Racemization and Epimerization

In recent reports (I) the term ra-
cemization is used inappropriately.

It is stated in both reports that L-
isoleucine racemizes to D-alloisoleucine.
This reaction is epimerization, not
racemization. Racemization of L-iso-
leucine results in the formation of DL-
isoleucine. As stated in Eliel (2):
“racemization is the process of produc-
ing a racemic modification starting with.
one of the pure enantiomers.”

WALTER T. SMITH, JR.
Department of Chemistry,
University of Kentucky,
Lexington 40506
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In the strictest sense Smith is correct
in pointing out that the reaction is
epimerization, not racemization. In a
practical sense, however, the use of the
term racemization may be justified or
at least rationalized.

In geochemical situations configura-
tion changes of amino acids involve
asymmetric centers attached to amino
and carboxyl functions. Centers not at-
tached to these functions remain fixed.
Although isoleucine, for example, has
two centers it is only at the carbon
next to the carboxyl that the configura-
tion changes. Therefore, so far as the

Was the Moon Originally Cold?

Recently several vigorous attacks
have been made on the idea of a cold
or cool origin of the moon. Since this
idea was first definitely stated by me
(1) and since there is considerable
misunderstanding of what is involved,
I would like to explain the origin and
purpose of the suggestion and my pres-
ent ideas in regard to the problem.

Brown (2) pointed out that the ratio
of ‘the polar flattening of Mars to the
ratio of centrifugal force at its equator
to its gravitational force was sufficiently
large to suggest that it had no core.
Reviewing the evidence led me to con-
clude that this was the case. The planet
accumulated at low temperature, and it
had not become sufficiently hot, owing
to radioactive heating, to form a core.
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molecule is concerned, isoleucine reacts
with regard to changes in configuration
in the same way as any amino acid
with a single asymmetric center.
Most amino acids have single asym-
metric centers and can undergo race-

mization. Exactly the same reaction can

take place with isoleucine, but because
of definitions, a different name is giv-
en—epimerization. Use of the term
racemization does not seem to create
any confusion even when applied to
amino acids like dsoleucine which have
two centers only one of which is in-
volved in configuration changes. Cer-
tainly when a collection of L-amino
acids undergoes reactions yielding DL-
amino acids the term racemization
seems adequate even though a few of
the amino acids in this collection may
have two asymmetric centers.

In earlier geochemical literature (1)
the term racemization has been em-
ployed in a general, practical sense and
can be justified in the light of the argu-
ments just presented. When future
work is done in organic geochemistry,
however, all authors probably should
consider using the term epimerization
where applicable.

KEertH A. KVENVOLDEN
Ames Research Center,
Moffett Field, California 94035
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Today, it still seems that this is the
case. Mars has no magnetic dipole field,
and the constants still seem to be in ac-
cord with this conclusion.

This led to the question as to whether
the earth was formed as a mixture of
metal and silicate rocks without a metal
core and had formed such a core dur-

ing its history. It is generally believed

that, if this is the case, the core was
formed early in terrestrial history. The
changing moment of inertia has pro-
vided a way of separating the moon
from the earth by those who favor this
origin. Also, single cell convection in
the earth, which is possible only in an
earth without a core, has been a favor-
ite explanation in the theory that all
the continental masses formed on one

side of the earth and were subsequently
scattered over the earth by several
convection cells which developed later,
after a core had formed. The timing
of these events proved to be very diffi-
cult, and this theory is generally not
thought. to be true.

Was the moon also formed in a low-

temperature condition? Its moments of

inertia deviate markedly from those
expected for a body under the forces of
rotation and terrestrial tidal effects, and,
if the moon is a body whose density
does not vary with angular position, a
stress of 19 bars should exist at the
center of the moon, implying consid-
erable strength somewhere in the body
of the moon. Also, high mountains
exist on the moon, and, since moun-
tains on the earth are in fairly good
isostatic adjustment, it appeared that
the moon’s mountains, if they had no
low density roots, were now supported
and had been supported throughout
lunar history by more rigid rocks than
now exist below the earth’s surface.
Thermal calculations made in the early
1950’s indicated that this was difficult
to explain unless the moon began its
history at a fairly low temperature.
No one was very happy about this
conclusion. My co-workers and I (3)
suggested the formation of the moon
from a limited number of objects of
variable density, which made possible
a statistical variation of density along
the three axes, and thus permitted
isostatic conditions in the moon as a
whole but also permitted the observed
variation in moments of inertia. Levin
(4) pointed out that lower tempera-
tures at the poles were another way
of securing density variations at the
polar and equatorial regions, Runcorn
(5) has argued for deep convection
currents that produce similar effects.
Others (6) have pointed out that a
cold outer shell of considerable thick-
ness would support the variations re-
quired and yet permit a hot interior.
The past history of the moon has al-
ways been a problem in some theories,
for the various differences in moments
of inertia that have been produced im-
ply the ability of the surfaces to move
at one time and then to freeze later.
There was no change in this situa-
tion until Muller and Sjogren (7) dis-
covered positive gravitational anomalies
and, thus, the mascons in the circular
maria and a few other places. Although
I had suggested the presence of metal
masses in these maria (8), this discov-
ery was a surprise to me and to every-
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one. The excess masses required in the
larger maria are very large, and, since
the maria are not elevated above
the surrounding area—in fact, they
are depressed areas—the total masses
must be several times the excess masses.
Thus, if the mass in Mare Imbrium has
a density that is 10 percent larger than
the mean density of the surrounding
material, it would cover the inner area
of the mare (680 km in diameter) to
a depth of 12 km. (This area is slightly
less than the area of California.) The
excess pressure beneath the mass, if
the object covers this entire area, is
70 bars. If the object is metallic iron,
the mass is less but the excess pressure
remains the same. The support of these
masses requires great strength in the
moon, and this strength has been re-
quired since their formation, presuma-
bly since the very early history of the
moon. One must conclude that the
radioactive heating of the moon has
not been sufficient to weaken an outer
rigid shell that supports the mascons.
If the potassium, uranium, and thorium
concentrations in the moon are equal to
those of the chondritic meteorites, this
is very difficult to understand, even if
the moon’s interior began its history
at 0°C. After Wasserburg et al. (9)
pointed out that the concentration of
potassium in the earth is probably much
less than this concentration in chon-
dritic meteorites, I made calculations on
the thermal history of the moon (10),
which indicated that lowered concen-
trations of potassium would indeed
meet this difficulty. MacDonald and I
(11) have therefore adopted the potas-
sium abundances of the type III car-
bonaceous chondrites.

