set the result equal to zero, giving
dR/R =cot i di. From the American
Ephemeris (8) we may obtain i, di,
R, and dR tabulated for various
dates. Then by substituting we obtain
the time when any shadow, as seen
from Earth, subtends its maximum
angle. We find that this occurs on Feb-
ruary 25.3 (Universal Time). A second
such occurrence, after opposition, is
on June 11.1.

Around the two periods of optimum
visibility there occur intervals of “good”
visibility, defined by r > 0.7 r (second
maximum). For the coming opposition

_these intervals are from February 1.7
to March 15.0 and from May 9.2 to
September 3.0, 1967. :

Up to this point we have considered
only the Earth-Mars geometry as a
criterion for visibility of Martian re-
lief. However, there are certain com-
plicating factors that should also be
considered. Among these are light scat-

tering and contrast vitiation by the

Martian atmosphere. The scattering and
contrast vitiation will be proportional to
the Martian air mass along the line of
sight, or sec @, where g is the zenith
distance of Earth as seen from the top
of the prominence. For 8 we may sub-
stitute 90°—(i + y). Then atmospheric
contrast vitiation will be proportional
to sec [90°—(i + y)], which is csc
(@ + ). The subtended angle of the
shadow o is also proportional to csc
v- Therefore, for any value of i the
reduced contrast with decreasing y just
balances the increase in visibility due to
shadow length. The decreasing contrast
with decreasing i, however, makes it
clear that observations made near op-
position are not likely to succeed.
Another complicating factor is the
frequent presence of morning haze
along the sunrise terminator and the
less-frequent evening haze along the
sunset terminator. Both the morning
and evening haze can be avoided by

1,000 = o
MAR 2

0.750 |= MAX 1 o

0.500 = o]

0.250 [~ -

1 1 ' 2 I 1
460 500 540 580 620 660 700 740

J.D. 2439

Fig. 2. Relative visibility of shadow relief
r plotted against Julian Date. Maximum
relative visibility before opposition occurs
at J. D. 2,439,546.8 which is February
25.3, 1967. Similarly, maximum relative
visibility occurs at J. D. 2,439,652.6, June
11.1.
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3-phosphate or

observing well away from opposition.
Also the greater frequency of morning
haze favors observations made before
opposition.

With all these factors considered,
probably the best times for observing
Martian relief during the coming op-
position will be between 1 February
and 1 March and between 1 June and
15 August 1967.

D. H. Harris
Lunar and Planetary Observatory, and
Steward Observatory,
University of Arizona, Tucson
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Aldolase Reaction with Sugar Diphosphates

Abstract. Xylulose-, fructose-, and octulose-diphosphates are substrates for
rabbit muscle aldolase with essentially identical K,, values, but they are cleaved
at different rates. After treatment with carboxypeptidase, chymotrypsin, or subti-
lisin, aldolase cleaves all of these substrates at the same (deceased) rate; the
modified aldolase preparations are also equally impaired in their ability to
catalyze the detritiation of specifically labeled dihydroxyacetone phosphate. These
results suggest that aldolase exhibits “induced fit,” in which the rate of cleavage
is determined by the distance between the sites on the protein to which the
two phosphate groups of a substrate are bound. The activity of the modified
aldolases is limited by a step involving making or breaking a carbon-hydrogen

bond.

Rabbit muscle aldolase cleaves fruc-
tose-1,6-diphosphate (FDP) or several
analogs reversibly to dihydroxyacetone
phosphate (DHAP) and glyceraldehyde-
corresponding  alde-
hydes (I). In the absence of an alde-
hyde, aldolase catalyzes a stereospecific
exchange of one hydrogen atom of
DHAP with the hydrogen of water (2).
Drechsler et al. (3) showed that the
cleavage of FDP is reduced to about
5 percent of the original rate when
aldolase is treated with carboxypepti-
dase, and Rutter et al. (4) showed a
simultaneous decrease in the rate of
liberation of tritium from labeled DHAP
to about 0.1 percent. These effects of
carboxypeptidase treatment were inter-
preted by Rose et al. (5) to be caused
by an alteration in the ability of aldol-
ase to catalyze the partial reaction in
which the carbon-hydrogen bond of
DHAP is made or broken; this step
becomes rate-limiting after carboxy-
peptidase treatment.

