).
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the translation factor from D. baculatum is capable of binding
selenocysteyl-tRNASec in the heterologous host in vivo.
Incompatibility between the D. baculatum SelB–seleno-

cysteyl-tRNASec–mRNA complex and the E. coli translational
system. Having shown that SelB from D. baculatum synthe-
sized in the heterologous host can interact with selenocysteyl-
tRNA and also binds the D. baculatum mRNA recognition
sequence in vitro, we tested whether the D. baculatum UGA
codon plus the recognition motif can be decoded as selenocys-
teine in E. coli when selB and the tRNASec gene from this
organism are also expressed. For this purpose, strain
PT91422::lDRM which contains the chromosomally encoded
hydV9-9lacZ fusion was transformed with plasmid pDSB215
(carrying the D. baculatum selB gene) and either pDBC300 (D.
baculatum selC) or pCB2013 (E. coli selC). Readthrough of the
UGA codon as measured by b-galactosidase activity was not
detectable (data not shown). In contrast, the overexpression of
selB from D. baculatum has a reducing effect on the high
degree of suppression of the hydV9-9lacZ fusion as tested in
WL81300 transformed with pDBM100. The concomitant
selBDb expression reduces the b-galactosidase activity by 55%
from 708 to 325 Miller units. No effect is seen when the E. coli
selB gene is coexpressed.

DISCUSSION

In the genetic code, UGA can possess a number of different
functions (27). UGA directs cysteine insertion in the genus
Euplotes, tryptophan insertion in Mycoplasma and mitochon-
dria, selenocysteine insertion in selected organisms, and finally,
UGA can signify polypeptide chain termination. Whereas the
decoding of the UGA codon as cysteine and tryptophan is
characteristic of only a few biological systems, functioning as a
selenocysteine and functioning as a stop codon are traits of the
genetic code in all three lines of descent (7, 21).
In prokaryotes, the decision on whether UGA is read as a

selenocysteine codon rests on the existence of an mRNA sec-
ondary structure immediately 39 to the codon (12, 39). Since
selenocysteine occurs in the active site of functionally very
different enzymes (7, 21), it was not surprising to find that
heterologous expression of selenoprotein genes cannot be ac-
complished (10, 17, 29) (Fig. 2). Since the genes for tRNASec

from a wide range of organisms can complement the selC
lesion of an E. colimutant (3, 14, 35), it was clear that charging
of the heterologous tRNA and biosynthesis of selenocysteyl-
tRNA cannot be the bottleneck for heterologous expression.
More likely, the recognition of the mRNA motif determining
the decoding of UGA as selenocysteine by heterologous SelB
protein was a likely candidate for the expression barrier. In-
deed, the purified SelB translation factors from E. coli and D.
baculatum showed a 5- to 10-fold-higher affinity for the homol-
ogous mRNA recognition motif than for the heterologous one.
The interaction of the selenocysteine-specific translation factor
from D. baculatum and the stem-loop structure of the hydV
mRNA in vitro substantiates the notion that it is this mRNA
secondary structure that renders the UGA codon a selenocys-
teine codon, as proposed by computer analysis (39).
The specificity as measured by the mobility shift assays,

however, is not exclusive. One should, therefore, expect that an
increased amount of the heterologous protein should over-
come the lowered affinity, which is, however, not the case. This
is consistent with the mutational analysis of the fdhF mRNA
secondary structure where the exchange of a single nucleotide
in the loop region abolishes in vivo selenocysteine incorpora-
tion but only quantitatively reduces the affinity for SelB (1, 12).

FIG. 4. Specificity of the SelB-mRNA interaction as visualized by gel shift titration experiments. Interaction of SelB from D. baculatum (SelBDb) (A) or SelB from
E. coli (SelBEc) (B) with either the mRNA stem-loop structure of the hydV (mRNADb) or fdhF (mRNAEc) gene. The molar excess of the SelB from the respective
organism is indicated above the lanes. The migration position of the SelB-mRNA complex is indicated.

