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NOBEL PRIZE IN CHEMISTRY 2009

The Nobel prize in Chemistry 2009 has been awarded for ‘ the studies
of  the  s t ruc ture  and funct ion  of  the  r ibosome’  to  Ada E.  Yonath  f rom
the  Weismann Ins t i tu te  of  Sc ience ,  Rehovot ,  I s rea l ,  Thomas A.  Ste i tz
f rom the  Howard  Hughes  Medica l  Ins t i tu te ,  Yale ,  USA,   and
Venkatraman Ramakrishnan  f rom the  MRC Labora tory  of  Molecular
Bio logy ,  Cambr idge ,  Uni ted  Kingdom.

In 1859, Charles Darwin published the theory of evolution. It  is based
on the assumption that  an organism’s propert ies  are hereditary,  however,
random changes occur in i t .  Successful changes that  increase the chances
of  surv iva l  o f  the  g iven  organism are  car r ied  forward  in to  fu ture
genera t ions .  Once  the  sc ien t i f ic  communi ty  could  unders tand  the
Darwin’s  concept ,  some new ques t ions  a rose :  what  exac t ly  i s  be ing
transferred over  generat ions?  Where  do the  random changes  occur?  And
how can  they  mani fes t  themselves  in  a  l iv ing  organism ?

The 2009 Nobel  Prize in Chemistry is  the third in a  ser ies  of  pr izes
that show how Darwin’s theories actually function at the molecular level.
The trilogy of prizes began with one of the most famous Nobel Prizes of
all,  that of 1962, when James Watson, Francis Crick and Maurice Wilkins
were  recognized for  thei r  contr ibut ions  toward decipher ing the  s t ructure
of  DNA. The second prize in the t r i logy was awarded in 2006 to Roger
D. Kornberg for X-ray structures that explicate how information is copied
to the messenger RNA (mRNA) molecule.  Ribosomes are large (2.5 MDa)
molecules that  are present  in cel ls  of  al l  l iving organisms and they read
the  in format ion  in  messenger  RNA,  and  produce  pro te ins  based  upon
the  informat ion .  I t  i s  dur ing  th i s  p rocess ,  when  DNA-RNA language
becomes protein language,  and  a  cel l  manifests  i ts  ful l  complexity.  The
three  Nobel  Pr ize  Laurea tes  in  Chemis t ry  for  2009,  Ada E.  Yonath ,
Thomas A.  Ste i tz  and  Venkatraman Ramakrishnan ,  have  been
rewarded  for  mapping  the  r ibosome.
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Let  us begin with the mystery that  fascinated chemists  and biologists
during the middle of  the twentieth century:  how does l i fe  funct ion from
a chemical  point  of  v iew ?

At  the  beginning of  the  1940s ,  sc ient i s t s  knew tha t  heredi tary  t ra i t s
were  car r ied  by  chromosomes .  Chromosomes  a re  compr ised  of  nuc le ic
ac ids  (DNA) and  pro te ins .  The  major i ty  of  the  sc ien t i f ic  communi ty
thought  tha t  p ro te ins  were  the  car r ie rs  of  hered i ta ry  t ra i t s ,  s ince  they
are more complex than DNA. The year of 1944, however,  saw the return
of  the  DNA molecule  by  famous  Avery-MacLeod-McCar ty  exper iment
which  rendered  non-v i ru len t  bac te r ia  in to  v i ru len t  a f te r  DNA t ransfer .
In  February  1953,  James  Watson  and  Franc is  Cr ick  a t  the  Cavendish
Laboratory at  Cambridge Univers i ty ,  UK, made the scient i f ic  community
realize that the genetic code is contained within the nucleotide sequences
on  each  of  the  s t rands .  ATTGCCAT represents  someth ing  com-ple te ly
d i f fe ren t  f rom GCGTATAG.  Sc ien t i s t s  rea l ized  tha t  the  sequence  of
nuc leo t ides  cont ro ls  the  sequence  of  amino  ac ids  in  pro te ins .  But  the
ques t ion  remained:  How ?

Thus ,  100  years  a f te r  Darwin  e labora ted  h is  theory  of  evolu t ion ,
scientists had identified DNA as the molecule that carried hereditary t ra i ts .
The sequence of nucleotides in DNA controls the sequence of amino acids
in proteins,  which are produced by ribosomes in the cytoplasm. But what
is the link between DNA and the ribosomes as they are located on different
s ides  of  the  nuclear  envelope  and  have  no  d i rec t  phys ica l  contac t  wi th
one  another ?

