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Life: A Pliysicul Phenomenon? ...

"We wish to suggest a structure for
the salt of deoxyribose nucleic acid (DNA).
This structure has novel features which are
of considerable biological interest.”1 With
these words Watson and Crick open the
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article in Nature in which they propose a
description of the three-dimensional struc-
ture of DNA. Although their suggested
structure is based mainly on the observa-
tions of others, there are few scientific



theories that have had as much impact as
this one on the field of biology. Crick
suggests in another article that ““From every
point of view biology is getting nearer and
nearer to the molecular level. Here in the
reaim of heredity we now find ourselves
dealing with polymers, and reducing the
decisive controls of life to a matter of the
precise order inwhich monomers are arrang-
ed in a giant molecule.*2

Crick here implies that biology is, or
will be, reducible to physico-chemical theo-
ries. This type of reductionism is a modern
equivalent of the mechanistic views that
have been held by some biologists through-
out the history of the discipline. Norden-
skidld, in his comprehensive book on the
history of biology, cited the ironic example
of La Mattrie (1709-1751), who wrote a
book entitled £ ‘Homme Machine {Man,
the Machine), but who died after eating

an enormous amount of truffles.3

In modern biology the term “reduc-
tionism™ is now in wide use. Munson has
described reduction in biology as follows:

Reduction . . . is the explanation
of a theory or set of laws of one
discipline in terms of a theory
or set of laws belonging to some
other discipline. . .. Reduction
is achieved when the reduced
theory can be logically derived
from the reducing theory—when
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a biological theory can be derived
from a physical one. . . .
[The] terms of the biologi-

cal theory must be connected . . .

with the terms of the physical

theory. Thus such biological

terms as ‘‘gene’ and “hormone”

must be connected with such

chemical terms as “DNA" and

“Indole-3-acetic acid.”

The connection between the

two different kinds of terms can-

not be arbitrary of course. [t

has to be discovered by empirical

research, for example, that hor-

mones are chemical substances

with certain  molecular struc-

tures.4
If this translation of biology into chemical
terms were complete, would biology lose
its autonomy as a science? | shall come
back to these definitions of reduction,
First, however, | shall examine some devel-
opments in molecular genetics that will
form a basis for our discussion of reduc-
tionism in modern biology.

DN_Awthe Double Helix

Discovery of the structure and func-
tions of DNA epitomizes what molecular
biologists have been able to accomplish in
their quest to explain cellular and other
biological functions in physico-chemical
terms. DNA has been shown to be the
key to understanding the chemical basis
of inheritance and cellular specificity. For
this reason, | shall look at the history and
functions of DNA in some detail.

Although DNA was extracted from
cells as early as 1870, its function as the
bearer of hereditary information was not
established until much later. The British
physician F. Griffith found that bacteria
from a non-virutent (i.e., non-infective)
strain of the pneumococcus could be trans-
formed to viruience by remnants of virulent
pneumococci in the culture medium.b In
1944, Avery and co-workers showed the
transforming substance to be DNA.6

Support for a hereditary role of DNA



also came from the field of virology.
Viruses have been shown to act very much
like a hereditary substance in the cells
that they infect. Hershey and Chase
showed in 19527 that virus particles shed
their protein coat when they infect, so
that only a DNA “core” enters the bac-
teria that these viruses infect. Thus, the
role of DNA as the cell’s hereditary sub-
stance was strongly supported by experi-
ments on bacteria.

The three-dimensional structure and
configuration of DNA, as described by
Watson and Crick in 1953, was immediately
hailed as a scientific discovery of the
first order.8 It was this discovery that has
strongly stimulated reductionistic theorizing
‘in biology.

DNA has two roles in the cell, both
of which are closely related to heredity.
The first of these, the autocatalytic func-

a subsequent article in Nature.9 The
replication of DNA is the basis for continu-
ity of cell characteristics through cell divi-
sions, through generations of organisms,
and within species. ‘

The second function of DNA, the
heterocatalytic one, is no less important,
for DNA directs the protein synthesis of
the cell. This has often been called the
“central dogma” of biology., This second
function of DNA involves the transcription
of “information’ {relating to protein syn-
thesis) by the DNA molecule into messenger
RNA, and the translation of this informa-
tion into the amino acid sequence of a
protein. This “‘central dogma’ has ofien

been represented as

DNA—> RNA— protein.
The arrows indicate the one-way flow of
"information.”

For those who object to the term

tion, can also be called self-replication. In
this process the two polynucleotide strands
of the double helix unwind. Each of these
strands then serves as a template for the
ordered synthesis of its own complementary
daughter strand. In the 1953 WNature
article, Watson and Crick themselves suggest
the possibility of replication in an interest-
ing understatement: “It has not escaped
our notice that the specific pairing we
have postulated immediately suggests a
possible copying mechanism for the genetic
material.”” This “‘possible copying mecha-
nism’ was worked out in more detail in
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“central dogma,” it may be comforting
to know that the flow of information has
been found to be reversed from RNA to
DNA in some viruses.10 In most cases,
however, the synthesis of proteins is direct-
ed by DNA {via RNA). Because proteins
are highly complex compounds that serve
many functions in the cell, and also because
these proteins have very specific shapes
and chemical structures, they are thought
to be the key to cell specificity, How DNA
governs protein synthesis gave rise to a
burst of research activity, What is the
nature of the “code’? Much is now. known



about this topic. In fact, the code has been

“cracked.” Faor details on this topic many
sources are available. 11

The DNA story focussed much atten-

tion on the capabilities of molecular biolo-

gy. This branch of biology has also been

investigation of other

successfui in the

areas of cell physiology.12 We shall not
discuss these findings but simply use the
example of DNA and its importance in
molecular genetics in our examination of
reductionism in biology.

