
mosome No. 2 would be 33 percent 
and, by subtraction, that it is on No. 
4, 67 percent. A further calculation in- 

volving assumptions about the genetic 
distance between the break points of 
the inversion and the translocation on 
the long arm of the No. 2 chromosome 
does not appear to refine this estimate. 
The data suggest that the most prob- 
able location of the MN locus is on the 
distal segment of the long arm of chro- 
mosome No. 4, in a region which was 
perhaps deleted in the child reported 
by German et al. 
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Photoreception in Limulus: Role 

of an Electrogenic Sodium Pump? 

Smith et al. (1, 2) reported electro- 

physiological observations on the photo- 
receptor cells in the ventral eye of 
Limulus. They maintain that their re- 
sults cannot be explained by the con- 
ventional sodium permeability increase 
mechanism, but that a sodium pump 
with varying electrogenicity must be 
invoked. However, they do not appear 
to have taken into account the very 
much higher ratio of surface to volume 
of the Limulus rhabdome (3), as com- 

pared to that of the nerve axon. Where- 
as the internal ion concentrations in the 
axon change very little after an im- 

pulse (4), stimulation of a photorecep- 
tor cell can cause very substantial 

changes in ion concentrations in the 

photoreceptor elements (5). 
The normal resting potential (- 60 

mv) and the peak receptor potential 
(+ 30 my) in the Limulus photorecep- 
tors (1, 6) can be readily derived from 
the Goldman equation 

E R RTn [K,] + a[Nal] + b[Clo] 
F [Ko] + a[Nao] + b[Cl] 

By substituting Adams and Haginse val- 
ues for the internal and external ion con- 
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By substituting Adams and Haginse val- 
ues for the internal and external ion con- 
centrations in squid photoreceptors (7) 
and values of a = 24 X 10-4 and b = 
0.14 for the resting squid axon (8), we 
calculate - 65 mv for the resting poten- 
tial. If we assume a sodium permeability 
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increase upon light stimulation, and take 
a = 10 (4, p. 42) then a value of + 30 
mv is obtained for the receptor po- 
tential (RP). The ion concentration 
changes, resulting from the large sur- 
face area of the membrane, would then 
preclude total recovery, and in the 
light the potential would remain about 
zero (1, 6). The essential role of the 
sodium permeability increase is sup- 
ported by the fact that the RP is abol- 
ished by tetrodotoxin (9) and by the 
removal of sodium ions from the bath- 
ing solution (1, 2). As might be ex- 

pected from the Goldman equation, the 
absence of external chloride ions has 
little effect on the resting potential or 
the RP (1). 

Cooling the preparation, removing 
potassium ions from the bathing solu- 
tion, or adding ouabain or calcium have 
essentially similar effects; they all re- 
sult in an inhibition of the sodium 
pump, and in photoreceptors this in- 
hibition would lead to a rapid change 
in ion concentrations and a depolari- 
zation of the membrane potential. Axon 
studies have shown that a depolariza- 
tion also leads to an increased conduct- 
ance (4, p. 64) thereby explaining why 
". . those procedures which reduce or 
abolish the pump adenosine triphospha- 
tase activity correspondingly reduce or 
abolish the RP and affect the current 
and voltage (I-V) curves similarly to 
light" (2). Because of the concentra- 
tion changes, the decrease in resting 
potential with temperature will be larg- 
er than expected from the temperature 
factor in the Nernst equation. 

Finally, the observed net efflux of 
K+ upon illumination of photoreceptor 
cells (5, 10) is difficult to reconclude 
with a sodium pump of constant activ- 
ity but decreasing electrogenicity (2). 
Therefore, we conclude that the perme- 
ability increase theory is strengthened 
rather than weakened by the observa- 
tions of Smith et al. (1, 2). The molec- 
ular mechanisms which might explain 
such a permeability increase have been 
discussed (10). 
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Duncan and Bonting (1) do not con- 
sider those observations which are 
fundamental evidence against the per- 
meability increase theory or, as we 
called it, the conductance increase 
mechanism (CIM). For example, they 
fail to show how our finding that, at 
any given level of steady-state mem- 
brane potential in the physiological 
range, the membrane conductance was 
the same or less in the light than in 
the dark is consistent with their theory. 
We interpreted our results to mean 
that there was no primary conductance 
increase with light and that the con- 
ductance increase observed was second- 
ary and ascribable to the membrane's 
nonlinear current-voltage characteristic 
(2). Thus, we see the theory envisaged 
by Duncan and Bonting as inconsistent 
with these and other data reported in 
our papers (2, 3). 

Duncan and Bonting suggest that the 

relatively high ratio of surface to vol- 
ume of Limulus photoreceptor cells 

plays an important role in receptor po- 
tential (RP) mechanisms in that light 
leads to large changes in the intracel- 
lular ionic concentration of photore- 
ceptors. Their evidence (4), however, 
involved a radioisotopic study of whole 

frog retinas, and, therefore, any ionic 
concentration changes observed cannot 
be referred specifically to the effect of 

light on photoreceptors alone but would 
also include changes in other retinal 
cells. The preceding remark also applies 
to Duncan and Bonting's subsequent 
comment on potassium efflux. 

Duncan and Bonting cite Benolken's 

(5) and our (2) work as evidence that, 
in the light, the membrane potential re- 
mains near zero. Neither Benolken (5) 
nor we (2) have reported that steady 
light completely depolarizes a Limulus 

photoreceptor. In the steady-state the 
membrane potential is always inside 

negative (2, 5). Also, no one has ever 

reported the abolition of an RP in a 
Limulus photoreceptor with tetrodo- 
toxin. Benolken and Russell indicated 
that tetrodotoxin reduced only the 
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required concentration a 100-fold great- 
er than those sufficient to block all-or- 
none action potentials (6). Others, how- 
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ever, have found tetrodotoxin without 
effect on the Limulus RP (7, 8). 

