ymerization reaction described here
must occur on the surface of solid,
liquid, or even gaseous methane, the
yield being about 0.01 percent per
day in the top layer. Any other source
of ionizing radiation would add to this.
We suspect that this phenomenon is
general and applies to other gases as
well. It has wide implications for the
origin of the large molecules necessary
for the origin and support of life as
well as for an understanding of the
composition of meteoritic and plane-
tary matter.

DonaLp R. Davis

W. F. LiBBY

Department of Chemistry and
Institute of Geophysics, University
of California, Los Angeles 24
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Affinity and Phosphorylation
Constants for the Inhibition
of Esterases by Organophosphates

Abstract. Egquations based on the
assumption of a reversible first step in
the reaction between organophosphate
inhibitors and esterases are proposed
for the bimolecular rate constant which
now includes an affinity constant and
a phosphorylation constant. The treat-
ment applies when the inhibition reac-
tion follows first-order kinetics.

The bimolecular rate constant k. is
generally considered to be the most re-
liable criterion by which to measure the
inhibitory power of an organophosphate
for an esterase. The equation for evalu-
ating k. is based on the assumption that
the organophosphate I and the esterase
E react directly to form the irreversibly
phosphorylated active center (El.) (1).
This clearly implies that k: is simply a
phosphorylation constant. Perhaps be-
cause of this implication, studies which
have attempted to relate the structure
of inhibitors to their inhibitory power
have tended to interpret structure
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largely in terms of phosphorylation
potential. Correlation between phos-
phorylation potential, as expressed for
example by the Hammett constant (2),
and inhibitory power has in general
been only moderately good (3, 4), and
at times there has been no correlation
(5).

Inhibitory power is also expressed by
(I»), which is an empirical value, but
which may be considered as a “loosely”
defined function of k: (4).

In contrast to the assumptions on
which k: is based, it is widely accepted
that the reaction between the organo-
phosphate and the esterase probably
involves a reversible step which pre-
cedes phosphorylation and results in
formation of an enzyme-inhibitor com-
plex (EI)- (6).

The inhibition reaction is then,

k1 kp
E+ 1 === (EI), —> (EI),
= )

e i r q

where e and i are the initial concentra-
tions of £ and I, and r and g are the
concentrations of (EI)- and (EI)., re-
spectively. The individual rate con-
stants are ki, ko, and k.

The reversible step will depend on
the affinity of the inhibiting compound
for the active site and is governed by
the affinity constant K. where K. =
k:/ k.. Irreversible phosphorylation is
governed by the phosphorylation con-
stant k.

According to this interpretation, in-
hibitory power will depend on the af-
finity of the organophosphate for the
active site of the esterase as well as on
the rate of phosphorylation. But pres-
ent procedures (I, 7, 8) ignore the
possibility of a reversible step and the
consequent affinity constant. What then
is the relationship between k: as it has
been determined and K. and k,? Fur-
thermore, it seems legitimate to con-
sider whether the experimental pro-
cedures which have been used for
determining k: are adequate within the
context of a reversible step.

One possible solution is given in the
following treatment. The rate at which
(EI). is formed will be proportional to
the concentration of free enzyme (e —
r — q) and to the inhibitor concentra-
tion. For real values of i and assuming
k: > 0, it is evident that only a frac-
tion of the enzyme remaining uninhib-
ited at any instant during the reaction,
that is (e — g), will be in the form of
(EI).. If i is substantially greater than
e, it will remain essentially constant
over the course of the reaction.
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Fig. 1. Plot of the reciprocal of the inhibi-
tion rate (A#/2.303 A log v) against the re-
ciprocal of the inhibitor concentration
(1/7) according to Eq. 10 for the reactions
of DFP and malaoxon with human serum
cholinesterase at 37°C, pH 7.6. The unit
of the (1/i) scale is 10° M~ for DFP and
10* M~ for malaoxon. The slopes gives &,
the “bimolecular reaction constant,” and
the intercepts of the extrapolated lines on
the ordinate and abscissa give (—1/K.)
and (1/k,). The K. and k, values for
malaoxon were 7.7 X 10* M and 11 min™,
respectively. Corresponding values for
DFP could not be reliably determined,
although estimates were made.

The reaction between E and I fol-
lows first-order kinetics over significant
ranges of inhibitor and esterase concen-
trations when i is constant (7, 9). The
fraction of the esterase in the form of
reversible enzyme-inhibitor complex
must then bear a constant relationship
to the total available esterase. That is,
the ratio [r/ (e — )] must be constant.
The reversible reaction will then ap-
proximate a steady state at any instant
during the reaction from which,

ki (e —r—q)i= ko, 2)
and
_(e—q)i
TETK, 3

The rate of irreversible inhibition is

dg/dt =k, » 4)
Substituting Eq. 3 into Eq. 4 gives

o _
dCI/d[w«"("l“q:?ﬁ kp (e—q) (5)

According to Eg. 5 the reaction is
first-order with respect to e when i is
constant.

Integrating Eq. 5 between the limits
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g and ¢: and # and t. and observing
that log (¢ — g:)/(e — g:) = log
(vi/v:) = (A log v) for the interval
(At) (1, 8, 9), gives

1 At kp 1

TT2303algv K. Ka (O

The ratio k»/K. has the dimensions
of the bimolecular rate constant [min™
(mole/liter) ™, or min™ M™]. If the value
of K. from Eq. 3 is substituted into Eq.
5 and we place

ki = kp/Ka (7)

then

dg/dt=ki (e—q—r)i . (8)
The expression for the rate of inhibi-
tion proposed earlier by Aldridge (/) is

€))

where direct interaction of E and I to
form (EI), is assumed.