Among the many aldehydes that can
replace glyceraldehyde-3-phosphate in
the condensation reaction are glycolal-
dehyde phosphate and ribose-5-phos-
phate, which produce xylulose-1, 5-di-
phosphate (XDP) and an octulose-1,8-
diphosphate (ODP), respectively. Xylu-
lose-diphosphate and ODP were syn-

thesized by aldolase with either FDP
(plus triose phosphate isomerase) or
DHAP with glycolaldehyde phosphate
and ribose-5-phosphate. The condensa-
tion products were purified by chroma-
tography on columns of Dowex-1 for-
mate according to the procedure of
Bartlett (6). The fractions containing
substances that gave a positive reaction
for a substrate in the spectrophoto-
metric assay with aldolase, glycerophos-
phate dehydrogenase, and reduced di-
phosphopyridine nucleotide (DPNH)
were pooled and freed from the
ammonium formate buffer by passage
through a column of Dowex-50-H+
followed by extraction with ether. The
sugar components were identified as
pentose by the reaction with orcinol
(7) or octulose by the reaction with
cysteine and H,SO, (8). Purity of the
sugar diphosphate was established by
the presence of two organic phosphate
groups per potential DHAP in the spec-
trophotometric assay.

The longer and shorter analogs were
compared with FDP as substrates for
aldolase by determination of K,, and
Viax values (9). Contrary to expecta-
tion, the data of Table 1 show that the
distance between phosphate groups
makes no significant difference in
the binding of the three substrates
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Table 1. Aldolase reaction with sugar diphosphates.

Native aldolase

Carboxypeptidase-modified

aldolase
Substrate Vomax Vs
K. (umole K,, (umole
min~! mg-) min-* mg-t)
XDP 5 X 10°M 1.9 5 X 10-°M 0.38
FDP 3 X 10°°M 6.3 3 X 10°M 0.31
oDp 2 X 10°°M 0.78 6 X 10-°M 0.375

to the enzyme. Ginsburg and Mehler
(10) have shown by equilibrium dialysis
measurements that aldolase has three
pairs of binding sites for phosphate
and that each pair binds a molecule
of FDP. The K,, determined kinetically
is essentially identical to the dissocia-
tion constant calculated from binding
studies. In contrast to the identity of the
binding of the three sugar diphosphates,
as shown in the table, the analogs are
split at slower rates than FDP.

When carboxypeptidase-modified al-
dolase was studied with these substrates,
the K,, values were found to be es-
sentially unchanged, but the V ,, values
were all reduced to a common value,
about 5 percent of the V,,, for FDP
with native aldolase.

These results permit two conclusions
to be drawn. First, they confirm the
interpretation of Rose et al. (5) that
the rate-limiting reaction with native
aldolase precedes the formation of an
enzyme » DHAP complex and that C—H
bond making or breaking in the for-
mation of DHAP becomes limiting
after carboxypeptidase treatment. In the
case of FDP cleavage it was shown
by Rose et al. that the breaking of the
C—C bond was not affected by carboxy-
peptidase treatment, since the rate of
exchange of the aldehyde portion with
glyceraldehyde-3-phosphate  was not
changed. :

Assuming that all of the substrates
react by a common mechanism, it would
be expected that the rates of the cleav-
age step for XDP and ODP would be
similarly unchanged, but that the net
reactions would be limited by the C—H
step, as shown for FDP. The substrates
that react at different rates with native
aldolase participate in analogous but
different rate-limiting reactions; after
modification of the enzyme they pro-
duce the same enzyme-DHAP complex,
which dissociates through the same
rate-limiting step.

Second, the data indicate that the
induced-fit concept of Koshland (1)
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applies to aldolase. The structures of the
three substrates are identical at the first
four carbon atoms, which include all
of the structures required for reaction.
The only differences are in the length
of the sugar, which can determine the
position of the second phosphate group.
Since this group is important in binding
the substrate to the enzyme at a spe-
cific site, it may be considered that
the location of the second binding site
relative to the first is not fixed, but
is determined by the substrate. The ve-
locity of the rate-limiting step in the
reaction of the native aldolase is then
determined by the conformation of the
enzyme produced by combination with
the substrate.

