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SPANNING NEARLY 3000 YEARS OF SCIENTIFIC HISTORY,
Theories of the Universe is the first work to present in one comprehen-
sive volume the growth of modern cosmology from its origins in prim-
itive myth to its current development in the work of the great astronomers,
mathematicians, physicists and philosophers of science of the twentieth
century.

Drawing on the vast store of writings that have dealt with the funda-
mental cosmological questions of Space, Time and the Creation of the’
Universe, Milton K. Munitz, editor of the volume, offers 33 key selections
from the largely unavailabie often out-of-print works of such major
scientific figures as:

HERMANN BONDI ARTHUR S. EDDINGTON CHRISTIAAN HUYGENS
GIORDANO BRUNO ALBERT EINSTEIN JOHANNES KEPLER
NICOLAUS COPERNICUS GEORGE GAMOW E. A. MILNE

F. M. CORNFORD THEODOR GOMPERZ D. W. SCIAMA

J- L. E. DREYER FRED HOYLE THOMAS WRIGHT

*

Theories of the Universe, Lloyd Motz observes in his review beginning
on the opposite page, is “an exciting panorama of the growth and devel-
opment of cosmology” which provides “the background necessary to

a genuine understanding of what is now going on in [this] extremely
active field.”

Publisher’s price $6.50, MEMBER'S FRICE $4.95

Plus one Bonus Credit, equal to an added saving of $1.00
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Melvin Calvin

[ -

%

My interest in chemical evolution
began in the fall of 1949 when I

read The Megning of F L;_Q,byﬁon, by
George Gayl(ﬁ%mgn. I devised
an experiment to test some of the
ideas arising from that reading
—namely, to determine whether or
not an energy input into the collec-
tion of primitive molecules believed
to exist on the surface of the origi-
nal earth could lead to molecules of
biological consequence. In 1951
such an experiment was performed,
and it was indeed found that the
beginnings of molecular growth
could be demonstrated under pre-
biotic conditions.

The first external publication from

Melvin Calvin is kRnown for his scientific
achievements in fields ranging from metal-
organic chemistry to the chemical origin of
life and for his contributions to the under-
standing of photosynthesis in green plants
and, more recently, of chemical oncogenesis.
Dr. Calvin obtained the Ph.D. in chemistry
from the University of Minnesota in 1935.
After two postdoctoral years at the Univer-
sity of Manchester, in England, in 1937 he
joined the Department of Chemistry at the
University of California, Berkeley, becoming
a professor in 1947. He_ has served on the
President’s Science Advisory Committee, as
chairman of the committee on Science and
Public Policy of the INGUORM Academy of
Sciences, and as president of the American
Chemical Society. Helsa member of the Na-
tional Academy of Sciences, the Royal Soci-
ety of London, the Japan Academy, and other
distinguished so;::l?r;fs_. e:.fr; % he wf;:
i he Nobel Lrize jor.t. Iﬂ-lﬂ% ,
?;&riiieieiumauy M edal of the Koyal
Society, and in 1975 the Virtanen Medal in
Finland. The preparation of this paper was
supported by the U.S. Atomic Energy Com-
mission. It was originally presented, in
slightly different form, as an ac{dres;s to the
Mitsubishi Kasei Institute of Life Sciences,
Asahi-Kodo Hall, Tokyo, on 18 May 1974.
Address: Laboratory of Chemical Biodynam-
ics. University of (‘.‘fﬂfforma. Berkeley, CA
Gi7o0) A,
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Chemical Evolution

Life is a@w}‘ known chemical

p}g@dpl@s operating on the atomic composition of|
- ',_._————-—_—"‘-—___-_“—'

the universe
e PRt I

our laboratory of a comprehensive
view of the problem appeared in
American cientist  (44:248-63,
summer f956) under the title
i .(mﬁ,mic&l— Evolution _and the Ori-,
gg}.__gﬁ,_.,u’,{e.” At that time only a
ew laboratories throughout the
world were engaged in experimental
efforts to demonstrate the possible
Orlgins of life. These included ex-
periments in the laboratory of Har-
old Urey, the preliminary results of
which were published in 1955, and
n the laboratory of A.L.Oparin,in
Moscow, who had published a com-
prehensive discussion of his point of
view in English in 1936,.as well as a
few scattered phofochemical exper-
iments in England and India.

In the two decades since the origi-
nal publication, the subject has
evolved into a many-sided disci-
pline. The demonstration of the
formation of biologically important
molecules under all sorts of abio-
genic conditions has been repeated
many times in many places all over
the world. Four international con-
ferences on the origin of life have
taken place, and the International
E%('J_g@{_for the Study gm
of Life was formed in 1971. Where-
as the initial problem was simply
whether or not organic molecules of
biological consequence could be
formed in a prebiotic environment,
the questions now before us are far
more sophisticated and difficult.
Such things as the origin and evo-
lution of the mechanisms of direct-
ed energy transfer and information
storage and transfer now concern
us. :

The question of the origin of life on
earth and the nature of chemical
evolutionary processes that could
have given rise to it has engaged

1Ca

| M—

the minds of men since they first
contemplated the nature of their
place on the earth and in the uni-
verse (I). The most acceptable view
in scientific terms today stems pri-
marily from the concepts first care-
fully and clearly enunciated by
Charles Darwin in his early writ-
ings. The basis for his discussion
was the great variety of the mor-
phological and functional forms of
present living things, as well as
knowledge of the vast array of ex-
tinct forms whose morphological
features were preserved in the
paleontological record in the rocks.

On that basis, Darwin was able to
formulate his general hypothesis of
biological evolution, which is per-
haps best expressed by the title of a
paper proposed by Wallace but
never used—“On the Tendency of
Varieties to Depart Indefinitely
from Original Types.” These words
seem to me to express best the fun-
damental idea of Darwinian evolu-
tion—namely, that two species
which exist today as independent
species, if followed back in time,
were originally two varieties of the
same species. Thus, if we go for-
ward in time, individual variations
would gradually separate to become
new species.

If we follow the reverse-time pro-
cess sufficiently far back, we must
arrive at a time, and a condition,
when there was only o?gﬂnggstral
spggjgs—one type of organism
—which included varieties that be-
came today’s separate species. If we
go still farther back, reaching that
point when the individual living
thing was only one variety of many
different kinds of molecular aggre-
gations, we can see that the transi-
tion from molecules to a living

1975 March-Apri
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thing is a continuous one. Thus, we
can reach back into the history of
the earth to a period when the
earth had no living things, only
molecules. And we can go even far-
ther back to that time when there
were no molecules, only atoms,
bringing us to the period of the eyo-
lut@ of the elements themselves.

As Darwin and Wallace realiz-
ed—and expressed in the unpub-
lished title—there was a coptinuity
in evolution, ultimately arriving at
a sudcessful starting point whose
descendants survived. That starting
point is what we tend to mean by
the “origin” of living matter. Dar-
win wrote a very interesting letter
(2) about this idea in 1882 in re-
sponse to a query, stating:

You expressed quite correctly my views
where you said that I had intentionally
left the question of the Origin of Life
uncanvassed as being altogether ultra
vires in the present state of our knowl-
edge, and that I dealt only with the
matter of succession. I have met with
no evidence that seems in the least
trustworthy, in favour of so-called
Spontaneous Generation. I believe that

Figure 1. The mechanism of protein biosyn-
thesig,is illustrated by the reproductive pro-
cess in a living cell. The genetic code of the
cell—DNA—is located within the nucleus
(1). In order to construct a new cell, the cell
must first transcribe the information con-
tained in the DNA to the messenger RNA
(mRNA) templated on pieces of the DNA

cell membrane

I have somewhere said (but cannot find
the passage) that the principle of con-
tinuity renders it probable that the
principle of life will hereafter be shown
to be a part, or consequence, of some
general law.

The statement to which Darwin re-
fers, and which he had forgotten,
was written earlier, in 1871,

It is often said that all the conditions
for the first production of a living orga-
nism are present, which could ever
have been present. But if (and oh what
a big if) we could conceive in some
warm little pond with all sorts of am-
monia and phosphoric salts—light,
heat, electricity, etc.—present, that a
proteine compound was chemically
formed, ready to undergo still more
complex changes, at the present day
such matter would be instantly de-
voured, or absorbed, which would not
have been the case before living crea-
tures were formed (3).

I propose to discuss a certain period
in this time sequence—the period
in which the molecules themselves
were being formed and transformed
and built up to reach, eventually, a
size and complexity that could con-

(2). The mRNA combines with ril*s_nmgs
(3) in the cytoplasm to form a polyribosome
{polxsome) (4). The simple amino acids
present in the cytoplasm (5), after being ac-
tivated by a chemical catalyst (6), become
attached to tran (tRNA) (9). The
polysome then unites the amino acids from
tRNA, in an order designated by mRNA

tain and sustain the living process
leading to life as we now know it

(4, 5, 6). We will begin by looking
+at the molecular nature of living
things as we understand them
today, to see, first, what it is we
mu_st arrive at by chemical means.
It is not yet possible for us (and I
am not sure it ever will be) to find
a record in the rocks of the molecu-
lar events that may have taken
place prior to the appearance of
what we call a living thing. There-
fore, we must try to re ruct
those possible processes from what
we know about present-day chemis-
try and see how far we can car
them out experimentally in the lab-
oratory.

F1gure' 1 is a diagrammatic repre-
sentation of the essential principles
of present living organisms and
their construction, It contains all
the elements that we must eventu-
ally  describe in molecular
terms—the appearance of small
molecules  (ami acids) and of
polymers of those amino acids and
nucleic acids which form large mole-

(10),_thus creating a protein (11). The pro-
cess is a combination of information transfer
and energy transfer. Steps 2, 3, 4, and 10

represent the cell- 8 of i

: “Mﬁ-ﬂl?ﬁﬁ infor-
mation transfer, while steps 5, 6, 7 and 1'9
represent the ge S8 Gl i
processing common to all ceils, (After ('J(:l)]If

vin, ref. 7.)

i

/ 10 :?’ \SmRNA
11 l

b & C

nucleus
Eig; 4 polysome
DNA
g :
1 2 O g g
enzyme \‘d
i ) o S
1] 2> 555 : % + Vi e
amino acid activated 7 PILI "W\ruck
amino acid {RNA
5 6 7 8 9
D
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1 ""Y =<1 T r7’$ ?:\ ' | | = (}»:"‘ |‘

D:gtgii‘n_,_ enzyme, etc,
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i cules that ultimately have specific
| structure, giving rise to specific
|I shapes and sizes. Thus, there are
| four elements of molecular evolu-
| tion that we must try to under-
|

stand: the evolutign of molecules

themselves, the simple molecules of
which livin:E things are made; the
evolution of maczomolecules (poly-
mers) and structure; the evolution
of catalysis—the ability to make
speciilc reactions occur with a high
degree of efficiency; and the evolu-
tion of information-storage and in-
formation-transfer processes that
allow the two systems to coalesce.

fl Evolution of@olecule!

Figure 2 outlines the time sequence

| in which results of evolution were

and are being achieved. [p_the be-

ginning, most of the elements of the

universe were in the form of hydro-

. which eventually had to un-

ﬁgo fusion reactions, giving rise to

the higher elements in the periodic

i | table, particularly those important

to living things: cagbom, nitrogen,

oxygen, sulfur, phosphorus, halides,

and certain metals, particularly

iron, which are important for cata-

{ ﬁ functions in living organisms.

Then, the pgimitive (prebiotic, pri-

meval) molecules were formed from

the organogenic elements — with

which the earth was initially coat-

ed: mefhape, ammopia, carbon

monoxide, water, carbon_dioxide,
l'aya-r?J

sulfide, and, of course,
hydrogen. These first three stages
present no chemical problem, since
the first two are nuclear and the
third is simply the result of the
presence of carbon, hydrogen, ni-
trogen, and oxygen at a low enough
temperature to produce the small,
primitive molecules.

The next stage of chemicz_}l evalu-
tiop—from the organogenic mole-
' cules t the biomonomers_—does
' present a chemical pro'B_Tan, and it
i has been an area of major progress
| in the last twenty years (6, 7). The
| conversi anoge .

into_amino_acids, sugars, nucleic
acid bases, and other carboxylic
acids (acetic acid and citric acid,
for example) has been achieved.in
the laboratory under the influence
of a wide variety of energy sources,
ranging from the ultraviolet light of
the sun to radioactive energy (in

the form of ionizing radiation) to
N L ° 1

.;3 \ '4' S ._‘-‘ﬁ,“!‘. ’ 1 "";"W |
: ’~ " M | | & : »'t C A i ‘h‘(}". y

A

ent formation

el

chemical evolution

biological evolution
A

Figure 2. Time sequence of evolution from
the formation of the elements to the pres-
ent.

mechanical energy (in the form of
meteoritic shock waves) (8). All
these energy sources give rise to the
transformation of the organogenic
molecules to biomonomers.

The next stage—the transition from
bi i mers—is
morg difficult to achieve in terms of
chemical evolution (9), and most of
the rest of the discussion will be
concentrated in this area and on
the formation of structure and
function in the biopolymer region,
which event ise.to the
first living oOrgamigms abgut four
bilfion years ago. b
— - ST

4

P 4
. (1]

o ©

Bt

entatiorl

Evolution of olir_l':c-l.e

The transition from biomonomers
to biopolymers is best illustrated in
the formation of polypeptides and
nucleic acids (Fig. 3). In each of

these cases, in o%;;;_ 1o gake the
bio ol%er from the biogongmer,
it 1 ﬁece;a‘éﬂ.m,mﬂlﬂ-ﬂ-ﬂﬂter
molecule between the two mono-

mers. The removal of the water
molecule, the essential chemical
reaction that must be achieved in
the presence of water itself (10, I1),
1S someti ifficult. We
know that it can be done if the con-
ditions are correct, because that is
what occurs today in every liging
organism. Proteins, = polysaccha-

| rides, and lipids are all made by

| such 2 walgremovalpracess in
the presence of water.

It was necessary to devise a special
kind of chemical reaction that
would allow the condensation poly-
merization with polypeptide or the
nucleic acid formation to take place.

®@We used a variety of chemical re-
Bl agents that store the energy of

ionizing radiation or ultraviolet
radiation, agents which are formed
very readily from methane and am-
monia. These are reagents in which
the carbon-nitrogen multiple bond
is contained (either a double bond
as in the tautomer of cyanamide in
which one of the hydrogens has
moved, or a triple bond such as in
cyanide ion, HCN). These multiple

| carbon-nitrogen bonds are relatively

stable high-energy sources for ab-
sorption of water, and they do not
react very rapidly with water them-
selves; they react preferably with
the sources of water. By mjxing
dicyandiamide wit lycine |
B R oo

glyel rs at least up to
tetrapeptide (12). The polymer thus
formed is one in which the glycine
quﬁ_a- iﬁ;er molecule between the
carbgxyl group of one molecule and
the amino group of another to form
a peptide. This occurs, of course, in

water, and the products are digly-
cine, triglycine, and tetraglycine.

1n
e
the

We have thus demonstrated that it

is pogsillle to.unite Lo amino acids
to form a peptide link, even in
water. In fact, that process takes
place with some degree of specifici-
ty. When one mixes several amino
acids in the same solution and in
the same reaction, it is possible to

1975 March-April 171
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“(U8. URGED 10 RELAX
CURB ON DNA STUDIES

Advisory Group Asks Exemptions
for Most ‘Gene-Splicing’ Tests

By HAROLD M. SCHMECK Jr.
Special to The New York Times

BETHESDA, Md., Sept. 7— A national
advisory committee has recommended
exemption from strict Federal guidelines
of 80 to 85 percent of current studies with
recombinant DNA, or “‘gene-splicing"’ re-
l search.

k 1f accepted by the director of the Na-
! tional Institutes of Health, which is con-
| sidered nearly certain, the action will re-
sult in @ major relaxation of the guide-
lines promulgated in_ June 1976. They
were a result of concern, over possible
hazards of this revolutionary and often
controversial realm of scientific re-

search.

Relaxation of the guidelines is likely to
result in expanded and accelerated re-
search. A member of the advisory com-
mittee said that his group now appeared
to be operating on the principle that re-
combinant DNA research was safe unless
a specific potential hazard was foreseen.

The major teari that has pursued such
research is that it might produce some
new and dangerous form of ga_gterlal hte R

No Change for Certain Tests |

The recommended exemptions would
still leaye in place prohibitions against
certain thenuaﬁx dﬁ%em experi-
ments, such as those tha d incorpo-
rate the genes for a known poison in bac-
'_____‘The exemptmns, however, would
greatly reduce the amount of paperwork
for scientists before starting experi-
ments.

The researchers would no longer be re-

Continued on Page 26, Column 1

i
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Continued From Page 1

quired to get Federal approval for experi-
ments in the proposed exempt categories,
or -even approval from the biological
safety committees of their institutions.
Restrictions on how the experiments
could be carried out would be relaxed to
equal those of laboratory procedures in
other areas of research.

Ihe experimenters would be required
to register their proposed experiments
with their local safety committees, but
could proceed without waiting for formal
approval.

Debate On Since Mid-70's

The national group, known as the Re-
combinant DNA Advisory Committee,
was set up to advise the director of the
Natiional Institutes of Health on policy
‘matters concerning this complex area of
biological science.

The Federal guidelines apply to all uni-
versity research supported even in part
by the Federal Government, and are con-
sidered binding on essentially all aca-
demic research., They are not binding on
industry, but spokesmen for the Pharma-
ceutical Manufacturers Association said
that all of its members who were doing
recombinant DNA research had decided
to.conform voluntarily to the guidelines.

Since the middle 1970’s there has been
an almost continuous debate over the
patentialities of recombinant DNA re-
search. A committee member, Dr. Shel-
don Krimsky, a specialist in social and
“environmental policy at Tufts Universi-
“ty, asserted that the current revision

- would make the guidelines almost irrele-
vant.

Even under the sometimes restrictive
guidelines, the research has been expand-
ing: In recent years it has, among other
things, demonstrated the possibility of
using bacteria to grow large quantities of
'such' human substances as insulin and a
human-growth hormone.

Heredity’s Master Chemical

DNA, for deoxyribonucleic acid, is the
master chemical of heredity, the active
substance of the genes, which determine
all manner of inherited traits. New tech-
nalogy makes it possible to rearrange and
transplant pieces of this genetic instruc-
tion material from animals or humans to
bacteria. The bacteria are then used as
fattories to produce large quantities of
specific genetic material for study or
other use, such as the growing of large
quantities of rare hormones.

Along with its potential usefulness, the
new research is also viewed as a vehicle
ofigreat potential hazard, if bacteria en-
dowed With novel and dangerous charac-

L

~=m teristics escaped from the laboratory.

Digitized by the Hunt4nstitute for Botanical Documentation

One original fear was of new kinds of in-
fection gilt1hr=u might spread among
humans, animals or plants.

More recently concern has been ex-
pressed over the possibility of more sub-
tle kinds of harm, such as contamination
that would prompt humans or animals to
react harmfully against some of their
own tissues.

Experiments on the possibilities of
harm have been termed reassuring by
those who want the the guidelines re-
laxed. But some critics remain uncon-
vinced. T Ry

: Vote Taken on the Move

It was against this background that the
Recombinant DNA Advisory Committee,
made up of scientists and laymen, took up
a proposal to exempt a large category of
current experiments from the guidelines.

The issue was discussed at the commit-
te€’s quarterly meeting, which ended
here today at the National Institutes of
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of Maryland scientist ¢

SOUP’S ON — Universi =
s e?ﬁg ; - exhibits
a sample of “primordial soup.” Ponnamperuma a ruma i

the basic questions of the origin of life on Earth, ndhis cq g are exploTing

-W gy gton Post photo

Scientists Seek Key To Origin of Life

By BART BARNES
(C) 1979, The Washington Post
WASHINGTON — “How did life begin?”
In the search for an answer to mankind’s
most fundamental question, Cyril
Ponnamperuma travels to Greenland
every summer. In a place called Isua at the
edge of the polar ice cap, he and his fellow
scientists gather up piles of what look like
ordinary rocks.
But the “rocks” are 3.8 billion years.old
— samples of the olgest known sediments
in the world. With his staff,
Ponnamperuma, who is director of the
University of Maryland Laboratory of
Chemical Evolution, carefully analyzes
the sediments for traces of molecular
fossils that might be similar to materials
eing produced in
laboratorlija. ST etles
While some of Ponnamperuma’s
scientists are analyzing the sediments;
others are working in the laboratories t0
produce a substance known only 28
primordial  soup, described P¥
El?gnngmpelruma as “the mixtg:;; o
anic molecules ' jeve
lifffemlved." from which we
the scientists discover a similarity
between the molecules in the primordia!
soup and those in the Greenland sediments;
then our synthetic and analyticd!
processes will meet at some point in th%
history of the Earth,” observe
Ponnamperuma, and he will be one steP
closer to unraveling the chemic?
Interaction that first created life.
Ponnamperuma and his staff, to put it
simply, are about the business of tryin %
duplicate in their laboratory tha’
primitive chemical interaction that first
formed a molecule capable of reprodt
itself — the scientific definition of 1ife:
As a corollary, they are probing the
Question, I there ivilized lie outside e
system?” Po ruma
convinced there is, Wi

T e L A o T el e B o g R o a7 o ) e

“In all science, the single biggest
question we can ask each other is, ‘What is
the origin of life?’ ” said Ponnamperuma.

We are the only comprehensive
laboratory of this kind that is addressing
question.”

Tucked away on the third floor of the
chemistry building at the College Park,

d., campus, Ponnamperuma and his staff
= Which varies from 15 to 25 scientists,
researchers and students — have spent the
better part of the last decade searching for
an answer to the question of how life

gan,

“This is a question which has been for
ages in the mind of the philosopher and the
Beologian,” observed Ponnamperumaina
Paper presented earlier this year at the
annual meeting of the American
Association for the Advancement Of

ence in Houston. “But today we dare to
approach this subject in a strictly
Scientific and experimental manner.”

A native of Sri Lanka, the soft-spoken
Ponnamperunia began his academic
Career as a philosopher. In fact, his first
dcademic degree was in philosophy,
ea;.'"ed at the University of Madras in

ia,

“It’s nice to think I couldn’t find the €

answers in philosophy, so I turned 0§
eclence,” he SI;YS. "bllil:‘t tsl(mt really isn't the %
Case, I've always been interested in
chemlstry."
With a doctorate from the University of
b ndon, Ponnamperuma, 50, has spent the
etter part of his adult life probing the
Emel‘ies of the origin of life. Before going
£ land he worked on the West Coast
Or the National Aeronautics and Space
gency,
h Although his later training and research
as been in science, his earlier work in
0sophy is very much with bim.
€ is a student of various theories and
Myths about crestion, and when asked how
of “duares what he is doing with the story
on: 4 ation he is likely to answer, ‘Which

In his er, he noted that
theorjeg }.3? u::::t&:p and spontaneous
f’"neration of life are as old as language

f. “The ancient philosophers of India
bed the oceans as the cradle of life.
tle, jn hig ‘Metaphysics, sugeested

| that ffirefljes arose from morning dew."

describes ‘a swarm 0{ )

A ing
IOM the earcass.of.a Call. Lhere isa

reference to ‘the crocodile of Egypt born of
the mud by the action of the sun’ in
Shakespeare’s ‘Anthony and Cleopatra.’

“You have the Eastern religions and the
beliefs in transmigration. That’s not unlike
the scientific fact that the carbon that isin
you now was manufactured by the stars 10
billion years ago.

““People sometimes ask me what the
impact of my work will be onreligion. Isay
none. It is the job of the scientist to gather
information. The burden of ing!rpret_atiou
is on the philosopher. You cannot probe
matters of the spirit in a laboratory. That
would be like trying to find a square root
with a spade.”

In addition to his work in the lab,
Ponnamperuma teaches an
undergraduate course to non-science
majors at Maryland and conducts a weekly
seminar on extraterrestrial life. “Each
star that we see twinkling in the night sky
may have around it a planet suitable for
life,” he says. “If that is indeed the case,
the number of sites for life in the universe
is literally astronomical. According to the
most conservative estimate, 5 percent of
all stars in the universe must have planets
suitable for life. By the latest count, it is

estimated that in our galaxy alone there .

may be 3 million civilizations.”

Ponnamperuma lives in Washington
with his wife, a native of northern India,
and their daughter. “My wife tells me I'm
married to chemnistry, but I am interested
in art andmusic and I do a little gardening.
Mainly, I like to do a little bit with my
roses, but occasionally I try my hand at

owing something else,” he says.

