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Selenocysteine is co-translationally incorporated into
the nascent polypeptide chain, in both prokaryotes
and eukaryotes, through a process directed by a
UGA codon. Recently it was shown that special elon-
gation factor, novel tRNA and insertion elements at
3’ non-coding region were involved in this biochemi-
cal process.

IN the recent years, the importance of selenium (Se) as
an essential trace element has progressively emerged
due to the analysis of selentum deficiency diseases
(Keshan disease and Kaschin-Beck disease) and
identification of a number of selenoproteins. This ele-
ment is present within proteins in the form of selenocys-
teine {HSeCH,CH(NH,)COOH), an analogue of
cysteine in which the sulphur atom has been replaced
by an atom of selenium. In contrast to random incor-
poration of selenomethionine in the place of methio-
nine in proteins, selenocysteine residues occupy
unique positions and are not simply cysteine replace-
ments' 2.

Ever since it was first suggested that Se is an essential
component of these proteins, there has been much atten-
tion for the mode of incorporation of the Se moiety into
the proteins, which occurs by a co-translational proc-

“ess°. With the exception of thiolase and selenoprotein P,
glutathione peroxidase, bacterial formate dehydroge-
nase, Type I iodothyronine deiodinase, protein PA of
glycine reductase complex are known to contain seleno-
cysteine, which is also involved in the catalytic function
of the above.

Biosynthesis of selenocysteine: the 21st amino
acid

Sunde and Evenson® identificd serine as the ultimate
source of carbon for selenocysteine, and proposed that
an additional metabolic step involving the replacement
of the phosphate of phosphoserine with selenol (Se~H)
group, either while phosphoscrine is esterified to the
tRNA or perhaps after phosphoserine incorporation into
the polypeptide chain, would lead to the synthesis of
selenocysteine.
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Synthesis of selenocysteine
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Expansion of genetic code

Chambers and associates’ showed selenocysteine, found
in the active site of glutathione peroxidase, is encoded
by a TGA codon. The existence of a TGA codon In the
middle of otherwise an open reading frame was also
reported for Type I i1odothyronine deiodinase®. Berry
et al.® constructed deletion mutants and frame shift in-
sertions and confirmed that the putative stop (TGA)
codon 1s in-frame, corresponding to selenocysteine. Zi-
noni et al.” also demonstrated an in-frame UGA opal
nonsense codon, which directs the incorporation of sele-
nocysteine in the formate dehydrogenase gene. A mul-
tiple selenocysteine containing protein, selenoprotein P
from rat, was characterized®’ and the corresponding
genew sequences were shown to contain ten TGA
codons in the open reading frame. Three in-phase TGA
codons were also identified in the gene encoding the
mitochondrial capsule selenoprotein  from mouse
sperm'’. These results suggest that incorporation of se-
lenocysteine into these proteins can occur by suppres-

sion of the UGA codon.

Novel tRNA

The existence of two UGA suppressor tRNAs that can
carry phosphoserine in mammalian, avian and xenopus
specics was demonstrated''?. Tappel er al '+ identi-
fied a2 tRNA in rat liver that is specific for selenocyste-
ine insertion. Leinfelder et al.'®'’ discovered the sel C
gene from E. coli, encoding an unusual seryl tRNA with
UCA at the anticodon loop. This tRNA deviated 1 sev-
eral positions from sequences previously considered
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invariant in other tRNA spccies'® and is the longest
tRNA species with 95 nucleotides, with an acceptor
stem of 8 base pairs'®. The novel tRNA accepts L-serine
and cotranslationally inserts selenocysteine by recogniz-
ing the ‘specific’ UGA codon. The serine residue, which
is attached to unique tRNA"?, is converted to selenocys-
teine in a reaction dependent on the selA and selD gene

products'>*. This is considered another important
pathway for providing additional amino acids like the
formylation of methionine attached to the prokaryotic
initiator tRNA®' and the conversion of glutamate to

clutamine during the synthesis of glutaminyl tRNA in
several organisms=*.

Unique translational factor

Forchhammer et al.*® discovered a unique translation
factor (SELB), the selB gene product, exhibiting exten-
stive homology with sequences of translation initiation
factor-2 (IF2) and elongation factor Tu (EF-Tu). Fur-
thermore, purified SELB protein binds guanine nucleo-
tides 1n a 1:1 ratio and specifically complexes with
selenocystinyl tRNA™". Thus, SELB could be an amino
acid-specific elongation factor, replacing EF-Tu in a
special translation step. A relevant question for under-
standing translation and the evolution of the genetic
code is, how the translational machinery can cope with
the situation that one and the same triplet codon can
signal either chain termination or selenocysteine inser-

tion?

