Dr. John B. Fenn, 85, a research professor at Virginia Commonwealth
University in Richmond, and Koichi Tanaka, 43, an engineer at the Shimadzu
Corporation in Kyoto, Japan, share half of the $1 million prize. Working
independently, they improved a technique known as mass spectrometry to
identify proteins by how quickly they are accelerated in an electric field.
Now, biologists can determine the proteins in a sample in seconds rather than
weeks.
Mr. Tanaka is one of the youngest chemistry laureates, while Dr. Fenn did not
begin his Nobel-winning research until he was in his 60's. Dr. Kurt Wütrich,64
a professor of biophysics at Swiss federal Inst. Of Tech. in Zurich, for
Nuclear Magnetic resonance.

Biochemistry
x The chemical mechanisms of many central processes of life are now
understood.
1) The discovery of the double helical structure of DNA
2) Elucidation of the flow of information from gene to protein
3) The determination of 3-d structures and mechanisms of action of
many protein molecules
4) The unraveling of central metabolic pathways
These are molecular machines that harvest energy, detect signals and
process information.
The recombinant DNA techonology has made the genome an open book.
x Common molecular patterns and principles underlie the whole life.
E. coli and human beings use same building blocks to construct
macromolecules .
The flow of genetic info from DNA to RNA to proteins
ATP, the universal currency of energy in bio, is generated by similar
ways.
x Biochemistry is profoundly influencing medicine.
The goal is to improve human health and environment:
Clinical diagnostics: Elevated levels of enzymes in blood!
With Rec. DNA technology, Genetically engineered bacteria,
are producing insulin, growth hormones
• Design of new drugs are now possible.
• Agriculture, too, is benefiting from rec. DNA tech.

Space, Time & Energy
In considering molecular structures, it is important to have a sense of
scale. The Angstrom (Ao) unit which is equal to 10-10m or 0.1 nanometer, is
used as the measure of length at the atomic level. The length of C-C bond,
for example, 1.54 Ao.
Sugars and amino acids are several Ao.
Proteins are at least 10 fold larger.

The Chemical rxns in biological systems are catalyzed by enzymes, which
typically convert substrate to product in mili seconds, most conformational
changes are also rapid. For example the unwinding of DNA helix, which is
essential for replication & expression, is a micro second event. Many noncovalent interactions btw groups in macromolecules are formed in even
shorter intervals. Rotations in ns.

We shall be concerned with the energy changes in molecular events, too.
The ultimate energy source for life is sun.1kcal/mol = 4.184 kJ/mol.
Biochemists usually prefer kcal as the unit of energy.
ATP has a usable energy content of 12kcal/mol.
Bond strength is measured by the amount of energy that must be supplied
to break that bond. (C-C bond 83 kcal/mol.) => Hence the backbone is very
stable, and enzymes are needed.

On the other hand, non covalent bonds in biological systems typically have
an energy of only a few kilocalories per mole, so that thermal energy is
enough to make & break them.
The outer most electrons determine how atoms interact.
To understand how atoms bond together to form molecules that make up
living organisms, we have to pay special attention to their electrons.
The electron arrangement of an atom is most stable when all the electrons
are in the most tightly bound states that are possible for them. An atom
whose outermost shell is entirely filled with electrons is especially stable
and therefore chemically unreactive.
Helium 2
Neon 10

These are all inert gases.

Argon 18
Because an unfilled electron shell is less stable than a filled one, atoms
with incomplete outer shells have a strongly tendency to interact with
other atoms to complete the outermost shell by either giving or gaining
electrons.
The electron exchange can be achieved by transferring electrons from one
atom to another or by sharing electrons.
Two types of chem. bonds:
1) Ionic bond: formed when electrons are donated from one atom to other
2) Covalent bond: formed when atoms share a pairs of electrons.

Figure 2-6: Comparison of covalent and ionic bonds.
Atoms can attain a more stable arrangement of electrons in their
outermost shell by interacting with one another. An ionic bond is
formed when electrons are transferred from one atom to the
other. A covalent bond is formed when electrons are shared
between atoms. The two cases shown represent extremes; often,
covalent bonds form with a partial transfer (unequal sharing of
electrons), resulting in a polar covalent bond (see Figure 3-11).

Figure 2-7: Sodium chloride: an example of ionic bond formation.
(A) An atom of sodium (Na) reacts with an atom of chlorine (Cl). Electrons of
each atom are shown in their different energy levels; electrons in the
chemically reactive (incompletely filled) shells are shown in red. The reaction
takes place with transfer of a single electron from sodium to chlorine,
forming two electrically charged atoms, or ions, each with complete sets of
electrons in their outermost levels. The two ions with opposite charge are
held together by electrostatic attraction. (B) The product of the reaction
between sodium and chlorine, crystalline sodium chloride, consists of sodium
and chloride ions packed closely together in a regular array in which the
charges are exactly balanced. (C) Color photograph of crystals of sodium
chloride.

Figure 2-8: The hydrogen molecule: a simple example of covalent bond
formation.
Each hydrogen atom in isolation has a single electron so that its first
electron shell is incompletely filled. By coming together the two atoms are
able to share the two electrons, and each obtains a completely filled first
shell, with the shared electrons adopting modified orbits around the two
nuclei. The covalent bond between the two atoms has a definite length. If the
atoms were closer together, the positive nuclei would repel each other; if
they were farther apart than this distance, they would not be able to share
electrons effectively.

Figure 2-9: Geometry of covalent bonds.
(A) The spatial arrangement of the covalent bonds that can be formed by
oxygen, nitrogen, and carbon.
(B) Molecules formed from these atoms therefore have a precise threedimensional structure, as shown here for water and propane, defined by the
bond angles and bond lengths for each covalent linkage. A water molecule, for
example, forms a "V" shape with an angle close to 109º.

Figure 2-10: Carbon-carbon double bonds and
single bonds compared.
(A) The ethane molecule, with a single covalent
bond between the two carbon atoms, illustrates
the tetrahedral arrangement of single covalent
bonds formed by carbon. One of the CH3 groups
joined by the covalent bond can rotate relative
to the other around the bond axis. (B) The
double bond between the two carbon atoms in a
molecule of ethene (ethylene) alters the bond
geometry of the carbon atoms and brings all the
atoms into the same plane; the double bond
prevents the rotation of one CH2 group relative
to the other.
Figure 2-11: Polar covalent bonds.
The electron distributions in the polar water molecule (H2O) and the nonpolar
oxygen molecule (O2) are compared (delta+, partial positive charge; delta-,
partial negative charge).

Panel 2-1: Chemical bonds and groups commonly encountered in biological
molecules.