He also is president of the Sri Lanka
Overseas Foundation, an organization of
expatriots working to help Sri Lanka in
science and the humanities. In Washington,
Ponnamperuma is a member of the
Cosmos Club, where he “tries to take some
partin the activities downtown,” and at
Maryland he chairs a program for
international activities at the College Park
campus.

By his own description, he “reads
everything that comes my way.”

But for the most part, he continues
looking for the origin of life. “The moment
gomebody comes up with a replicating
molecule in a laboratory, we'll have it,”

says Ponnamperuma. “1t eould happep {-

soon. It covldibe'along way of . |
{Until that day comes, Ponnamperuma

- LA

]

and his scientists will continue their
summer trips to Greenland and their
brews of primordial soup.

To brew the primordial soup,
Ponnamperuma attempts to simulate a
primitive atmosphere composed mainly of ;
methane gas and ammgonia, then subjects |
it to electrical charges. After 24 hours, |
what he has left is a dark brown material |
that most chemists throw away as “goo or
gunk.” That’s the stuff his chemists
analyze for chemicals of biological
significance. !

When the Smithsonian Institution !
opened its Air and Space Museum on July
1, 1976, they decided to include
Ponnamperuma’s primordial soup inan |
exhibit on the origin of the universe. Since |
it is, after all, a soup, someone had the |
bright idea of having Julia Child explain |
how it’s made, as if it were one of her !
recipes, and a film crew recorded her |
explanation. ;

“She did a rather good job,” said |
Ponnamperuma. ‘
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formation of H,0, CH,, NH;

H50 monosaccharides

glycerin
CH, fatty acids

: amino acids

NH, pyrimidines

purines
monosaccharides 4+ monosaccharides polysaccharides
fatty acids + glycerin fats, lipids
amino acids 4 amino acids proteins enzymes
P)’fi'midi“es % + ribose + phosphate nucleotides
purines "
nucleotides + nucleotides nucleic acids

L 1

nucleic acids + proteins

mutation
nutrition
aggregation

——
nucleoproteins + organic shells protoviruses,\early cells.
synthesis
growth
development
division
internal control
fermentation Co,
RARINCS Y 0 byproduct
protoviruses, early cells [chlorophyll | ¥
S - | 002
; T —— photosynthesizers: +
parasites [ animals 1 &
| saprophytes plants e
| chemosynthesizers
sugar,
0, byproduct:
oxygen revolution: 0, + methane co,
RS 2 0, 4+ ammonia N,
0, + oxygen 03, ozone
02 4 metals ores, rocks
0, + organisms aerobic respiration

wktsz (8. 1959,
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By WALTER SULLIVAN

WASHINGTON, Feb. 15—A foreign af- |-

fairs specialist, a physicist, a designer
of space stations, a communications spe-|
cialist and others looked as far out and
as far ahead as possible today in assess-
ing the destiny of-.the human race.

They sald that the limits to mankind’s
tghl'owﬂ'l were not the finite resources of

e earth but, as Dr. Gregg Edwards of
the National Science Foundation put it,

“The ultimate limits_to growth are hope,
: "

heggt and o mﬂgm

and that of several other

participants in a symposium on Humans |

in the Cosmos” was that mankind, sooner
“prT1ater, must propagate the species far
beyond the earth and, perhaps, the solar

system,

They were taking part in one of several
conferences dealing with. the sibility
of intelligen : s at
the of the Amerfican

Association for t.h Advancement of

Science, being held at the Sheraton Park | ¢

and Shoreham Fotels here.
: . fome Vislonary Concepts

The participants were from a number
of institutions and government agencies
that, with one exception, normally do not
concern themselves with such visionary
concepts as the coloni-ation of snace.
That exception.is the National Aeronautics
and Space Administration, which -has

. conducted a couple of studies of that
possibililty at its Ames Research Center
in Mountain View, Calif.

However, the space agency's man, who,
perhaps more than any other, has con-
fronted the problems of large-scale space
construction, warned that there seemed
to be little public support now for such
enteipﬁses. He is Dr. Jesco von 1}'m:tl-uu'n-
er, NASA's program manager for space
industrialization. £ RN

le it is possibl
will exist the 3

more ambitious effort, such as the con-
struction of an independent space colony,.
;eeéi'l;l o lie “pretty far in the future.”

ut, . Mg 4 g

ran, he a

'Spge_si,dsflt—ﬂf—mﬂ newly formed  Space|
tudies Institute there, has promoted the |
concept of 'a space colony &t the_.ﬁ:_y_‘
-position) a site of relative orbital stability
equidistant from the ear € moon.

s meeting, Dr. Brian T. O
Leary, who also is a Princeton physicist,
said such a colony might come *‘sooner
than we all think,” adding that the transi-
tion to a steady, no-growth situation,
thus relieving population pressure, “may
be socially impossible.”

Dr. William A. Gale of the Bell Tele-
phone Laboratories carried the coloniza-
tion concept to its ultimate extreme. He
envisioned._its extension throughout the

a hundred billion stars, and then possibly
to o -
N Expansion to Be Expected

Such dynamic expansion must be ex-
pected of any intelligent life form, he
said, transforming a galaxy and perhaps
even a cluster of galaxies, Since there

alaxy, formed of more than |

Establishmentof Space ColoniesInevitable, S cientists Told

Dr. Gale, a physicist, served with Bell-
comm, the Bel] system’s contribution to
"the Apollo moon-landing project, before
joining Bell Telephone Laboratories. He
envisioned an average population growth
of half a percent annually, leading to
a billionfold increase in a few thousand
years.

This would saturate the solar system
and migrations to other stars would be-
come necessary. By then, he suggested
at a press briefing before the meeting,
technology would be able to develop
habitats to orbit a star regardless of
whether Earth-like planets exist there.
For such a construction, he added, “we
will take whatever is available.”

‘Unprecedented Educational Effort’
In this way, the

colonized in one to

short™ time, geolugl_cally speaking, ~and
comparable to that in which the human
rac= has inhebitéed the earth, If travel
speeds in_exc of one-tenth th

of light can achieved, he said, colo-

i other galaxies will become
pOSssi
““NMichael Mic! acting director of the

g.i\%yﬂ_ﬁmﬂd_hg fully
10 _million years—a

Security Policy. Bureau of the State Dé-
partment’s Office of Politico-Military Af=
fairs, said that “an educational effort on
an unprecedented scale” would have t0
set the stage for any large-scale effort
in space construction. Like the others,
He spoke as an indiyidual rather than
as an official.

Mr. Michaud warned that nationa]'gov=
ernments might find themselves increas=
ingly embroiled in contests for the
world’s limited resources. If a space ef-
fort is undertaken that draws on the
moon, asteroids and other planets for raw
materials, it would by necessity be inter=
national in nature, he said, adding that
national stakes would “become less rele-
vant.”

Dr
Tthe |
that mankind wo be’fo

B s n;_tfm:m
National S i’ouna jonJ ﬁ socighialogy

| \\" | :-:: . >

Theory ThatGenesAtfect Behavior &,
Evokes Vehement Clash at Parley

By BHOYCE REI’_QSBE.EGER | .

WASHINGTON, _Feb. 15_;;:;01:;::; not the rule in all human societies. She-'_'-:.'_‘._

and critics of [§0CiobIOlogy,/a controver-
%aj_ne field‘%??c:enfiilc investigationg

ashed today in a debate over wnetl
there is any evidence that human soci
behavior is influenced by genes inherited
from animal ancestors,

The debate, a series of papers presented
here at the annual meeting of the Ameri-
can Association for the Advancement of
Science, was interrupted briefly by shout-
ing demonstra e

la
0

contended that sogiqhiol%gls_{' ts were igno- ..
rant of anthropological findings that in 2
‘existing hunting an ering cultures, " ' -
presumed 16 be typica sV
which mankind lived for ®99 percent of |

its existence as a species, women played -
at least as important a role as men,
providing from 50 to 80 percent of the
food and often enjoying as much social _.
and sexual freedom as the men. :

The sociobiologists, on the other hand, ",
contended that their critics often fa i

8
6l

yrp just as the best known 'advqcate
sociohi ., Dr. Edward O. Wilson
of Haryard University -
The dozen or so demonstrators depart-

, but a screntificf

to leave the !“ because of such
ophes or threats as a n e,

tr TAC
AT CITiRte Ching or, o T the fit
on’s dropping.out.of orhit or

it

the moon’s d th

.

“The only question is when.”

By HAROLD M- SCHMECK.Jr. . —
Speclel to The New York Times
WASHINGTON, Feb. 15—A new at-

tempt to frame Federal legislation to

rgg,tmmgﬁpﬁmmmh is encoun-
tering serious iculties that have ap-
peared here at the annual meeting of
the American Association for the Ad-
vancement of Science.

All last year, Congress was unable to
agree on legislation to govern this contro-
versial and important research technolo-
gy, It was widely agreed that legislation
was needed to bring all research and
development in this field under controls,

w Gene-Splicin

Eecom
r‘/1t1c1ze a

t Science Meeting

y~Deémocrat of Massachusetts, had
eemed likely earlier, this now geems
questionable.

“The draft was defended by others as
a workable interim measure to achieve
the regulation of research and insure
safety.

DNA, short for deoxyribonucleic acid,
is the active substance of the genes of
all living things and is thus the.mastet
chemical of heredity. Re i
ed in the last five

Ll

but legislative efforts failed in the face
of lobbying for the conflicting views of
| scientists and environmentalists.

Efforts began again as soon as Con-

in a 1960 proposal by Freeman J. Dyson
of the Institute for Advanced Studv ‘n
Princeton, N.I.. who also took part in
today's meeting, He suggested that some
civilizations that have evolved on plenets
orbiting stars other than the sun had de-
veloped engineering capabilities. far e~
yond those achieved so faryon this planet.
‘Dyson Civilizations’« f

Driven bv population pressures  sirh

Maress reconvehed this year, Ihe prime
objective has been to bri | industrial
rg%ﬁﬂ%}_‘iﬂnd_duﬂmnt in_t
under Federal regulation. Rules published
by the National r11':st1tutes of Health are
already binding on all Goyernment-sup-
portéd studies involving gene-splicing.
A new-éraf_t.hill.. from.the Health and
ylronment Subcommittee of the House
ommierce Committee was Unveiled at

iqu
years, have made e to splice
together genetic materi om. diverse
sgggj&—.g :
i T exampl
gher organis

techniques constitute a po |
tool with extr@ﬂiﬁigﬂd_%ﬁ .
"Some critics have charged that there are
also potential dangers.

New vaccines and important biological
products have been cited among the pos-
sible benefi ew_and potentially dan-

the meeting here and has been criticized

A i T e e e e e e L e LR L

gerous, disease-causing OTZAnISMs have
-+ A 1 Federal vs: Local Laws
A key issue in the legislation has been

R R B ks AT AR Y, (T N i [ e

research in their midst. T
The draft bill described at the meeting}
here contains a strong Federal pre-em

ure raci. e "balievad Y
R e T s e
) ] ' oward a genetic in- -

e Sheraton-Park Hotel gave Dr. Wil | (e °0 on human_behavior, ﬁiougli s 13

sun's expansio
"Eventually we must move,” he saidfison a standing ovation as a form of

ed after pouring water over his head an
i s linking sociobiclogy t

oring the roots of sociall™

flue

Strength is as yet undetermmed. Dr. Wil-
son said that while the wvariations in“'%f
human cultures over the past few thou- ***
sand years might seem to be wide and ™’

apology, it was clear that a deep divis'on
rémained among the scientists present
85 to the validity and implications. o

sociobiology : aq
BhietITh were clearly the product of cults 89
' Evolution of Behavior nct_genetic ﬂ%lu;ion. they still Teii w:Eth- 89y

The controversy began in 1975 when | boundaries that were probably genetic. “~=

Dr. Wilson, an authority on ehavi He forecast that it would soon be pos-
ocial insects, published \Sociobiolo- | sible to identify within human chromo-
,{ @ major hook gathering together the | scmes the specifi govern

tion provision and gives discretion to the
Secretary of Health, Education and Wel
fare in authorizing some exemptions
from the rules and in making other deci
sions concerning their application. Th
bill also exempts the research from regu
lation under the National Environmental

from the subcommittee
enta arley O, Stag

statement

1L 41dl
f West V]
RErs,

man, science consultant to the subcom-

mittee. ot T F PRI
b‘f'ﬁe draft was criticized by Representa-

tive Ottinger, who said tht he would fight
the pre-emption provision and some other
key points and described the bill as "mis-
erable.” It was also.criticized by Pamella
Lippe{ Spokesman) for) Friend§ of the
Earth, “an " environmentalist~group, who

¥idence that social behavior had evolved{ tain behavior—not such details as' mode
in similar patterns in . many animalf of Gress or sexual preference, but rather €9
species. Dr, Wilson suggested that sincef such things as “‘readiness to learn” and 0
himan beings evolved from lower ani-§the strength cf emo e v

some of the sg genes that Dr. Davi , a sociobiologist .3t
: 7or mightfrom the University of Washington, said 5

: e interact.dit was his hope that the new field would ¥
mnna;o ave - suggeste permit people to move beyond the classi- ¢

siologists
homos behavior such as male dominance,§ c2l “nature-nurture” debate. He noted i
heosexuality and xenophotia, or fear

that it was apparent long ago, even ‘s

f strafigers, appeared to¥among many animals, that both environ-=i¢
§Epoavior In animals. Dr. | m ' or. He
afed that some ddy |conceded that the genetic influencers

d subsume sociology, |among human beings was undoubtedly v
el:stpsychm_ry and other ef.|much smaller than the environmental in- <l
hhen I ¢ 233“ bﬁh&"i"r- fluence.
; auld, a Harvard =1
Ontologist and a leading critic. of sct?g{i- '-
suggestions ahout |

IOSY, ;s;‘;ailed ithe
uman behavior as ‘“‘unsy
pported o
out.” specula- |

tions with political ol He said there |
uman jor

Wag g e T |

th T 3 ’ al gu !
1 g SEeein .

nale dominance)and xe §-such traits) ag|

owf € S “ﬁ?hObia n itheip.!
that they mus sh.SldENCe |
u.at..':.-..gkn M a\‘-'&a SE! Elic base ®nAd
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How to Study:
Guides Focus
On Basics

By FRED M. HECHINGER

S millions of youngsters return to thejr class-
rooms, most of them want to learn as much
as possible in as little time as feasible, 1n in-
dustry, this is called productivj and

much effort goes into time-and-motion studies to jm-
prove the workers’ skills. In education, according to
some experts, similar skills are largely neglected, to
the students’ immediate disadvantage anq possibly
Jasting detriment. LS

*In an attempt to correct this neglect, 5 group of
educators from Harvard University ang Milton
Academy, a private college-preparatory Schog] near
Boston, next week will publish the first in a geries of
“how to’’ programs. Known as the “HM (for Har-
vard Milton) Study Skills Program,” the initial
workbook (plus teacher’s guide) is for grades § ¢o 10.
It will be followed next year by two simila; guides
aimed at grades5to 7 and cc;lllie%ael { reshmen,

The program has been officially endorseq ., ¢he
National Association of Secondary School Prj BY

ipals,
. which will also handle publication and dhtuﬁl:jaon

Inexp!ainlngthlsunusualcooperatimbm.. n a
leading university, a prominent independeny school
and the public school establishment, Owen B, Kier-
nan, the NASSP’s executive director, sayg that he
mdhisassocialeshavemmeinc 'yoan;
‘cerned that lack of these skills, particulap}y 2 i
dents move on to secondary school, “m&f‘l{_—?'st‘u
creasingly difficult for them to succeec
In the editors’ view, the present po
for stress on the *‘basic skills,’’ me:
writing and computation, omits so
more basic — study skills. Many pu
parents assume that such skills are rc
up in passing and that they require li
common sense and a measure of self-d
Nu;:u.:;{ the editors. Like any ot
can be taught, and teaching them ef|
time, frustration and wasted effort, |
David Marshak, of Harvard’s By
Counsel and author of the pri
that, though currently neglected in pr
nition of study skills h::grlemmnedp;;
stant throughout this century. He co
portant precisely because of “the tr
American education which often seer
good deal of ill-considered change *
mtherefore!smttolnvamannwe
dents learn through practice how to
gone wrong, Mr. Marshaj

sume that somebody elsemh:s for eacn

About Education

%A
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The workbook suggests ‘mapping’ of paragraph as a way of note-taking.

5. A Way to Read a Textbook,

6. Vocabulary (Literal and Figurative Meanings).
7. How Do You Study?

8. lmpmvi:ng Your Memory.

9. Preparing For and Taking Tests: Objective
Questions.

10. Organizing a Paragraph.

11. Organizing a Paragraph (cont.) and Answe
Essay Questions. S ) i

17 TTrlmm W e

all but nine died. How many does he have left? (An-

swer: 9).

in California for a man to marry his
ﬂﬁ*éﬁ?‘m (Answer: A man who has a widow is
dead.) "_ 4 A

“] to listen'” exercises incl > rea

ing geo;d :aming passage containing a nuq:ber of irrele-
vancies and then asking students to }dentiry them;
let students close their eyes for five minutes and then
have them describe all the sounds they have heard;
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Spacecraft Take icse- Up Photos

Of Titan, Saturn’:

5 Pictures Transmitted 'y / .on

Variation in Color Th:an

— -

By JOHN OB

' Specialt TheN

MOUNTAIN VIEW, Calif., Sept. 2 —
Pioneer 11, mthmmd from Saturn,
cruised wlt.h]n photographic range of
Titan today for the first close-up exami-
nation of what is believed to be the larg-
est moon inthe solar system. -

Five pictures of Titan, reconstructed
from unprocessed data, showed a fuzzy
ball of light with apparently more v ia-
tion in color than had been expe: .
Titan is the only moon known to have a
significant atmosphere, which appears to
be primarily methane and includes a

stmmspbeﬁc hyer ofomnge smog .

' vldamduﬂmﬂvemwmtotheqms-

argest Satellite

5 11 Reveal Greater
+‘ists Had Expected

:WI? ' ORD

Tork1.) 5

cated >mical compounds that createan
opaque haze,

The Titan pictures, which were dis-
played today in raw form, must be en-
hanced through computer processing be-
fore a more detailed analysis will be pos-
sible.

cle

" merican spacecraft made its
¢ <C proach to Titan, at a distance of
Z 7 iles, at 2:04 P.M. Eastern day-
Ligus w2, The pictures were taken be-
fore the closest encounter, at a distance
of about 260,000 miles.

m;iro-'_
tion of probable life on Titan.

Pioneer 11 also collected, ultraviolet |
and infrared data as it flew by Titan inan

: efﬁntohnmmorelbwtmm

mnmm.cuum ‘

Mtwhm
. 12:31
! m%1 19%6) '




; Pioneer 11

-Enceladus and Rhea before reaching

- o -1

Continued From Page Al

and temperatures. These measurements
have not yet been analyzed.

Titan was the eighth of Saturn's 10
known satellites to be observed during
the Pioneer mission. Before the rendez-
vous with Saturn yesterday, Pioneer 11
gathered some data about Iapetus and
caught sight of the innermost moon,
Janus. At the closest approach to Saturn,
Pioneer 11 passed Dione, Mimas, Tethys,

Titan. The others are generally much less
than 1,000 miles in diameter and thus
were not good targets for photography.

Tonight, Pioneer 11 was more than one
million miles away from Saturn, travel-
ing 25,000 miles an hour. Flight control-
lers said that the spacecraft was operat-
ing well and showing no ill effects from
its trip beneath the rings of Saturn and
deep into the region of radiation magneti-
cally trapped around Saturm.

As Pioneer 11 sped away from both Sat-
urn and Titan, project scientists began
reporting some of the mission’s prelimi-
nary findings about Saturn, which is
about 963 million miles from the Earth.

" Temperature measurements by the
spacecaft’s infrared sensor indicated

that the outer atmosphere of Saturn is |

somewhat warmer than had been ex-
on the basis of Earth-based obser-
vations. Dr. Andrew Ingersoll of the Cali-
fornia Institute of Technology reported
temperatures of more than 100 d
above absolute zero, or more than 279 de-
grees below zero Fahrenheit. d

Heat Flow May Be Complex

This is some 10 or 15 degrees warme
than expected, Dr, oll sai 3
suggests that the

from the interior of the planet may be

complex. The primary source is believed |’

to be heat left over from the collapse of

the gas cloud that formed the planet bil-

lions of years ago, plus energy released

by Saturn’s continuing gravitational con- |
traction. _ _

* But Dr. Ingersoll said that there must
be “some other processes going on'’ to.ac-
count for the slightly higher tempera-
tures. Additional heat could be caused by
the separation of dissolved helium from
the metallllnc lrliydmgm thought to exist in

turn’s interior. ¢
.S‘-leeer 11'sultraviolet photometer dis-
covered a tenuous cloud of particles well
beyond the upper atmosphere of Saturn.
Dr. Darrell L. Judge of the University of
Southern California, the chief ultraviolet
experimenter, said that atomic hydrogen
was “‘an extﬁeﬂc?lmtxgandidate" as one con-
1t of the d. ,
fgt11?)1:"?m.'}:l.n:lge_ said that the particle cloud
was apparently caused by interactions
between charged particles and Saturn’s

o Dicitized by the Ha

-— —

Craft Gets Close View |
. Of Solar System’s Largest Moon|

il said, which.{

cloud, though much more heavily popu-
lated with matter, exists around Jupiter
in the region of Io, one of the Jovian satel-
lites.

Dr. James A. Van Allen of the Univer-
sity of Iowa reported that the radiation
trapped by Saturn’s magnetic field was
comparable in intensity to the radiation
in Earth’s magnetosphere. The Saturn
radiation is much less — by a factor of 50
to 1,000 — than that found in the ‘“much
more wild and wooly magnetosphere’ of
Jupiter, Dr. Van Allen said.

_Earth'’s radiation belts, the first major
discovery by a spacecraft, are named
after Dr. Van Allen. j

Moreover, Dr. Van Allen said, when
Pioneer 11 flew under the rings of Saturn
during its close encounter yesterday the
radiation detected by spacecraft instru-
ments dropped nearly to zero. The icy
material in the rings acted as an um-
brella against the electrons and protons.
Dr. Van Allen said that nowhere in the
Saturnian magnetosphere were the
radiation intensities sufficient to cause
damage to visiting spacecraft.

Two Voyager spacecraft, which flew by
Jupiter earlier this year, are to explore
Saturn with even more sophisticated
cameras and scientific instruments in
1980 and 1981.

Dr. John A. Simpson of the University
of Chicago said that the properties of the
magnetosphere appeared to be remark-
ably the same going toward Saturn and

going away from it. This indicated, he |

said, that the region was ‘'very stable.”

| rings and inner satellites. A similar :

- A Rea s
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Pioneer 11 spacecraft
closing in on Saturn

By GEORGE ALEXANDER
(c) 1979, The Los Angeles Times
Pioneer 11, a spacecraft that all
but a handful of scientists have

forgotten during the more than-siz—

years it has been sailing on the high
eas of space, will sweep past the
ringed planet of Saturn this week.
And when it does — and frains its
camera and scientific instruments on
Saturn’s rings, its yellow-and-white
striped clouds and eight of its 10
moons — the images it gathers will
far surpass any that have ever been
taken of the planet thrugh ground-
based telescopes and sensors. Still
another new world will stand
revealed to the people of Earth.
Indeed, so many new planetary
worlds have been opened by space
probes in the recent past — J r
by the two V
March of this year; Venus by two
other Pioneers last December; Mars
by a quartet of Vikings three years
ago; Mergury five years ago by a
MarineT, and the mogn some 10 years
ago by a succession of astronaut
expeditions and unmanned rangers,
surveyors and lunar orbiters — that
some scientists wonder if the general
public will appreciate this latest
American achievement, which is

costing taxpayers some lion.
“Scientiss are awed by the fact that
all this has been accomplished in less
than a generation. Contrast that with
the more than 200 years it took Vasco
de Gama, Ferdinand Magellan,
Christopher Columbus, Sir Francis
Drake and other 15th-century and
16th-century explorers to stumble on

the new worlds” of the Americas, (¢ (01

s in July and

Polynesia, the Orient and Antarctica
and report their findings back to an
incredulous Europe.

Moreover, those findings of 400 and
900 years ago were fragmentary and
often fanciful descriptions of the land
forms, flora, fauna and people found
on those continents and islands.
Compare that with the unambiguous
pictorial - evidence and precise
measurements  captured by
spacecraft on the “new worlds” of
Mercury, the moon, Venus, Mars,
Jupiter — and now Saturn.

Saturn, the sixth planet from the
sun, is second only to Jupiter insize. It
is a great gaseous sphere with a polar
diameter of about ilesand an
equatorial diameter of almost 75,000
miles, compared to a diamef'é’r of
about 3,000 miles for the earth.