Often a ground-breaking discovery comes from a pioneer who investigates
new uncharted terr i tory.  In this case, that pioneer was Ada Yonath. At the
end of  the  1970s ,  she  decided to  t ry  to  generate  X-ray crys ta l lographic
structure of ribosomes, however, it was indeed a challenging task. In X-ray
crystal lography,  scient is ts  a im X-rays towards a  crystal  of ,  for  example,
a protein. When the rays hit the crystal’s atoms they are scattered. On the
other side of the crystal,  scientists register how the rays have spread out.
Previously, this was achieved by using photographic film, which was



Indian J Physiol Pharmacol 2010; 54(2) News 189

blackened by the rays. Today one uses CCD detectors, which can be found
in digital cameras (a technology that brought Nobel Prize 2009 in Physics
to Charles K. Kao, Willard S. Boyle and George E. Smith). By analyzing
the pattern of dots, scientists can predict how the atoms are positioned in
a protein. However, for the procedure to work successfully, the crystal has
to  be  a lmos t  per fec t  and  the  molecules  need  to  form a  prec ise  pa t te rn
which is repeated over and over again. Obtaining high quality crystals from
a protein  is  a  hard task,  and the larger  the  protein  complex,  the  harder
the task. Therefore, many scientists were indeed skeptical of Ada Yonath’s
v is ion .  The  r ibosome i s  one  of  the  mos t  compl ica ted  pro te in /RNA
complexes.  I t  i s  divided into two par ts :  the  small  subuni t  and the large
subuni t .  Each  of  the  subuni t s  cons is t s  o f  thousands  of  nuc leo t ides  and
thousands of amino acids, which in turn consist  of hundreds of thousands
of atoms. Ada Yonath wanted to establish the exact location of each and
every  one  of  these  a toms in  the  r ibosome.

When Ada Yonath decided to crystallize the ribosome, she chose
to work with bacteria living under harsh conditions. Geobacillus
stearothermophilus can live in warm springs and survive in temperatures
up to 75 °C. Ada Yonath’s assumption was that, in order to survive in this
temperature range, the ribosome has to be extremely stable and thus would
form bet ter  c rys ta ls .  In  1980,  she  had a l ready managed to  genera te  the
f i rs t  three-dimensional crystals of the ribosome’s large subunit. This was a
great achievement, although the crystals were far from perfect.  It  actually
took another 20 years of hard work before Ada Yonath managed to generate
an image of the ribosome where she could determine the location of each
atom. She tried many new things. For instance, she stabilized the crystals
by freezing them in liquid nitrogen at -196 °C. She also tried to crystallize
ribosomes from other resilient micro-organisms. One of them was – the
salt-loving Haloarcula marismortui that l ives in the Dead Sea. Step by
step, Ada Yonath got  closer  to the goal .  Eventual ly,  i t  was real ized that
the ribosome’s atomic structure could be mapped, and more scientists joined
in the challenging journey. Among them were Thomas Steitz and
Venkatraman Ramakrishnan.
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At  the  beginning of  the  1990s ,  Ada Yonath’s  crys ta ls  had  suff ic ient
qual i ty .  The pat tern of  black dots  was detai led enough to  determine the
location of the atoms in the ribosome  crystal. Nevertheless, there remained
a  cons iderable  obs tac le ,  however .  I t  was  the  “phase  problem” of  X-ray
crys ta l lography.  In  order  to  de te rmine  a  s t ruc ture  f rom the  pa t te rn  of
black dots, scientists needed to know the “phase angle” for each and every
dot.  This mathematical information is related to the location of the atoms
in the crystal. A trick that is frequently employed by scientists in order to
determine phase angles is to soak the crystal in heavy atoms, e.g. mercury.
The heavy atoms attach to the surface of the crystals of ribosomes. By
comparing the dotted patterns from crystals with and without heavy atoms,
scientists can establish the phase angle. However, the ribosomes are so
large that too many heavy atoms are attached to the ribosome, and it  was
difficult  to immediately determine the phase angle. Additional information
was therefore needed in order to solve the phase problem. It  was Thomas
Steitz who finally solved the problem. He used images of the ribosome,
generated by Joachim Frank, a specialist  in electron microscopy. With the
help of those images, Thomas Steitz could find out how the ribosomes were
or iented and located wi thin  the  crys ta l  but  the  resolut ion did  not  a l low
him to see individual atoms. This information, together with the information
from the heavy atoms, finally yielded the phase angle.

In  1998,  Thomas  S te i tz  publ i shed  the  f i r s t  c rys ta l  s t ruc ture  of  the
r ibosome’s  la rge  subuni t .  I t  resembled  a  d im photograph ,  and  had  a
resolution of 9 Ångström. It was not possible to see individual atoms, but
one could detect the ribosome’s long RNA molecules. This was a big leap
forward. Now that the phase problem was finally resolved, all that remained
was to improve the crystals and collect more data in order to increase the
sharpness of the image. But the question still persisted: How do ribosomes
catalyze peptide bond formation? Using high resolution X ray crystallography
and molecular computational methods Steitz and coworkers demonstrated
that specific residues in ribosomal RNA as well as water molecule were
responsible for the network of H-bond formation that facilitated ribosome
catalyzed peptide bond formation.



