WALKER, WOLF, KAPSALIS

Adsorption of Water Vapor on Myosin A and Myosin B

John E. Walker, Jr.,* Max Wolf, and John G. Kapsalis

The moisture sorption isotherms of Myosin A and
Myosin B were measured at 7°. The Bradley iso-
therm equation could be applied to the experi-
mental water sorption behavior of both proteins

up to a water activity of 0.8. Residual potassium
chloride bound to the proteins affects the iso-
therm in all regions.

Water and its interactions with proteins have received a
great amount of attention over the past 20 years. Proteins
sorb water vapor by binding water molecules to specific
hydrophilic sites at low water activities, followed by con-
densation or multimolecular adsorption as the humidity
increases (Cassie, 1945; Pauling, 1945). By chemically
modifying the adsorption groups of various proteins, it
was found that at low water activities the water first com-
bines with amino groups and then with carboxyl and hy-
droxyl groups as the water content of the system increases
(Kanagy and Cassel, 1957; Leeder and Watt, 1965; Mel-
lon, 1947). Using an isopiestic method, Bull and Breese
(1970) found that protein hydration correlates strongly
with the sum of the polar residues minus the amide resi-
dues.

Mathematical expressions which describe the adsorp-
tion of gases on solid adsorbents have met with limited
success when applied to protein-water vapor systems.
Bull (1944) applied the BET equation (Brunauer et al.,
1938) to water vapor adsorption data of various globular
proteins and reported agreement up to a water activity of
0.5; Ling (1965) and Mellon and Hoover (1950) applied
the Bradley multilayer adsorption equation (Bradley,
1936) to fibrous proteins and synthetic polypeptides and
found agreement with experimental data up to water ac-
tivities as high as 0.95. Ling and Nagendank (1970)
showed that 95% of water in frog muscle follows behavior
predictable on the basis of the Bradley adsorption equa-
tion. This result supports Ling’s postulate (1965) that
water in living cells might exist in the form of polarized
layers.

During the past several years, our laboratory has re-
ported on the use of moisture sorption isotherms as a
basis for studying chemical (Kapsalis, 1969; Kapsalis et
al., 1964; Salwin, 1959, 1963) and textural (Kapsalis et al.,
1970) changes in freeze-dried meat and meat products. It
was the objective of this study to investigate the water
sorption properties of two major proteins in muscle, Myo-
sin A and Myosin B (actomyosin), to determine the de-
gree to which both proteins contribute to the water sorp-
tion of the whole muscle, and since the Bradley equation
has been shown to describe water sorption behavior in the
multilayer sorption region where most sorption equations
fail, we applied it to the sorption data of Myosins A and
B. As this work was in progress, Palnitkar and Heldman
(1971) reported the isotherm of Myosin B.

EXPERIMENTAL SECTION

Both proteins were extracted from bovine arm bone
muscle immediately after slaughter, and all subsequent
operations were carried out at 3° to minimize thermal de-
naturation. Myosin A was isolated by the method of Perry
(1953) and Myosin B (actomyosin) by the method of
Morita and Tonomura (1960). Criteria of purity for both
proteins were based on their behavior in the ultracentrifuge.
After the final isoelectric precipitation, both proteins were
exhaustively dialyzed against distilled water at 0°. Dialyzed
proteins were lyophilized and stored at —20°.
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Adsorption and desorption isotherms of the solid pro-
teins were measured at 7° on a modified McBain-Bakr
spring balance. Details of this balance have been pre-
viously described (Wolf et al, 1972). The water vapor
pressure was regulated by a condenser thermally con-
trolled to £0.1°. Each point on the isotherm represents an
average of two measurements made during the experimen-
tal run. The length of time for an adsorption-desorption
cycle was 2 weeks.

RESULTS

The adsorption-desorption cycles for Myosin A and My-
osin B are shown in Figures 1 and 2. A comparison of the
adsorption isotherms of these proteins with that of freeze-
dried muscle is given in Figure 3.

The adsorption data were treated according to the
Bradley equation as used by Ling (1965)

logio Po/P — K4 = K2K1®

where ¢ = amount of water vapor adsorbed at pressure P,
Py = saturation water vapor pressure, and K; and K; =
constants which are functions of the field of the sorptive
polar groups, the dipole moment of the sorbed gas, the
polarizability of the gas, and of the temperature. The
term K, is included to account for the difference between
the heat of evaporation from the polarized surface and
from the bulk liquid. The value for K, used in our work is
the value given by Ling (1965) for the sorption of water
vapor on collagen. A constant of +2 is added to the log
(log Po/P — K,) term in the graphical representation of
the Bradley equation so that all plotted points are of posi-
tive sign. Figures 4 and 5 depict the agreement of the ad-
sorption data for Myosins A and B to the Bradley equa-
tion.