Context effects

Bock et al.***> made deletions in E. coli formate dehy-
drogenase gene and fused in-frame to the lacZ reporter
gene. Their analysis revealed that a sequence of 40
bases in the mRNA at the 3’ side of the UGA codon can
be folded into a putative hair pin structure, and is re-
quired for selenocysteine incorporation. Mutagenesis of
the hair pin structure showed that sequences of the loop
region are particularly important and serve as a recogni-
tion element for special elongation factor, directing the
selenocysteine-inserting tRNA species to decode a par-
ticular UGA.

Similar structures are conserved in the 3’ untranslated
regions in many, albeit not all, selenoprotein mRNAs?®.
Shen et al.*’ abolished selenocysteine insertion to glu-
tathione peroxidase by deleting four nucleotides at the
3" untranslated region of glutathione peroxidase gene
and suggested hairpin-forming region was essential for
translational insertion of selenocysteine at a UGA
codon. Similar functional elements in the 3" untranslated
region of the rat selenoprotein P mRNA, with predicted
stem-loops were observed®®’, Footprinting experiments
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showed that a special elongation factor, SELB binds
specially at the loop region of the hairpin structure’®,
The targeted insertion of selenocysteine is accomplished
by the recognition and binding of ternary complex
(special elongation factor and charged novel tRNA) to
the mRNA insertion elements in the immediate neigh-
bourhood of in-frame UGA codon’®’!. Removal of in-
sertion elements from the 3’ end leads to termination of
protein at the UGA codon.

Expression of gene during selenium deficiency

Western blot analysis for the detection of immunoreac-
tive protein in liver cytosol obtained from rats fed on
selenium deficient diets revealed that glutathione per-
oxidase protein was not expressed’”. Northern blot
analysis confirmed three-fold induction of mRNA cod-
ing for glutathione peroxidase in livers of selenium-
deficient rats®>”*. These results indicate that mRNA is
synthesized and accumulated to elevated levels in tis-
sues of rats fed on selenium-deficient diets and that se-
lentum status appears to regulate the translation of

selenoproteins.

Conclusion

~ As we trace the pathway of the development of our un-

derstanding of biosynthesis of selenoproteins, several
interesting features emerge — ‘extra’ coding capacity by
UGA codon’, diversified tRNAlB, existence of specific
elongation factor®, insertion elements in non-coding
region”* and elucidation of selenocysteine as being the
21st amino acid® — making the protein-synthesizing
system a more flexible one. What more surprises could
the selenoprotein molecule hold?
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Hormones, cytoskeletal proteins and cell shape
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Recently attention has been focussed on the molecu-
lar mechanisms involved in cell shape changes
brought about by chemical signals through cell sur-
face proteins. The shape of any given cell type is
maintained by various components of the cytoskele-
ton (microfilaments, intermediate filaments and mi-
crotubules), the extracecllular matrix, the plasma
membrane and associated proteins. Hormones and
erowth factors regulate the expression and post-
translational modifications of these proteins which in
turn depend on the phenotype of the cell. Action of
hormones and growth factors on cells is also depend-
ent on various factors such as phase and age of the
cell, ion gradient and presence or absence of specific
receptors at the right sites. The cause and effect in
regulation of ccll shape is not yet very clear.,

THE change in cell shape can be considered as a primary
adaptation of the cell to suit altered physiological de-
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mands. Cell shape changes are manifestations 1n many
of the cellular events such as division, differentiation,
transformation and death. A variety of observations sug-
gest that ccll shape changes exert specific effects on
gene expression'. The exact mechanisms by which
changes in cell shape affect the pattern of gene expres-
sion are not yet very clear but the cytoskeleton secms to
play a key role in this proccssH. To understand ftunc-
tional and spatial relationship of the ccll in a given
tissue, it is necessary to know how the local microenvi-
ronment acts on the cell to regulate its phenotype. Cell
phenotype is controlled by restructuring the cytoskeletal
framework which in turn depends on interactions with
ncighbouring cells and extracellular matrix (ECM)YP, A
host of extracellular and intracellular proteins are in-
volved in shaping the celtular architecture, The extracel-
lular matrix proteins such as collagen, fibronectin,
laminin, protcoglycans and fibrinogens’, the transmem-
brane proteins such as integrins, cadhierins®, the cyto-
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