But it is Saturn’s rings that are the
planet’s glory and puzzle. There are
three, the inner or “crepe” beginning
at about 11,000 miles above the
planet’s cloud tops and extending out
to about 20,000 miles; a middle ring
that starts at 20,000 miles and carries
out to a distance of 36,000 miles from
the clouds; and, after a 1,600-mile gap
known as Cassini’s Division, an outer
ring that begins at about 38,000 miles
and extends out to nearly 48,000
miles above the Saturnian clouds.

Satum.naéu.m_um satellites, or
moons, and, like its sister pflanet
Jupiter and its 13 or 14 moons, forms
a miniature sola}saystem all by itself.
Pioneer 11 will take passing glances
at eight of Saturn’s moons as it rushes
through the system between Monday
and Sunday. i




—




Piltdown
Fossils
Stir New
Debate

By MALCOLM W. BROWNE

EW evidence concerning one

of the most far-reaching April

Fool’s hoaxes in the history of

science — the bogus “Pilt-
down Man'’ — has stirred up a dispute
in which some scientists are question-
ing the integrity of .their own profes-
sion.

The bones purporting to be fossils of
Piltdown Man began to be “discov-
ered’ in 1912 in a gravel pit in the Eng-
lish coufffyFor Sussex. They were soon
accepted by. most scientists as the
“‘missing link" between apes and man
that had been postulated by the evolu-
tionary theory of Charles Darwin. In
honor of the lawyer and amateur geolo-
gist who found them, the new species
was named Eoanthropus dawsoni, or
Dawson’s Dawn Man.

The fragments of two skulls found at
the site suggested that the creature’s
jaw bone was similar to that of an ape,
while its brain case was closer to that
of modern man. Dawson turned up
stone tools at the site as well as an ob-
ject strikingly resembling a modern
cricket bat, lending Piltdown Man a
peculiarly British character.

Darwin’s monumental theory ap-
peared to have been confirmed at one
dramatic stroke, and the world recog.
nized in Piltdown Man a d ery of
the first magnitude. Dawson and his
collaborater, the anthropologist Arthur
;Smith Woodward, achieved immediate
ame. "

Real Fosslis Different |

But in the 1920's, real fossils of early
man began to be discovered in Africa,
and they were entirely different from
the Piltdown bones. Their jaws were
human and their brows simian — the
reverse of the English fossils. Increas-
ing numbers of the real fossils were
found, and because none of them
resembled Piltdown Man doubts began
to stir about the authenticity of Eoan-

et

wSsoni.

In 1953, modern analystig, iélcludingf
dati niques using the decay o
radliggcﬂw%bon, were applied to the
Piltdown fossils. Piltdown Man was fi-
nally and devastatingly proved to be a

forge which h and si
o ryhaEbeen een skill an

a C1 e in-
vest TS Wi the fraud, J.S.
ar, described the achievement ina

. a 3 .»" The Cir-
cumstantial evidence at the hoax

had been perpetrated by Dawson him-
self, who died i o 2
All that was scandal enough, and

many, scientists were mﬁ?;%:};‘af?&:

parrassed that the scienti
Continued on Page C3_




Plltdown
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 Continued From Page c

. menr. eould have been looled so com-
pletely and for so long. .

. But j‘ustbeforahisdeath last fall, Dr
| James A. Douglas, professor of geology
at Oxford University from 1937 until

1950, made a tape recordingin whichhe

| disclosed new and even more disturb.
ingevideuoe ( '
Earﬂerlioaxl!eeaned

Dr. Dotiglas said he believedzhe Pilt-
downhoaxhad beenperpetmtedbyhis

- world-f:

Profmorw.f Sollas,asawayofmak-‘
_ iqep: Jbut pretentious academic
ook ridiculous. The rival was

#sun’s co borator Smith Wood-

. Ihat | mlﬁl
Smith v .according to —Br
- Douglas, andmaylwm
r uuorSouas the idea. l'puhg{%
elaboratepnmmou_

at Oxford,

o aharﬁgausci‘ Tl
§ N aIsopubli.sheéaleﬁterfm!qr

Amonstnmﬂonoﬂ'ﬂtdownm gl

The scientific esmblishx_pmt fmmd it‘ “Tr’eiﬂer hlmeﬁ‘
easierto:?:"eeptthe{dea Dawson, m-deme presented
-anonscientist, hadactedalme,hesal tape recording, includii
preferring not to believe that one of its recollection of 68 years a

owtl minec“ted mgmbérs’could do such

‘of i bichr
ghigomi
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cosmological events in which they were created.

Present evidence suggests that the universe is evolving

from a Qbig bang",which occurred \15-20 billion years ago.

See the schematic illustration in Fig. 1. According to a

"standard" theoretical model,4 we imagine a great primeval
JedseniiavE

)———__._‘—’_.—_F-—q_‘—..—_‘

|fireball of matter and radiation with a very high density
: o s 10

and a temperature of perhaps 10 OK. At first there were

p— P —— —eeee. " — f,'___._—
only protons, neutrons, electrons, positrons, and neutrinos,

t)yavkE
1 WASE:, £ LJ - all independent particles. Within a few minutes the tem-
e$ \

perature dropped to v 109 °k and the particles combined to

aﬁ“'
form some heavier nuclei. During the next few hours about
20% of the mass of the material formed into helium and the
temperature dropped to " 108 2K. Scarcely any nuclei heav-
ier than helium could have survived this nuclear building
process. However, some deuterium, depending on the fire-
ball mass, should have been created. The fireball composi-
tion of mostly hydrogen, ~ 20% helium, and a trace Ofkﬂﬁl
uterium gradually cooled and expanded during the next mil-
lion years to about 3000 %k and a density of about 1000
atoms/cmB. During this time the fireball was opaque, with
radiation passing from atom to atom, but afterwards it

was transparent, and the radiation was able to pass freely

throughout the universe. After about one billion years

this model predicts that matter should have condensed into

galaxies and stars.
D Ay N e

Although we shouldn't take our ideas concerning details
____-.._-——""_""'-‘ﬁ

—

of the big bang too seriously, it seems beyond doubt that

———————
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Fermilab’s New Tool
For Exploring Matter

Present conventional accelerator
ring pushes protons to 500
billion electron-volts.

Studies Relate
Physical Causes
To Delinquency

By VIRGINIA ADAMS

| i E most behavioral sclentists favor
I sociological or psychological explana-

Fermilab’s main ring tunnel

construction beneathit.

In future rip ns and

antiprotons : | tt}orced to
collide at d energi35 of
UP Yo o i, lectron-YO!'™

contains the ring.of ets
currently in use and a new ring of
superconducting magnets under

Approximately 1.25 Miles
r—*"-"‘-—-"

Researchers Race to Find Particle Vital to Atom Theory

Because Fermilab’s new *““doubler’’
ring Is based on superconducting
magnets, it is expected to consume
only half the electricity required by
the present accelerator. By using
such magnets and hurling one beam
of particles at another beam coming
i

e collision energy
increase fourfold. This will take
scientists into a new realm as they
investigate the atom.

Botanical Dodus
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NASA Revises
Predicted Date

Of Skylab’s Fall

By JOHN NOBLE WILFORD

: . _ G
HE latest prediction is that
| eart ply 11 and . a-
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often had psychiairic symploms>s
hallucinations and delusions. They also had more
frequently suffered from neurological symptoms,
such as blackout spells, falling and other indications
of psychomotor epilepsy. In general, the more vio-
lent youngsters had the more serious symptoms.

=Uulll das pdidiidid,

The extremely violent delinquents also had more
serious and more extensive medical histories than
their less violent and nonviolent counterparts. A sig-
nificant proportion of the violent youngsters had suf-
fered head injuries early in life. They also were more
likely to have endured physical abuse violent enough
to damage the central nervous system.

The findings appear to have important social im-
plications, according to the researchers, who say
that violent children with psychiatric and neurologi-
cal disorders canbe treated.

The Yale scientists are Dr. Dorothy Otnow Lewis,

clinical professor of psychiatry at the university’s
Child Study Center; Dr. David A. Balla, a research

psychologist at the center; Dr. J onathan H. Pincus,
professor of neurology at the Yale School of Medi-
cine, and Shelley S. Shanok, a public health re-

searcher at the center. Some of their findings were
reported recently in the Journal of the American

Continued on PageC3

Boyer Reviews
Term in Office

By EDWARD B. FISKE

N Saturday, Ernest L. Boyer will step down
as the United States Commissioner of
Education. Since April 1, 1977, Mr. Boyer,
the former Chancellor of the State Univer-
sity of New York, has been the principal educational
spokesman for the Carter Administration and the
chief administrator of the Office of Education’s $12
billion budget, which covers areas ranging from
fiompensatory reading programs to Indian educa-

on.

In a recent interview, he was asked about his
thoughts on Federal educational issues and what it

" was like to spend more than two years in a high Gov-

ernment post. Following are excerpts from that in-
terview:

Q Is there any such thing as a Carter education
s policy?

Definitely. The gains for education at the Fed-
A- eral level under the Carter Administration
have been greater than at any time in the nation’s
history. The budget has increased from $7 billion to
$12 billion, and that is a quantum leap. There’s also
been a clarification of the Federal role in education,
with aid at the elementary and secondary level now

5
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By MALCOLM W. BROWNE

{BATAVIA, Il
OBBLED by chronic money shortages, scientists
at the Fermi National Accelerator Laboratory
here are in a race against a wealthy European
scientific consortium to find a hypothetical but vi-
tally important nuclear particle called the W.

Laboratories on both sides of the Atlantic are currently
spending tens of millions of dollars to build sufficiently
powerful research machines tqgetect the W particle. Toits
discoverer will go the prize of clinching a major theory.
about the fundamental nature of matter.

Europe, which is outspending the United States two to
one on this research, is the odds-on favorite to find the parti-
cle within a few years. But scientists here believe they can
recover the lead in this area of research after 1983, moving
into energy levels far beyond European capabilities and
probing the atom even more profoundly.

W.particles (and some close relatives called Z parti-
cleg), ifthey exist, are believedo serve as messengers, car-
Tying force between various particles embedded in the nu-

clei of atoms, and transiating one Kind Ol 10ICE 1L allULUILL .
Proof that two different kinds of force, such as electromag-
netism and the “‘weak’” force that is involved in the radioac-
tive decay of some atoms, are related to each other through
the intermediary W particles would sweep away much of the
uncertainty that has clouded the theory of nuclear particles
in recentdecades.

Particle physicists note that progress in all branches of
science! from astronomy to human behavior, depends on de-
tailed knowledge of the structure of atoms and the particles
that comprise them.

The elusive particles that are the object of the current
quest are so much heavier than any hitherto detected thatno
machine powerful enough to knock them loose from their nu-
clear environment yet exists. Therefore, atomic particle
smashers are being built or improved here and in Europe.
The most powerful American instrument is here at Een
National Accelegator Laboratory (better known by its offi-
cial acronym ‘‘Fermilab”’) and other powerful machines

P

are at Brookhaven National Laboratory.on LongIsland and’

Stanford URiVersity in California. The governments of West-
bttt A

Continued on Page C2

By BAYARD WEBSTER

joint scientific expedition by the

United States and Soviet Union

has solved the mystery of why the

Bering Sea — the forbidding, cold
and stormy body of salt water separating
the two nations — produces fish in greater
abundance than almost any other oceanic
body.

A two-year analysis of data gathered
during the expedition in 1977 has revealed
that the rich quality of the Bering’s sea life
stems from a previously uncharted current
that flows northward from the depths of
the Pacific.

As the current moves through the Ber-
ing, it rises to the surface along the conti-
nental shelf in the northeastern half of the
sea. This upwelling of water brings a full
measure of the nitrates, phosphates, sili-
cates and trace elements at the bottom of
the food chain that are needed for the
growth of phytoplankton, which provide
nourishment for small marine animals
the research has shown. .

The findings were reported at a recent
meeting at Fordham University’s Calder
Conservation and Ecology Center in Ar-
monk, N.Y., by six Soviet and American
scientists who participated in the expedi-

Continued on Page C2 B

Continued on Page C4 . :
___._____./"%-h.____ #

v.S:-Soviet mission traced nutrient-laden ocean current entering
g Sea. Dots indicate areas where water samples were taken.

- Mystery of Bering Sea Solved
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of earth every 89.5 minutes. .

Over the weekend, a series of computer commands
radioed to Skylab in the wrong sequence caused the
vehicle to wobble out of its previously stable orienta-
tion. Skylab’s automatically controlled maneuvering
rockets fired to stabilize the vehicle. The maneuvers
used up about 1,000 pounds of jet thruster gas, leav-
ing about 6,200 pounds on board. NASA said that is
sufficient to exercise control over the station in the
final hours, if necessary.

When Skylab disintegrates during re-entry into the
atmosphere, about 500 pieces of metal are expected

to reach earth. The odds are one in 152 that someone

will be injured.

Beginning this week, NASA will be issuing daily
bulletins on the latest tracking data and on the most
likely re-entry dates. In an advisory last Friday,
NASA said that when Skylab is coming down it may
be “slightly safer to be indoors than outdoors” but
did not recommend that people change their plans or
make special attempts to seek shelter. '

According to Skylab's orbital paths, if the debris
falls on land, the pieces could hit in this hemisphere
anywhere between southern Canada and southern

Argentina.
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‘Treating
Appendicitis

By LAWRENCE K. ALTMAN, M.D.

PPENDICITIS pain in the right side of the
lower abdomen is a condition familiar to

most people, even if they have not experi-
enced it, since it is so common,

And because surgeons have had such success in
curing" appendicitis and dramatically lowering its
death rate, many people falsely assume that it in-
volves a straightforward diagnosis. But that is often
not the case, Its pain can be felt virtually anywhere
in the abdomen, and many other conditions can
cause pain in the lower right side.

Presumably, appendicitis has always been a prob-
lem (a perforated appendix was found preserved in
the mummy of a young Egyptian princess), yet it
was just 93 years ago that doctors discovered that
immediate surgical removal of an inflamed appen-
dix could cure the condition and prevent its lethal
complications.

The appendix is a wormlike pouch three to six
inches long that extends from a part of the large in-
testine called the cecum. Only humans, certain pri-

. mates and the wombat have an appendix, which has
; noknown function.

Blockage and inflammation of the appendix causes
it to swell, burst and leak feces and bacteria. This
can lead to gangrene, abscesses and deadly peritoni-
tis, an inflammation of the lining of the abdominal
cavity. Deaths from appendicitis now are rare — 0.3

Continued on Page C4
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¥ J ) B |

1)121t1

= ©

] T
wtff} 9,

L4 5‘4-;

e
. , 4 . . . L]
STYLE: On cook’s day off, a picnic for chefs/For teen-agé “Clentists, the energy shortage sp
-—-"'"/\-.---__
+tho Hiinm1 st 141 , - Ltanrnniral Wl
11C 1 ! UI1C L1)STIT Ult«:? f’UY Dpotanical 1J)oc

arks the imagination, page 16

J
"R ~ 4 N 4' W r-n

Rlwd Bl ‘ |
A4 bv.x.‘;__»_btbluj.l




nen P 1688 = B!fbje'ucs'-r
staiavzani =167
?. HooWE - 1663’- <

T.gemwnn W~ 1239 - CELLIVIER :r-3$ig,b a9 | "ﬁ
H.voN mo¥r =236~ Proro i FE™ .

R. ViRcwaw — (SE8 - owawis Since concep‘t of" diséase a

ff'—LVl—N

\ 2.
ssociated with NATURE OF LIVING

1 "‘7" tﬂ, »’
spowin 25 "1 celino "ORGANISM, this should be ® nsidered:
. SCWATLE 1963 W‘:}”,f e

L PASTEVYC - -13ek- ns Geness CRITERIA FOR " "

i Wi T N A

(get a class response to this).
Examples of definitions:; "sum total of vital ﬁmctions"
AR N L

AR R LT e

"continual adjustment of internal.relations to external

relations" (Spencer). "a series of definite and successive

changes both in structure and in composition, which take
-Place in an individual without destreying its identit;"
(G.H.Lewe3). How would you define it ?
VITALIE:M Vs MECHANISM controversy.

PRO‘I'OPLASM AND LIFE, LATTER "defined" in tems of the former,
b pgth I o e 2 L‘ér'
ieyreproduction (asexual, sexu L) ——’ ; _m;Zm.m
égrowth (accretion vs intugdusteption )
. -"{} metabolism (all energy t.ransformations in organism)
W 3 irritabilxity ! S— R "
' § adaptibility
§organization (the watch analogy
chemical & physisal properties (C?H?N‘?O?S?P?K,Mg, ete. )

polyphasic emulsoid-colloid; sol-gel idea. };p
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- Difficulty in arrwing at "def:’Lﬁniizlon" of LIFE,
m w¥ wBoderline" organisms; Vvirus, bacteriophage. Modern

e D e

™ ‘/ revival of vn.tallsm. (see Science) €.

""" (a special form of Life)
@ gince we are here concerned with p_lants (mostly) ¥ we should

know what one is § (get a class response)
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ronomico

pone hoy en érbita EE. UU.

Cabo Kennedy, agosto 20.
(UPI). — Un gran laboratorio
espacial que orbitard 1a Tierra,
Ilamado ieo; serd lanza-
do antes del amanecer de ma-
fiana, en la 1iltima misién pla-
neada en esta década para es
tudiar las remotas nubes de gas
v polvo donde na
1155,
~Ta plateada nave espacial fue
emplazada en la gran nariz de
plastico colocada en un cohete
Atlas-Centauro.

Funcionarios del proyecto in-
formaron hoy que todo estaba
pronto para que el lanzamiento
se produzea a las 6.28 (1028
GMT).

El cohete de 41 metros fue
programado para propulsar al
observatorio a una velocidad
superior a los metros

gualable vision del universo.
S6lo una pequefia porcion de
la luz que brilla en el es
pacio llega a los observaiorios
de la superficie. El resto es re-
chazada o empafiada por la at:
mosfera terrestre.

El satélite astrondémico es el
observatorip espacial mas com:
plejo construido y costé 82 mi-
llones de ddlares. S

El director del proyecto, Jo-
seph Purcell, senalé que el ob-
servatorio deberi funcionar du-
rante cinco afos, suministrando
respuestas a los cientificos so-
bre algunas de los grandes in-
terrogantes acerca del origen

del_universo. ATERIET
Su principal telescopio astro-

némico tiene un lente de /813

@ngtmﬂde didmetro, el cual

ue disefiado por la Universi-

porg_o%den o de una qrh

a 740 kilometros de altur

la superficie terrestre,
Desde ese v,gnt_a_qug\:

de

punto,

SILUte 14

dad de Princefton para estu
diar las luces violetas
las,

‘sus telescopios tendrén una ini-

(3
estrellas, que no se ven ¢*
de Ta superficie terrestre. * ‘



A Chance Chemical Union Which
Could Not Occur Again

The theory that life on earth may
have begun spontaneously through the

chance chemical union of OM-
nounds floating in-prehistorfc seas well

over_a billion years ago was expounded l

by Dr. G. W. Beadle, geneticist of the
California Institute of Technology, at
a recent Mills College Centennial SE-
posiu olution. Because there are
no longer masses of organic compounds
from which such life may have sprung,
he thinks the process cannot be re-
peated again.

It may have taken as long as thou-
sands or even millions of years for tig
first “living _molecule” to produce a|
second ITke itself, in Dr, Beadle's opin-
ion. “But somewhere, somehow,” ha
said, “a_chance combination of com
pounds must have acquired a ne
property it never had before—the abil=
it liplicate itself] and to undergol
nutatiok. This presumably was th
prec of esent living things."¥

Development of this first bit of lif
to even the simplest alga perhaps re;
resents a greater stepin evolution than
the development from amoeba to ma

i
N,
N
=

Viruses, according to Dr. Beadle, are
at both the beginning and the end of
the scale of living things. Not only are
they like the first probable form of
life, but they are also the Tinal | stage
of degeneration of higher formis of liv-
ing things under conditions of parasit-
ism. i
| “GAll during the process dusing which
living things have been evolving to give
increasingly complex forms, evolution
has theen. going, on in the other direc-
tion as well,” he said.
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In this chapter a brief résumé of the major groups of living plants is
presented. A comparison of two contemporary classification systems is
undertaken and a chart shows the possible evolutionary relationships
of the major groups.
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Toward the Margin of Life

Vers la lisiére de la vie

W. H. COOK, F.R.S.C.

E Président de la Société royale du Canada doit prononcer, a chaque
année, un discours présidentiel. C’est une tiche rendue trés difficile par
la variété et I'étendue des disciplines représentées dans cet auditoire distingué.
Le choix du sujet est laissé au Président, et j'ai cru bon de vous parler des
réalisations des autres, pour élargir le sujet ct le rendre plus intéressant.
Plusieurs d’entre vous ne sont probablement pas tout & fait au courant des
recherches qui se poursuivent aux frontic¢res des sciences biologiques. J’ai
cherché a tenir compte de cette situation.

For some this presentation may serve as an introduction to tomorrow’s
symposium dealing with biology at the molecular level. May I now request
the forbearance of the specialists who have carricd the study of biology to its
present margin.

Historically, physical science started with a study of matter en masse and
gradually moved to units of progressively smaller dimensions until it reached

particles in the atomic nucleus. The first world-wide scream of the new-
bgrn atomic age broke through the barriers of sccrecy in 1945, and society.

s been trying to control this infant ever since. About the same time life
science entered the wonderland of diminishing dimensions and: hastened
down past the size of Mr. Carroll’s Alice to the level of Mr. Maxwell’s
demon, who played handball with hot molecules.

This new branch of biological science, called molecular biology, is con-
ducting studies on the borderline between the animate and the inanimate.
It has grown up quietly, does not threaten human existence, requires a

Fema,

comparatively modest level of financial nutrition, and nature is its only”"

security officer. In consequence, molecular biology has made little impression
on society, but it has been well recognized in scientific circles, During recent
vears the number of individuals who have been awarded Nobel Prizes for
ihcir work on molecular biology matches or outnumbers those awarded to
ihdividuals working in any other comparable branch of science. In 1962
lone the Nobel Prizes in both biology and chemistry were given to five

ihdividuals for their contributions to this subicct.

CONCEPTUAL BACKGROUND

The difference between living and non-living things seems simple when
we compare a horse and a car. The obvious differences shrink to the level of

3
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Dr. Carl R{Woe:

’

The New York Times/Phil Greer

leader of research team, in his office at the University of

1llinois. Photo at right shows the newly discoverd microorgdnism: top, a
“Chain of two organisms, each one-thousandth-of-a-millimeter long; center, a
cross section of the chain; bottom, an organism dividing into four cells,

 Scientists Discover a Form of Life

- That Predates Higher Organis

ms

By RICHARD D. LYONS

Special to The New York Times

URBANA, 1L, Nov. 2—Scientists study-
ing the evolution of primitive organisms
reported today the existence of a separate
form of life that is hard to find.i e,
They described it as a {'thi ingdom;
of living material, composed of ancestral
cells ‘that abhor oxygen, digest carbon
dioxide and produce methane, -

The research group working here at
the Utiversity of Illinois reported that
this third form of life on earth is geneti-
cally distinct from the higher organisms

 that eyolved from it—bacteria and, final-

e T o 8 ki o

4 billion years ago, these organisms have
J;?"‘?“n“r{!'ﬁ%ad but are heing reforred

R

years, were made public today by two
of the Federal agencies that supported
the research, the National Aeronautics
nd Space Administration and the Nation-
1 Science Foundation.

The work is described in detail in the:

October and November issues of the Pro-
cesdings ot the National._Acadeimy ot
i*sked for their evaluation of the results

of the team at the University of Ilinois,
two other scientists familiar with the
genetics of microbiology described the re-

T BRI -t

of the basic processes of evolution,
Dr. Woese and his colleagues conclude

ieonosenS]
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- SCIENTISTS DISCOVER

DISTINGT LIFE FORN

, Continued From Page Al

mct:nca&.l value of the resaarch probably

*.But he added that, if the efforts of
his group were confirmed by ‘other re-
séarchers, the findings would enhance
man’s knowledge of his genetic heritage
and pethsps explain some of the mys-
:;Idﬂes evolution and puzzles of the
ar

One flight ‘of fancy advanced by Dr.
Woese, with an ac companying smile, is
thar. the ence of this class of organ-

expltun why life evolved here
anﬂ. not on earth’s sister planet,
Venus,

The rationale goes as fo]lows: Clouds
of carbon dlomﬁg originally® enveloped
both planets, but methanogens developed
on earth and digested mugh the, cloud

irudinjentary organisms.

and in turn produced the hydrocarbons
that developed into higher forms of life.
But on Venus, according to this line of
speculation, the lack of methanogens al-
lowed the carbon dioxide to accumulate
to the point that the so-called “green-
house effect” took over the Venusian sur-
face, in turn making it too hot for life
to evolve.