The demonstration by Turkevich et
al. (12) that the surface regions of the
moon were highly differentiated, and
the subsequent confirmations of these
results by the analyses of samples from
the Apollo 11 and Apollo 12 missions,
showed that both titaniferous basalt
and anorthosite were present on the
lunar surface; thus, a modification of
previous ideas in regard to lunar struc-
ture was required. A model of a melted
surface layer and a cool interior for the
early structure of the moon was
adopted (73). It was assumed, and is
now assumed, that the mascons are sup-
ported and were supported throughout
the moon’s history on the originally cool
interior, which has not become so hot
that the maria surfaces and their mas-
cons could sink about I km and re-
move the anomaly. It appears that a
general surface layer of anorthositic
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material must cover the entire moon
and that a basaltic type of material
has flowed out over the anorthositic
material in the area of the maria. This
follows from Turkevich’s results and
from the work of others [see Wood
et al. (14)]. The dating of the rocks
shows that an early melting occurred
some 4.4 to 4.6 eons ago and was
followed by other melting processes
up to about 3.25 eons ago to produce
the basaltic rocks and some more acidic
ones. This model for the moon is un-
der active discussion at the present
time, and Baldwin (/5) has proposed
a very similar model recently. He sug-
gests collisional heating as a method
of heating the outer regions and leav-
ing the interior cold, but I find it diffi-
cult to believe that a very substantial
fractionation process could exist while
temperatures could simultaneously be
maintained by a collisional process
that would mix materials badly. I have
suggested in the past that collisions
produced melting. Although I still be-
lieve that some melting may have oc-
curred in collisions, I doubt that this
was the principal source of energy to
produce any large melting processes on
the moon. In particular, anorthosite
melts at fairly high temperatures and
would hardly be, as Baldwin suggests,
the first fraction of approximately
meteoritic material to melt below the
surface and to flow out like terrestrial
lava. A very puzzling part of lunar
history is the necessity for a surface
melting to have occurred some 4.5
eons ago, followed by a cooling, to
produce rigid rocks at a time when
radioactive heating within the moon
was at a maximum. The intense colli-
sional processes that produced the many
craters on the highlands of the moon,
including the craters Albategnius and
Ptolemaeus with their negative gravi-
tational anomalies and the great colli-
sional maria and their positive gravi-
tational anomalies, followed this cool-
ing process. Then, some 10° years later,
melted rocks were produced, presum-
ably by radioactive heating processes,
when the concentrations of radioactive
nucleids had decreased substantially!
Some physical explanation of this diffi-
culty is required, and such will be
attempted in the near future (16).
Recent physical observations bear on
these problems. The present interpre-
tations of the seismic evidence indicate
that no solid sheets of silicate rocks
exist below the surface of Oceanus
Procellarum (77). These areas may
be ash flows containing liquid masses

that have solidified. Also, the studies
of the flow of magnetic fields over the
moon appear to indicate moderate tem-
peratures at the present time, which is
quite consistent with a lower tempera-
ture history in the past (18).