TABLE 3. Ability of SelB from D. baculatum to bind to tRNASec

in vivo

SelB
variant Plasmid

tRNASec overproductiona

2
(pUC19)

1
(pCB2013)

SelBDb pDSB215 ,1 90 (64)
SelBEc pWL143 ,1 97 (63)
—b pSU2719 100 (65) 201 (66)

a Symbols: 2, no overproduction; 1, overproduction. The plasmids in paren-
theses are the plasmids used. The values are b-galactosidase activities (given in
Miller units [24]). Values in parentheses are standard errors of the mean. See
text for details.
b—, no SelB overproduction.
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Heterologous expression could not be observed even under the
condition that selenocysteyl-tRNA, mRNA, and SelB were all
from the heterologous organism.
All the experimental data point to the conclusion that the

postulated quaternary complex also forms between these het-
erologous components. First, SelB from D. baculatum reduces
the programmed readthrough of the UGA codon in E. coli.
This effect could be unambiguously attributed to the seques-
tering of selenocysteyl-tRNASec in the E. coli system (34).
Second, the SelB protein from D. baculatum is capable of
binding to the hydV mRNA secondary structure in vitro and
apparently also in vivo. Thus, although the quaternary complex
between SelB, selenocysteyl-tRNA, GTP, and mRNA seems to
form in the heterologous organism, it is not compatible for
translation. An obvious explanation is that the heterologous
SelB does not properly interact with the E. coli ribosome.
Whether this is due to the SelB structure itself or the overall
structure of the quaternary complex, including the critical dis-
tance of the UGA codon relative to the complex, remains to be
determined.
A crucial difference of the D. baculatum SelB “decoding

complex” relative to the E. coli one is also indicated by the
finding that the UGA codon of the heterologous mRNA is
easily suppressed in an E. coli strain harboring a ribosomal
ambiguity mutation (rpsE [Table 2]) (28) and that misreading
is reduced in a strA1 genetic background. This suppression is
independent of the presence of a functional selC gene, indi-
cating the insertion of another amino acid, possibly tryptophan
(28). The UGA codon of the E. coli fdhF mRNA, in contrast,
is not suppressed at all. The decoding of the UGA codon from
the D. baculatum hydV gene, therefore, is affected by the fi-
delity control of the E. coli ribosome; that of the fdhF mRNA,
however, is not. It is plausible to assume that this suppressibil-
ity of the heterologous UGA codon is a consequence of the
failure of the specific selenocysteine insertion, since it is higher
in the absence of the appropriate SelB protein. If this were the
case, the binding of the translation factor would also be in-
volved in preventing RF2 action at this codon.
A high level of readthrough was also observed when the grdA

gene from Clostridium sticklandii encoding the selenoprotein A
of glycine reductase is expressed in E. coli (10). Again, no
specific selenocysteine insertion but a high level of suppression
of the UGA codon was detected. About 10% of the produced
protein carried selenocysteine, as determined by enzyme activ-
ity. The researchers assume that this selenocysteine is incor-
porated via tRNACys incorrectly charged with selenocysteine.
This unspecific incorporation of selenocysteine cannot be ob-
served upon expression of the hydV gene from D. baculatum in
E. coli.
The number of steps controlling the fidelity of selenocys-

teine insertion directed by the UGA codon are impressive.
First, charging of tRNASec is limited compared to the other
serine isoacceptors to control the flux into this trace element
pathway. Second, selenocysteine synthase discriminates be-
tween the two kinds of seryl-tRNAs, and SelB binds only the
selenocysteylated one. Furthermore, there is some not yet fully
analyzed cooperativity in tRNA and mRNA binding by SelB
which appears to be crucial for decoding (1, 34), and finally and
at least for the two organisms investigated here, SelB (or the
SelB quaternary complex) from the heterologous organism
does not function with the E. coli ribosome. It will be a chal-
lenge to analyze the basis of this incompatibility in detail and
to overcome it, possibly by mutational adjustments.
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