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Detailed simulation studies of anti-cooperativity or co- should be shifted as a whole because of uncertainties at large
operativity in hydrophobic interactions are relatively new. separations is not justified.
The Comment by Czaplewskit all on our recent papér In fact, for periodic simulation boxes of similar sizes,
and in defense of their previously published wbik useful ~ edge-effect considerations argue in favor of employing test-
in highlighting potential methodological limitations in the Particle insertiofr*°as a more reliable means to approximate
field. We recognize that much remains to be learned abodf€ true zero-PMF baseline &t~ (effectively in pure wa-
the important question of hydrophobic interactions nonaddife? than the practice of setting PMF to zero at a certain large
tivity, and that sustained efforts are needed to overcome n@_eparat_ioﬁ? For example, in the Czaplewslt al. new
merical and other sources of uncertainties in the simulatiofimulation of two-methane PMF using a 28 A periodic box,
results reported thus far. .the met_hanes_can be.as.close as 15 A from an image methane
Figure 1 estimates the numerical uncertainties in the" @ neighboring periodic cell when the two methanes are

two-methane PMF we used in Ref. 3. By comparing full- separated by 13 A in the simulation box. Although at this

: : . . 2 §eparation direct interactions between methanes and image
simulation and half-simulation results, statistical errors are a

: . methan r ff, eff f the im methan n still
most 0.06 kcal/mol except arourg=4.8 A in the barrier ethanes are cut off, effects of the image methanes can st

) here th be0.08 keal/mol. | i be felt by the methanes through the intervening water mol-
region where the error can ' calimal. incorporaling o105, Therefore, as a model configuration for estimating the

these errors leads to the possibility that the three-methang, . J sME baseline. two methanes 13 A apart in a 28 A pe-
anti-cooperativity we reported for the contact minimum andyjgqic hox would appear to be less adequate than test-particle
an extended regime witlf larger than that of the main jnseriing a single methane into a 23 A periodic box. The

barr_ig? can be reduced, in some cases coming close to beingnge inserted methane is more isolated, and therefore serves
additive. We agree with Czaplewset al. that the accuracy

of the two-methane PMF should be improved in order to
provide a more definitive resolution of the anti-cooperativity
issue. However, the error estimates in Fig. 1 do not suppor 0.2 A 7
the contention of Czaplewslgt al. that the interactions at
these positions are cooperati’v%. 0.0 ) \ i P
Czaplewskiet al. are correct in stating in their points 1 -
and 2 that simulated two-methane PMF at large spatial sep
rations may contain artifaci®@dge effectsas a result of the
finite size of the simulation box and periodic boundary con-
ditions. However, we take issue with their assertion that our
two-methane PMFRs a whole‘should be shifted upward by
about 0.2 kcal/mol.” This suggestion clearly fails to take into
account the basic principles of the test-particle insertion ap- -os | .
proach we have used, in which the absolute PMF at eact
position (spatial separatignis evaluatedindependentlyby . . . . .
comparing two-methane and single-methane chemica 08 8 10 12
potentials’* Therefore, the accuracy of PMF values at small separation (A)
separations is in_dependent of that at large separ_ations. COEI_G. 1. Estimation of statistical uncertainties in the simulated two-methane
sequently, even if PMF accuracy at large separations may evr at 298 K in the studies of Shimizu and ChéRef. 2 PMFs are
compromised because of edge effects, the accuracy of o@btained by a test-particle insertion technique; higethe distance between
PMF at small separatiori&cluding the regime of significant the two mgthanes’ centers of mass. Accuracy of the calculation is assessed
. . by comparing the full-simulation resulaveraged over 8:810° passes,
anti-cooperativity between 5 to 9)Zshou|d not be affected. solid curvg with the half-simulation resultaveraged over 4410 passes,
It follows that the Czaplewsket al. assertion that our PMF  dashed curve
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FIG. 2. Addressing the question of hydrophobic cooperativity by comparing

the new Czaplewsket al. two-methane PMRRef. 1) with three-methane
PMF results they reported previoudlRef. 3. The abscissa is the distance
variable¢ defined in Refs. 1 and @vhich is different from that in Ref. 4 and
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uncertainty in the method of Czaplewsi all® is their as-
sumption that “the cooperative term vanishes with distance
faster than the PMF itself’as well as the somewhat arbi-
trary way of implementing this assumption. We conducted a
test by following their procedure, using the region of
methane—methane separation of 7.5—8.&vAich translates
into £=7.26—8.28 A for thep=0 casé in Fig. 2 to super-
impose their new two-methane PMRef. 1) with their pre-
viously published three-methane PM$ee pages 1239 and
1244 of Ref. 3. Figure 2 shows that this exercise leads to an
anti-cooperative effect ofs +0.19 kcal/mol at the contact
minimum, contrary to their previous prediction of
cooperativity? In our view, this implies one or more of the
following: (i) The previous three-methane data of Cza-
plewskiet al®is not sufficiently reliable(ii) their procedure
for matching two- and three-methane PMFs is flawed, and
(iii) hydrophobic anti-cooperativity is more prevalent than
they have previously posited.

Finally, in response to point3) in the Comment, we
emphasize that although prevalent hydrophobic anti-
cooperativity is indicated for the three-methane configura-

the present Fig.)1 The solid and dotted curves represent, respectively, thetions in our previous studi/we recognize that cooperativity

12-window “2m+m” three-methane PMF and the 12-windowm*m”
two-methane PMF in Fig.(®) of Czaplewskiet al. (2000 (Ref. 3. Here
two times the free energy given in FigiDB of Ref. 3 is plotted as a function
of the present variablg; the dotted curve is the additivity-assumed hypo-
thetical three-methane PMF according to the previtnis) Czaplewski
et al. simulation. The thin dashed curve labeled “additinew; baseline in
the Comment is a reproduction of the heavy solid curve in Fig. 2 of the
Comment(Ref. 1) whereas the thick dashed curve labeled “addifirew;
baseline shifted is obtained by shifting this additivity-assumed PMF
newly obtained by Czaplewslkdt al. such that it approximately coincides
with their previous 2n+m three-methane PMF in the regiog
=7.26-8.28 A. An anti-cooperative effect between their previoust2n
result and the “additivénew; baseline shiftetlis seen around the contact
minimum.

as a better model for thé— oo situation, because it is sepa-

rated by a distance of 23 A from the nearest image methan

The two-methane PMF reported by Czaplewskal. in

or anti-cooperativity naturally depends on the nonpolar sol-
utes involved and their spatial configuration. Indeed, we
have been careful in specifying that our previous results ap-
ply only to methane-size nonpolar solutes at 25° C and 1
atm. Extensive efforts will be needed to ascertain the sign of
hydrophobic nonadditivity in a wide range of solvent condi-
tions for nonpolar solutes of different shapes and sizes. Nev-
ertheless, based on the consideration above with the admit-
tedly limited simulation data available to date, there is
stronger support in favor of anti-cooperativity than cooperat-
ivity for a significant fraction of the three-methane configu-
rations we have investigatéd.
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