The idea that the moon may have
been formed at low temperatures, with
melting produced by collisions, was
developed about 20 years ago, and I
disagree with many things that I ad-
vanced at that time, when little detailed
information was available. If one waits
for detailed information before attempt-
ing interpretations of the data avail-
able at an early stage, one is less likely
to make mistakes. However, in the case

“of an initially cool moon, it seems that

I was more right than wrong, as will
be recognized by those who attempt
to understand the arguments. At no
time have I thought that the interior
of the moon is cold at present. To me,
the present moon has always been on
the verge of melting and assuming an
equilibrium shape as a whole. Since
the discovery of mascons, I have
wondered whether, after some 4.5 bil-
lion years, these objects might not
settle about 1 km and remove the
anomalies. But also, I find it difficult to
understand how these objects could
have been supported by the moon if it
were at the melting point throughout
at the time of origin or if it had pro-
duced massive lava flows from the in-
terior at some time in its history. If
the far side of the moon had faced
the earth instead of the near side,
there would have been little contrary
argument until analyses become avail-
able. But the additional data present
problems to those of us who try to ac-
count for all the lines of evidence.
Harorp C. Urey
University of California
at San Diego, La Jolla 92037
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Characterization of Virulent Bacteriophage Infections

of Escherichia coli in Continuous Culture

There are several points in the article

by Horne (/) on bacteriophage infec- .

tions in continuous culture which de-
serve comment. He reported only mea-
surements of plaque titers and of viable
bacteria but was able to note changes
in both the bacteria and phage with
time. We have studied a very similar
system of Escherichia coli B with T2
phage in which a more detailed popu-
lation analysis was performed (2, 3).
It was shown that resistant strains in-
creased dramatically, but sensitive or-
ganisms persisted as a significant pro-
portion of the total cells. Although
Horne states that no regular pattern
could be discerned in the first 20 to 40
hours, we observed a definite relation-
ship in which bacterial peaks and de-
clines were followed by corresponding
fluctuations in phage titer.

Although there are probably differ-
ences in the behavior between T2 phage
and the T3 and T4 phages studied by
Horne, he described only one new type
of phage appearing, whereas we noted
several distinct phage mutants based on
plaque morphology (3). In contrast to
the parent organism, our T2 resistant
bacterial cells formed mucoid colonies
on nutrient agar and could not be in-
fected by high concentrations of stock
T2 phage. Resistant cells had the com-
mon property of having thick capsules,
but the sensitive cells showed none.
However, capsulation of a culture prior
to infection was found to offer only
partial protection against phage attack
4).

Although Horne successfully main-
tained his systems for very long periods
of time, we think that his dilution rate
(0.04 hr—1) was relatively low so that
his observations were complicated by
the presence of too many cells not in
the active growth phase, a condition
necessary for phage production. Fur-
thermore, many significant details of
population behavior were missed by not
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distinguishing between the various types
of cells present. Viable cells, total cells,
infected cells, sensitive uninfected cells,
and resistant cells can all be measured,
and such data do elucidate the evolu-
tion of cell types. The systems are
much more complex than Horne’s lim-
ited data would suggest.

Many investigators use chemostat to
refer to a continuous culture system,
but to avoid confusion, we are of the
opinion that this bacterium-phage cul-
ture was not in chemostasis as implied
by the title of the article.

M. J. B. PAYNTER

H. R. Buncay, III
Microbiology Section, Division of
Biology and Division of Interdisciplinary
Studies, Clemson University,
Clemson, South Carolina 29631
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My report (I) gave some prelimi-
nary findings of a study which investi-
gated the usefulness of this system as a
model of host-parasite, prey-predator
situations, to which it has many- anal-
ogies and where mathematical formula-
tion is simplified by the absence of a
search component. Emphasis was placed
on the effects on the components of
the population of selection over very
extended periods of time (2). The pub-
lished data were of populations grow-
ing at a low rate chosen as typical of
some natural and seminatural habitats
of these organisms where many bac-
terial cells may be growing extremely
slowly (3), a condition which does not
preclude phage growth. However, popu-

lations of Escherichia coli B and phages
T3 and T4r have been grown at higher
dilution rates (0.16 hr—1), These
similarly come to an equilibrium, the
stability of which increases with time;
they differ from slower growing popu-
lations by maintaining relatively higher
titers of the phage component during
each stage of the interaction. Inverse
correlations of phage and bacterial
numbers are common in the early
stages of such interactions [figure 1 in
(1)], but regularity of the amplitude
and frequency of the cycles, even after
an extended period of coevolution, is
not found and is probably not to be ex-
pected where the potential rates of in-
crease of the two components are so
very different.

That coevolution of the components
of these populations involves  several
successive changes in the relationship
of bacterial resistance and phage host-
range is generally accepted (4). Many
hundreds of phage-resistant mutants
(5) and of phage host-range mutants
(6) have been isolated. A frequent
characteristic of the former is a “wa-
tery” or “mucoid” appearance of the
colony (5).

Evidence of the heterogeneity of the
phage component in continuous cul-
ture populations is reflected in the di-
verse plaque morphology which is a
normal feature of the early stages of
the interaction. However, here the use-
fulness of such mutants is limited since
mutations expressed as differences in
plaque morphology do not necessarily
correspond to differing abilities of the
phage to reproduce in the selected pop-
ulations. Also the extreme minuteness
of plaques isolated from later stages of
the interaction—reported not as a new
mutant of the phage T3 but as a char-
acteristic of all T-series phages grown
in such populations and probably re-
sulting from an accumulation of many
mutations affecting the reproductive
capacity of the phage—makes categori-
zation of the phage mutants by plaque
morphology unsatisfactory.

M. T. HorNE
University College of North Wales,
Bangor, Caernarvon, United Kingdom
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