The dimensions of the k: terms in
Egs. 8 and 9 are the same, but the two
constants have different meanings. The
ki in Eq. 9 is evidently a simple rate
constant. The k: of Eq. 8 has a more
complex meaning as given by Eq. 7

and includes an equilibrium as well as
 arate constant, and the term rate should
therefore not be applied. Since both ki
terms govern the same reaction se-
quence and the term bimolecular rate
constant is widely accepted in this con-
text, it is suggested that the k: of Eq. 8
be called the bimolecular reaction con-
stant.

Substitution of Eq. 7 into Eq. 6 gives

L
K.

dg/dt =k; (e—q)i

1o A,

7 T2303al0gv (10

Equation 10 was derived on the as-
sumption of a reversible step and on
the observation that the inhibition reac-
tion is first-order when 7 is constant.
But i can be varied for different experi-
mental reactions and yet remain con-
stant over the course of any individual
reaction. Equation 10 can then be ap-
plied experimentally since various values
of (At/2.303 A log v) can be deter-
mined for corresponding values of
(1/i). Values of (A#/2.303 A log v)
are obtained from a plot of log v
against ¢ at constant i. According to
Eq. 10, the plot of (1/i) against (At/
2.303 A log v) will be linear. The slope
will be ki, the intercept on the (1/i)
axis will be (—1/K.), and the inter-
cept on the (A#/2.303 A log v) axis
will be (1/k»). :

Intersection of the axes in the pre-
dicted quadrants by the extrapolated
line would support the assumption of a
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reversible intermediate, as well as pro-
viding a means of evaluating 4» and K..
If no reversible step occurred, the line
would pass through the origin, but for
this to be conclusive, the supporting
experiment would have to include val-
ues of i and ¢ of an order which could
reasonably be assigned to K. and k.

Preliminary experiments were car-
ried out using diisopropyl phosphoro-
fluoridate (DFP) and malaoxon, (O,
O-dimethyl S [1,2-dicarboethoxyethyl]
phosphorothiolate) as inhibitors and
a commercial preparation of human
serum cholinesterase (70). Inhibitor
and enzyme solutions were mixed and
allowed to react from 0.5 to 3 minutes
at pH 7.6, 37°C. Inhibition was stopped
and the residual activity was measured
by adding the mixture to a solution of
acetylcholine substrate. The procedure
has been described in detail (9).

The results were plotted according
to Eq. 10 and are shown in Fig. 1.
Both plots are reasonably linear. Ex-
trapolation of the line for malaoxon
gave intercepts from which significant

values of k» and K. were calculated, but -

the intercepts of the line for DFP were
too close to the origin to be of real
significance. The results with mala-
oxon supported the proposed treatment.
Because of experimental limitations
those with DFP were inconclusive.

A value for k: can be calculated for
each point in Fig. 1 either by the equa-
tion of Aldridge (), where

_ 2.303Alogv 1

ki At i

or by rearranging Eq. 10, from which

__2.303Alogv(i‘ _.L)
k=5 Ftx) 4D

When calculated by Eq. 11, k: val-
ues for malaoxon inhibition increased
progressively from 7.7 = 0.4 X 10° to
1.36 == 0.12 X 10'M™ min™ as { in-
creased over the range, 5 X 10 to 5 X
10 M. The average k: was 1.17 ==
0.25 X 10* M min™, When calculated
by Eq. 12, from the value of K. ob-
tained graphically (7.7 X 10™ M), the
average was 1.42 =+ 0.11 X 10* M*
min™ and k: did not vary significantly
with change in i. ’

A similar analysis for DFP gave an
average k: of 4.18 =+ 0.71 X 10° and
a lowest value of 2.96 == 0.34 X 10°
M™ min™ at the highest DFP concen-
tration (2 X 10 M). These differ-
ences were barely significant, but to-
gether with the intercept values they
suggested K. and k» values in the order
of 1 X 10° M and 30 min™.

(11)

Determination of k: based on Eq. 11
is then valid only when K. is several
times i, and the present results suggest
that k: should be determined over a
range of inhibitor concentrations. In
addition, the present treatment or in-
deed that of Aldridge (I) should only
be applied if the plots of log v against
t are reasonably linear.

A. R. MaNn
Pesticide Research Laboratory, North
Carolina State University, Raleigh
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Distribution of Narrow-Width
Magnetic Anomalies in Antarctica

Abstract. Data for aeromagnetic pro-
files obtained in Antarctica during the
196364 austral summer were used to-
gether with earlier results to construct
a map showing the areal distribution of
narrow-width magnetic anomalies. Nu-
merous anomalies are associated with
known volcanic mountains in western
Antarctica. A large area of few anom-
alies is probably a result of an extension
of the thick metasedimentary section
observed in the Ellsworth Mountains.
Portions of the Trans-Antarctic Moun-
tains have associated anomalies which
are probably caused by late Cenozoic
volecanic rocks.

Two field investigators (1) from the
University of Wisconsin flew approx-
imately 48,000 km of aeromagnetic
profiles in Antarctica from November
1963 through January 1964. They used
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