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“Vidyavinayasampanne”
(It is when we light the candle that we
see how dark it is)

Bhagavadgita

In the protein molecules, nature has used iwenty amino acids to manifest
its complexity, subtlety, and versatility in terms of their three-dimensional
structures. Sc1ence seeks the ability to predict the conformation of natural
proteins from the sequence of their amino acids. Desplte all the progress
in the twentieth century, this has not been achieved. It is little wonder that
science cannot yet predict the conformation of the natural proteins; perhaps
they are not designed to fold predictably. But understanding the rules of
protein folding is feasible. The search for the universal truth is more im-
portant than finding it because it motivates the creative power of the human
mind. About 50 years ago, a group of eminent cosmologists were asked what
single question they would ask of an infallible oracle who would answer
them only “yes” or “no”. George Lemaitre made the wisest choice. He said,
“I would ask the oracle not to answer in order that a subsequent generation
would not be deprived of the pleasure of searching for and finding the
solution.”
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xvi Preface

In this book, I have outlined the complexity of the protein-folding prob-
lem and the potential of using genetic tools which, in combination with
physical techniques, are expected to shed new light. Many who are actively
involved in this field have contributed to this book and 1 am personally
grateful for their enthusiastic support. If this book inspires the imagination
of the younger generation, I will be personally satisfied. I could not have
undertaken this endeavor without the driving force of my wife Sandhya and
the joy of having such a daughter, Ajoo.

Saran A. Narang



The linear array of amino acids in a polypeptide chain does not produce
enzymatic activity as such—suitable folding is necessary for the activity to
arise. The initial relationship of the particular set of amino acids established
in one context has been transformed into a new context. Our real difficulty
is the lack of understanding at the interface between the molecular details
of the structure and the_abstraction of function. In this golden era of mo-
lecutar biology, we have been generally trained to rationalize biological pro-
cess based upon the complementanty principle. The central dogma is based
on the transfer of information from DNA — RNA — protein, guided by
hydrogen-bonding forces. However, when the sequence of the linear chain
enters the domain of the tertiary structure of a protein molecule, our concept
of information transfer breaks down. It is much like railroad tracks that
suddenly end in a sandy wasteland where lies the point of destination. It
can get there only if, at the end of the preset linear guidance along tracks,
free navigation takes over, steered by a dynamic system. We need to change
our outlook toward biology, because we are still looking at the molecular
level to understand the structure-function relationship. This situation is a
reminder of the story of the drunk who, one dark night, lost his keys. He
is seen looking for them under a street light. When asked where he has lost
them, he points across the street, where all is dark. “Why, then, are you
looking for them here?” He replied, “Because there is more light!”” In fact,

Xvii



xviii Introduction

the emergence of function can arise through some loss of molecular details
of structure. This fact can be recognized, appreciated, and precisely described
once we raise our sight from the elemental to the collective level, and this
means passing to a higher level of conceptualization such as the structural
level of biology.

To understand the process of protein folding, it is important to realize
that a complex structure cannot originate instantaneously but is formed in
time: it must have evolutionary history. A complex structure is both a partial
record of past history and a framework within which future changes occur
by the operation of physical laws. During evolution, protein molecules
learned not only to survive but also to adapt by random mutagenesis and
natural selection, exploiting any chance event which offered the opportunity
to improve the structure and its function. It is thus clear that the function
must be acquired by a step-by-step process in which new functions do not
upset those that have already been established. These arguments suggest
that the folding pathway of proteins evolved slowly, step-by-step, in a con-
servative way at the same time as the structure or function itself. However,
the selection pressure in evolution will be mainly on the functions of proteins
as manifested by the requirement of the whole organism. These functions
are dependent on certain critical amino acids such as those that constitute
catalytic or substrate-binding sites and on the maintenance of the three-
dimensional structure. It appears that nature conserved these important
parts of proteins by maintaining the arrangement of certain amino acid
residues in the active site. Conservation of function can be achieved by
maintaining the hydrophobic character of the core structure element. For
the survival of structure and function in the protein molecule, nature im-
posed constraints on certain critically placed amino acids in order to have
the freedom to choose equivalent amino acids at other places. This paradox,
that constraints lead to freedom, is a universal phenomenon observed in
living systems. It is thus conceivable that in a protein molecule there is a
ZIP code containing the information of the location in space of the essential
amino acids and some type of substructure. The code has the information
for navigating the pathway of protein folding. This code has to be highly
degenerate. The real challenge is to crack this code.

Although the problem of protein folding has been studied for decades,
the use of modern genetic tools offers a new hope with great promise. With
the recent advances in gene synthesis and recombinant DNA technology,
it is now possible to mimic evolution. Any tailor-made DNA can be syn-
thesized and can mutate systematically to introduce substitution, deletion,
addition, inversion, frameshift mutation, and transposition, etc.; but the
real difficulty is to make predictive changes, which is not possible at present.
To put it more bluntly, it is highly unlikely that our current efforts to redesign
protein structure rationally will be improved under the present situation.
It seems that we may have to resort to an age-old method of learning by
making sophisticated use of systematized accidental error as a working hy-
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pothesis. A little breakdown of molecular structure is indispensable to open-
ing the door by which new and better knowledge may find entrance. Piet
Hein expresses this ubiquitous method in his wonderful verse:

The way to wisdom? Why, it’s plain,
and easy to express:

To err, and err, and err again,

but less, and less, and less.

Saran A. Narang
Ottawa, Ontario
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