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E. coli ribosomes can fold a number of unfolded pro-
teins in vitro and the newly synthesized proteins in
vivo. During the process of folding, the 70S ribosome
is found to be dissociated into the 50S and 30S sub-
units. The separation of 30S subunit is a consequence
of interaction of the 50S subunit with the unfolded
protein. This finding suggests that completed polypep-
tide chains may play a role in releasing the 50S and
30S subunits so that they are available for the next
round of protein synthesis.

THE different steps in protein synthesis on ribosome — the
initiation, elongation and termination of synthesis of the
polypeptide chain — have been worked out in great detail
over the last several decades. The fourth step, the disas-
sembly of the post-termination complex of ribosome,
mRNA and tRNA have also been deciphered in detail in
vitro and in vivo' and more information is coming up on
this step™. The dissociation of ribosome from the mRNA
and release of tRNA are prerequisites for the next round
of protein synthesis. The next round starts with position-
ing small ribosomal subunit on mRNA followed by asso-
ciation of the large subunit. But the factors that govern
the dissociation of the ribosome into the small and large
subunits prior to the next round of protein synthesis have
not been clearly identified. We describe below some in
vitro experiments that suggest a role of the newly syn-
thesized protein in carrying out the process of dissociat-
ing the ribosome into its subunits in the course of its
folding into its active state.

We reported earlier that the ribosome has a role in
protein folding both in vitro and in vivo®®. The protein-
folding activity comes from the large subunit. The ribo-
some and its large subunit can fold unfolded proteins
whereas the small subunit fails to do so (Figure 1). For
protein folding studies, BCA was unfolded in 6 M gua-
nidium hydrochloride for 3 h at 25°C. The loss of secon-
dary structure of the protein was confirmed by CD
spectral analysis (not shown). The unfolded BCA was
diluted hundredfold in the folding buffer (50 mM Tris
HCl, pH 7.5, 100 mM NaCl and 10 mM Mg-acetate)
containing the 70S ribosome or its 50S subunit. As
shown in Figure 1 a, the activity, however, appears to be
more in the large subunit than in the intact ribosome,
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although the time course of the event appears identical in
the two cases (Figure 1 5). We have shown that the active
site of protein folding is the domain V of 23S rRNA”
in E. coli and other eubacterial ribosomes. In the crystal
structure of ribosome'' ", this site is exposed in the 50S
subunit'. But when the 30S subunit joins the 50S coun-
terpart, the domain V region may remain partly inacces-
sible for the protein folding purpose. This suggests that
for more efficient folding the ribosomal subunits should
preferably dissociate after protein synthesis. This is also
supported by in vivo observations from our and other
laboratories®'™'® that the newly synthesized full length
polypeptide remains associated with 50S particle for a
considerable length of time (about 5 min in case of -
galactosidase)® during which the protein folding process
remains sensitive to some antibiotics that bind to domain
V of 23S rRNA. The dissociation of 70S to 50S and 30S
particles is completed within this time. Although the
crystal structure of ribosome suggests that the complete
polypeptide chain could fold as it exits from the tunnel in
the 50S subunit, the antibiotic sensitivity pattern of the
process confirms that the folding polypeptide subse-
quently associates with domain V of 23S rRNA in the 50S
subunit to complete the process of folding and attain an
active state’. When the polypeptide moves through the
‘non-stick’ exit tunnel, it does not find the appropriate
surface for hydrophobic collapse. But the exposure of
domain V RNA on splitting the ribosome provides the
correct hydrophobic surface® for protein folding. We also
found that when deacylated tRNA molecules bind to the
P and E site of the 70S particle at 25 mM Mg ™ (ref. 17),
its protein folding activity goes down from 65% to 28%
at a molar stoichiometry of ribosome:tRNA of 1:3,
when the 31 kD monomeric enzyme bovine carbonic an-
hydrase (BCA) was used as a substrate. This is true in
case of folding of a number of other proteins. Thus,
tRNA molecules bound to 70S particles during protein
synthesis may inhibit the folding activity and the ribo-
some may have to wait for complete release of tRNA
which only happens at the end of the fourth step of pro-
tein synthesis and is followed by the dissociation of 50S
and 308 particles'.

The above discussion suggests that the ideal time for
protein folding by ribosome would be when it dissociates
into the subunits after completion of protein synthesis so
that the newly synthesized protein gets full access to the
large subunit. The question is, what facilitates the disso-
ciation of the ribosome into its subunits at this stage? The
elongation factor G, release factors, the ribosome recy-
cling factor, IF3, etc. are known to be involved in re-
leasing the full length newly synthesized polypeptide,
and the deacylated tRNA and hence dissociate the ribo-
somal subunits'®?. Such experiments included cell ex-
tract required for translation and it is difficult to say
which protein(s) directly cause dissociation of ribosomal
subunits. We attempted to see whether the polypeptide
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Time course of folding of unfolded BCA. BCA was unfolded at a concentration of 20 UM in 6 M guanidium