Reductionism in Biology—A Second Look

If our earlier definition is correct,
namely that reduction has been achieved
when theories, laws, or terms of one field
of science can be translated into theories,
laws, or terms of another, “simpler’” field
of science, then we would have to admit
that reduction of the field of classical
genetics into molecular genetics has largely
been achieved with the discovery of the
role of DNA and the subsequent findings.
The situation in other areas of b|ology
may not be quite the same, but the trend is
present there also.13 Many would base
their definition of reduction on “‘transla-
tion” in this way.14 Others suggest that
even if reduction is not possible in some
fields of biology now, there is no reason
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to assume that it is therefore in theory
impossible.15

This definition of reductionism has
a philosophical aspect, for it deals with
the relationship between the various disci-
plines. The area of philosophy that deals
specifically with theories of explanation
or formulation of laws is epistemology.
Therefore, we can describe the above defini-
tion of reductionism as epistemological.
Avyala has also identified this as one type
of definition of reduction.16

But is reduction purely a problem
of terms, language, and translation? s it
merely an epistemological problem? In
other words, does a definition of reduction
that is based largely on lingual criteria do
justice to the question of whether hiological
phenomena are really nothing but chemical
phenomena? Avyala distinguishes a second
type of reductionism, namely ontological
reductionism. Ontology is that branch of
philosophy that deals with what we assume
the structure of reality to be. In most
Christian philosophies, ontology will always
determine epistemology, rather than the
other way around. Therefore; it seems to
me that ontological assumptions are more
basic than epistemological theories to the
reductionism debate, even though to many
philosophers of science epistemological
formulations are prior to ontological ones.

Most biologists are not concerned
with, or indeed aware of, either epistemo-
logical or ontological considerations in their
work. This is probably the reason that
Ayala distinguishes methodological reduc-
tion as a third type.16 Most investigators
worry little about theoretical considerations
once their research topics have been chosen.
In fact, investigators see little effect of
reductionist or antireductionist theories
when they compare their research with
that of another scientist doing the same
type of research.17 | have found, however,
that some biologists do dismiss the investi-
gations of others in a different field of
biology as irrelevant, unscientific, or not
basic. They make these types of judgments
on the basis of their position in respect to
reductionism, whether or not they are
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aware of it.

In a most interesting article, the Bri-
tish scientist and philosopher M. Polanyi
argues that living things in one sense are
like machines. Laws of chemistry and
physics cannot explain machines complete-
ly, he feels, even though machines obey
these laws: “‘The machine is a machine
by having been built and being then con-
trolled according to principles of engineer-
ing. The laws of physics and chemistry
are indifferent to these principles; they
would go on working in the fragments of
the machine if it were smashed. But they
serve the machine while it lasts; machines
rely for their operations always on the
laws of physics and chemistry.18 Ppolanyi

applies the same line of reasoning to argue
for the Unigueness of living things: “When

| say that life transcends physics and
chemistry, 1 mean that biology cannot
explain life in our age by the current work-
ings of physical and chemical laws.”19

| was particularly struck by Polanyi’s
opinion that when molecules bear biologi-
cal information, as DNA does, . . .we
must refuse to regard the pattern by which
DNA spreads information as part of its
chemical properties.”20  “The pattern of
information storage can no more be derived
from the laws of physics and chemistry
when engraved in an RNA molecule, than
it can when inscribed on a tape or, for
that matter, on the surface of a rock.”21
Like Polanyi, | feel that when a protein
or nucleic acid fulfills a cellular function,
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it cannot be described only in chemical
terms. Hence, for such substances, terms
like “chemistry,” “biochemistry,” or “mol-
ecular biology” ail have their place.22
In this essay, all three have been used,
depending on context and topic.

The biological sciences distinguish
themselves from the physical sciences, in
my opinion, but we cannot prove this
distinction if we assume that it does not
exist. For the Christian, this assumption
is not necessary, for he is not bound to
one cause or level of explanation in biology.
For Polanyi, who takes an evolutionistic
position with respect to origins, there may
be a conflict between his evolutionistic
views and his antireductionist position.

Most Christians already accept the existence
of design, and this design could include
several levels of complexity, including the
molecular and the cellular.  Christians
respect the integrality or wholeness that
is characteristic of living things as a crea-
tional given. This wholeness should then
also be reflected in a Christian’s theorizing
and should lie at the basis of his antireduc-
tionist ontology, and give rise to it. Asa
result, such biological concepts as behavior,
purpose,23 or anima! color?4 can be dis-
cussed in terms of their total biological
complexity. We should recognize at the
same time the value and importance of
the discoveries that molecular biology has
made, for the processes that it describes
are indispensible and basic to the function
of biological structures.
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