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Effects of Pressure on Sedimentation Velocity Patterns

I. Alpha Chymotrypsin at pH 6.2
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Computations have been made of possible effects of pressure on the sedimentation
of alpha chymotrypsin under previously used experimental conditions, where mon-
omer, dimer, and trimer are in rapid reversible equilibrium. These computations
verify a general prediction made earlier, that convective disturbances are to be ex-
pected ahead of the moving boundaries when increasing pressure favors the formation
of monomer. Moreover, in this case the slow shoulder previously predicted for the
pattern in 0.2 ionic strength phosphate buffer at pH 6.2 largely disappears as a result
of hydrostatic pressure, affording more satisfactory agreement between predictions
and the experimentally observed single symmetrical moving boundary.

The countercurrent distribution process
ras employed by Bethune and ICegeles (1)
as an analog for sedimentation. Their com-
puter predictions correspond, in the case of a
chemically reacting protein system, to in-
stantaneous reestablishment of chemical
equilibrium at each point in the cell, and to a
rectangular cell, constant field approxima-
tion to sedimentation experiments. This cal-
culation was applied to predict the shape of
the sedimentation boundary of alpha-chymo-
trypsin under the experimental conditions
published by Rao and Kegeles (2), namely
0.2 ionie strength phosphate buffer, pH 6.2,
at a total initial protein concentration of 18.9
g/liter. In addition, comparison was made
with the results (2) of a modified caleulation
according to the theory of Gilbert (3). From
these comparisons, both Rao and IKegeles
(2) and Bethune and Kegeles (1) concluded
that under these conditions chymotrypsin
exists as a mixture of monomer, dimer, and
trimer, rather than as a mixture of monomer
and trimer. The dissociation constants for
the two steps were measured (2) from Archi-
bald molecular weight determinations (4, 5)
at several concentrations. More recently,
Adams and Filmer (6), carefully reviewing
these molecular weight data and allowing for
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the possibility of thermodynamic non-
ideality, have verified that the solutions are
very nearly ideal, and that the protein is
present as coexisting monomer, dimer, and
trimer species, without ruling out a possi-
bility of a small amount of tetramer.

Thus, it has been somewhat of a dis-
appointment that the predietions (1, 2)
based on the countercurrent distribution
analog and the Gilbert theory (3) both indi-
cate the expectation of a sizeable slow
shoulder in the Schlieren optical pattern of
the sedimenting boundary, whereas the ex-
periment under presumably corresponding
conditions shows a single symmetrical
Schlieren peak (2).

One possible pertburation on the shape of
the pattern which was not taken into ac-
count in these predictions i the effect of
hydrostatic pressure, which has been demon-
strated experimentally in the studies of
Josephs and Harrington (7) on myosin. The
computations of Ten Eyek and Kauzmann
(8) and of Kegeles, Rhodes, and Bethune (9)
have predicted the possibility of important
general effects of hydrostatic pressure. In
particular, many ecases involving inverted
concentration gradients and resulting con-
vective disturbances were predicted in sedi-