In addition, Duncan and Bonting 
quote our studies on the effects re- 
moving sodium from the extracellular 
fluid as evidence supporting their the- 
ory. They overlook our finding that the 
abolition of the RP is only transitory, 
even when the sodium substitute is a 
relative impermeant ion [for example 
tris(hydroxymethyl)amino methane and 
choline] (2) and they fail to show how 
this observation is consistent with 
".. .. the essential (sic.) role of the 
sodium permeability increase . .." (1). 

Because one can calculate from the 
Goldman equation any membrane po- 
tential desired by an arbitrary selection 
of the values for permeability coeffi- 
cients and ionic concentrations, it is 
obvious that for such calculations to be 
relevant to any particular cell, one must 
employ values derived from the cell 
in question. Duncan and Bonting, how- 
ever, have employed permeability and 
concentration values derived from squid 
photoreceptors and axons, which our 
preliminary results indicate are signifi- 
cantly different from Limulus photo- 
receptors. Furthermore, one must show 
that the light-induced permeability 
changes must reproduce the observed 
conductances. This Duncan and Bont- 
ing have failed to do. Moreover, it 
should be clear that the membrane 
conductance observed at any level of 
depolarization in the light should be 
greater than the conductance observed 
at that same level in the dark, if the 
permeability change caused the mem- 
brane potential changes which our re- 
sults show clearly is not the case (2, 
figs. 1 and 2). This is to say that one 
must take into account the potential 
dependences or nonlinearities of the 
membrane characteristics in employing 
the Goldman equation. This also Dun- 
can and Bonting have failed to do. We 
question, therefore, the relevance of 
their calculations. 

Duncan and Bonting attempt to ex- 
plain our results on the effects of in- 
hibition of the sodium pump on the 
RP in terms of a depolarization of the 
membrane resulting from rapid changes 
in intracellular ionic concentration (1). 
First, our evidence is against a rapid 
change in ion concentration causing a 
depolarization. We observed that pump 
inhibition led to an intitial partial de- 
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depolarization. We observed that pump 
inhibition led to an intitial partial de- 
polarization and abolition of the RP 
in a matter of minutes, which we as- 
cribed to the inactivation of an electro- 
genic pump (3), followed over a period 
of hours by a steady and complete 
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depolarization which may be due to 
changes in ionic concentration of the 
kind proposed by Duncan and Bonting. 
Second, they propose that a depolariza- 
tion with an increase in sodium conduct- 
ance like that found during the pro- 
duction of an axonic action potential 
(9, p. 64) explains why pump inactiva- 
tion reduces or abolishes the RP. In 
doing so, they imply that the RP is 
generated by the same membrane mech- 
anisms as an all-or-none spike; how- 
ever, it is well known and generally 
accepted that there are fundamental 
differences in the membrane mecha- 
nisms involved in graded, nonelectrically 
excitable, nonpropagated responses such 
as the RP or the end-plate potential and 
in all-or-none, electrically excitable, 
propagated responses like an action 
potential (10). Moreover, the data do 
not support Duncan and Bonting's ex- 
planation. Depolarization of the photo- 
receptor with current, by an amount 
equal to or even greater than that pro- 
duced by pump inactivation, does not 
abolish the RP (7), as we also observed. 

But even if the Limulus RP were 
similar to a spike, which it is not, our 
results contradict Duncan and Bonting's 
explanation. For example, increase in 
sodium conductance (sodium activa- 
tion) associated with the onset of a 
spike is followed by a sodium inactiva- 
tion which persists if the membrane 
potential remains depolarized, but this 
inactivation is removed if the mem- 
brane is hyperpolarized and the re- 
sponse is once again capable of being 
evoked (11). Therefore, in our experi- 
ments where the pump was inactivated 
with ouabain, the membrane partially 
depolarized, and the RP abolished, we 
should have been able to reestablish the 
RP by hyperpolarization. This was not 
possible (3). We actually performed 
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the above experiment to rule out an- 
other possibility, namely, that pump in- 
activation had led a redistribution of 
ions such that the resting potential be- 
came equal to the equilibrium potential 
of the RP. 

In conclusion, we see neither Duncan 
and Bonting's comment (1) nor our 
observations (2, 3) as supporting the 
CIM as the basis for the Limulus RP. 
As we noted in our papers, however, 
some complicated but as yet unformu- 
lated conductance change mechanism 
may underlie the RP (2, 3). Nonethe- 
less, we still feel that the available data 
are accounted for more simply by al- 
terations in an electrogenic sodium 
pump (3). 
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Selenodetic Implications of Mascons Selenodetic Implications of Mascons 

The discovery by Muller and Sjogren 
(1) of mass concentrations at the cir- 
cular maria on the moon has elicited a 
barrage of comment and interpreta- 
tion in terms of lunar geologic evolu- 
tion (2). Here I present the implica- 
tions of the mascons for the selenodetic 
data analysis itself, as conducted at 
several space centers in the United 
States. For methods used in the past, 
the results are quite discouraging. 

Plans for the Lunar Orbiter mission 
provided for two methods of data anal- 
ysis. The first method was that used for 
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the earth satellites and consisted of 
estimating harmonic coefficients from 
the long-term variation in the orbital 
parameters (3). Unfortunately, the 
methods so suitable for sparse sightings, 
spread over a year or more for a 
rapidly spinning planet, were disap- 
pointing when applied to voluminous 
data packed into a few weeks or months 
about a relatively static body. Thus, 
most emphasis has been given to the 
second method-the "direct method" 
-in which the orbit parameters and 
coefficients of a truncated harmonic 
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