Dr. Woese, a slightly built biophysicist
who has an unruly sh ock of graying hair,
expounded on the research of his group
in a three-hour interview in his sparsely
furnished office here. Nearby rooms are
filled with such gadgets as electron
microscopes and X-ray machines that are
the basic tools used in deciphering the
genetics of microorganisms.

‘Genealogy of Organisms’

“For years I've wanted to understand
how life evolved,” he said, “and five
years ago my co]leagues and I set about
looking into the geneology of organisms.”

Dr. Woese, who is 49 years old, said
that only in the last 10 years had it been
feasible to]explore the genetics of such]
‘Elaborating, ‘he:

cited'the existence of only an elementary|

knowledge of molecular genetics a decade
ago, the development of more powerful
electron microscopes, and the discovery
of more sophisticated techniques for ex-
amining the molecular structures of mi-
crorganisms.

At first the group examined DNA of
bacteria, that is, the deoxyribonucleic
acid molecules that contain the coded in-
formation needed for the function and
development of the cell. The team also
studied bacterial ribosomal RNA, the
ribonucleic acid that is a major constitu-
ent of the ribosomes. These are the units
within cells where the messages from the
genes are received and read in order to
make the appropriate proteins.

The ribosomal RNA's are believed to
be extremely old and represent parts'of
the ancestral replicating systems of both
primitive and advanced organisms. As
they are found in both higher and lower
orders of cells, their genetic history ¢ an
be compared by using the right tools.

Examining the parts of either an animal
cell or a plant cell is relatively easy as
compared withjja bacterial cell,- which is
perhaps) 1,000 tifiés &maller: “Also, ‘the.

bacterial cell does. not. have a clearly de-

fined structure that the higher forms of
life possess.

According to Dr. Woese, the early re-
search on the evolution of microorgan-
isms focused on their structural differ-

ences, rather than their genetic differ-

ences.
Ever Simpler Forms Studied

By examining ever simpler forms of
bacteria, the University of Illinois scien-
tists arrived at what then were believed
to be the simplest forms, which the scien-
tistslhave now found not to be bacteria
at al

“The, methanogens themselves are not

__d_cg science,” Dr. Woese said.

that 10 different forms had heen
exarmned in the course of the research |
here and that their total number was un-
known because ‘“scientists have just
begun to isolate them in earnest and

there could _bj,mjlgucmu.r_mnm-

To be examined, the methanogens must
be cultured under extremely difficult con-
ditions since they will not exist m the
presence _?EXEEB

“Warious y forms of me%haf’g&fﬁgxive

been found in‘mud.at ‘the *toq

——

of
—— —

-

San Franmscp Bay and the Bla
in deposits in Carioco Bay o fﬂh??gggt

of Venezuﬁla and in deep, hot spring
waters suc
tional Park.

~They generally are found in what are
called Enaeroﬁm niches, [or areas free of

the presence o gen, which are rela-
tively uncommon on the earth's surface.

The technique used here cultured the
methanogens in the presence of radioac-
tive phosporous, which in turn made the
RNA radioactive. The radioactive RNA
then was separated from the genes
through the use of acrylamide gel electro-
phoresis.

Molecular Sequenees Compa:ed

The RNA then was digested 'with en-
es into smaller pieces and their
molecula: sequences, or messages as they
are called, were compared with the RNA
messages of either higher or lower organ-
isms.
“Somewhere along the line in evolution
a mtstake is made and a mutation re-
1] Woese said, adding that by
1 tations ity was_possible
e ages ‘of cﬁffemm RNA’s..

as those at Yellowstone Na-

Parenthetically, he noted that om@
scholar had dated old Southern cook-
books by the misspellings in the volumes
that'were included in later editions.

- By deciphering the mutations of the

genetic material, the scientists were able
to identif mnmmgte_nggs being distinct-
ly different from bacteria

Dr. Woese credited the name “metha-
nogen” as having been coined by a col-
league on the project, Dr. Ralph S. Wolfe,
a professor of microbiology.

Other collaborators included Linda J.
Magrum, a research assistant, William E.
Balch, a graduate student, and Dr. George
E. Fox, the senior author of the paper
in the October issue of the proceedings,
who is now an assistant professor of bio-
physical sciences at the University of
Houston.

Asked for comment about the Universi-
ty of Illinois work, Dr.
now a professor of genetics at Columbia
University, said that “the research results
look O.K.” S EE e T g

r. Woese is a substantial scientist
of international reputation who has con-
tributed & humber of ingenious ideas to

' science,” he'added,
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Virginia Trimble

What I want to try to do in the next
few pages is to review the history of
the Universe from the earliest times
for which we have any evidence down
to the present day, with special em-
phasis on how conditions favorable
for life seem to have arisen, and then
to explore the extent to which this
history is dependent upon the Uni-
verse having roughly the properties it
does, and finally to inquire into the
implications of varying those prop-
erties. .

A Cook’s tour of the
universe and its earl
history '
Let’s start by taking a logk (Table 1)-
at the scales of the things we will be
discussing. Notice that. the human

scales ‘in each-case are close to the
geometric means of the astronomical

~ and atomic scales. Thus, we should

not be surprised to find ‘that our
presence here is dependent both on

Virginia Trimble is grateful to the Aspen
Center for Physics, where much of this was
written, for hospitality, and to the Alfred P.
Sloan Foundation for a Research Fellowship

. (1972-74). The author’s thoughts on the

Universe and its contents have inevitably been
influenced by mare people than can conve-
niently be mentioned, but those from whom
she first hedrd-some of the ideas discussed
here, and whom she would therefore like to
thank -especially, include Dave Arnett, Wil-
liam A. Fowler, Jim Gunn, Philip Morrison,
Paula Moddel, Bohdan Paczyriski, Martin
Rees, Bill Saslaw, Starling Trimble, and (last

" onlyinthis deliberately alphabetical list) Joe
‘Weber.” Address: Department of Physics,

University ‘of California, Irvine CA 92717

. (January to June); Astronomy Program,

University of Maryland, College Park MD

Ve 20742/ (Jily to,.December),
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_ grouping as the %gla;_st.tam.—It has “1976). The preperties of the medium
a total mass of about 2 X 10%3 grams  between the galaxies (except within

— 4 X 10 ergs/sec (one solar luminos-

N

Cosmology: Man’s Place in the = =
Universe i g

In which we review the history of the -Uﬁ{vg-}js;é;'mgf QU |
explore the relationships between its properties and (8
the presence of life b B S T R

e

the large-scale phenomena of as- The Milky Way, in turn, is bound in
tronomy and on the details of atomic  a small cluster of about 30 zalaxies.
physics. (albut one much less massive than
/ ours) called the Local Group. It is not
The largest phenomenon of all is, of  certain whether higher-order struc-
course, the Universe itself. It is im-  tures are gravitationally bound, but
portant to be sure we agree about there does seem to be some clustering
what we mean by “the Universe” and  of the clusters (Hauser and Peebles
the various other terms we will be  1973). The clusters range from small
using. The earth and eight other ones like the Local Group up to much
planets, about 34 moons, and a vari- richer ones containing thousands of
ety of smaller objects are in gravita- galaxies and having masses of 101
tionally bound orbits around a star M. Completely isolated galaxies are
called the sun. We refer to this probably rare (Tifft and Gregory

(virtually all in the sun, tHough most  the rich clusters, where a hot intra-
of the angular momentum is in the cluster gas is often a strong source of .
planets), a diameter of about 2 X 101> X rays; Kellogg et al. 1973) are very
-cm, and an age of about 5 9 yr. poorly known. The average density
The gun is a perfectly typical star, could be anywhere from 0 to 10~°
having a mass of 2 X 1033%%&1- particles cm=?, the intergalactic me-
mass, 'abbrevimften used dium comprising anywhere from 0 to
as a unit for other stars), an electro-  90% of the total average density over
magnetic radiation energy output of large regions of space. If the density
is high, the matter must also be rather 1
ity, Lo), a spectrum approximately hot (~108 K) or exceedingly clumpy [
that of a 5700 K black body, aradius  to prevent detection. A preponder-
of 7 X 10'° ¢m (1 Ro), and a compo-  ance of the evidence (as summarized,
sition by weight (at least in its outer, e.g., by Gott et al. 1974) now seems to
visible layers) about 7 favor an intergalactic density at the
25% helium, and 2% everything else low end of the possible range.

{about half of it carbon and oxy-

gen). The clusters of galaxies (or perhaps
7 - the superclusters) appear to be dis-
The sun, in turn, is one of about 2 X  tributed at random through space,
10" stars that are gravitationally with separations such that they con-*
bound in a rotating, roughly spherical tribute an average density of at most 3
system (although the most conspic- 103! g em™3 (Qstriker et al. 1974). ¥
uous members are concentrated ina There is no detectable falloff of the ' '
plane considerably flatter than the  density of clusters of galaxies out to
roverbial pancake) called tlgé Milky the largest distances at which they
a (or just the Galaxy). It can be seen with present telescopes.
has a mass of at least 3 X 10% g (but This is about 1028 cm or 3000 Mpe
see Ostriker et al. 1974 for evidence (Megaparsecs; one parsec = distance
that it may be ten times more massive at which an object has a parallax of
.than this) and a diameter of about one second of arc = 3 X 1018 cm),
1028 ot It i5 E;.I-E@St 1019 yr old. corresponding to a light travel time of

e

ey i
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several billion years. We probably
observe quasi-stellar objects (qua-
sars) at much larger distances, but
their properties are so poorly under-
stood that they add very little to our
knowledge of the large-scale structure
of the Universe." - ' '

The volume ‘susveyed is.sometimes
called the obsetvable'universe, and it

is the region' forwhich we have direct -

. observational evidence. Spectra of the
vast majority of galaxies within this
region and, outside the Local Group
.show red shifts which -are propor-
tional -to their distances from .us.
These are normally interpreted as
Doppler shifts, implying that all the
objects within the observable uni-
verse are receding from one another

at speeds proportional to their sepa-

rations. The proportionality constant
is generally called the Hubble con-
stant. Its value (at the present time in
the history of the Universe and of
astronomical research) is about 57
km/sec/Mpc (Sandage and Tam-
mann 1975). This proportionality
(Hubble’s Law) is our chief evidence
that the Universe is expanding.

Within the framework of some rea-
sonable theory of gravity, like General
Relativity, we can extrapolate beyond
the observable region and try to learn
something -about the entire four-
dimensional space-time volume that
can, in principle, be connected to us

by light signals. The word Universe .

properly refers to this entire volume
and, in-this'sense, is not much more
than 50 years old,.dating back to the
realization that certain bright, fuzzy
patches in the sky are, in fact, galaxies
like our ‘own (Curtis 1919; Hubble
1925). - Gy | s

Efforts to model the Universe go back
just about as far and always involve a
variety of simplifying assumptions.
The simplest possible set of such as-
sumptions has proved remarkably
successful. We assume (1) that Gen-
eral Relativity is the right theory of
gmmy without the arbi-
trary additional repulsive kind of
gravity, the cosmological constgnt,
introduced by Einstein to permit a
static universe), (2) that the expan-

sion implied by Hubble’s Law is is0-

tropic and would be seen to be iso-
tropic by any observer moving with
the galaxies, (3) that the Universeis
homogeneous, on a suff1c1entl‘y.large
scale, and (4) that pressure is pres-
ently unimportant and that the

mass-energy of the Universe is now
mostly in the form of matter rather
than radiation or other zero-rest-mass
particles. Under these assumptions,
the Einstein field equations yield a
two-parameter family of models,
called the Friedmann models, and the
problem of deciding what the Uni-
verse is like reduces to finding values
for the two parameters. These turn
out to be the present value of -the
Hubble constant, Hp, which we know
quite well, and the present value of
the local average density of mass-
energy (in all forms), pp, which may be
. uncertain by a factor of 100. Given
values of these, we can answer a va-

riety of interesting questions, like:
igow old is the Universe? Is it finite or
. hfinite in volume? Will the present

expansion continue forever or will
gravity cause the galaxies to slow
down and eventually fall back to-
gether? Roughly, a low-density (pp <
1030 g cm—3) universe has infinite
volume, is 1 illion vears old, and

will expand forever; while a high- |
énsity universe (po > 10730 g cm~?)

as Tinite volume, is less than 16 bil-
lion years old, and will eventually (in
a hundred billion years or so) turn
around and recontract. With many

ifs, buts, maybes, and other caveats, *

evid n vailable seems to in-
dicate that our universe is a low-
qlﬁgs_igy one (Gott et al. 1974). Notice
that if the universe is to be a high-
‘density one, then 290% of the mass-

-energy is neither visible nor in galax-

1€8.

Under the same assumptions, there . ;
are some questions that we carinot .
answer or even ask in a meaningful- -

fashion. One of these.is Where is the
center of the Universe?

hmmpy of theex- -~

pansion imply that all the matter was - =
arbitrarily close togéther a finite time . ‘
ago'in the past, so that the eenter of - '

the expansion exists only in four di-

mensions and is something like the

instant of creation; while the geome-

tryof space-time within the frame-

work of General Relativity is such

that space is either infinite (and so,
can have no center) or uniformly

curved, so that all points are equiva-
lent (rather like the curved surface of
the earth, only in three dimensions).
It will become clear shortly that
“what came before the present uni-
verse?’” is another of these unanswe-
rable questions. .

With this background, we can now- _
say that the earliest event for which .

we have any evidence 1s a time about
15-20_billi ears -ago when the
Universe.was much hotter and denser
than it is at present, The evidence for
the time scale comes from (1) running
the Hubble expansion backwards in
time and asking how long ago would
all of the galaxies have been arbi-
trarily close together (Ho-= 50 km/

Table 1. Scales of phenomena being considered

Atomic scale

Human scale

Astronomical scale

T)

Nuclear decays
10~ seconds

M E

Attention span
of physics undergraduates

Age of the Universe
6 % 107 seconds

1 minute = 60 seconds

MIEARES S

Hydrogen atom
2% 10-* grams

Typical Sigma Xi member
140 [b=6.5 X 10* grams

Solar mass
2 X 10% grams

LARE SN

Diameter of atomic nucleus
101 centimeters

Height of dean ;
at prestigious university

18 feet =546 cm

GARET

Distance from sun
to next star ¢

1 parsec=3%X 10" cm

R AL, T E @ 7

Atomic decay
103 erg/second

=0

Output of large
electricity generating plant

R UGMY (o) B [ S =R Y 5 7

Luminosity of the sun
4 X 10% ergs/second

200 megawatts =
2% 10's ergs/second
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-Figure 1. -Hért;zsprun.g-Russell (HR; color-
. magnitude)-diagram fer a representative group

. solaruni

of stars 'young enough that the entire Main
Sequence is still populated: Notice the curious
scales always used by astronomers, The vertical
scale is the logarithm of total luminosity in
t$, or magnitudes which are logarithms
(base 100") of the reciprocal of the luminosity
in fairly arbitrary units. The hor{zontal scale
is surface temperature (though neither exactly
linear or logarithmic) or color or apc‘ct_ra'l class
(an ancient and honorable way of dividing up
the stars which somewhat predates_the reali-
zation that temperature is the_most l_n}pnrtant
determinant of spectral line intensities) and

sec/Mpc = 1.67 X 10717 sec™?, or 1/Hy
= 2 X 1010 yr), (2) the ages of the

oldest.stars in our Gglaxy, probably
12-18 billion years, and (3) the ages of
the radioactive elements in the Solar
System, which tell us that the earth
and meteorites solidified about 4.65

billion years ago, and that synthesis

of these elements had been going on

for 7 to 13 billion -vears before that
(Gott et al. 1974). The evidence for

.the high temperature and density

a8 American S;ciianl._iét, Volume 65

comes (1) again from running the
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. runs backwards. Masses in solar masses are

given at representative points along the main
sequence. The evolution of a typical massive
star through the supergiant region is shown,
along with the points at which helium and
carbon burning start. Most of the time is spent
close to the main sequence and in the red su-
pergiant region. The stars in the stippled region
of the diagram are generally or always variable
in luminosity with regular periods of 3-30 days.
They are called Cepheid variables, after the
prototype, Delta Cephei, and are important
distance indicators for nearby galaxies, because
their periods are correlated with their total
luminosities.

Hubble expansion backwards, con-
serving mass-energy and the numbers
of various kinds of particles, including
photons, and (2) from the existence of
two relics of the hot, dense phase.
These relics are an isotropic back-
ground of microwaves having a
blackbody spectrum corresponding to
a present temperature of 2.7 K (Pe-
ebles 1971) and the seemingly uni-
versal presence of helium, with an
abundance of 20-30% by weight
(Trimble 1975). Thus, if we run a

picture of the Universe -backwards: -
about 20 billion-years, we see it at.a =
temperature 7' = 101° K and a density .
p 2 1 g cm=3. Under these circum: . .
‘stances, many kinds of matter and
radiation come into equilibrium, and :
the relative numbers of various kinds
of particles (protons, neutrons,-elec- °
trons, positrons, neutrinos, photons,
_and perhaps others) dépend onlyon &'
T.. As the Universe expands,aid coals; *
unstable particles decay or anmihilate;

and others undergo nuclear reactions,
resulting in about 25% He* and traces

. of H2 (deuterium), He3, and Li7, as’
‘well as about 75% ordinary hydrogen

(Wagoner et al. 1967) in the standard
cosmological models.

Unfortunately, thim,dLmWe
(sometimes called the Big Bang) also
wipe evidence of what (if
anything) went before. Hence the

question \fléa@tgrﬁg_bem the
Big Bang? belongs fo the realm of

mtion (philosophy?) rather
t'Fan that of physics. It is rather like
putting a car into a steel blast furnace
and asking the trickle of molten metal
that comes out whether it was a Pinto
or a VW before. You just can’t tell,

because the evidence has been de-
stroyed.

Galaxies and stars

Coming out of the hot, dense early
universe we therefore see some ra-
diation (which continues to cool,
down to 3 K by the present time) and

" some matter, in the form of hydrogen

and helium. Luckily this is not all that
happened, because the chemistry of
H and He is not very interesting! The
matter at this stage was not perfectly
smooth but was concentrated in
lumps. This is also fortunate for us,
because, as we have already seen, the
average density of matter in the
Universe is exceedingly low. Thus, in
the absence of local concentrations of
matter, the average hydrogen atom
would not have encountered another
hydrogen atom for the last 10 billion
years or so, and would be very lonely.
The cause of the lumps i8 not well
understood, though they are not
unexpected, since, when the Universe
was very young, there had not yet
been time for interactions and
smoothing to have occurred across
large distances. But they must have
been there, because we see galaxies
and clusters now. There has been
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(433)

§2. Redi (1621~97), Needham (1713-81), and Jpallan-
Zani (1729—-99)

The first scientific treatment of the question was made
toward the end of the seventeenth century. Francesco
Redi of Florence, at once poet, antiquary, physician, and
, naturalist, proved by experiment that, ﬁ’l_lﬂﬂc_ﬂﬂJJSfﬁ_b

excluded, no living things arise. Usin
his work failed to convince those who based their behcf
in spontaneous gencmtion on microscopic appearances.
Nevertheless, Redi’s experiments are faultless so far as
they go, and his arguments unanswerable so far as they
i apply to flesh-eating ﬂlesl He checked his operations by
what are now called “controls
In his Esperienze intorno alla generazione degli inselti

‘Ohservations on the generation of insects’, blorence,
Rcdi tells that he

‘began to believe that all worms found in meat were derived from
flies, and not from putrefaction. I was confirmed by obscrvmg that,
before the meat became wormy, there hovered over it flies of th"tt
very kind that later bred in it. Belief unconfirmed by experiment

{ is vain. Therefore I put a [dead] snake, some fish, and a slice of
veal in four large, wide-mouthed flasks. These I closed and sealed.
Then I filled the same number of flasks in the same way leaving
them open. Flies were seen Constqntly entering and leaving t]u,

i open flasks The meat and the fish in them bLC’lITHL wormy. In
the closed flasks were no worms, though the contents were now
putrid and stinking. Outside, on the covers of the closed flasks a
few maggots eagerly sought some crevice of entry.
“Thus the flesh “of dead animals cannot engender worms unless the
eggs of the living be deposited therein.

| ‘Since air had been excluded from the closed flasks, I made a new
experiment to exclude all doubt. I put meat and fish in a vase
covered with gauze. For further protection against flies, I placed
it in a gauze-covered frame. I never saw any worms in the meat,
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MORNING ADVOCATE, Baton Rouge, La., Fri,, Jan. 19, 1979

By THOMAS O'TOOLE
(c) 1978, The Washington Post
WASHINGTON — [Evidence is
mounting that the earth and planets were
formed when a nearby star 20 times the

size of the and showered our
. n'&'g'ﬁﬁﬁgoondp:i‘%fﬁe seeds of creation.

The evidence says that at the precise
time the solar system yas born almost 4.
billi ere was a massive
nuclear explosion in the not-too-distant
heavens that scattered radioactive debris
across billions of miles of space and into
the vicinity of what is now our solar

The evidence places the birth of the
solar system and the stellar explosion no
more than 5 million years apart, which, in
cosmological terms, is insiginifcant,

“Something went off with a hell of a big
bang just before the solar system was
born,” said Dr. Gerald J. Wasserburg of the

" California Institute of Technology, where

much of the recent evidence has been
gathered. “We're talking about a
difference in time that is almost
instantaneous, a difference so close that
it’s almost zero.”

Scientists believe the exploding star sent
such a strong shock wave through space
that it forced the gas and dust swirling in
the neighborhood of what was to become
our solar system to come together and
begin to form planets. '

The vast quantity of radioactive debris
thrown into space by the blowup of the star
{s also believed to have had a strongrole in

the formation of the planets and possibly
the formation of the sun. It was,
Wasserburg said, the “last salting of the
soup.”

The evidepce lies in two meteorites tha

fell from space to earth in the last 10 years,
One, the Al_lle_nd.Lmntaﬁite, droppe

several tons of debris onto Mexico, and the
other, known as the Santa Clara meteorite,

scattered a few hun pounds of iron
across Mexico.

Bound up inside the Allende meteorite
were “marbles” of radioactive elementsin
abundance unlike any seen on earth or
even in moon rocks. Scientists found in
Allende strange mixtures of barium,
calcium, strontium, neodymium and
samarium. Dr. Robert Clayton of the
Univesity of Chicago found an odd mix of
an isotope of oxygen known as oxygen-16,
all of which made it appear as if Allende
was the leftover of a hydrogen bomb
explosion rather than the workings of
Mother Nature.

“There are some objects in Allende

which did not come from any normal solar.

mix,” Wasserburg said. “Every element in
some of those little marbles in Allende
looks like it was made in Oak Ridge,” the
U.S. atomic energy facility in Tennessee.
Most of all, the Allende meteorite
contained huge excesses of an isotope

.called magnesium-26 that could have only

come from the radioactive decay of
another isotope known as aluminum-26.

[This'isotope has all’but vanished from the

solar system because- its"half-life of

have found it The claim appedrs in he
current issue of Geophysica "Re‘se%

'Evidence Mounting Earth, Planets

700,000 years is short enough to have long
ago made it extict.

Never before had scientists seen
evidence that aluminum-26 was bound up
in such large abundances in the rock being
formed at the birth of the solar system.
Among other things, it told them that a
nuclear event was responsible for the
original production of aluminum-26 and
that enormous heats were being generateqd
inside the rocks from the rdioactive decay
of elements like aluminum-26.

“At the levels we measured, there was
enough radioactivity in the dust and gas
cloud at the birth of the solar system to
melt a planet,” said Wasserburg, who
found the first evidence of aluminum-2§
with Drs. Typhoon Lee and D.A
Papanastassiou of Cal Tech. “If the whole
solar system had aluminum-26 ag
abundant as our numbers said, there wag
more energy present than the binding
energy of the sun,” Wasserburg said.

Even fresher evidence has come from
the Santa % megg;oribe, which produceq
an unexpected abundance of an isotope of
silver known assilver-107. Again, the large
excess of the silver isotope meant it had

been put there by the radioactive decay of -

another extinct isotope — in this case, an

isotope of the noble metal palladium '

called palladium-107 whose existence in
nature has never before been confirmed.
“People have thought about palladium.
107 and looked for palladium-107 for 30
years,” Wasserburg said. “We claim to

rch

Letters under the names of Cal Tech’s Dr.
William R. Kelly and Wasserburg.

