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urcnients for the process were anavailable for conprara-
tive purposes.  In analogous reasoning the tempera-
ture dependence on polypeptide helix coil transition
has been used (o test helix coil transition theories B
and from sueh studies at various ehain Tengths theo-
retical parameters for the PBG transition have been
established,  Recently, direet calovimetrie  measure-
ments have provided an even more direet evaluation
of the theoretical pareters, 18

Analogous information should also be revealed from
studies of the effect of pressure on the transition along
with a determination ol the volume change ol the
transition.  There may be situations where this latter
approach is experimentally more feasible than the de-
termination of thermal transitions along with calori-
netrie measurcnients.  In this paper we report resulis
oblained for two known reversible (ransitions, ribo-
nuelease and PBG.

Experimental

The ribonuclease A used was Lot RN 6069, lyo-
philized and phosphate-ivee, and was obtained from
Worthington  Biochemical Corp.,  IFrechold, N. .
The material was used without further purilication,
and caleulations were based on the weight of the vae-
uum-desiceated material,

The bulfer solutions used were 0.01 /7 in potassium
acid phthalate and 0.15 A7 in KCL The solution con-
forms to that used by Holecomb and Van Iolde."
In preparation of the ribonuclease solution, the hulier
solution was pipetted into a weighed flask containing
the ribonuclease; the flask was then tightly stoppered.
The pIT of the solution was adjusted 1o 2.80 using «
Beekman Zeromatic pIT meter. The solution was re-
frigerated until used.  The high pressure optical roi-
tion apparatus has been previously deseribed. 7

The PBG used was Lot GA1. Tt was oblained fron
Pilot. Chemicals Ine., Watertown, Mass., and was
specified to have a molecular weight of 275,000, e
material was used without further purification, and
caleulations were based on the weight of - {the desicented
material.

The solvent for the PBG was 76 vol. 9 1oastnun
practical dichloroacetic acid (DCA) and 24 vol. ¢
Fastman  reagent  1,2-dichloroethane (19D, Both
components of the solvent were redistilled prior to use.
The solvent mixture was tightly capped and rofricer-
ated until needed.

Thkeory
The basic reaction process S chese polymer (ran-

sitions can be written in terms of the extreine condi-
tions as
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folded =57 unfolded (1)

where, if the process involves more than one siep,
there will he aeseries ol intermediale states and equa-
tions within eq. 1.

I the case of o complex moleeule sueh as ribonu-
clease, it is not possible to prediet logically the nature
ol intermediate steps, il any. It becomes convenient,
cither to assume o single-step reaction process of eq.
I or, as Tanford has done,™ (o suppose that reaction
I consists of o equivalent and  independent steps.
This latter situation reduces to the one-step ease when
ro= 1. The appropriate result which expresses the
pressure dependence upon the fraction of folding f

is then given by

or rRT

where A7 is the standard state volume change per
mole of polymer taken under the conditions of infinite
dilution, at temperature 7" and pressure 2. A dilato-
metrie determination of the volume change of transi-
tion, even al finite concentrations, should be nearly
cquivalent to A1 With the assumptions contained
in ¢q. 2 it should then be possible to determine AV®/r
from pressure measurements, and, when this value is
compared to a dilatometrie determination of AV®,
an estimate of # can be made.  If a multiple-step mech-
anism s indicated from the experimental findings,
it is quite probable that cooperative effeets exist be-
tween different portions of the moleeule. The assump-
tion of independent steps then becomes invalid, A
simple mechanism of successive steps which must follow
o definite order and which are characterized by ihe
same equilibrivm constants can be analyzed, but it
scems the presentation of such an analysis would be
stuperficial until some more definite facts about the
ribonuclease transition are available.
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