hydrochloride at 25°C for 3 h and diluted 100-fold in folding buffer (50 mM Tris.HCI pH 7.5, 100 mM NaCl and 10 mM
Mg-acetate) containing 150 nM each of 70S or 508 particles. Refolding was done at 25°C. Samples were withdrawn at
various times and assayed for recovery of activity of BCA. Although the extent of refolding differed in case of 50S and
708 particles, as shown in (a), the rate of attainment of maximum folding was the same for both, as shown in {b).
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Figure 2. 5-20% sucrose density gradient profile of the refolding

mixture containing unfolded BCA and 70S ribosome in 5:1 molar
ratio. BCA which unfolded at a concentration of 150 uM in 6 M gua-
nidium hydrochloride, at 25°C for 3 h, was diluted 100-fold in protein
folding buffer (containing 300 nM 70S so that 70S : unfolded protein
molar ratio was 1:5). The high concentration was required to get
measurable concentration of ribosomes in gradient fractions. 0.2 ml of
reaction mixture was loaded on 4.8 ml gradient and run at 28000 rpm
for 1.5 h. The 70S, 50S and 30S particles were run in three separate
tubes in the same experiment and their peak positions are marked here.
The splitting of 70S to 508 and 308 is clear from the profile.

chain itself could bring about the dissociation in the
process of folding when it accesses the domain V of the
23S rRNA.
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BCA was unfolded as mentioned earlier and diluted in
folding buffer containing 70S ribosome so that the 70S :
unfolded protein ratio was 1 : 5. This should allow all the
708 ribosomes to interact with the unfolded protein. The
splitting of 70S ribosome to 50S and 30S subunits was
verified by running the folding mixture of 70S ribosome
and BCA in a 5-20% sucrose gradient. The 70S particle
resolved into 50S and 30S subunits as shown in the su-
crose gradient profile (Figure 2). The 50S and 30S parti-
cles showed identical sedimentation profile with control
50S and 30S particles. These particles as well as com-
plete 70S ribosome were run separately in different cen-
trifuge tubes.

In another experiment, unfolded BCA was added to the
708 ribosome in the same ratio as mentioned above and
the fall in light scattering intensity consequent to separa-
tion of ribosomal subunits was measured. The scattering
intensity of light at 350 nm dropped from an arbitrary
value of 140 to 104. When the same concentration of 708
was allowed to dissociate into the subunits in absence of
magnesium in the buffer, the light intensity dropped to
100. There was no fall of intensity when the same
amount of native BCA was added to 70S. The light scat-
tered by BCA itself was negligible.

These in vitro experiments corroborate the assumption
based on experiments described in Figure 1 that the 50S
subunit must be free to ensure optimum folding of the
freshly synthesized polypeptide on the 70S ribosome.
This is achieved if the folding protein dissociates the 70S
particle in the process of accessing the domain V of 23S
rRNA of the 50S subunit at a time when all the tRNAs
dissociated from the ribosome on completion of poly-
peptide synthesis. We repeated the experiments with
malate dehydrogenase and lysozyme, and found similar
splitting of 70S ribosome in course of folding these pro-
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teins. It is interesting to assume that this should also be
true in vivo during protein synthesis because, after syn-
thesis, the folding of the polypeptide remains sensitive to
antibiotics for several minutes due to its association with
the domain V of 50S subunit®. Our aim is to do similar
experiments in in vitro translation system in the presence
of release factors, elongation factor EFG and the ribo-
some recycling factor.
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New plant type wheat lines have been developed at the
Indian Agricultural Research Institute, New Delhi, by
combining some of the negatively correlated yield con-
tributing traits such as more grains per panicle, lar-
ger grain size and optimum tillers per plant through
inter-varietal hybridization followed by a modified-
bulk pedigree method of selection. Some of these lines
have been found to give 15-22% higher yield in ex-
perimental plots than the most popular national check
varieties being cultivated in the north-western part of
India and thus constitute a valuable source of genetic
variation for breaking yield barriers in wheat. With
the objective of precise differentiation and identifica-
tion of new plant type wheat lines, 33 sequence tagged
microsatellite site markers, which are genetically
located on different chromosomes of wheat genome,
were employed. These markers in combination differ-
entiated the new lines from 137 wheat varieties
released for commercial cultivation in India. Fourteen
markers detected polymorphism among the thirteen
genotypes included in this study, of which eight mark-
ers in combination differentiated the seven new wheat
lines from each other as well as from their parents.
Inheritance of parent-specific alleles revealed the
direction of selection during breeding. Grouping of
the lines based on cluster analysis reflected the nature
of their relationship with the parent varieties. A
graphic presentation of the genetic constitution of the
new plant type lines was developed, which can be used
as bar-coded molecular tags for identification of the
respective seed samples.

THE Green Revolution in India in the 1960s was primar-
ily due to the introduction and large-scale cultivation of
semi-dwarf wheat varieties developed at CIMMYT,
Mexico. The new plant architecture replacing the tradi-
tional tall phenotypes was responsible for a quantum jump
in wheat yield. To bring further significant improvement
in the yield potential, attempts are being made to modify
the wheat plant by breaking some of the negative corre-
lations among the yield contributing traits, namely num-
ber of productive tillers per plant, number of grains per
panicle and grain size. At the Indian Agricultural Re-
search Institute (IARI), New Delhi, strategic research
during last seven years has led to the development of a
new plant type by combining intermediate to high tiller
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