
gests, in the absence of other explana- zyme-substrate complex ES is formed 
tions, the possibility of a cellular mecha- and diffuses to the right, driven by its 
nism for the secretion of inert material. olvn concentration gradient. If the ES 
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New Scheme for Performance of 
Osmotic Work by Membranes 

There is now a wealth of literature 
dealing with the fact that a variety of 
cell membranes are able to remove in- 
organic salts and othcr neutral organic 
molecules from dilute solutions and trans- 
port them through the membrane into 
more concentrated solutions (1) . This 
"active transport" of molecules against a 
concentration gradient requires energy 
that is thought to be provided by the 
metabolic activitv in the nei~hborhood u 


of the membrane. Several proposals have 
been made regarding the mechanism of 
active transport ( Z ) ,  all of which are 
possible, but perhaps none of which is 
the simplest mechanism that could be 
described. 

I t  is the purpose of this communica- 
tion to suggest that in the simplest case, 
active transport can be performed by a 
single enzyme. This enzyme, which acts 
as a "carrier" of the transported species, 
is confined between two closely spaced 
semipermeable membranes and is en-
gaged in the conversion of a substratc S 
into products P. Let us examine the statc 
of affairs tvhen a substrate diffuses into 
the enzyme "sand.ivichn from the left-
hand side. Inside the membrane, the en- 

this species will be transported to the 
right as a "passenger." On the way over 
tl-, the right side of the membrane, the 
ES complex is broken down, forming the 
products and the free enzyme E ~vhich 
we suppose for the moment can no longer 
bmd the "passenger species" in question. 
Thus, the passenger species is continu- 
ally being removed from the left and 
deposited on the right in the membrane. 
In  the steady state, the back diffusion of 
the free passenger species is just balanced 
by the flux of ES (with bound passenger 
molecules) to the right. 

If the kinetics can be adequately de- 
scribed by the Michaelis-Menton expres- 
sion, e have ( 3 ): 

k ,  k:; 
S t E *  ( E S )  + E f P  

k2 

\\here S,  E, and ES denote the molar 
concentration of the species. When a 
steady state has been attained, we hale  
the folloafing equations for the conserla- 
tion of mass: 

whcre DA, DB and DB8 represent the 
diffusion constants of the species. 

Although the follotving assumptions 
are probably not necessary for the opera- 
tion of the transporting membrane, we 
make them in order to solve this set of 
equations easily: ( i )  k ,  is small and can 
be neglected; ( i i )  the concentration of 
free enzyme inside the membrane is not 

Fig. 1. Relative concentrations of the sub- 
strate S ,  the enzyme-substrate complex ES,  
and the transported passenger species R 
between two semipermeable membranes, 
S P M # I  and S P M # Z .  These have been 
calculated from equations 4 ,  5, and 7, 
respectively, assuming c /a  = 10. 

appreciably affected by reaction with the 
substrate. This is comparable to the as-
sumption of negligible atmosphere de-
pletion in flame kinetics ( 3 ) ,a problem 
that has recently been solved by Smith 
( 4 ) .  The solution to Eq. 1 becomes 

S = Soexp(- c x ) ; c2= k lE/Ds  ( 4 )  

Assuming that all the substrate that en- 
ters the membrane is converted to P, we 
have a solution to Eq. 2 :  

( E S ) = Dsc2So/Das(c" a') . 
[c /a  . exp (- a x )  - exp (- cx] 

Referring to Fig. 1, Lve see that for all 
values of x there will be a flux of ES to 
the right. Likewise, there will be a con- 
tinual return flux (from right to left) of 
the free enzyme E, although this is not 
evident under the assumption that E is 
constant. 

In order that active transport occur, 
the passenger species, or those molecules 
that are transported against their gra-
dient, must be bound more (or less) 
strongly to ES than they are to E. In  the 
case where 1 mole of ES binds only I 
mole of a neutral passenger species R,  we 
have : 

D B  ( d ' R / d x 2 )  + ( K R / 1  tK R )  . 
D r s ( d ' ( E S ) / d x 2 )= 0 ( 6 )  

\\here K is the equilibrium constant for 
the binding reaction. Solving Eq. 6 for 
the case of complete binding, K R / ( l  1-
K R )  r 1, we have 

The maximal concentration achieved by 
the membrane would be 

One can imagine many ways in which 
the binding characteristics of the enzyme- 
substrate complex might he different 
from that of the free enzyme. For in-
stance, a slight change in the pKa of 
titratable groups that are in the neutral 
pH region will cause a change in the 
gross charge of the enzyme. Since electro- 
neutrality must prevail in the immediate 
neighborhood of the protein, this means 
that a different number of counter ions 
will accompany the enzyme-substrate 
complex than accompany the free en-
zyme. Such pK shifts have been observed 
1 5 ) .
\	 , 

The interpretation of active transport 
along these lines is attractive for the fol- 
lowing reasons. ( i )  It  is in terms of en-
zvme reactions that are better understood 
and are encountered elsewhere in biolog- 
ical systems. (ii)  I t  avoids postulating ex- 
treme differences in oxidation-reduction 
potentials, differences in voltage, differ- 
ences in catalytic surfaces, and so forth. 
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(i i i j  T h e  coupling of the metabolic 
energy supply is explicit ( the  conver-
sion of S to P ) .  ( iv )  T h e  specificity of ion 
transport can be interpreted in terms of 
the specific binding properties of the en- 
zyme and/or enzyme-substrate complex. 
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Rodenticidal Effect on Pine Mice 
of Endrin Used as a Ground Spray 

For many years, poison baits have been 
the basis for control of mice in orchards. 
\\'orld War I1 stimulated research in-
volving bioassays on toxicity of hundreds 
of potential bait type rodenticides ( I ) .I n  
orchard practice, zinc phosphide, with all 
its limitations, is still rated above the 
newer materials. However, the lack of 
effectiveness of zinc phosphide led Kalm- 
bach (2)  to anticipate its replacement by 
other more suitable rodenticides. 