The evidence that palladium-107 existed
in large quantities in a meteorite whose
origins go back 4.6 billion years is the
strongest evidence yet that the solar
system was seeded with “stardust” at the
time of its birth. Palladium-107 is only
made in a nuclear furnace. The suggestion
of its existence means the nuclear furnace
had a hand in the process that formed the
planets. )

The discovery of aluminum-26 in the
Allende meteorite told scientists there was
enough heat around in the beginning to
melt rock. The finding of the palladium-
107 in the Santa Clara meteorite meant
there was enough rock being melted to
make planets.

“It's confirmation,” Wasserburg said,
“that there was some big nuclear event
making a wide spectrum of radioactive
elements across the whole periodic table.”

In finding the Palladium-107, Kelly and
Wasserburg also put a date on its
formation, a date no older than 5 million
years beyond the 4.5555 b‘;ujﬁn Jyears
assigned from the analysis of the'moon
rocks to ttheffom:;tion of the solar system.

e date for the palladium- also
matched the date for tﬁl'li?n-i]ﬁ%n-%.
Two separate meteorites, idefticaraates
for the two extinct isotopes. -

It was no accident that Kelly and
Wasserburg went looking for palladium-
107 in a meteorite rich in iron. Kelly

| siggested they look “for the extinct
“palladium fir the Santa Clara meteorite

Were Form

_ small they me

. f“’f;,.

,,_..q('r-’:"le;.'_\ T i

ed

because real palladiummeta) haq 57
been found mixed in With the jrop ffatﬁﬁ
meteorite. Why not palladium.1q79

In discovering the patadium.107 g elly
and Wasserburg literally stumbleq 'on the
relics of a planet n0 bigger thap e
miles across as it meltéé in the prococs ¢
formation. The iron and Palladiyyy o tho
Santa Clara meteorite®Uld haye pep 1o
core of a planet in itsfirst fey millio
years of life. topek ofthe

Among the isotope ea
palladium-107 is uiquebec vy metals,
so short. For instance, Wallium _gqe . .
in the earth’s crust. P 35 is still
Iiis half-life is 6.5 rgm
almost disappea
it fell from rfstar and aﬂfj“ed in'the reg;
of our solar system a8 begap ¥
planets. )

“You don’t nixake xmev?eteoﬁ
little dust grains. 8ot to
planet and you've gob¥0 ha,ve thet;ﬁ:e at
melting iron out from .r;k. J wasSerbne
said.“'rogetthepauadle 107, yoree T8
tostrip outtheironatthvsalne ime yq i
still got some radioacti Pallgg; U Ve
This is a very short o le,

In the current isst a! GeOph !
Research Letters, Kelly Aud w, gr Fgcal
describe some of the tﬁtails of thu::g
experiment to find ‘he oG eir
palladium-107. Kelly ¥ el
preparing the expel‘i‘;'i’al it, Wasgeﬂ?ars
describes it as “non : urg
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meaning they were so tiny they had to be d
handledguner a microscope. It in'\:olv_ed
extending methods of analyzing “moon
dust” to meteorite pieces. It involved
precisions that doubled the accuracy_oi
any meteorite analysis previously
Most scientists believe theal 3

and the palladium-107 could only a;ve
come from an exploding star not toona:
from where our solar system rests. e
remnants of the explosion can't be s::gn 2
first identifiable relics are the L

isotopes of aluminum and palla 3

The idea that a supernovd 2
gave bi i i
with another theory of stellar evo! e

gaining more scientific acceptance. 1S
theoryg says that stars are f:hr:q.;d iralm
clusters as they pass through o
arms of the galaxy. The lb::'gl o .
grown out of this passage e e
nuclear fuel in just a few ER
ﬂlenblow?dtoseedggﬁgw L
radioactive-decay P . Ay
The only other source of tlé: :ﬁﬂe mﬁ“
of elements found in Mle;lti e it
Clara couldbethesun,bﬂttmore B 53y
would havegadttohb:v: 1; ore e
than it is today to -
mix. There is little evidence that the St
ever went throtlgh a;:amova i _
That leaves the su 5
says that the exploding Star scattered
first seeds of evolution
9'; space that is now 0Ur =
ithout those seeds, g
never have bloomed and fife may never :
have thrived. . g



'Neptune to Become
Farthest From Sun

NEW YORK (AP) — After Sunday,
and for the next 20 years, the planet
Pluto will no longer be the farthest

- planet from the sun.

Astronomers at the Hayden
Planetarium here said Pluto’s highly
elliptical orbit will carry it inside the
nearly circular orbit of Neptune at
three seconds before 4:58 p.m. EST
Sunday.

At that moment, both planets will
be 2.816 billion miles from the sun,
said Dr. Mark Chartrand,
planetarium chairman,

Neptune will remain the outermost
planet until March 1999, when Pluto’s
orbit carries it back outside
Neptune’s, he said.

Despite their intersecting orbits,
there is no chance of a collision.
Pluto’s orbit is sharply inclined to
that of the rest of the solar system
and the two planets will remain far
apart, Y

Pluto, which takes 248 years to
complete one ;gml%tion around the
Sun, now is approaching the closest
point in its orbit — 2.8 billion. miles.

At its farthest point, Pluto is 4.6
bi%@_mjLQTrﬁnLﬂﬁ sun.

eptugp, which circies the sun
once every 165 Earth ,is always
agﬁ 2.8 billlon miles ou_!.
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onable  their ppdduction by anything
F othep/than motion is im-
prabable. '

Finally, there is the argu-

Billj

Astronomers _Beport Séeing_ Fhe_ Ed_ge“:_of Universe, at a Disfiﬁ’ce:‘rh Light Takes 1 2

Continued From Page 1, Col. 4 _For quasars to be used for the case with quasars. Their evident to what eXtent . the The extent of this “red a gaseous bridge, although = shrig

P ey this purpose, they would @ intrinsic by SS Sgems to  rate of expanSiON Was faster shift” is an indicator of the their radically different rdd rates.

have originated in an enor- have to be roughly uniform vary by wide margins. Hence, in the past—thatis exient speed of recession and has - shifts would indicate the In reply, it is &

e is one of  of the slowing down, become the standard yard-  should be flying apart. Other ese objects may
b :

o more

i matter—, in intrinsic bright . it sty ¥
rf“?usbexpjfsmﬂxgﬁ'-‘]gu'g?ﬁ‘igﬁ" m-t o ;:;]er utlgit nfiss A; the \}'orldsg leading special- The 'speed of eSsion. is  stick for distances to other astronomers have questioned ePising apart a¢ ment that, in some parts of
big_bang”—some 13 billion  astronomers p , for suc ISts in this field, believes / determin the galaxies. J the reality of this bridge. ' ' servations bein the universe, or at some
ﬁ‘ars;_____lggg‘ and the @dfliest a determination they need a that, for this search, astron, extent (o which Certain There are some astrono- The yardstick has also = effect unrelated tq times in the past, the laws of

physics were different and
atoms emitted their char-
acteristic light at wave
lengths ~other than those of

today. :
This runs so counter to all
other observational evidence
@ncienﬁss tend to con-
his the explanation of

last recort

sars should be visible far “standard candle" o Some- - omers will have to depend on
ffif:gh away for 'their light thing whose intrinsic bright- certain galaxies _whosg intrif®
to have been on its way here Ness as against apparenl sic brightness is more wuni
brightness at an unknown form, ;

for that lo ng. distance, is known so that By cataloguing large num:
° But looking across vast pey can determine the extent bers of such galaxies ac-
distances — and, ‘hence, far to which the light has been cording to rate of recession the wave lengths of light asars must.vary by re- the red shift yardstick is mis- observations" gy to
back ‘into time—man,ca %m:?@d lbb(’i '-he-td's‘*;nce it %”g Telg\’ﬂ‘ﬁ?gnces, deter- guf%l} a%g% pitch of orn,  1a bladar%gﬂi : leading and these obj ; ‘ “ie@i' ‘apg” oy
5 s-traveledr, ~ T m | im 0 i ered ﬁ{ '@ ?ngmiké close to %% w& ted lshifk he
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4 ;iﬂgt fproved to e [thairil moving aw ~  the quasars seem lin ir motion wo: iNg  Seen arp o

known wave lengths of light mers, apparently a minority, been challenged because of Attempts

from the object l.l_a\r_e bgen who ha\?(]: quest)i,oned the ap- its implication that certain to attribﬁte ?ﬁ: e}

shifted toward the fed, or plicability of this yardstick very distant objects are fly- = effects other thani
long-wave, end Of ithe spec- to the quasars. They note ing apart faster than the tion away from ¢
trum. Rapld mOtion that, if the yardstick is valid, speed of light—on theoretical for example, by
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Planets beyond Mars beckon with mystery

|

By Robert C, Cowen - o - T - Ry s
Staff correspondent o ' STy ' : Travel time f rth
The Christian Seience Monitor %] s 0 e o
Washington

Venus has been fascinating, Mars is a
challenge. But for space scientists, the giant
outer planets have the kind of magnetism
whieh drew 16th-century explorers to
America.

- They know just enough about the realm - B,
beyond Mars to sense a wholly new plane- ” 6
tary “world.”! - . - :

Even the first probes/ could overturn
loday's concepts of the origin and evolution
»f the'solar system.

Indeed, scientists know so little about the
light hazards, they can’'t be sure their
pacecraft would survive the journey.

Yet American space engineers now have : = £ 2
he technical ability to probe the unknowns By astaff artist

R New space venture: Eartherdft start for Jupiter next Mgrch and in April, 1973
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olution in the

Edited by M. J. Carlile and J. J. Skehel

Microbiologists and all biologists interested in evolutionary
studies will find these sixteen papers covering the major
aspects of evolution in micro-organisms of great importance.
The mechanisms of evolution and the evolution of molecules,
processes and groups of organisms are considered. This is the
first work to be devoted wholly to the evolution of
micro-organisms, a topic until recently neglected in
comparison with the evolution of plants, animals and man.

CONTENTS:

P. H. A. Sneath: Plglogeny oL iiicro-uganisinsm

J- W. Drake: The role of mutation in microbial evolution

M. H. Richmond and B. Wiedeman: Plasmids and bacterial
evolution

K. Esser: Breeding systems and evolution

H. E. Kubitschek: Operation of selection firessure on microbial
populations

J- H. Subak-Sharpe, R. A. Elton and G. J. Russell: Evolutionary
implications of doublet analysis

B. S. Hartley: Enzyme families

Patricia H. Clarke: The evolution of enzymes for the utilisation of
novel substrates

R. Y. Stanier: The origins.afsphatosyuthesisin.cukaryoless

H. D. Peck, Jr.: The evolutionary significance of inorganic sulfur
metabolism

J. R. Postgate: Evolution within nitrogen-fixing systems
W. K. Joklik: Evolution in viruses
J: J- Skehel: The origin of pandemic influenza viruses

J- R. Baker: The evolutionary origin and speciation of the genus

Trypanosoma
D. H. Lewis: Micro-organisms and plants: the evolution of
parasitism and mutualism
C. Ponnamperuma and N. W. Gabel: The precellular evolution
and organization of molecules
M. J. CARLILE is Senior Lecturer, Department of
Biochemistry, Imperial College, London and J. J. SKEHEL is
Research Scientist, National Institute for Medical Research,
Mill Hill, London.
1974 440 pp. 9 plates/41 Tables/68 Line diagrams
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Dealt a Blow by

Theory of an Expanding Universe

Two New Studies

After several years in which various
observations seemed to indicate that the
universe is infinite and destined to ex-
pand forever, two studies have revived
the possibiilty that it is finite and predes-
tined to collapse.

The new observations, looking at the
problem in separate but related ways,
suggest that expansion ad
slowed enough to end in a falli k
to'g—em the galaxies and stars bil-
lions of years hence.

ne study used quasars and the other
used brilliant, distant galaxies as “stand-
ard candles” fo see if the expansion rate
was considerably greater long ago. In
both tests, this appeared to have been
the case. But in each case the findings
were tentative,

The term *‘standard candle” is applied
to astronomical objects believed to be
|0f uniform intrinsic brightness. This
|makes it possible to estimate an-object’s,
relative distancs by the dimming of its
|tht in its journey to an observatory.

R )

By WALTER SULLIVAN

For example, if at night one tried to
estimate distances to many houses by the
brightness of lights in their windows, it
would help to known that the brightest
light visible in each was a “standard can-
fﬂhﬂ such as a 100-watt bulb.

In a search for such “100-watt bulbs”
Dr. Allan R. Sandage of the Hale Observa-
tories in California has for a number of
years used the brightest elliptical galaxy
in each cluster of galaxies. It has been
an extension of this work by Drs. Jerome
Kristian and William Westfall, with Dr.
Sandage, that suggests enough slowing
of the universe's expansion to imply
eventual collapse.

The quasars had seemed hopeles as
standard candles because they appeared
highly variable or irregular in brightness..
It has only been in recent observations
that those with certain spectral feature
seem to be uniformly bright and enabled
a group at the Johns Hopkins University

Continued on Page 13, Column 1
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STUDIES DEAL A BLOW
10 UNIVERSE THEORY

Continued From Pagé Al

to deduce that they imply what the group.
feels is a closed, finite universe.

In both tests, the observed brightnes
of each object has been compared with
its observed motion away from the earth,
caused by expansion-ef the universe.<This
motion is manifest in 'ashift of {pectral
lines in light from the object toward the
red end of the spectrum. <«

\verse wasi relativelyt

is at the opposite, or short-wave end.
The spectral lines are lengthened, or “red-
shifted,” by the ame effect that lowers
the push of a receding horn, .
In a uniformly exyanding universe this
“‘red shift” increases systematically at
greater distances. When the extent of the
red hift is plotted graphically against
observed luminosity, for a large number
of galaxies, they tend to lie along a
straight line. This implies uniform expan-
sion at increasing distances into space,
and therefore into the past. :
The most distance galaxie and seem-
ingly even more 'distant quasars lie so
far awayithat their light has taken Ihil

(are therefore ‘being{seen) when

THE NEW YORK TIMES, THURSDAY SEPTEMBER 22, 1077

from their dimmed Iuminosity, the red
shifts should show whether the expansion
then was sufficiently more rapid than
today to indicate a ubstantial slowing:

If the extent to which a soaring rocket
is slowing can be determined, it is possi-
ble to predict whether it will fall back
to earth or sail off into space forever.
The same test could be applied to the
tion could be made.

The standard candle used by the Johns
Hopkins group concerned the brightness
of quasar emissions at certain ultraviolet
wave lengths, such as those from hydro-
gen known as Lyman alpha, relative to
the background light, of the quasars.
Earlier| observations by others, Jsuchf-as

'bil-
2
.\Esti m&te&iﬁn

1t Drecent aoo Fanoo X?mn T dm O Loy e

Jack'A-Baldwin.of-the-Lick-Observato:

S e gy mi o T W S S g Y T e e =T e AT e T N e

N

Most quasars are so far away that
otherwise invisible ultraviolet - wave
lengths have been shifted to the visible
part of the spectrum. To see the slowing
trend, however, it was necessary to apply

‘the same test to a closer quasar whose

ultraviolet emissions could not be seen
except from above the atmosphere.

This was done with a rocket shot from
the White Sands Proving Ground in New
Mexico last April, carrying the largest
optical telescope ever sent aloft in that
manner. For
scanned the brightest, and presumably
nearest, quagsar, kn?wn as 3C 273. _

| When_its recession veloecity.was com-

paréd with that of! five extremely distont

quasars; determined by the spectral meth-

almost six minutes it

_._./l [

g zero. If it exceeds 0.5 the universe is
closed. The admittedly tentative indica-
tion from the quasars was 1.0.

The HSale Observotories group has not
yet published its findings but they have
been widely circulated. They are based
on observations of 139 galaxies, some
préviously reported, but 30 or 40 of them
new. They implied slowing was 1.6, with
anerror margin of 0.4.

Report in a British Publication
The ‘significance, as the Hale observ
point out, depe ily on wheth
galaxies chan i ig
with ape=
out

SO g Delieve l
ey get dimmer. Som:

.:”.;. ; : r e‘".aa'f
biliant galaxies\being used have grown
hrighter bv swallowine ne Tr oalaxiec

15 issue of the British joumag@\
Those who have become convinced ex-
pansion of the universe will never end
base their point of view on evidence that
has not been reported. The strongest evi-
dence in their favor concerns the appar-
‘ent absence of enmough material within

the universe, in terms of tons per cubic

light ]year to generate the gravity needed
to hold it together.

Efforts to observe even o substantial -
fraction of such material have been un- _

convincing. Furthermore, the large

amount of heavy hydrogen, or deuterinm, -

seemingly formed in the
~Uniy:

-of -the- s taken to imply i -
© e even at that early age,
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a Reveille guide to people,
places and pleasures

A PISCES with a Venus in Taurus and a
Scorpion superego, this guy is combining
his love for astrology with an un-
derstanding of Freudian theory.

Astroanalysis.

Jeff Willis, a 21-year-old senior here,
says Pisceans belong to one of the two
esoteric signs (the other being Scorpio)
which give one an ability to ‘‘feel and read
emotions, see motives and understand
principles of the supernatural.”

‘“What I'm presently trying to do

is...combine the principlois_c;%jﬂmngy
with the principles of psychology and
Freud’s theory,” says Wlﬂis. “Sure I’'m an

amateur and there’s holes in the theory,
but for the most part it’s all clicking.”

“Astrology is one of the most reliable
sources tor marriage and seeing how well
you'll be able to live with somebody,” he
says, putting the emphasis on romance.
And psychoanalysis is respected by most
psychologists for its ability to predict adult
sexual behavior, he says.

‘““‘While I can’t get into it too deeply right
now because it’s a potentially exhaustive
subject and I’'m a full-time student, I
might write a book about it after I

Sex and the single sign

_graduate. Right now, I fool with it when

I'm in the mood to blow off studies or
socialize,” he admits.

WILLIS BECAME interested in
astrology last winter when a friend gave
him an ordinary horoscope. Later the
friend taught him to read an emphemeris--
a book serving as a guide to the location of
the planets on a given day, usually used to
look up birthdates.

“You must have a feel for astrology,” he -

says, “not just anyone can pick it up. You
have to be looking for something.”
“Astrology’s blunt--it tells your good as
well as your bad characteristics. Some
people are too insecure to handleit.”

Willis has spent a good deal of time
studying astrological marriage charts,
comparing the signs to learn how the
personalities coincide and conflict. As for
psychoanalysis, Willis says he has always
admired Sigmund Freud as a man ahead
of his time. ‘“His theories aren’t accepted
by many because most people are simply
too shallow to understand,” he says.

Willis, a Pisces, says this is one of the
most creative signs where thoughts can
rise unhindered from the id, a source of
raw instinct. “Thinking and writing are
my two favorite hobbies,” he says.

WILLIS IS the author of two novels, one
written when he was 16 and never
published, and another written a year ago
currently being considered by two
publishers. ‘Destin Heat’ is a story about
two 19-year-old’s encounter with love,
emotion and sexual sensitivity during a
Florida summer.

Willis envisions another book on

.Astroanalysis, but warns that it is strictly

in the genesis stage. He does, however,

By PAU | GAINES

like to talk on the ubject informally and
has ‘counseled’ mote than 20 others.

According to FAStr is, the
Freudian id corrésponds to a person’s
sign. ““The id contfols the energy of per-
sonality, it doesn’greason, it’s driven by
the pleasure principle with components of
destructive impulsgs,”” he explains.

“It’s a resevoir ofunrestrained instinct.
The person’s sign (Leo, Libra, etc.)
reflects his inner self and carries the basic
characteristics of (his id,”” according to
Willis. 13

The Freudian egp, a mediator between
the instincts of the id and the outside
world, corresponds to the astrological
influence of a person’s planets, moon and
ascendent. The asgendent designates the
direction of the sunon the date of birth, he
says.

THE MOON rul i and is
the strongest influence next to the sun
sign, while the planets influence. the
person’s attitudes and reasoning capacity.
“The ego is on the outskirts of the id, the
sun sign regulates the ego like a foreman--
it takes id energy and channels it into
behavior,”” Willis contends.

But it was the link between the Freudian
superego and astrology that gave Willis
the key to his new theory. In
psychoanalysis, thesuperego is the mental
apparatus which develops as a result of
outside social inflyences—-parents, friends
and society.

Photo by Bill Feig.and John DeRienzo

o1

Willis has as is parents and
reflects on their influence. ‘‘The
frightening thing about my mother and
father was their absolute personality
conflict. My father was a Scorpio and my
mother a Capricorn. Capricorns tend to be
dominating people but Scorpios simply
cannot be dominated,” he says.

“I was the first child and my father had
the strongest influence,” he says, recalling
that Freudian theory emphasizes the in-
fluence of parental images. “Today, I'm
drawn to Scorpios, I welcome them, they
represent security to me.” ‘

“WE’RE NOW in the age of Aquarias, so
everyone hassomeAquarian tendencies in

their superego,” he continues. ‘“People
tend to be more open-minded and frien-
dly,” he says.

“When opposite sexes meet,” he says,
“the ego-ideal is activated and certain
preconscious requirements strive to be
fulfilled. These requirements relate
directly to the signs of the couple involved.
If they are well-matched, the id is
motivated to be an emotional reaction,”” he
explains.

In general, fire signs go well with air
signs; water signs mix well with earth
signs, he says. “If the signs match, nine
out of ten times the relationship will be
happy, but the position of the planets must
be considered, too,”” he says.

“But it’s more than the mating of two
egos,” he continues. “There has to be
some link with the pleasure principle for
the deepest kind of love to exist. The id,
ego and superego must combine,” he
explains.

When the air signs fall in love, it is
usually going to be a superego love. The
relationship will be based on social
motivations--on responses already lear-
ned. The relationship between a Gemini
and an Aquarias might tend to be one of
simple companionship, for example. '

ON THE OTHER hand, a Pisces and a
Scorpio will talk with their eyes, know
what each other is thinking and ultimately
become a part of each other, he says. “The
passions of their ids will combine.”

The id is the best motivator for dating,
says Willis, because if you just meet
someone at a bar or a party you know little
about them and depend on emanations
from the inner self.

In many cases, the id can cause the
superego to rationalize, and the fate of the
relationship boils down to the ego-ideal, he
says. Freudian theory says that we go
around with hidden ego-ideals, un-
conscious images of our perfect mate
based on childhood impressions of a parent
or some other prominent figure.

“If a couple gets together and the
electricity starts flowing—it has to be the
passion of the id. If one discovers,

- however, that the other’s been to bed with

(Continued on Page 16)
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At the Plaza Hotel, Reggle ]ackson stands in—and holds the keys to—the car he was awarded by Sport

Magazme after they named him the most valuable player of the World Series.

Red Smith

Hemingway Wouldn’t Héve Dared

Reggie Jackson posed leaning against the new Thunder-

bird side th Avenue entrance to the Plaza, Beside

him was his sister, Tina Jones, with her smal]l daughter

Alex, Tina is getting the car from Reggie, who drives a

Rolls-Royce as he ichest pl in baseball, “This 18
tﬂ‘!‘!ﬁvﬁd time gport Magazine ﬁas awarded an auto to
Jackson as the most al a la er in Wor| Series.
In 1973 when he e
New York Mets, he gava the car to! charity hut ufter hu

three consecutive home rung dasfmyed the

Los Angeles Dodgers Tuesday night and
Sports gave the Yankees their first onship
-of in 15 years, Tina told him, “My name is

The Times  Charity.” So yesterday they posed on the
J wet pavement while flashbulbs popped
and crowds watthed from the sidewalks and hotel

packed the Stepg beneath the ma:quee Over the ! ""'-year.IWha.t happened to Reggie Jackson before that is"siol

- important. This year has strengthened my character anc

t: Reg-gle Rog-gie! Reg-glel™ Tt se
3a.necofmm -T1eld 5T Yinkee S uml!a:
til the source was locatad——crowdbd windown on the nin
floor of the building that houses the Paris Cinema. Obvi-
ously no corner of New York is off limits to Reggie Jack-
_son's idolators this week.
“Ernest Hemingway, one of the greatest writers in the
world, couldn’t write a better ending for me,” Reggie was
to say in his formal acceptance speech. The fact is that

ay, a realist, wo:ildn’t !eave s%ﬁ to the mw
into g of a summer-

1511 drama Reggie inj

Ioﬂ! 3&5 @e 1 1 : o
715 Yidiny of Bétng Tiiea 150111

The plot was absurd: millionaive newcomer who talks

too much becomes storm center of stormiest clubhouse in

.black |

fOoutof context 11t

and couldn't play in it. His father has the ring from Oak-
land’s 1973 series, his mother the one from 1974.

