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The denaluration of horse serum albumin was studied under pressure up to
10,000kg/cmt and at the temperature of 10 to 70'C. The extent of the denaluration was examined 6y measuring the solubility, the reactivity of svlfhydryl
groups, and the susceptibility to proteolysis by the bacterial proteinase. Even if
the serum albumin solution was compressed at 10,000kg/cm' and at pH 4.a adjusted
with acetate buffer, only a slight opalescence was obxrved, and no precipitation
was formed. The heat coagulation of serum albumin was remarlably retarded by
the pressure up to g,000kg/cm'. From the eaperimenls of oxidation of the reactive
sulfhydryl groups and of the proteolysis by proteinase. the following deductions
were made: 1) The tempernWre caelhcient of pressure denaluration i5 positive.
2) The amount of pressure-denatured serum albumin is at most only about a half
[hat of heat-denatured serum albumin. Further, increasing the pressure above
approximately 7,000kg/cros resulted in little or no increase in the amount of
denatured protein. 3) Though measurable renatura[ion was not found within 3
hours after releasing pressure. the reaaturation at the instance of releasing pressure
maybe possible. These results are considerablydifferent from those obtained aGeady
for avalbumin. A¢ardiagly, it may be suggested that serum albumin considerably
differs in its secondary or tertiary structures from ovalbumin.
Introduction
We have studied the pressure denaluration of oval6uminl-a> and bovine carbonylhemoglobin
Y.4.R>by the solubility test, and obtained the following results: (1) . the reaction of pressure denaluration is of first order, and (?), [he phenomena of the protein denaluration under pressure are
classified into three groups according to the signs of thermodynamic functions of the denaluration
rate, namely the increases in heat content, entropy and volume in activation process as is listed
in Table I.
Tablet

1)
1)
3)
4)
5)

Classification of thermodynamic properties of denaluration rate under pressure.
Temp.
('C)

Pressure
(kg/cm')

I

<30

>},000

II

>40

>3,000

m

>60

<3.000

This loaraa1,28, 24 (1958)
ibid., 29, 9I (1959)
C. Suzuki and K. Suzuki, J. Biothem., 52, 6) (1951)
P.. Suzuki and K. Kitamura, This lmmml, 29, 81 (1959)
K. Suzuki aad K. Kitamura, ibid., 29, 86 (1959)
T., Suzuki,
ti. Suzuki,

JH=

dSx

t

dV=

The Reviewof PhysicalChemistryof JapanVol.32 No.1 & 2 (1962)

The Protein Denaturationunder High Pressure

31

Tongur and his co-workerss>studied [he effectof pressure on the thermal denaturationof serum
albumin by measuring [he solubility and the [urbidity in view of chemical equibrium. The investigators of Institute of Pasteur7) discussed the state of aggregation of denatured serum albumin
by pressure from the measurement of streaming birefringence etc.. However, the detail of the
denaturation of [his protein under pressure still remains undarffied.
In the present study, Chedenaturation of horse serum albumin (HSA) under high pressure
was investigated by measuring the solubility, the susceptibility to proteolysis by pro[einase and
[he reactivity of sulfhydryl groups.