Since substrates that lack a second
phosphate group (fructose-1-phosphate,
for example, with a K, about 100
times that of FDP) are split by aldolase,
the conformation produced by binding
at two sites cannot be considered to be
necessary for enzyme activity, but the
change in protein structure caused by
binding of the second phosphate must
bring at least one group into proximity
to the substrate to facilitate reaction.

An alternative explanation for data
such as those of Table 1 was suggested
by Jencks (12), who proposed that mole-
cules of different sizes could bind to
an enzyme with the same K, by un-
dergoing different “strains,” and that
the increased binding energy of the
favored substrates is balanced by the
energy required to induce strain and
thereby reduces the activation energy
of the catalytic reaction. While this
explanation might apply to the compari-
son of FDP and ODP, it is difficult
to apply it to the case of XDP; XDP
has only five carbon atoms, four of
which bear substituents essential for
reaction with the enzyme and the fifth
of which bears the second phosphate
group that participates in binding. If
aldolase were a rigid molecule with
binding sites for phosphate that could
be bridged by XDP, the rate of cleavage

of XDP would be expected to be at
least as fast as that of FDP, which
has more flexibility because of its ex-
tra carbon.

Another possibility to be considered
is the suggestion of Hartman and Bark-
er (I3) that several anomeric forms
of the substrates may exist and, as
analyzed by Rose (I4), if only one of
these is a true substrate, the V., meas-
ured may not be a true value because
of the presence of a form of the sub-
strate that acts as a competitive in-
hibitor. If such forms indeed exist, they
should inhibit the reaction with modi-
fied aldolase as well as that with the
native ‘enzyme. Also, the forms to be
considered as possible alternatives for
the sugar diphosphates are open chains
and cyclic hemiacetals. Since XDP can
exist only as an extended chain, the
enzyme can see only one (reactive)
form of this substrate, which, however,
is split more slowly than FDP, which
can exist in a furanose ring. It is
concluded, therefore, that the rates of
reaction observed with native aldolase

represent the rates of cleavage of the

C—C bond and that this rate is modified
by the conformational changes in al-
dolase as it adjusts to substrates of dif-
ferent chain lengths. When aldolase
is modified by carboxypeptidase, the
C~—H bond making or breaking becomes
rate-limiting and differences in rate
caused by C—C splitting are not seen.
It is of interest in this connection that
the rate of cleavage of sugar diphos-
phates by the modified aldolase is the
same as the rate of cleavage of fruc-
tose-1-phosphate by both native and
modified enzymes (3). It seems prob-
able, therefore, that the reaction with
a substrate lacking a second phosphate
is .limited by the inability of this sub-
strate to bring about a conformation-
al change through binding of a second
phosphate and that the group that fails
to participate in the acceleration of
catalysis is the same group that is af-
fected by carboxypeptidase treatment
of aldolase.

The removal of three C-terminal ty-
rosine residues by carboxypeptidase
(3) is not a specific treatment to alter
the kinetic properties of aldolase. Sub-
tilisins A and B (/5) and chymotrypsin
(Worthington) also modify aldolase by
cleavage at as-yet unknown positions.
With all of these enzymes, aldolase
activity with FDP is reduced to a final
constant value of 5 percent. The K,
and V.. values of the stable products
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of these proteolytic enzymes are identi-
cal to those found with the carboxy-
peptidase altered aldolase. All of the
degraded enzymes are equally de-
pressed in the ability to catalyze the de-
tritiation of labeled DHAP (5), consist-
ent with the conclusion that a single
step in the overall process has been
affected.

Although several proteolytic enzymes
with different specificities produce the
same changes in the catalytic proper-
ties of aldolase, this enzyme should not
be considered as a structure so deli-
cately poised that every peptide bond
is essential to maintain the most effi-
cient catalyst. Aldolase-T, prepared by
Szabolcsi and associates (/6) by treat-
ment of a pCMB derivative of aldolase
with trypsin, has only slightly reduced
activity in the usual assay and shows
only a proportional loss in the detri-
tiation reaction (17).