“I think I'll have this year’s made into a trophy,” he
said. “This world Series has great meanlng to me. This
isn't just a baseball story to me.”

He spoke quietly, holding nothing baclk.

“A thrill?” he said. “My mom is thrilled, lndfmy dad
and the people around me, I don't have the luxury of being
thrilled. My first World Series, my first home run, my
first M.V.P. award, those were th.rllls I've bmme & mar
in the last two years.

“1'd like to be acoepted ag a t person, more than
a ballplayer. I'd like my accom Whmts to .be treated
humantsbleally, what they mean to people, to mankind, tc

e. Being under water all summer and ¢

ammu
sh. For son gmnhmcu are dull and look
1%. ‘them to be able to read the story of this

changed my personality.”

Good Things for Jackie R.

Could he endure another year like this?

“Probably. Id hope I wouldn't have to. My life as 8
hutnan being is gonna be better for it and I.hat'i wha
counts. As a ballplayer, T don't know.” .

In late innings when Billy Martin replaced him
Paul Blair to st.rer;ggthm the def!';nse. did ﬂaft hurt his' ’P;:g

“Selfishly, yeu{ but you al have to take yoursel

@ﬁa.hkﬁe Is'he) has his nine bes
men on the field, that's hig job."” A1

There was a moment's hesitation, Then: ‘I don't wm

o armnd hraskh. fs senleer sk T dhemre Rolses | stash shrsstenir



ow the Other Half Dies:
The Real Reasons for World Hunger
by Susan George

milli —
explodes the myths which el poverty on the poor.”

—Times Educational Supplement

“_..lliked [How The Other Half Dles] just a mite better than [Food
First] because [it] is more compact and better organized.”
—Alden Whitman, LA Times Book Review

“This book . . . shows how consciously . . . rich men and powerful
organizations [plan] to use food shortages for political purposesin
the next decade or two. It also gives some ideas of how terrifying
the food situation already is, and how the poor are blamed for their
own suffering . . . .Read it . .. !|"—The New Statesman

“World Hunger...isa Egrn,sggup.um.n.n.l.nuramﬂy_u_jot the growth
of population, but of &&:_ﬂ;g__micmnl:&hdces. -.How The
Other Half Dies will Be widely discussed. . . [it] has the consider-
able merit of drawing on non-American sources, including recent

studies of the worid food economy sponsored by the French
Government.”—Emma Rothschild, NY Times Book Review

“ . . Passionately written and astutely researched . . . scathing in
some passages . . . marshalling facts in a well-organized polemic
which, had it been penned by a Galbraith, might receive national
attention."—Publishers Weekly

Contents: Rich man, poor man: who's the thief? / The population
myth / Local elites—and how to join them / Technology: now who

ys to do what and to whom? / The Green Revolution / Planned
scarcity / There's no business like agribusiness / Food aid? . . .Or
weapon? / Et tu, UN? / IBRD, or, i§ The Bank really a developer? /
What can ‘they’ do?/What can | do?/ Appendix: agricultural inputs
/ A few useful addresses / References / Index

The author is a fellow of the Transnational Institute, Institute for

Policy Studies, and as such helped to write the TNI report on the

World Food Conference held in Rome in 1974, World Hunger:
sand Remedies.

May 1977 76-52614 328pp. SBN0-916672-07-7 $12.50cloth

SBN 0-916672-08-5 @ (Tx)




PROPOSALS FOR UPPER RANKS OF LIVING THINGS®
Ham-il ton P. Traub™*

The discovery of the nucleus in plants (Brown, 1831), the promulgation of the
cell theory for plants (Schleiden, 1838), and its extension to animals by Schwann
(1839) together with the advent of modern virology with the work of Twort
in 1915 and d’Hérelle in 1917, who demonstrated the particulate nature of
viruses, and contributions of later workers, have laid the basis for the recognition
of the primary lineagic groups of organisms — cellular and non-cellular. These
groups are thus placed in the primary rank as superkingdoms — Cellularae and
Acellularae.

When it was realized a decade ago that the procaryotic and eucaryotic
cellular organization represented another profound structural and developmental
discontinuity in biology — this time under Superkingdom Cellularae (Traub, 1963,
1964) — it was evident that this was common ground upon which all biologists
might agree, and that the time had arrived for proposals to standardize the upper
ranks for the linordination of organisms. Since then attempts have been made
to establish the upper ranks, Superkingdom, Kingdom, Subkingdom, Infraking-
dom, etc. (Traub, 1963, 1964, 1971, 1973), all in use, and thus to avoid the
making of superfluous new names for the upper ranks.

Moore (1974) has recently proposed three groups in the primary rank —
Dominion 1. Virus, Dominion 2. Prokaryota and Dominion 3. Eukaryota.
However, allowing these three entities in the primary rank fails to take into
consideration the fundamental differences between cellular (pro-, and eucaryotes)
and non-cellular (virus) organization, and overlooks the fact that the choice is
limited to one contrasting pair. Living things are either cellular or non-cellular
on the primary level, Superkingdom I. Cellularae vs. Superkingdom 2. Acel-
Iularae. The contrasting pair, procaryotes Vvs. eucaryotes belongs in the secondary
rank of cellular organisms, Kingdom 1. Procaryotac vs. Kingdom 2. Eucaryotae
(Traub, 1963, 1964, 1971, 1973). Thus, the upper ranks, Superkingdom, Kingdom,
Subkingdom, Infrakingdom, etc., are sufficient for the needs as shown in Table 1,
which places a roof over living things on the basis of fundamental differences
in an evolutionary sequence.

TasLe 1. Four upper ranks used in grouping living things. Based on Traub (1963, 1964,
1971, 1973)-

1a. Cellular OrganISMs . ..oeeevooerancoeernerceces s Superkingdom 1. CELLULARAE

22. Procaryotic OrgamiSms «oceceeeeenesmsoreensssessses Kingdom 1. PROCARYOTAE
3a. Autorrophic procaryotes: Blue I
-green Algae, and other procaryotic autotrophs ........ Subkingdom 1. AUTOBACAE
3b. Heterotrophic procaryotes (bacteria) «......o-eenen Subkingdom 2. HETEROBACAE

2b. EUCATyOtic OrgamiSmS «.cosceresresnsseasascsce e s Kingdom 2. EUCARYOTAE
4a. Autotrophic eucaryortes; green plants plants, and added S :
neoheterotrophs, Cusc#t@, €LC. ...xcscuesneascevesnse Subkingdom 2. PLANTAE
4b. Mesoheterotrophic eucaryotes (Fungi) .... Subkingdom 2. HETEROPLANTAE (fungi)
4¢. Archiheterotrophic eucaryotes, ANUTNALS =i crars e siniateeis Subkingdom 3. ANIMALIA

% Financial support towards publication is gratefully acknowledged. (Ed.)
«+ Editor, The American Plant Life Society, Box 150, La Jolla, Calif. 92037.
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Fig. 3. Whittaker’s ??vc—kinggi_qm evolutionary scheme; reproduced with kind permission

from Science 163: 150-160. 1969 (fig. 3 R. H. Whittaker). Copyright 1969 by the Ameri-
can Association for the Advancement of Science.

strong affinities with Phaeophyta (Plantae) and Oomycota (Fungi) and no
obvious affinities with Ciliophora or Sporozoa. I

Secondly, higher kingdoms in both schemes are polyp}_lyleuc (on present
ideas) to a degree that is profoundly disturbing to the ideal of a natural
classification. Drawing the protistan line at the unicell/multicell boundary
forces Whittaker to include Rhodophyta and Phaeophyta in Plantae with
the green plants; Oomycota, Myxomycota, Acrasiomycota and Labyrin-
thulomycota with the “true” Fungi; and Mesozoa and Porifera with the
Metazoa in Animalia. As Whittaker himself says, his three kingdoms of
higher organisms appear less as kingdoms than as alliances of separate
multicellular groups.

The main question for our discussion is, then, does a scheme like that of
Copeland or Whittaker represent the best broad classification we can make
at present, despite its acknowledged limitations, or are there sensible (bet-
ter) alternatives?

Margulis (1973) has recently suggested a modification of Whittaker’s
system (Fig. 4). This removes phyla from Plantae, Fungi and Animalia into,
the upper reaches of the Protista, leaving the three kingdoms of higher
organisms arguably monophyletic. It does, of course, increase the heteroge-
neity of the Protista and objections to that kingdom on those grounds. It is,
in effect. a partial rerurn to Copeland’s scheme with the main exception of
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New York

First true protein is synthesized

Chemists at RW&
in New York v at Merck,
Sharp & Dohme Laboratories in Rah-
way, N.J., have independently accom-
plished the first laboratory synthesis
of an enzyme,

With its molecular weight of 13,-

700, ribonuclease is the first “true”

protein ever synthesized. All the pro-
teins previously made—including in-
sulin—weigh less than 10,000, and
technically are only polypeptides.
Because of this ACHTeVeMenT T new

path has been opened for studies of
how enzymes function as catalysts

in the living cell. For it will now be"

possible to experimentally the
composition and structure of a com-
plete enzyme, and therefore determine
how it affects catalytic properties.

Using entirely different techniques,
the two teams—Robert Merrifield and
Bernd Gutte of Rockefeller, and Rob-

Denkewalter and Ralph Hirsch-
ohme—
arrived almost simultaneously at the
same results.

For Merrifield the synthesis is the
culmination of almost 10 years’ work,
which began with the development of
a revolutionary process—the solid-
phase method—for assembling long
chains of amino acids into protein
molecules [SR, 25 Nov 68, 31]. Solid-
phase synthesis uses an insoluble
solid support, which acts as an anchor
for the growing protein chain. The
first amino acid is bound to a small
polystyrene bead and each successive
amino acid is added in a stepwise
fashion. The entire procedure is auto-
mated.

Merrifield applied his solid-phase
method—and assembled the twisting
chain of 124 amino acids of ribonu-
clease by starting at one end of the
chain and going straight through to
the terminal point.

The Merck team, however, made
their ribonuclease in solution by as-

ing many separately synthesized

- ert

mann of Merck, Sharp

sembl

fragments of the enzyme. About five

SCIENCE
WORLD

years ago, Denkewalter and Hirsch-
mann developed their own, highly
efficient synthesis procedure—the
N-Carboxyanhydride process (NCA).
The NCA process permits the rapid
synthesis of small polypeptide chains
by drastically reducing the total num-
ber of protecting groups that are
usually required in the synthesis of
proteins.

Protecting groups are chemical
modifiers that guard exposed parts
of the growing protein molecule
against unwanted reactions. In the
synthesis of ribonuclease, the total
number of these groups was restrict-
ed to 16, as opposed to the 55 required
by classical procedures.

In both methods, the correct fold-
ing of the amino acid chain into a
three-dimensional, pretzel-like struc-
ture occurred spontaneously after the
chain was completed. This confirms
the belief that information for the
architectural design of ribonuclease
is built-in; that is, the sequence of
amino acids in the chain contains all
the plans for chainfolding.

Until now there were serious doubts
that Merrifield’s novel scheme could

be applied to synthesizing molecules
as large as the enzymes. It was be-
lieved that impurities might build too
rapidly in his method. But Merri-
field’s success will make believers out
of skeptics.

As recently as 10 years ago it was
doubted that the synthesis of an
enzyme by any laboratory method
would ever be possible. However,
protein chemists stubbornly picked
away at the problems and during the
past five years a dozen-or-so poly-
peptide hormones—including insu-
lin—were artificially produced.

The next enzyme that might be
synthesized is staphylococeal nuclease,
which is very similar in funetion and
appearance to ribonuclease. At the
National Institute of Arthritis and
Metabolic Diseases, David Ontjes,
using the Merrifield scheme, has al-
ready synthesized one of the two
chains making up nuclease, but he
refuses to predict when a total syn-
thesis will be accomplished.

Ribonuclease catalyzes the break-
down of ribonucleic acid (RNA),
whereas nuclease catalyzes the break-
down of nucleic acid (DNA).

LATE NEWS

The MIT campus was thrown into an uproar last month over a
falsely announced ‘‘research strike.” The trouble began with these
provocative words—"scientists should stop their work and discuss
their problems—in a meeting invitation to MIT faculty and scien-
tists from the newly formed Union of Concerned Scientists. The meet-
ing will be held March 4. A group of students took it upon themselves
to announce that a “research strike” was being planned against MIT.
The purpose of the meeting is to build up pressure on Washington to
do less military research and more socially-oriented research.

Meanwhile, politically oriented dissent is boiling up in the Amer-
ican PRysical Society again. At its meeting here next week, members
will try to block Chicago as the site of next year's meeting and press
for APS involvement in non-science issues affecting physicists.

Sen. Ted Kennedy will chair a new research subcommittee of the
Senate Labor & Public Welfare Committee, with jurisdiction over

NSF's budget.

11
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An Introduction
to Genetic Analysis

David T. Suzuki and Anthony J. F. Griffiths,
University of British Columbia

This concise, clearly written text for a one-semester
or two-quarter introductory genetics course follows a
broadly historical sequence, reflecting the authors”
conviction that “‘a student begins much as biologists
did at the turn of the century: asking general ques-
tions about the laws governing the inheritance of
traits. Only when basic ground rules are established
can we go on to pose questions about the next level
of organization.”” By combining this emphasis on
themes and organizing principles with a solid quanti-
tative treatment, the book gives students a sound
conceptual grasp of the full scope of classical and
modern genetics.

All of the materials in An Introduction to Genetic
Analysis have been thoroughly class-tested—this is a
text written with the student in mind. The language
throughout is conversational and undogmatic. Proc-
esses more easily understood visually—meiosis,
mitosis, DNA replication, and RNA translation—are
portrayed in flip-book animation sequences, allowing
the student to see a “motion picture” of the
processes. Each chapter includes a wide variety of
exercises, ranging from the easy to the challenging,
and none requires more mathematical background
than high-school algebra.

mpell illustrated. Explains topics clearly and intel-
ligibly. Gives students good feeling for methods in
classical genetics and how geneticists think. A good
balance between classical and molecular with a slight
emphasis on the classical. Excellent problems.”

_c., William Birky, Ohio State University

1976, 468 pages, 383 illustrations plus 209 pages of flip book

animation, 0574-5, $15.95 An Answer Book is available.

W. H. FREEMAN AND COMPANY
660 Market Street, San Francisco, CA 94104

NEW

Available in Summer 1978:

Recombinant DNA

Readings from SCIENTIFIC AMERICAN
With Introductions by
David Freifelder, Brandeis University

This anthology is comprised of 13 articles selected
and organized into sections by noted DNA researcher
David Freifelder.

CONTENTS:

Basic Molecular Biology
ion_

Nucleic Acids—Crick

olecules—Allfrey/Mirsky
The Genetic Code: 111—Crick
Ribosomes—Nomura
The Chemical Structure of Proteins—Stein/Moore
The Biological Basis of Genetic Manipulation
Introduction
The Recognition of DNA in Bacteria—Luria
The Molecule of Infectious Drug Resistance—Clowes
How Viruses Insert Their DNA into the DMNA of the Host

_Cell—Campbett
( The Isolation of Genes—Bl;pwn
) 15 O —Kornberg

N-A-Sy n_thesis—-Temin

Introduction
The Recombinant-DNA Debate—Grobstein
Epilogue

® Al articles are also available as separate offprints.




SOCIOBIOLOGY

The Biology of Human Action

Vernon Reynolds, University of Oxford

The Biology of Human Action demonstrates that the
aggressive competitive nature of contemporary
industrial society is not a biological fact of life, but,
in reality, counter to the physiological needs of
human beings. Society and physiology should har-
monize. The evidence of stress-related diseases in
today’s society is evidence that they do not. This
book points the way toward a new, cooperative,
natural human society. This is thought-provoking
reading for courses in social biology, anthropology,
sociology, and psychology.

1976, 269 pages, 46 illustrations, 0494-3, paper $6.95

British Museum, London
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NEw Readings in Sociobiology

Edited by
T. H. Clutton-Brock, University of Cambridge, and
P. Harvey, University of Sussex, United Kingdom

The nineteen papers included in Readings in Socio-
biology, some of them now difficult to obtain,
present the most impaortant theoretical contributions
to the development of sociobiology and some of the
more recent work which illustrates or elaborates
those theories.

The four main sections deal with the levels of oper-
ation of natural selection, the concept of animals as
mechanisms for gene replication, the evolutionary
mechanisms favoring cooperative and disruptive
behavior, and some attempted explanations of species
differences in social behavior. Each section is pre-
ceded by an introduction that provides essential back-
ground for student readers. As a result, Readings in
Sociobiology is not only an important source book
for workers in the field who wish to return to the
original papers; it is also a valuable supplement and
inexpensive text for second and third year under-
graduates in anthropology, animal behavior/ethology,
ecology, population biology, and evolutionary
studies.

Spring 1978, 0191-X, cloth $18.00, 0190-1, paper $9.00

CONTENTS:

Group Benefit or Individual Advantage?

Intergroup Selection in the Evolution of Social Systems.
Wy nne-Edwards

Group Selection. Maynard Smith

The Evolution of Altruistic Behavior.

Repro

On r - and K -Selection. Pianka

Parental Investment and Sexual Selection. Trivers

Parental Investment—A Prospective Analysis. Maynard Smith

fi the Evolution of Mating Systems in Birds and Mammals:
Orians

o-operation and Disruption
Geometry for the Selfish Herd. Hamilton
Kin Selection in Lions and in Evolution. Bertram
The Evolution of Alaem Calls. Maynard Smith
The Evolution of Reciprocal Altruism. Trivers
Reci al Altruism in Olive Baboons)Packer

pring Conilict. TTiver

Evolution and the Theory of Games. Maynard Smith
Assessment Strategy and the Evolution of Fighting Behavior,

Parker
Evolutionary Rules and Primate Societies

Clutton-Brock and Harvey
Comparative Social Behavior
kThe' Ar]?s Wilson
The Significance of the Pair-bond and Sexual Selection
G L
Primate Ecology and Social Organization.
Clutton-Brock and Harvey
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BIOMETRICS

Biometry

The Principles and Practices of Statistics in
Biological Research

Robert R. Sokal and F. James Rohlf,

State University of New York at Stony Brook

“| intend to adopt Biometry because of 1) the keys
to the selection of statistical tests, 2) the tabulated
algorithms [boxes], and 3) the emphasis on experi-
mental design and application of statistics. ... | am so
impressed that Biometry is the superior text that I'm

designing the course around it."”
—Charles R. LaFrance, Indiana University Northwest

1969, 776 pages, 89 illustrations, 56 tables, 82 boxes,
0663-6, $21.00

Introduction to Biostatistics

Robert R. Sokal and F. James Rohlf

“This is a most attractive undergraduate text devel-
oped from the authors’ successful larger text
Biometry. The material . . . is excelleritly presented,
particularly the detailed computing methods suitable
for modern desk machines. With suitable teaching
changes in the examples, this book could well be used
in a basic course for almost any background. Discus-
sion of statistical theory is kept to a minimum, but
students will benefit from clarity of drafting—for
example, the important but neglected concept of
‘power’ in testing hypotheses.’’

—ASLIB Book List (U.K.)

1973, 368 pages, 62 illustrations, 46 tables, 27 boxes,
0693-8, $15.50

Statistical Tables

F. James Rohlf and Robert R. Sokal

These tables comprise most of the material that the
biologist, geologist, or social scientist needs to have
when working with statistics. The tables offer greater
convenience, breadth, and diversity than the tables
usually included in textbooks of statistics or
biometry. Each table is accompanied by an explana-
tion of its nature and instructions for its use. An
introductory section on interpolation precedes the
main body of the tables.

1969, 253 pages, 5 illustrations, 0673-3, cloth $12.00,
0664-4, paper $6.00

‘Numerical Taxonomy |

The Principles and Practice of Numeri

Peter H. A. Sneath, The University o
Robert R. Sokal, State University6f New York at Stony Brook

“This volume is a st indispensable reference. It
is remarkably detailed; the authors seemingly have
considered every nuance of their subject and prob-
ably they have cited every significant paper ever pub-
lished in the field. . . . The book thus constitutes a
complete history of an authentic scientific move-
ment—one that challenged the precepts of a major
biological cherished beliefs.”—W. R. Lockhart,
American Society of Microbiology News

1973, 573 pages, 81 illustrations, 9 tables, 0697-0, $27.00
(No complimentary copies; will be sent on approval only.)

Proceedings of the Eighth International Conference on

Numerical Taxonomy
Edited by George F. Estabrook, University of Michigan

This volume contains the papers presented and
ensuing discussions at the Eighth International Con-
ference on Numerical Taxonomy, held at the
Fundacao Calouste Gulbeukian, Oeiras, Portugal, in
1975. It offers a survey of research in quantitative
systematics by the most active contributors to the
field. The book is a valuable reference for students
and professionals in the field of quantitative system-
atics and an essential acquisition for research libraries.
1976, 429 pages, 40 illustrations, 05559, $16.00

Wamplimentary copies; will be sent on approval only.)
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A fascinating history of the development of
our understanding of DNA structure

NEW

The DNA Molecule

Structure and Properties

Readings from Original Papers and a Historical Narrative
David Freifelder, Brandeis University

Noted DNA researcher David Freifelder has created a
text that provides students with an insight into how
scientific ideas evolve. This text is a unique combina-
tion of original papers that are effectively integrated

with the author'’s narrative. The papers on DNA struc-

ture were organized into specific areas of research.
Each section is prefaced by a narrative that provides
factual information about DNA structure, relates the
reaction of the scientific community, and discusses
how the papers added to the understanding of DNA
structure.

The DNA Molecule is a valuable supplement to
courses on molecular biology, molecular genetics, and
nucleic acids. The biochemistry student, the genet-
icist, or a student of molecular biology will under-
stand this book without difficulty. For the beginner
or those unfamiliar with molecular biology several
appendixes were added that describe biological
phenomena discussed in the text. Stimulating ques-
tions and a bibliography are included at the end of
each section.

1977, 499 pages, 274 illustrations, 0287-8, cloth $20.00,
0286-X, paper $12.00

13

w'arcel -frbm Journal of Malecular Biology

H. Delius and A.

CONTENTS:

DNA: The Genetic Material

The History of the Identification of DNA as the Genetic
Substance.

The Double Helix

The Elucidation of the Three-Dimensional Structure of
DNA

The DNA of an Individual Phage or Bacterium as a
Single Molecule

Methods of Isolating DNA

The Large Size of DNA Molecules

Measurement of the Molecular Weight of DNA.

Separation of the DNA Strands

DNA Denaturation

Factors Determining the Stability of DNA

Hydrophobic Forces in the DNA Malecule

Substructure of the Double Helix

Variants of the Basic DNA Model: Fine Points of
Structure

Naturally Occurring Single-Stranded DNA

The Phage @ X174 Experiments

Circular and Supercoiled DNA Molecules

The Discovery of Circular DNA

Epilogue

What Do We Know?




The deoxyribonucleic acid double helix.
The two ribbons represent two porallel
polynucleotide chains coiled in right-handed
helices about a common axis. The chains
are held together by specific hydrogen
bonds between opposite purines and pyrim-
idines. The distance between adjacent ny-
cleotide pairs is 3.4 A. The molecule may
contain as many as 25,000 of these nu-
cleotide pairs. Within the nucleus the DNA
is intimately associated with a basic pro-
tein which presumably occupies the narrow
groove between the nucleotide chains.
Under this arrangement the phosphoric
acid residues of DNA are neutralized by the
basic amino acids of the histone. It has
been suggested that template ribonucleo-
protein chains can be synthesized within
the wide groove of the DNA helix. 1, pu-
rine; 2, pyrimidine; 3, phosphoric acid resi-
due: 4, deoxyribose; and 5, a hydrogen
Imnd’linking a purine and a pyrimidine.
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Sfientz’sts Seek to Influence Legislationon Gene kﬁéa?ch

3y ]
By HAROLD M. SCAMEGK Jr,
$ 4 Speclal to The New York Times
ol WASHINGTON. July 4—Scientists and
their organizations are making a strong
effort to influence pending legislation

under which the ¥ederal Government

would, for the first time, regulate an im-
portant field of basic biol

logical research.
That field, Eecumb}.mm-t DNA research
. or gene splicing, has aroused controversy
and regulatory moves within the scientif-
- e community itself. There have been
- gvec;mbions of grave dangers as well as
volu benefits for mankind. A na-
: debate has broadened to include
for the genetic future of humans
“the proposition, heretical to most
itists, that some questions of biology
be so freighted with danger that
ers should not even be sought.
ot] elas_s. some scientists fear the
posed legislation will set a precedent
_ultimately may bring a large share
iological research under government
ation, and many more believe the

great potential e, Others prefer
: 1'egulvatu-irl ior; of 'in:m oarlle field to
exist at all nature., A enes, for
_.In recombinant DNA researgch.. genes
of one species are spliced to the genetic
material of a far different form of life
4 possible patchwork of local restrictions.
to produce combinations that may not

ple, have been transplanted into
bacteria.
ms‘ the genes and chromosomes of all
* living things—man and animals, insects,
and microbes. y

v ol Years of Hot Debate
' EQ _ hot debate over the propriety and
ifety of recombinant DNA research has
been in progress for several years. When
gene splicing techiniques were first
n to be possible, the scientists in-
ved called a world moratorium on cer-
types of experiments because the
were so severe and
re safe-

Congress would: make the guidelines, or

their equivalent, binding throughout the
United States' and would provide serious
penalties for violations.