Experimental
Materials
HSA was prepared by the ammonium sulFatemethod from horse blood plasma
and recrystallized three times, and its aqueous solution was dialyzed against running water.
Crystalline bacteria] alkaline proteinase was purchased from Ragase Sangyo Co. Lid., Japan.
Procedures
The same high pressure apparatus as in the previous publicationsl•alwas used.
The protein solution of 0.4 to 1.0~ was hydrostatically compressed at a constant pressure and
temperature in the range of t to 10.000kg/cm= and of !0 to 70'C. and then the change of properties caused by denaturation was examined by the followingmethods after releasing pressure:
(1) The solubility lest: The denatured protein was brought to congurationa[ the isoelectric
point, pH 4.3 (0.1 ST acetate buffer) and was filtered off, and then the amount of the remaining
protein molecules in the filtrate were colorimetricallymeasured at the wavelength of 530 mu by
[he Biuret reactions>.
(1) The measurement of the reactive SH groups: Reactive SH groups were oxidized by
potassium ferricyanide (PFC) and estimated frorn the amounts of the consumed oxidants>. A
characteristicabsorption of PFC is of the wavelengthof 420 mk where the absorptionof potassium
fcrrocyanide is negligible. Therefore, the oxidized SH groups of protein were estimated by the
measurement of the diminished value of nbsorbancea[ 420 must*. The pH of the sample solution was adjusted to 6.8 with phosphate buffer, where this oxidation reaction was specific. PFC
was added in excess of [be amounts needed [o react with all of the sulihydryl groups (final conc.
1f 1,000 to 1/2,000 FYI).W"eexamined tw•ocases, A-.and B. In case A, PFC was mixed with a
compressed protein solution, and in case B, a mixture of protein solution and PFC was compressed.
(3) The measurement of the susceptibility W proteolysis by proteinase: Proteolysis by pro6) V..S. Tongurand V. I. Kasatochkin,Chem.Abrl.,45, 2039(1951): ibid., 47, 12438(1953)
7) E. Barbu.M, bfacheboeuf,P. Rebeyro[[eand P. Slizewiez,Bu71,Soc.Chinr.biol.,31, 724(1952):
E. Barbu.J. Bassetand M. Joly ibid.. 36, 323(1954):E. Barbuand Nl.Joly, Farad.Soc.Disc.,13,
77 (1953)
8) 5. Nakagan•a,T. Kaminagaand S. Araya,J, Biochem.,
41, 3i1 (1954)
s As the linear relationshipbetweencystein concentrationand the diminishedvalue of absorbance
dA at 420mp was obtained,~A is proportionalto the amount of oxidizedSH grouDS.

t
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teinase extracted from Bacilluss:rbtilis was examined by Okunuki's methodS>as reported in the
previous paperal. To i ml of 0.49b HSA solution at pH 7.4 (0.1 M phosphate butler), 2 ml of
0.05% proteinase solution was mixed. The digestion was carried ovt for 10 minutes at 30'C
and stopped by mixing 2 ml of M trichloroaceticacid (TCA). After filtration, the concentration
of [he TCA soluble products of the digestion was measured by Folids me[hodto>. We examined
two case A' and B'. In case A', the proteolysis of the compressed HSA solution was performed
a[ atmosphericpressure,and in case B', a mixture of HSAand the proteinasesolution was compressed,
namely the proteolysis was performed under high pressure.
Results and Discussion
Solubility test
Only a slight opalescencea•as observed and no precipitation was formed,
even if the protein solution (protein concentration O.fi%, pH 4.8 with 0.1 M acetate butler) was
compressed for 20 minutes at 10,000kg/cm' and 25'C. This method is, therefore, not adequate
to assess the extent of the pressure denaturation of serum.albumin. However the above findings
interest us in comparisonto the facts that isoelectricovalhuminand hemoglobindenature and coagulate
almost perfectly after about IO minutes at several thousands kilogram per square centimeter at
room temperature.
The pressure etlect on the thermal denaturation of HSA was also examined by the solubility
test, and the results are shown in Fig. 1 together with those of ovalbumint>and carbonylhemoglobins>already reported by us. It shows that the thermal denaturation reaction of serum albumin
is retarded by the pressure up to 8,000 kg/cmt and the etlects are enhanced with increasingpressure,
while is the thermal denaturation of ovalbumin aad hemoglobin, the retardation effects are
maximum at about 3,000 and 2,000kg/cm' respectively. Therefore, it seems that the stability
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the release of the pressure.

Vol.

of oxidized

HSA

of HSA and PFC,
in case B.

The

masked again owing
of S-S bonds at

in which the SH groups

SH group;

was less than

in case

B*.
Table 2

Absorbances

and its diminished

values

JA at 420mu

in case A and B.

Absorbance
a[ 420 mr.

A*atiue

dd

0.192

Pressed,

in case A

0.100

-0 .008

Pressed,

in case B

0.096'

0.096

Samplesolutionswere pressed for l0 minutesat 8,000kg~cmr,pH 6.g, and 25'C.
~ The readingof absorbancewas the same within 3 hours.
Fig. 1 shows the diminished value of absorbanceat 420 mk which is proportional to the
amount of oxidized SH groups by PFC against applied pressure. in case B- It is noticiablethat
the reactivity of SH groups rapidly enhances with the increase of pressure above nearly 4.000
kg/cm', but further increase of pressure above 7,000kg/cm' brings about little or no more effect
on the reactivity of SH groups. In mmparisaa with the diminished value of absorbante at
420 mgrof heat-denaturedHSA after boiling far f0 minutes at 100'C with PFC, only about 40%

Fig. 2
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of SH groups oxidized in heat-denatured HSA are oxidized by pressure denaturation.