Experience has shown that the sub-
lethal acceptance of poisonous bait by 
numerous mice, coupled with the high 
reproductive capacity of these animals, 
places the dependability of poisoned baits 
for orchard mouse control in great doubt. 
One large Virginia orchardist loses about 
600 to 700 apple trees annually, even 
though he uses poisoned baits close to 
maximum advantage. Since numerous 
reasons exist for such failures ( 3 ) ,  the 
need for more effective mouse control is 
evident. 

Since 1949, a number of potential 
ground spray rodenticides have been 
tested in orchards of Virginia, including 
endrin, the coined name for an  insecti- 
cide. Endrin has been 100-percent effec- 
tive in each of the past 3 years as a pine 
mouse control. 

I n  the experiments in apple orchards 
reported here, the chemicals were ap-
plied as a ground spray to heavily mouse- 
infested plots that contained 42 trees 
each. All replicated plots were six rows 
wide and seven tree spaces long, or about 
1.2 acres per plot. Since the range of pine 
mouse colonies is reported to be about 

acre ( 4 ) ,  test plots nearly 5 times the 
maximum colonv area were selected. T h e  
six center trees in each such treated plot 
appeared to be well protected from 
mouse invasion by the sprayed strips of 
orchard 70 or more feet wide and occu- 
pied by two surrounding "guard rows" 
of trees. A uniform ground spray was 
applied to a continuous straight strip 11 
feet wide on each side of each row of 
trees. Preferably the treated strip reached 
to the trunk. For large trees, only 11 feet 
inward from the limb ends could be cov- 
ered. Because pine mouse activity was 
concentrated in the tree rows (31, alleys 
between rows were not sprayed. T h e  
spray coverage was usually about 65 per- 
cent of the total orchard floor. 

Table 1 indicates that there was a 
rapid decline in mouse activity to near 
final levels in 6 days or less during 1954. 
For 1953, a period of 3 to 6 weeks was 
required for a similar action. Apparently 
the  difference in response is associated 
ivith moisture differentials in soil and 
cover. I n  1953, the spraying was done 
under extremely dry conditions, which 
continued for some time. I n  1954, a t  the 
time of spraying and subsequently, the 
orchard floor litter was moist, and the 
surface soil moisture was near field ca-
pacity. 

-4s is the case with numerous other re- 
cent organic pesticides except DDT, the 

Table 1. Decline in pine mouse activity 
following endrin ground sprays in apple 
orchards. Mouse activity before the spray- 
ing was considered to be 100 percent. 

Post-treatment mouse 
Endrin activity ( %  )

Per 
42-tree After After After 

plot 3-7 21-25 43-51 
(Ib) days days days 

Plots sprayed 26-29 Nov. 1954 

Controls 67 83 58 


( 3  plots) 55 73 73 
90 91 91 

Emulsifiable 2.50 0 9 0 
endrin 2.50 0 10 0 
(3plots)  2.50 0 0 0 

Emulsifiable 3.25 0 8 0 
endrin 3.25 0 0 0 
( 3  plots) 3.25 8 8 0 

Wettable 
endrin 2.50 0 0 0 
(2  plots) 2.50 27 0 0 

Plots  sprayed 13-18 Nov.1953 
Emulsifiable 1.5 30 40 


endrin 1.5 0 30 

( 4  plots) 1.5 33 42 


1.5 8 33 

Emulsifiable 2.5 25 0 

endrin 2.5 0 0 

(4  plots) 2.5 25 0 


2.5 33 0 

eflect of endrin ground sprays on human 
beings and wildlife has not been well 
evaluated. T h e  evidence that exists in- 
dicates that the orchard use of endrin 
as described here causes little or no evi- 
dc.11t deleterious effect on men or game 
animals. I n  the fall of 1954. one orchard- 
ist with extensive fruit plantings sprayed 
tlith a gun about 1000 acres of apple 
orchard. Members of the spray crews 
felt no ill effects. Neither was there any 
apparent reduction in numbers of quail 
or deer. None of the pets that had free 
range of the orchard died. A dog that 
closely followed one workman during the  
spraying was not visibly injured. I n  an- 
other 6-acre orchard area that was treated 
with endrin, active rabbits were observed 
during the period when mouse activity 
declined to zero. No increased vulture 
activity following endrin application was 
observed. 

An indication of the relative safety in 
the use of endrin is its acceptance for 
the control of insects on food plants. A 
label has been issued by the U.S. De-
partment of Agriculture for the use of 
endrin on cabbage plants. This material 
tvas accepted earlier for tobacco insect 
control. As presently used against ro-
dents, endrin is not applied either to 
the tree or to its fruits. Moreover, the 
treatments have been fullv effective onlv 
in the dormant season when surface con- 
tamination of fruits could not occur. 
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Citation Indexes for Science 

Eugene Garfield's article, "Citation 
indexes for science" [Science 122, 108 
(1955)], is interesting beyond doubt. I f  
we had in our library a citation index 
such as he proposes, I should use it to 
advantage. 

Amid today's overwhelming difficulties 
in scientific communication, however, 
this index would solve too few problems 
to justify its surely great cost a t  this 
time. 

Even though all the cited references 
in a given article were indexed, those 
ideas and key words not covered by the 
cited references would remain excluded, 
according to Garfield's system. T h e  most 
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