A bill sponsored by Senator Edward

M. Kennedy, Democrat of Massachusetts,

is expected to reach a Senate vote late
this month. A bill sponsored by Represen-
tative Paul G. Rogers, Democrat of Flori-
da, will probably come before the House
later in the summer. "

Amn effort on behalf of the Rogers bill,
with meodifications, is being mounted by
the American Society for Microbiology.
Officers of this scientific group say their

osed penalties might limit research |

DNA (deoxyribonucleic acid) |2

effort is supported by the governing body
of the largest biological research organ-
ization in the country, the Federation of
American Societies for Experimental Bi-
ology, and by the governing bodies or
chief officers of several other influential
groups, including the American [
of Biologi the National Soci-
ety for Medical Research and the Associa-
tion of American Medical Colleges.
Bills Differ on Monitoring

The Senate bill does not appear to have
comparable backing from biologists’
groups, but Senator Kennedy is a leader
in health affairs in Congress, and bills
that he sponsors in this field® generall,
have a good chance of passage. 5 Y

_One major difference between the two
bills is that the Se i

and the need to give the regulatory agen-
cy enough power to regulate industry as
well as academic research institutions.

The groups favoring the Rogers ?j]l,
which woulg give the regulatory task to
'VISO ¥ . T pp

St (Sachi) ()

tee, but Senator Gaylord Nelson, Demo-
‘crat of Wisconsin, is _undprs ood to be

drafting a dissenting minority report. The
House bill 1s still in the Commerce Com-
mittee. 1

““Both bills would pre-empt state or local
laws limiting recombinant DNA research,
although localities could apply for exemp-
tions if they were prepared to show that
tighter regulations were needed.

Many scientists have campaigned for
such Federal pre-emption on the ground
that a patchwork of state and local prohi-
?_it;.gns could stifle all research in this
ield.

Officers of the American sgcs}.:s% for
Microbio]ggg and other scien ave
criticized both bills' proviSions for fines
of as much as several thousand dollars
a day for experimentation that flouts the
guidelines, The scientists claim that this
will make the research virtually uninsura-
ble for universities, forcing them to hait
their studies, and that industry will take
its recombinant DNA research activities
abroad.

'The debate over recombinant DNA
work has spread beyond the scientific

communi to include = phil hers, |
theologi t);’ industrialists, labo?o—sg!';;ofws- |

mémn and activists of many kinds.
Speculation on Risks and Benefits

The potenti fits predicted by_
some include important new_food 4 |
new medicines ]

; sil cur O!‘
some presently incurable g1seases. __%ten—
tial risks cited by others include p]ﬁ
of altered viruses or germs attac
humans, animals and plants, as well as
human genetic engineering for malevolent

urposes. .

¥ %p}ro%f these potential benefits and risks
are subjects of speculation at present.

Writing on the current recombinant
DNA debate in the July issue of Scientific
American, Dr. Clifford Grobsfein of the
University of ‘ornia at San Diego says
the huge breadth of predictions, ranging
almost from global disaster to the solving
of global problems, simply demonstrates
the great uncertainties that still exist con-

tanicdl

‘the genetic endowment

At a recent meeting of specialists in

these studies, 137 scientists signed a
statement u-rgj-n pPress to avoid un-
necessarily _restrictive _legislation tha

could deny to.society the benefits of this |
kind of research. It was at a 1973 confe:
ence of this same annual series, ‘called
the Go! , that scientists
called for a moratorium on some recombi-
nant DNA experiments. e g

(0] the research, including
Dr. Geo arvard, a Nobel"
Prize winner, have recently urged estab-

lishment of another and even more
sweeping moratorium. Some critics have
d:aurlgﬁ that continuation of the research
‘W -

the human |

race.
““In sharp contrast to this c
A Am- s

f Te-
o¢ t1C
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MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

A Structure for Deoxyribose Nucleic Acid

E wish to suggest a structure for the salt

of deoxyribose nucleic acid (D.N.A.). This
structure has novel features which are of considerable
biological interest.

A structure for nucleic acid has already been
proposed by Pauling and Coroy!, Thoy kindly made
their manuseript availablo to us in advance of
publication.  Their model consists of three inter-
twined chains, with the phosphates near the fibre

¢ axis, and the bases on the outside. TIn our opinion,
this structure is unsatisfactory for two reasons :
material which gives the
X-roy diagrams is tho salt, not the free acid. Without
the acidie hydrogen atoms it is not clear what forces
would hold the strueture together, especially as the
negatively  ehargod phosphates near tho axis will
repel each other.  (2) Somo of tho van_dor Whaals
distances appear to bho too sinall.

Another three-chain structuro has also been sug-
gested by Wrasor (in the press).  Tn hizs model the
] f)}msp}mws are on the outside and the bhases on the

‘guanine and cytosine.

NATURE ; 787
i W
I8 1 rosicdue on cich ehiain ovory b ALt e =l - 2 |
o, We Lo assumaod we angle of 36" Brostowseng .E
adjneent residues in the samao chain, so G thive S
slrueturo ropeits aftor 10 rosiduos on cach chnin, that
5, altor a1 A, TTo distinwen ol o phosplioras atorn 3

from the Nibro nxis 15 10 A.

As the phosphing g BIC On
tho outside, entions Nivo vily m:m'i_w‘ InIH.l-m, i >
The stricturo is an oo one, nnd Qs walor copg ey 0 {
is rathor high. At lowoer Wittur contents we \\uuhl& L5
oxpeet the bases to tilt so that tho struecture coulid % &
becomo more compact., 3

Tho novel feature of tho striteturs is the muges
i which the two chains aro held togethor by 1
Durino and pyrimidine bases, The planes of the bases
are porpendicular to tho libre axis, They aro joined
togethor in pairs, a singlo hase from one chain boeing
hydrogen-bonded to a single baso from tho otlher
chain, so that the two lie sidoe by side with identical
z-co-ordinates. One of the pair must be a purine arul
the other a pyrimidine for bonding te occur. The
hydrogon honds are made as follows : purine position
1 to pyrimidine position 1 ; purine position 6 to
pyrimidine position 6.

If it is assumed that the bases only oceur in thao
structure in the most plausible tautomeric forms
(that is, with the_keto rather than {hoe enol con
fisurations) it is found that only specific pairs of
bases can_bond togother. Those pairs are : aderngpe .
(purine) with _thymine (pyrimidine), and i ;
(purine) with eytosine (pyrimidine). '

In other words, if an adenine forms one member of
# pair, on cither chain, then on thoeso assurnpiions
the other membor must boe thymine ; similarly for
The sequonce of buses an o
single chain does not appear to be restrieted in any
way. lHowoever, if only specific puirs of hasos can bo
formad, it follows that if 1k

one chinin is given, thel The scquence omn tho oticr
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onietien ot ]
.-l..lq‘\ hata L L “laa

mside, linked together by hydrogen bonds. This
structure as deseriboed is rathor ill-defined, and for
this reason we shall not comment
on it.

We wish to put forward a
radically different strueture for
the salt of deoxyribose nucleic
acid. This structure has two
helical chains each coiled round
the same axis (sce diagram). We
have made the usual chemical
assumptions, namely, that each
chain consists of phosphate di-
ester groups joining f-p-deoxy-
ribofuranose residues with 3/,b6’
linkages. The two chains (but
1ot their bases) are related by a
«lyad perpendicular to the fibre
axis. Both chains follow right-
handed helices, but owing to
the dyad the sequences of the
atoms in the two chains run

in__opposite _directions.  IMach
chain loosely resembles ur-+

+ horg's? model No. 1; that is,
ilio bases are on the insido of

the helix and the phosphates on

the outsido. The configuration
of the sugar and the atoms
tear it s close to Furberg's
‘standard configuration’, the
‘sugar being roughly perpondi-
cular to the attached base. Thore

This figure I8 |
dingrannatic, Tl
ribbong &%
{wo “]ll-]lll* it
p nalins, wnd  THE
sonlal rowld the pat
hascs halding the el ““J
i il I'he verihe

fi jler, I'he veriied

I‘Illliclnarks the nbre axis

chain 15 automnt 1cally determined.

It has beer [ound experimentally®? that the ratio
of the umounts of adenine to thymine, and the ratic,
of guanine to cytosine, are always very close to unity
for deoxyribose nueleic acid.

It is probably impossible to build this structure
with a ribose sugar in place of the deoxyribose, as
the oxtra oxygen atom would make too close a
der Waals contact,

The proviously published N-ray data®s on deoxv-
ribose nueleic acid aro insufficient for a rigorous tes
of our siructure. So far as we can tell, it is rouglly |
compatible with the experimental data, bhug it muss
be regarded as unproved until it has been checked
against more exact results, Some of these are civen
in the following communi cations. We werp not rf\\-a,r-.g
of the details of the results presented there when w.
devised our structure, which rests mainly thougl, not
entirely on published experimental data and ;t(‘l‘w,.
chemical arguments, R b

It has not escaped our notice that the specifin
parring we have postulatoed irmnecliately .‘-QUE..[,‘.‘,':.‘.‘\'.:-; :
possible eopying mochanism for the 'netic matory;, |
details of the structuro, :

Pl " S Imne g g 12 Cony-
ditions assumed in building i, together with a <,
of co-ordinates for

the atoms, will be Publisha |
olsewhere.

Woe aro much indebted to Dp, Jorry Donohue £, ‘.

constant adviee and eriticism, especially on intop.
atomic distances. We have also been stimulatoq B
& knowlodgo of the gonoral nature of the unpublisy, .y
oxporimontal rosults and ideas of Dr. M. H. '|.:t

Wilking, Dr. R, I2, I'ranklin and their Co-workers

Varn
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Michael Smith

é The First Complete Nﬁcleotide

< Sequencing of an Organism’s DNA

Sequence determination of the 5,386 nucleoti

E,_,_f__m#
the bacterial virus ¢X 174, which infects B. coli, has

led to some unexpected discoveries about gene

<t o/
Sl g

“Even the smallest functional DNA va-
rieties seen, those occurring in certain
small phages, must contain something like
5,000 nucleotides in a row. We may,
therefore, leave the task of reading the
complete nucleotide sequence of a DNA
to the 21 ntury, which will, however,
have other worries.—Progress in Nucleic
Acid Research and Molecular Biology,
1968

“$X 174 sequenced” —Nature, 1977

The lapse of only nine years between |

an informed and entirely reasonable
estimate made in 1968 of the dif-
ficulties presented by the structure of
the total DNA of an organism and the
publication in 1977 (1) of the total
sequence of the DNA of a bacterial
virus—the bacteriophage ¢X-
174—which contains a circular chain
of 5,386 nucleotides (Fig. 1), implies

Dr. Smith is a Rese
Medical Research
Proféssor at the Universit [ P
bia. In 1975-76 he spent an extended study
Toave, supported by the Medical Research
Council of Canada, in the laboratory of Dr. F.
Sanger, working on part of the sequence qf
X174 DNA. The research interests of his
group include the development of simple
methods for synthesis of oligodeoxyribonu-
cleotides; the use of synthetic oligodeoxyri-
bonucleotides in gene isolation, in DNA and
RNA sequence determination, and in'speczﬁc
mutagenesis; the sequence of parvovirus and
yeast DNA; the isolation of new restriction
enzymes; and the deyeiupmenmi baf:cbemwcry
of the salmonid testis. The author is indebted
to Dr. Sanger for the hospitality and excite-
ment of his laboratory and }!o Dr.G.N. anson
or discussions about the contents of this ar-
ticle. Address: Department of Biochemistry,
Faculty of Medicine, Univ. of British Colum-
bia, Vancouver, BC, Canada V6T 1 W5.
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Figure 1. The circular DNA molecule shown is
the double-stranded form of ¢$X174; the strand
on the left has looped back on itself. In this

entirely unpredicted technical ad-
vances. These advances represent
beautiful examples of scientific de-
tective work and ingenuity rather
than the development of new and
sophisticated machines. It is for this
reason that this field of molecular
biology—DNA-sequence determi-
nation—at present is one of the most
intellectually and experimentally
exciting areas of scientific endeavor.

In this article, I will discuss the basic
principles of the new methods for
DNA-sequence determination, the
sequence of ¢X174 DNA, the dem-
onstration of overlapping genes in
¢$ X174, and some of the implications
of the $X174 DNA sequence.
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electron micrograph, 1 millimeter of the DNA
strand contains 38 nucleotides. (Electron mi-
crograph courtesy of G. Nigel Godson.)

Methods for sequence
determination

Readers of American Scientist will be
familiar with the importance of bac-
terial “_Beﬂi.m'unm, which
cleave DNA at specific short se-
quences, in the construction of
recombinant DNA (B. D. Davis,
September . T'hese enzymes are
equally important to DNA-sequence
determination, because they can be
used to cut a large DNA molecule into
precise and more manageable frag-
ments. These fragments can be easily

separated resis in
acrylamide or agarose gels, where

their mobilities are inversely pro-
portional to the logarithm of their

1979 . January-Februar 57
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(Recombinant DNA-A Néw Bill
Sen.

i-Ei-Stévenson (D-I1l.) has announced
he wim_lation to require every-
one cond inant DNA work of any y kind
(including research, production, or transporta-

tion) outside the NIH Guidelines to submit a
. - P e e
descripti those activities to the Secretary
et WEST T gy
of HE This information will include the source
of DNA, the host—veg; system, level o begica]

confainment, volume of growth media, and an gut-
line of the experiment, plus any other informa-
tiaﬁ-?EE‘EEE?E%;f} requests. Proprietary data
will be kept secret unless the Secretary deter-
mines that the work is so risky that disclosure

is necessary to protect the public and/or the
environment.

The draft bill, entitled the "Recombinant DNA
Research Notification Act," ca??3551?EEZETE§'of
Mo inform HEW of the
research, but no penalties for Falsification of
information, failure to obtain HEW approval (now
a voluntary step), or conducting hazardous activ-
ities. Presumably disclosure of the danger with
the attendant publicity would force discontinua-

tion of dangerous work; otherwise the offender
would have to be prosecuted under another law.

In a letter to HEW Secretary Patricia Harris,
Stevenson expressed concern that the relaxation
of the NIH Guidelines had been premature. A pro-
posed rulemaking in the 30 November Federal Reg-
ister reduces the containment requirements for

E. coli K-12 host-vector systems to P1l, the low-
est level. Stevenson asked why NIH had not wait-
ed until certain risk assessment studies had been
completed.

The regulation also provides for voluntary reg-
istration with HEW of recombinant DNA activities
by institutions not subject to the Guidelines.
Such voluntary compliance, wrote Stevenson, is
"seriously flawed." Although the senator recog-
nizes that most firms are complying voluntarily
with the Guidelines, he believes a law with
teeth to force registration is needed. However;
he does not want to promote legislation that
would impede development of recombinant DNA prod-
ucts with commercial potential, Steve Merrill, a
staff member of Stevenson's Subcommittee on Sci-
ence, Technology, and Space, explained. Steven-
son also questioned whether NIH had had suffi-
cient experience to judge whether local institu-
tional review committees actually were maintain-
ing safe laboratory practices.

An oversight hearing is scheduled for 30 Janu-
ary before the Stevenson subcommittee. At that
time the senator will press NIH officials for
answers to his questions if he has not received
a reply from Harris. He also expects to initi-

ate discussion on the patentability of recombin-
ant DNA techniques and products, the competitive
position of the United States in this field, and
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the effects of regulation, even voluntary com-
pliance, on this promising new industry.

Jurisdiction for DNA legislation does not lie with
the Stevenson subcommittee, but rather with Sen.
Edward M. Kennedy's Health Subcommittee. The
Kennedy staff has not expressed much interest in
Stevenson's bill, and on the House side Rep. Henry
Waxman's Subcommittee on Health is only mildly in-
terested.

Forum readers wishing to comment on the proposed
bill may address letters to Sen. Stevenson, Com-
mittee on Commerce, Science, and Transportation,
5202 DSOB, Washington, DC  20510.
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198 The Philosophy of Biology

presence. Proteins are polypeptide chains or combinations of such
chains, and these in turn are long, string-like molecules made up of
literally hundreds of links—each link being an amino acid. Since
proteins play so ubiquitous a role in the cell and since they have so
many parts, it might seem to be a task beyond human ability to
bring even a semblance of understanding to the molecular level of
the cell, and hence, to the problems of heredity. However, formidable
though the task may be, there are some guides for reason. The chief
one at this point is that although there are so many different proteins,
each performing such different tasks, the types of amino acid
building block are restricted to twenty. It would seem therefore that
any difference in protein is a function of a difference in amino acid
order. Using this fact as a key, one can now start to unlock some of’
the molecular secrets of the cell, and one can build up a very detailed
molecular theory of genetics.

First, one must locate within the cell the templates which can
serve both for the manufacture of fresh supplies of protein and for
reproducing themselves, thus passing on to new cells the information
required for protein synthesis. It turns out that these templates are
not themselves proteins, but are instead nucleic acids. There are two
kinds of nucleic acid, deoxyribonucleic acid (DNA) and ribonucleic
acid (RNA), and since it is usually the former which is the ultimate
carrier of genetic information, let us take a close look at it.

In large organisms DNA is to be found in the chromosomes; but
some small organisms dispense with chromosomes and the nucleic
acid is to be found on its own within the organism’s shell. It is
another of the long macromolecules which are so prevalent in the
cell, being a polymer of deoxyribose sugars joined by phosphate
links. To each sugar is attached, as side chain, a nitrogen-containing
base which must be one of four kinds, either adenine or guanine
(purines) or thymine or cytosine (pyrimidines). (The bases, together
with the sugars and phosphates, are called ‘nucleotides’.) The DNA
molecule is normally paired, and the two molecules are twisted
around each other to form a helix. One finds that adenine on one
molecule pairs with thymine on the other, and guanine pairs with
cytosine, and it is believed that it is in the order of these four bases
along the DNA molecule that is carried the information required to
make new proteins.

Now, as we have seen, ];).NA must do two. jobs. The first task is
that of replication, so that its information can be passed on to new
cells. In order for this to happen the two strands of DNA in a helix
start to come apart, and then, with the aid of enzymes, complemen-
tary nucleotides line up against the nucleotides on the unzipped single
strands of DNA. Thus the precise order of the nucleotides is passed
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on to a new DNA strand, although obviously the new strand is the
complement of the old strand and it must therefore duplicate itself
before one gets a DNA strand identical to the first strand. The
second task of DNA is to make g;ggjns—it does not do this directly
but via an intermediary, RNATRNA is like DNA in that it is a long
strand of nucleotides, but where DNA has thymine, RNA has
uracil. There seem to be three types of RNA, all with different
functions within the cell: messenger RNA (mRNA), ribosome RNA
(rRNA), and soluble or transfer RNA (sRNA or tRNA). All three
types are copied off DNA in much the same way as DNA replicates
itself, except that a different enzyme is involved, and obviously
uracil (not thymine) pairs with adenine. The rRNA molecules,
together with some proteins, go to form the ribosomes, which in
turn serve as the sites of protein synthesis within the cell. The
travels from the nucleus to_the ribosomes, carrying with it the in-
: iffe gins. Finally, the

formation needed for the synthesis o £V
sRNA picks up free amino acids within the cell, bringing them over
to t'he ribosomes, where they can be lined up in appropriate order
against the mRNA, joined and cast off as completed polypeptide
chains. Thus one gets the all-important synthesis of proteins.

Clea{ly, this is but a sketch of DNA replication and of protein
synthesis. Necessarily many important steps have been omitted.
One omission which must be remedied arises from the fact that
proteins consist of twenty amino acids, but that RNA (like DNA)
carries but four different nucleotides. This means that there cannot
be a 1-1 correspondence between the nucleotides of mRNA and the
amino acids of proteins. It is suggested that three nucleotides code
for an amino acid, and since there are 4% possible different triplets
of ordered nucleotides, it is also suggested that many of the triplets
are degenerate (i.e. code for the same amino acid) and that other
triplets make no sense at all (i.e. do not code for any acids).
Recently, molecular biologists have made great advances in finding
exactly which triplets code for which amino acids.

So far in the discussion we have assumed that everything always
goes according to plan—however, even in the molecular world things
can go wrong, and so let us now see how normal protein synthesis
m:ght' be disrupted. The most obvious place at which trouble could
start is on the DNA molecule—if something happens here then not
only is it liable to be reflected right through to the proteins of the
present cell, but also it is likely to be passed on to new cells as well
Three types of alterations to the DNA information chain seem
pqss_lble—nuc!eotides might be added to the chain, they might be
eliminated, and the original nucleotides might be altered. It would
appear that all three of these types of changes occur; however,




Table 5-2 C T " Prokarvotic, il plls
able omparison of Prokaryotic A(TMf Plant Cell: //‘:_‘-—--\
PROKARYOTE . KNIM}J ﬂum}/ Fowg-vs
Cell membrane Present Present Present

Cell wall Present (noncellulose Absent Present (cellulose)
polysaccharide plus
protein)
Nucleus No nuclear envelope Surrounded by Surrounded by
nuclear envelope nuclear envelope
Chromosomes  Single, containing Multiple, containing Multiple, containing

only DNA DNA and protein DNA and protein

Endoplasmic Absent Usually present Usually present

reticulum

Mitochondria Absent Present Present

Plastids Absent Absent Present in many cell
types; chloroplasts in
photosynthetic cells

Ribosomes Present (smaller) Present Present

Golgi bodies Absent Present Present

Lysosomes Absent Often present Usually absent

Vacuoles Absent Small or absent Usually large single
vacuole in mature
cell

9 + 2cilia Absent Often present Absent (in higher

or flagella plants)

Centrioles Absent Present Absent (in higher
plants)

Cell-Cell Junctions

Three functional types of junctions between animal cells can now be distinguished
by the electron microscope: (1) junctions that hold together adjacent cells in a
tissue; these are called desmosomes; (2) junctions between cells that keep materials
from leaking through tissues; these are called tight junctions; and (3) junctions
through which cells can exchange nutrient molecules and molecular communica-
tions; these are called gap junctions.

Desmosomes have often been compared to spot welds between cells. They
consist of plaques of dense fibrous material between cells with clusters of filaments
from the cytoplasm of the neighboring cells looping in and out of them. They
attach cells to one another and give tissues mechanical strength. They are found in
especially large numbers in tissues subjected to severe mechanical stress, such as
the skin.

Tight junctions form a continuous ring around each cell in a layer of tissue,
preventing Teakage bétweencells For gxample |irjtestinal epithelial cells are sur-
rounded by tight junctions that keep the intestinal contents from seeping between

{b) Toaum

5-25

Junctions between cells. (a) Desmosomes ce-
ment cells to adjoining cells. Here three
desmosomes connect the cell membranes of
two adjacent skincells of a salamander
larva. (b) Tight-iunetion latrorbhsdalsythe [
spaces between cells. A desmosome is visi-
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MEMBRANE e

ROUGH
ENDOPLASMIC
RETICULLUM

RIBOSOME

—
S=7
An animal cell, as interpreted from elec-
tron micrographs. Like all cells, this one is
bounded by an outer cell membrane, which
acts as a selectively permeable barrier to
the surrounding environment. All materi-
als that entef oy, leape the cell) including
food, wastes, and-¢chemical messages must
vace throuch this barrier. Within the

LYSOSOME

¥ .& (i NUCLEAR

ENVELOPE

NUCLEOLUS
—

subdivided by an elaborate system of mem-
branes, the endoplasmic reticulunt. In some
areas, the endoplasmic reticulum is covered
with ribosomes, the special structures on
which amino acids are assembled into pro-
teins, Ribosomes are also found free in the
cytoplasnt. ' Golgi bodies are packaging
centers for molecules synthesized within the

SMOOTH
ENDOPLASMIC
RETICULUM

GLYCOGEN

MITOCHONDRION

CENTRIOLES >

VESICLE

GOLGI

‘ BODY

SMOOTH
ENDOPLASMIC
RETICULLM

surrounded by a double membrane. the nu-
clear envelope, which is continuous with
the endoplasmic reticulum. Within the nu-
clear envelope is a nucleolus, the site where
the ribosomes are formed, and the chroma-
tin, which is the material of the chromo-
somtes i) @i kxfended farm! These)cellular
structures are all described i further de-
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between 5000 and 125,000. It seems unlikely
that the true number of genes in man could
be as few as 100 or less, or as many as several
million.