The oxidizer

SH groups increased in steps with the increase of pressure duration as showh in Pig. 3, but iU,
kinetics can not }•et be understood. The same stepwise chnrater has also been ohserved in thi
thermal denaturation of serum albumin and ovalbuminal and the pressure denaturation of ovalbumin*
The effect of temperature on the pressure denaturation examined by measuring the oxidize
SH groups is shown in Fig. 4.
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where D,,.Da and D are the absorbancesof nativeytompletelydenatured and pressure-treatedproteins,
respectively. For Da was taken the value of hest-denatured HSA treated in boiling water for IO
minutes.
In case A', [here is no difference between the. susceptibility to proteolysis by proteinase of
the native HSA and of the compressed HSA at pressure below 4,000 kg/cm'. The proteolysis is
promoted with increasingpressure above about 4.000 kg/cm° and further increase in pressure results
in little or no more effectin the proteolysis. The recovery from the denatured state was not found
within 3 hours after releasing pressure.
On the other band, in case B', the proteolysisproceeds even at low presure. The susceptibility to proteinase increases with increasing pressure until it reaches a constant value between
2.000 and 4,000 kg/cm'--,and then it increases with increasingpressure above 4,000 kg/cm"-again.
But the increase of pressure above 6,000 kg/cm'-converselyresults in the decreaseof the hydrolysis
products. Now, we will consider these three sections one by one. Below 4,000 kg/cm~..the proteolytic reaction seems to be accelerated by pressure, since serum albumin is somewhat hydrolized
by proteinase in even the native state in comparisonwith ovalbumin. The rapid increasein susceptibility with increasing pressure from 4,000 to 0,000kgfcm' seems to depend on the large increase
of the amount of denatured protein. The (act that the amount of hydrolysis products in case II'
is much more than that in case ?.' may be interpreted from the followingreasons: (1) Pressure
denaturation may be accelerated by proteinase",.(2) the hydrolysis may be aaelarated by pressure
and (3) HSA molecules may regenerate from the denatured state immediately after releasing
pressure. The last reason does not seem to be important. since the susceptibility [o proteolysis
of the renatured serum albumin from urea denatured state is equal to that of the fully denatured
r~ Proteolyticemzymemay cause denauirationbymerelyshifting nn equilibriumbetweenthe native
and the denatured farms of a protein as a result of attackby the emzymeon the denaturedform,
and a little on the native form, accordingto the followingsequence:
Sative protein ~
Denaturedprotein
Denaturedprotein ~
Hydrolysisproducts.rr>
Enzyme
11) N. Kauzmann,d7ecGa~ism
aJ &rzymicActiaa,Edited by w. D. iVIcElroy
and B.Glass,P. 70(1954)
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proteintzl. It is clear that the decrease of hydrolysis products-above-F,,000
kg/cm= is due to the
inactia•ationof proteinase itself by pressurex.
Table 3 shows the results of temperature effect on the pressure denaturation 6y measuring
the susceptibility to proteolysis by proteinase in case A'. It is found from this table tbat the
temperature coefTitientof the denaturation process is positive and similar to the results shown in
Fig. 3 which was obtained by measuring the oxidized SH groups.
Table 3 Temperature eifett on pressure denaturation by measuring the
susceptibility to proteolysis by proteinase in case A'.
Pressure (kg/cm=)
6.000

6,500

Temp.

CC)

Absorbance
at fi60 mu

of the Folin

is

0.215

ao

0.234

30

0.240

10

0.227

30

0.146

color

0,4$o protein solutions were pressed for IO minutes at pII 7.4,
In conclusion, the molecular structure of horse serum albumin may be assumed to be .•ery
different from that of ovalbumin, and the possibility of the renaturalion

immediately after the

release of pressure is suggested•'.
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sx
After this study, the recoaery of serum albumin from the denatured state immediately after
releasing pressure was illustrated by measuring the turbidity under high pressure as an is dex.
K. Suzuki, Y. Miyasawa and C. Suzuki, .Ych. Biochern. BiopGys., In press. .