Indian J Physiol Pharmacol 2010; 54(2) News 191

The role of the large subunit in the ribosome is primarily to synthesize
new protein. It  triggers the peptide bond formation between the amino
ac ids .  To  obta in  a  s tep-by-s tep  image  of  the  chemica l  reac t ion  i s  very
di f f icu l t ,  as it  occurs at the atomic level and at a daunting speed. In a
single ribosome, about 20 peptide bonds can be formed every second. Thomas
Steitz,  however, has managed to freeze different moments of the chemical
reaction. He has crystallized the large subunit with molecules resembling
those that are involved in peptide bond formation. With the help of these
structures, scientists have been able to determine which of the ribosome’s
atoms are important to the reaction, and how the reaction occurs.

This  year ’s  Nobel  Laurea tes  reached  the  f in i sh ing  l ine  a lmos t
s imul taneous ly .  In  Augus t  and  September  2000,  they  publ i shed  c rys ta l
s t ruc tures  wi th  reso lu t ions  tha t  a l lowed in te rpre ta t ion  of  the  a tomic
loca t ions .  Thomas  S te i tz  managed  to  ob ta in  the  s t ruc ture  of  the  la rge
subuni t  f rom Haloarcula  mar ismor tu i .  Ada Yonath  and  Venkat raman
Ramakrishnan obta ined the  s t ructure  of  the  smal l  subuni t  f rom Thermus
thermophilus .  Thus i t  was possible  to  map r ibosome  funct ional i ty  a t  the
most  bas ic ,  a tomic  level .

An outs tanding  proper ty  of  the  r ibosome,  tha t  fasc ina ted  sc ien t i s t s
for a long time, is that it seldom makes any error when it translates DNA-
RNA language into protein language. If an amino acid is incorrectly
incorporated, the protein can entirely lose its function, or perhaps even
worse, begin to function differently. For the correct amino acid to be selected
depends primarily on the base pairs formed between tRNA and mRNA.
However, this pairing process is not sufficient to explain the ribosome’s
precision. Venkatraman Ramakrishnan’s crystal structures of the ribosome’s
small subunit have been crucial for the understanding of how the ribosome
achieves  i t s  p rec is ion .  He  ident i f ied  someth ing  tha t  could  be  descr ibed
as  a  molecular ruler. Nucleotides in the small subunit’s rRNA measure the
distance between the codon in mRNA and the anticodon in tRNA. If the
distance is incorrect, the tRNA molecule falls off the ribosome. Using the
ruler twice, the ribosome double-checks that everything is correct.  This
ensures that errors only occur about once per 100 000 amino acids.
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The Laureates  of  the  2009 Nobel  Pr ize  in  Chemist ry  have forged an
understanding at  the atomic level  of how nature can transform something
as  s imple  as  a  four  le t te r  code  in to  some- th ing  as  compl ica ted  as  l i fe
i t se l f  –  jus t  as  James  Watson  pred ic ted  in  1964 .  Research  dr iven  by
cur ios i ty  can  a l so ,  as  happened  so  many t imes  before ,  be  of  prac t ica l
use .  This  t ime i t  proves  usefu l  in  the  search  for  new ant ib io t ics .

Today,  humans have an arsenal  of  d i f ferent  ant ibiot ics  which can be
used  in  the  f igh t  aga ins t  d i sease-genera t ing  bac te r ia .  Many of  these
antibiotics kill bacteria by blocking the functions of their ribosome. However,
bacteria have become resistant to most of these drugs at an ominous ra te .
This  year’s  three Nobel  Laureates in Chemistry have produced structures
tha t  show how di f fe ren t  an t ib io t ics  b ind  to  the  r ibosome.

Knowing the atomic structure of the ribosome can be used to develop
new ant ib io t ics  aga ins t  mul t i res i s tan t  bac te r ia .The  unders tanding  of  the
r ibosome’s  s t ruc ture  and  func t ion  i s  o f  g rea t  and  immedia te  use  to
humani ty .  The  d iscover ies  tha t  Ada Yonath ,  Thomas Ste i tz  and
Venkatraman Ramakrishnan  have  made ,  a re  impor tan t  bo th  for  the
understanding of how life’s core processes function, and in order to save
l i v e s .

N I K H I L E S H S I N G H

Depar tment  o f  Phys io logy ,
Al l - India  Ins t i tu te  o f  Medical  Sc iences ,

New Delhi – 110 029