35.5
The Genetic Code

The Watson-Crick model of the DNA mole-
cule implied that genetic information is trans-
mitted by some specific sequence of'its constit-
uent nucleotides. Since there are only four
types of nucleotides— A, T, G and C—in the
DNA and 20 or more kinds of amino acids in
a peptide chain, it was obvious that there could
notbe a one-to-one correlation between nucle-
otide and amino acid in the coding process. If
the code involved two nucleotides to specify
an amino acid, the various combinations of
four symbols taken two at a time would pro-
vide only 16 different combinations; again,
this is not enough to account for the 20 or
more different types of amino acids.

A triplet code of three nucleotides for each
amino acid would permit 64 different combi-
nations of four nucleotides taken three at a
time. At first glance this would seem g provide
for many more code symbols than are actually
needed; however, experiments have shown
that the code is “degenerate” and each amino

Table 35.4 The Genetic Code: The

Sequence of Nucleotides in the

GENETICS AND EVOLUTION

acid may be specified by two to as many as six
different triplets.

The fundamental characteristics of the
genetic code of RNA are now well established:
It is a triplet code with three adjacent nucleo-
tide bases, termed a codon, specifying each
amino acid (Table 35.4) Adjacent codons do
not overlap; they do not share a given base,
Each single base is part of only one codon,
The genetic code appears to be universal; that is,
the codons in the DNA and RNA specify the
same amino acid in all the organisms that
have been studied, from viruses to man.

Early in 1961 Crick postulated that three
consecutive nucleotides in a strand of mes-
senger RNA provide the code that determines
the position of a single amino acid in a poly-
Peptide chain. Experimental evidence to sup-
port this was quickly forthcoming from
experiments of Nirenberg and Matthaej re-
garding the incorporation of specific labeled
amino acids into protein by purified enzyme
Systems under the direction of artificial mes-
senger RNA's of known composition.

Nirenberg used a synthetic polyuridylic
acid (UUUUU -..)—prepared by using the
enzyme polynucleotide phosphorylase —as
messenger and found that phenylalanine was
incorporated into protein. The addition of
poly U to a ribosomal protein synthesizing
system led to the production of a polypeptide

Triplet Codons of Messenger

RNA Which Specify a Given Amino Acid

Third Position (3 end) =

First
Pasition Second —_—
(5" end) Paosition U c o G
u U Phe Phe Leu | Leu
C Ser Ser Ser Ser
A Tyr Tyr Nonsensé Nonsense
G Cys Cys Try Try
C U Leu Leu Leu \ Leu
G Pro Pro Pro Pro
A His His Glu-NH. Glu-NH,
G Arg Arg Arg Arg
A U Ileu Ileu Met Met
G Thr Thr Thr Thr
A Asp-NH: Asp-NH. Lys Lys
G Ser Ser Arg Arg
G 6] Val Val Val Val
(6] Ala Ala Ala Ala
A Asp Asp Glu Glu
G Gly Gly Gly Gly
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| \ The genetic code, consisgng of 04 triplet ‘H [ ) ¢ A [ c |
| [ snations[(codons) find their corre- [ | i [ [@
i combi ! = oo | L ucr vAU
¥ eponding amino acids (see page 62). Since = J phe ) N } s ‘:” ]
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Of the 64 possible triplet combinations, 61 of them specify particular amino
acids. With 61 combinations coding for 20 amino acids, you can see that there must
be more than one codon for many of the amino acids. As shown in Figure 16-13,
codons specifying the same amino acid often differ only in the third nucleotide,
leading to the speculation that the first two may be sufficient to hold the tRNA in
most instances.

Hemoglobin Reexamined

Some of the biological implications of these findings are strikingly clear. Let us take
another look at sickle cell anemia, for example, in the light of Figure 16-13. Normal
hemoglobin contains glutamic acid; sickle cell hemoglobin contains valine. In
mRNA, GAA or GAG specifies glutamic acid (glu), and GUU, GUC, GUE-GL'G
specifies valine (val). So the difference between the two is merely the replacement
of one adenine by one uracil in a molecule that, since it dictates a_protein that

—> contains more than 150 amino acids, must contain more than 450 bases. In other
words, the tremendous functional difference—literally a matter of life and death—
can be traced to a single “misprint” in over 450 nucleotides,

Punctuation
The genetic material, the DNA, is undifferentiated in form, being an enormously
long sequence of nucleotides. Yet the information it contains is compartment 11ized
in the units we call genes. How is this accomplished? In a written language, pun
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i‘ ' SUMMARY
16-14
; A representation of the information flow

EZMM DNA to protein.

Genetic information is coded in molecules of DNA, and these, in turn, determine
) the sequence of amino acids in molecules of protein. A gene is a segment of a DNA
' molecule that specifies the complete sequence of one polypeptide.

i" The way in which the gene directs the production of a protein, according to
e REPLICATION current theory, is as follows. Each series of three nucleotides along a DNA strand is
e the DNA code for a particular amino acid. The information is transcribed from the
5 oA DNA to a long, single strand of RNA (ribonucleic acid). This type of RNA molecule

is known as messenger RNA, or mRNA. The mRNA forms along one of the strands
of DNA, following the principles of base pairing first suggested by Watson and
S Crick. The mRNA therefore is complementary to the DNA strand.
The mRNA strand leaves the cell’s nucleus and becomes attached to a ribosome.
At the point where the strand of mRNA is in contact with the ribosome, small
PROTEIN molecules of another type of RNA, known as transfer RNA (tRNA), which serve as
adapters between the mRNA and the amino acids, are bound temporarily to the
mRNA strand. This bonding takes place by complementary base pairing between
the mRNA codon and the tRNA anticodon. Each tRNA molecule carries the spe-
cific amino acid called for by the mRNA codon to which the tRNA attaches. Thus,
following the sequence originally dictated by the DNA, the amino acid units are
brought into line one by one and are formed into a polypeptide chain,
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THE MESSAGES OF LIFE

Biology is today on the edge of understanding how living things
live. This almost-successful search for the principle, the logic, of
life may someday enable us to control the step-bv-step development of th
the human organism, to cultivate replzecement organs ad perhaps even to
initiate life in isolated cells. A whole new world of medicine also
awaits us across this threshold of unierstanding; among the most urgent
problems which may yield to the new knowledge are the control of virus
diseases and of cancer.

This new biolog--for it is a new branching of an old discipline--

is largely concerned with the molecular facts of life. One of the most

complicated mysteries of nature is the way the tens of thousands of
chemical compounds that compose a living creature work together to cause
that creature to breath, digest and leave descendants. But this mystery
is being unraveled. Every day now brings new excitement as research

biologists draw close to its final solution. For they have discovered

that each cell of each individual contains a blueprint, and instruction

e—

manual , which gives the cell detailed instructions on what kind of

chemicals to make from the available food, on how the cell shall divide

or replicate itself, on the size and shape of the systems it shall form
(that is, elephant or mouse)--in short, how the cell should become a part
of a particular kind of living thing.

This cellular instruction manual, which biologists call ''genetic

material," possesses the extraordinary power of being able to print W7

copies of itself. These copies are then passed on to the next generation.
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In this way living things leave their descendants directions on how to
look, how to behave, how to be. The new biology seeks to read this
genetic book and to find out what kinds of instructions it transmits, how
the genetic information multiplies itself, how it acts, how it enforces
its decrees.
The gateway to this new understanding of the basic life pattern

has been found in the study of the living cell. All creatures consist

of cells and have in common cells whicii are very much alike. All cells
are made of various standardized tvpes of components. Living creatures
may, in fact, be looked upon as a series of models made of a_kind of

tinkertoy, with standard interchangeable parts. For example, the largest

and most spectacular part of every proper cell is a mucleus. This nucleus

contains the genetic material, the chromosomes, each mace up of many genes. |

The genes are made of a special gene substance found nowhere else--

~deoxyribonucleic acid, known to biologists as DNA. The DNA of the nucleus b//

contains, in coded form, all the information reguired to assemble the

individual cell-—and indeed, to assemble all the cells comprising an

entire organ.
That DNA contains--and transmits-- genetic information, was first

shown by 0. T. Avery at thke Rockefeller Institute more than fifteen years

ago. His experiment consisted of the transplantation of genetic informa-
tion from one type of bacterial cell tc another. The laboratory trans-
planation of such genetic information requires only that a portion of the
DNA of the donor cell be placed in solution, together with some of the
receptor cells. The receptor cells, in a fraction of cases, incorporate
the alien DNA into their own genetic omplement so that it becomes a

permanent part of their genetic information. 1In this way genes for
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resig;&qcs_or susceptibility to an antibiotic, or for ability or inability

to cause disease--such as pneumonia, with which Avery worked--may be

transferred from one strain of bacteria to another.

DNA has two characteristics which suit it uniquely to its role of

information bearer. The first is a structure so arranged that it can

= ——

(ij carry information. The DNA molecule is a long chain, made up of four -

kinds of links, or building blocks, whose chemical names we can symbolize

e ———————————

by the four letters, A, T. G and C. The four links may succeed one

another in any of many permutations and combinations to produce many dif-

ferent words, all written in a four-letter alphabet, the alphatet of

A, T. G and C. The DNA molecule is thus a sort of telegram, written in

DNA language, which carries messages indicating how a cell shall develop

and proliferate. We might call DNA a do-it-yourself bock of instructions

to its host cell.

(5? \/ The second unique property of DNA is its ability to produce exact

copies cf itself. DNA can so replicate because it is a twin molecule

with two long strands, each composed of the building blocks A, T, G and

C. These two strands are wound around each other to form a helix, a
— Al Aot L2
molecular barber pole. And it is a bacic law of living matter that the

sequence of the letters A, T, G and C ia the one strand determines the

sequenice of letters in the companion stramnd. A in the one strand must

'l be paired with T in the second, G with C, T with A, and C with G. The

two strands are, as biologists say, complementary. We believe that when

the DNA replicates itself, the two strands first separate, and that each
then assembles upon itself its complement, using the chemical building

blocks available in the cell. When the replication has been accomplished,

—

we have two new double strands, each indistinguishable from the original,

but bearing the same coded information as the original.
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The double-stranded complementary structure of DNA, first recognized

by James Watson of Harvard University and Francis Crick of Cambridge

University, is a coficept of grelt significance. It suggests the basic

operation by which a living organism reprcduces itself. And it appears

that of all the substances in the organism, only DNA possesses this power

of re lication: All other substances are directly or indirectly made by
the DNA. The DNA might be likened to a queen bee, hatching out workers
who cannot leave descendants. Only the queen bee can proliferate--only
the queen can produce the infertile workers and, from time to time, a new
queen bee.

The DNA is th®n a set of self-replicating inmstructions, constituting

the genetic material within the nucleus of the cell. But whence do the

1nstruct?qys come? How are they carried out? To answer these questions,
the biologi st leaves the central nucleus and he prospects in the
surrounding cytoplasm of the cell.

A cell contains of course a multitude of parts. In addition to its
nucleus, for instance, a plant cell pcssesses chloroplasts. These contain
not only the chlorophyll which makes plants green but also the machinery
for photosynthesis, which converts carbon dioxide and the energy of light

into the plant material all of us nomnplants use for food. All cells also

contain units of a smaller order called mitochondria--the cellular power-

houses which burn the food and supply the energy for our muscular work,

the operation of our nervous system and the process of chemical synthesis
within the body.

All these cellular units are small, but they are large enough to
be seen through a microscope, and biologists have been observing them

for a generation or more. To find the direct linkage between th units in

the cellular chain of command, biologists have had to descend into a still
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smaller world--a world observable only after the introduction of the
electron microscipe in the 1940's. On this minute stage--an area where
the common unit of measurement is the angstrom, or the fractional part of
one hundred millionth of an inch--the most interesting objects are the

cellular enzymes and the microsomes.

One of the triumphs of modern biology has been the demonstration
that each of the cell's chemical reactions is speeded on its course by a
specific kind of enzyme with the sole duty of hastening that particular

reaction. Because the cell carries on several thousand kinds of chemical

reactions, it contains several thousand kinds of enzyme molecules. We
e ——

know that the enzymes a cell produces are genetically controlled--that for v///

each enzyme there is a gene in the nucleus which orders the cell to make

—

that particular enzyme. Since there are about MQ_O_];;_;;_M&_
molecules in a typical cell, thers must be at least an equal number of _

genes in the nucleus of the same cell.

A striking example of this one-for-one relationship is an enzyme

found in victims of the hereditary disease called sickle cell anemia,

characterized by abnormal hemoglobin of red bolld cells. We now
recognize the cause of this enzymatic abnormality as a hemoglobin-
determining gene different from the normal.

Among the many things we know about enzymes is that each comnsists

of an unique chemical material. All enzymes are protein, that complex

material which forms so large a part of all living matter, and all are

made up of the same twenty kinds of amiro-acid building blocks. An

enzyme molecule consists of several hundred of these building blotks

linked together in a long chain. What makes a particular kind of enzyme

a unique material is the sequence of the building blocks. We may say,
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therefore, that an enzyme molecule is, like DNA, a message, but a message

written in a twenty-letter alphabet--tre alphabet of the twenty naturally

occurring amino acids.

The cellular enzymes perform various essential tasks in the trans-

formation of food into cell substance. But before an enzyme molecule
can perform its task, it must first be assembled by the cell from the
amino-acid building blocks. One of the exciting discoveries of the new

biology is how the cell makes its enzyme molecules. It is a most logical

arrangement. The cell contains superenzymes, calledlmicrosomes/*for
“

making ordinary enzymes. Though the microsome is about 100 times larger

than the enzyme molecule, it is still so small that we can see it only

with the electron microscope.

The functioning of a microsome depends upon a full set of built-in

instructions. To make one particular enzyme--the hemoglobin molecule,

for example--600 building blocks of twenty different kinds must be properly

stapled together in the correct sequer_e. The building instructions are

written in the microsome in coded form. The essential portion of the
microsome is thus a coded directive a.out what kind of ;nzyme to make
and how to make it. The building blocks of which the microsome is made
are much like those of DNA, with the addition of a single chemical group

essential to enzyme synthesis. The nucleic acid of the microsome,

ribonucleic acid, or[;;;j‘is more specific than the DNA of the genetic

material in one respect--RNA can make enzymes; DNA cannot. But DNA can

replicate itself, and RNA cannot.

Microsomes, then, make enzyme molecules. But we also know that the

DNA of the genetic material is the original source of the cell's informa-

tion about what kinds of enzyme molecules to make. Clearly the genes

/

v/
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somehow determine the kind of informztion contained in the microscme.
Microsomes, in fact, are apparently made in the nucleus and then dis-
tributed throughout the rest of the cell. Further, it appears that the
formation of microsomal RNA in the nucleus takes place only in the

presence of the DNA, for if the DNA is removed, the cell loses its power

to make microsomal RNA.

{

We do not now exactly how the genetic DNA makes the microsomal ‘J

RNA. Obviously the next great step is to find out. We could, for example,

put some DNA in a test tube and ascertain what else has to be added to
cause RNA to be made. For the present we can say that the genetic

material has two functions--(a) it can replfcate itself or (b) it can

synthesize RNA. This RNA is packaged £: microsomes which go out into

the cell and make enzymes.

The amount of information centained in the RNA of a single micro-
some is quite small compared to that contained in all of the DNA of the
nucleus. We think, in fact, that it just about equals the information

contained in a single gene. If this is true, a single microsome probably t//’

contains the message of but a single gene. One gene, therefore, would

contain the information necessary to make one kind of enzyme. To get

this information acted upon, the gene prcduces its special kind of micro-

some within the nucleus; the microsome then sifts through the nuclear

membrane and out into the cell, where it manufactures the#specified enzyme.

Since the gemetic material of the cell consists of several thousand genes,

it follows that the cell contains several thousand kinds of needed

enz es .

The success of any organism is measured by the number of descendants

it leaves. The cell that leaves the most descendants wins out and

populates the earth. But the division of cells to make more cells requires
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the multiplication of the genetic material, the replication of the DNA.
Each unit of genetic information, each gene, each chromosome, must double
before cell division can take place. The two daughter cells, products
of the cell division, each contain genetic information characktzristic of
the original parent cell--characteristic in amount and l=ind.

In terms of the cell, multiplication is the goal of life, and

multiplication is the replication of DNA. And now we can sense the logic

which requires the presence in the cell of the varied things which it

contains. The genetic material of the nucleus contains #nformation. This

information is somehow transferred to mizrosomes. The microsomes go out

into the cell and use this information to make enzymes. Some of these

enzymes make building blocks for making more enzymes. Others make

building blocks for making more RNA to :iake more microsomes. But--and

most importantly--a portion of the enzyanes are those which make building

blocks forlDNAl so that the genetic material may multiply, so that, in

turn, the cell may produce more cells. A cell is a device arranged by

the DNA to provide for its own welfare, to provide it with conditions
suitable for its own replication. We might even say the same thing for
the whole living creature.

In the logic of the living cell, then, the RNA and the enzyme mole-

cules all originate with DNA. The DNA originates from itself, using its

own body as a model. Where did the first DNA come from? The question of

the origin of DNA thus is the question of the origin of life.

No one has yet synthesized life. It should, however, be possible.

One would have to make some DNA and then put it in a soup containing the
A, T, G and C building blocks that DNA needs to reproduce itself. The

DNA to reproduce and make more DNA. Ultimately the replicating DNA would
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/
use up one or another of the ingredients--say, A--and replication wou_d
cease. Thenceforth only the occasional DNA molecule which had accuired
information on how to make A from some other precursor would be able to

reproduce.

This acquisition of new information by a DNA molecule is known as

mutation. Geneticists believe that mutation consists of litt.e errors.

which occur from time to time in the replication of the DNA. Possibly

a G 1s inserted where an A should be, or one letter is left out entirely,

or an extra letter is put in. Once made, the error is ruthless’y re-

plicated during the course of DNA multiplication--just as a priuting press

replicates all of the errors of the typesetter.

In any mutation, the altered DNA molecule will contain information
slightly different from that of its parent. Often this new and randomly
acquired information will serve no purpose. Occasionally, useful new
information will be acquired. The properly mutated molecule will have a
selective advantage over its nommutated mates-~it would be able, in our
first example, to make A building bloc!'s from some appropriate precursor
and continue the production of the sli_utly different kind of DNA. This
is natural selection at work. In time the system will run out of something
else, such as the precursor of A. Only those DNA molecules will survive
which have, by mutation, acquired the capacity of making the precursor of
A from still another precursor.

Thus we can imagine that, as the DNA molecule reproduces and
mutates in a soup containing all imaginable substances, mutation and
selection will gradually enrich the soup with those DNA molecules which

possess more and more sophisticated synthetic ability.
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This is the kind of model most tiologists today believe to bLe a
reasonable one for the origin of life on our earth. (See How Life Began,

by E. A. Evans, The Satuirday Evening Post, Novermber 26, 1960). They

conceive that aeons ago the oceans were a sort of primordial soup,

containing an almost infinite variety of organic compounds which persisted

because there were no creatures to feed upon them. The first living

creature to appear in this soup must have been a simple organism, no
more than a molecule constructed by random organic chemistry, yet a mole-

cule capable of replication and mutation, so that it could adjust to

changing circumstances. It must have been a molecule of DNA. And, over V

the ages, this aboriginal DNA molecule gained the ability, by mutation and

selection, to housé itself within membranes and to produce cells. From

cells arose, likewise by mutation and selection, the wonderful array of
living things.

A single cell is, of course, jus: the beginning of a complex
creature such as man. Each of us, hovever, does develop from a single
cell--the fertilized egg. The fertilized egg cell divides into two cells.
Each of these divides into two, and so on. As the process continues,
individual cells begin to differentiate into different types of cells--
structural cells, glandular cells, secretory cells, reproductive cells,
nerve cells. We know such differentiation consists basically of dif-
ferentiation in enzymatic constitution--different kinds of cells containing
different kinds of enzymes that, in turn, produce different structures
and functions.

But this leads to a paradox. Each enzyme is apparently produced
by a particular kind of microsome, derived from the DNA--quite possibly

the DNA of a single gene. We know that all cells of a creature have the
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same total complement of DNA and thus have all of the genes characteristic
of that creature. Accordingly we should expect all cells to contain the
same enzymes and therefore the same characteristics. How do cells of a
single creature develop into different types?

The inescapable conclusion is that all genes do not always make
their characteristic ' microsomes, their characteristic RNA. As an extreme
example, take the cells which produce hemoglobin. In these cells all
genes except those concerned with the production of microsomes for the
synthesis of hemoglobin are inert; they are inoperative. Conversely, in
the adult organism the gene for making hemoglobin is inoperative in all
of the cells except those in the bone marrow which are concerned with the
making of red blood cells.

It would appear , then, that part of the cellular system controls
the acitivity of the genes within the nucleus, determining whether a given
gene may produce its characteristic microsomes. We do mot yet understand
the nature of this control. Perhaps certain genes are responsible for
it. Perhaps part of the information in the DNA directs the use of the
rest of the information. Perhaps a portion of the DNA sends out signals
informing each gene when it should be operative and when inoperative.

If biologists can learn how to turn the genes off and on, they will

have taken the first step toward controlling the development of the _

fertilized egg into am adult organism. With such knowledge we could

remedy defects as they appear in the developing child, replace worn-out
organs and perhaps even initiate embryonic dévelopment in cells removed
from the adult body.

Many current medical problems will yield to our increasing knowledge

of cellular activity. We already know that some kinds of viruses are
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essentially pieces of DNA which can enter a cell and there replicate,
foraging on the host cell for nitrients as {hey make more viruces. This
is true of the bacteriophages, the viruses which attack bacteria. Other
kinds of viruses, including those of influenza and polio, are more complez
and consist essentially of portions of RNA.

Though we do not yet know hLow these viruses multiply, we do know
how to attack the problem. We must find out whether the host cell's
DNA is necessary for the production of the RNA of the virus--as it is for
the production of microsomal RNA--or whether the virus RNA, unlike the
microsomal RNA, can muitiply itself. Such knowledge might help us
arrest the growth of disease viruses without harming the host cells.

As for cancer, though we can now describe the various forms of this
disease and though we know there are mzny different agents, viruses and
irritants which induce cancers, we still do not understand the basic
mechanism which transforms a normal cell into a cancerous one. Possibly
a cancerous cell is one in which a large number of genes are operative,
genes which would remain inert in the normal course of development. Some
part of the carcinogenic process may cause the cancerous cell to start
producing microsomes for producing enzymes which that cell does not
ordinarily produce. Perhaps, to use an ezaggeration, a cancerous cell is
a cell in which all the genes are operative. We do not yet know the
answers-but we expect to find it.

The new biology I have described is largely concerned with the
molecular facts of 1ife. Our progress has enabled us to make more
clearly the boundary between molecular biology and the biology of even
more complex matters--human behavior, for example. A fertilized egg cell

develops into a creature--a human bein, for instance--in response to

instructions contained in the genetic material. Written down in the DNA



-

13
is a vast amount of information--instructions on how to make all the celis
and tissues and arrangements needed to assemble a man. Part of the
instructions contained in the DNA of a human being direct the Eonstruction
of a vast network of nerve cells, the brain and its associated sense organs.

Once assembled, this neural network is capable of receiving, through
the sense organs, information about the outside world. It is also capable
of storing, processing, sorting and acting on the information it receives.
Though DNA contains instructions on how to make a human brain, it does
not put information into this brain. The brain starts off with a clean
slate. Each of us gathers his own information and acts upon it in
accordance with what we learn and feel. Neurobiology, the biology of the
neural network, is supramolecular biology. Its study is a challenge for
the biologists of the future.

But the biology of today is molecular biology--life seen as the ballet
of the big molecules, the dance of the DNA. The new biology promises much
for human welfare; it has already provided much understanding. Through
it we have learned that each living creature is, biologically, a cellular
instruction manual written in symbolic genetic language, the language of

the DNA. The DNA makes the RNA; the RNA makes the enzymes; the enzymes
‘-—_ﬂw

make the bu locks for making all three. The molecular logic of
d rests on this :&;ﬁiﬁiﬁﬁiﬁﬂiﬁfﬁj

the animate
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