ALAN H. MEHLER
MarsHALL E. Cusic, Jr.
Department bf Biochemistry,
' Marquette University School of
Medicine, Milwaukee, Wisconsin 53233
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Fossil Alpha-Particle Recoil Tracks:
A New Method of Age Determination

Abstract. The discovery of a new type of fossil nuclear track in mica is
reported. This track is produced by the recoil nucleus accompanying the
a-particle decay of uranium and thorium impurities. The tracks are very short
and can be seen with phase contrast microscopy. Measurement of fossil a-recoil
track densities, coupled with determinations of the thorium and uranium con-
tents, provides a new dating technique analogous to the previously discovered
“fission-track method.” The primary advantage of the a-recoil method is d
several-thousand-fold increase in sensitivity over the fission-track technique.
The o-recoil method should also prove useful in studying the problem of

extinct isotopes in meteorites.

It has been known for some time that
fission fragments from the spontaneous
fission of U238 produce stable-track
latent images in a variety of materials
(1, 2). These latent images can be
developed by a chemical etching tech-
nique to the point where they are
easily visible in an ordinary optical
microscope. Measurement of the densi-
ty of ancient (fossil) tracks followed
by a reactor irradiation and a sub-
sequent track count forms the basis of
the  “fission-track dating method” that
has been successfully applied to a va-
riety of terrestrial samples ranging in
age from 20 years to 1.5 X 10° years.
In meteorites, excess fission tracks (de-
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fined as the number of tracks over and
above the number expected from
spontaneous fission of U238), have been
interpreted as arising (3) from the
spontaneous fission of the now-extinct
isotope Pu24¢. Using phase contrast mi-
croscopy we have seen a new kind of
fossil track. Figure 1A shows a normal

fission track in etched mica observed °

with transmitted light. Figure 1B shows
the same sample illuminated with a Zer-
nicke phase-contrast system in a Leitz
microscope. Numerous shallow etch
pits, invisible in normal illumination, are
apparent in the phase-contrast picture.
These shallow pits are in reality very
short etched tracks.

That the small tracks are produced
by the heavy recoil nuclei accompany-
ing q-particle emission of uranium and
thorium impurities is shown by the
following: (i) The ratio of small tracks
to spontaneous fission tracks is approxi-
mately constant in samples with very
different uranium concentrations; (ii)
the depth of the shallow pits, or track
lengths, inferred on the basis of the q-
recoil hypothesis agrees with the experi-
mental value obtained by electron mi-
croscopy; (iii) the measured length is
also compatible with the theoretical
range of q-recoils; and (iv) an q-emit-
ter, Th228, placed next to annealed mica
produces new shallow pits with the
proper frequency.

Fossil fission tracks are produced al-
most completely by U238, On the other
hand, a-recoil tracks are produced by
both U and Th. The ratio of small
tracks to fission tracks should thus be
expected to vary for different samples
depending on Th/U ratio. However,
since the ratio of Th to U does not
vary much in nature (4), one might
expect to find a roughly constant ratio
of a-recoil to fission tracks. To check
this point we made track counts in five
samples of muscovite mica etched for
2 hours at 20°C in 48 percent hydro-
fluoric acid, and in one sample of
phlogopite mica etched for 60 seconds
in the same solution. Although the fis-
sion-track density varied by a factor
of 30, ranging from 5 X 102 cm—2 to
1.5 X 10* cm~—2, the ratio of small
tracks to large tracks was approximately
constant, varying from 2.3 X 103 to
4.5 X 103 with an average value of
3.5 x 108, v

Only tracks that intersect a free
surface can be revealed by the acid
attack. The density of revealed tracks is
thus proportional to the etchable track
length. Specifically the density of fission
tracks is given with reasonable preci-
sion by the following relation (2)

pt = N, CyA:(U)T R: )

where )\; (U) is the decay constant for
spontaneous fission, Cy is the concen-
tration of uranium, R; is the total etch- -
able range of the two fragments emitted
in a single fission, T is the time and
N, is the number of atoms per cubic
centimeter.

The corresponding relation for the
density of a-recoil tracks is

pa = No CuA(U) T R,
+ No CTh )\a(ﬂl)T Ra
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