In Figure 6 we compare the isotherms of a Myosin B
preparation with the same protein for which no attempt
was made to exclude potassium chloride after the final
isoelectric precipitation.

DISCUSSION

Both Myosins A and B have similar sigmoidal-shaped
isotherms which are characteristic of the sorption of water
on proteins. The desorption branches of both isotherms
show a moderate degree of hysteresis. A certain amount of
water remains irreversibly bound to proteins under the
conditions of the experiment, even after prolonged pump-
down in the sorption tube (2 and 1.5% bound water for
Myosin A and Myosin B, respectively).

A comparison of the isotherms of the proteins with that
of the muscle (Figure 3) shows that Myosin A has a higher
capacity for water uptake at water activities (4.) above
0.7. The fact that Myosin B absorbs less than either Myo-
sin A or muscle above 0.7 may be due to irreversible link-
ages formed between the Myosin and Actin during lyophi-
lization. As a result, Myosin B is restricted in its capacity
to swell and take up water at these higher water activi-
ties.

The Bradley isotherm equation was found to fit the ad-
sorption data for both proteins up to a water activity of
0.80 (Figures 4 and 5). The deviation from linearity be-
tween Ay 0.80-1.0 is probably due to the inherent limita-
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Figure 1. Moisture sorption-desorption isotherm for Myosin A at
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Figure 2. Moisture sorption-desorption isotherm for Myosin B at
7°. ———, adsorption; --=---- , desorption.
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Figure 3. Moisture sorption isotherms for Myosin A, Myosin B,
and muscle at 7°,

tions of the Bradley equation. This is known as the region
of capillary condensation, where maximum swelling and
solution effects may occur in the adsorbent (protein). The
Bradley equation contains no terms which are suitable for
coping with structural or solution changes that result from
these processes.

Bull and Breese (1970) and Gal and Bankay (1971) re-
port that sodium chloride bound to protein produces a
characteristic change in the water vapor sorption process
at medium and high water activities. Since the isolation
of both Myosin A and Myosin B involves an isoelectric
precipitation from a 0.6 M KCI solution, we wished to see
how the isotherm would be affected if no effort was made
to remove the traces of KCI that are bound to the precipi-
tated protein. Figure 6 shows clearly that not only is the
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Figure 4. Adsorption data for Myosin A in terms of the Bradley
isotherm equation.
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Figure 5. Adsorption data for Myosin B in terms of the Bradiey
isotherm equation.
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Figure 6. Moisture sorption isotherms of Myosin B dialyzed and
Myosin B nondialyzed at 7°.

isotherm of Myosin B affected at medium and high Ay
values if the KCl is not removed, but at low A« the iso-
therm is depressed. The isotherm for Myosin B in which
the salt is removed by exhaustive dialysis exhibits the
normal sigmoid shape. Palnitkar and Heldman (1971) re-
ported the isotherm for Myosin B in which no attempt
was made to ensure the removal of salts. Their isotherm
compares almost exactly with our salt-contaminated Myo-
sin B isotherm.

CONCLUSIONS

Myosin A and Myosin B give the typical sigmoid-
shaped isotherm for the water adsorption process of pro-
teins. A model isotherm equation (Bradley equation) pro-
vides a good fit of the experimental adsorption data up to
water activities of 0.80. Residual potassium chloride
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bound to Myosin B profoundly affects the isotherm in all
regions.
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Relationship of Penetrometer Readings on Raw Beef with Cooked Tenderness

Deane G. Galloway, Justin M. Tuomy, and Larry C. Hinnergardt*

This study was designed to evaluate the use of a
simple penetrometer test to predict cooked beef
tenderness from the force required to penetrate
the raw beef sample. In addition, several factors
which could bear on tenderness, such as water-
holding capacity and fat content, were evaluated
with the penetrometer readings by multiple re-
gression techniques. An Allo-Kramer shear press
was modified to function as a penetrometer by
replacing the standard shear compression cell
and shearing blades with a plate containing five
needles. Simple linear correlation coefficients be-
tween the maximum penetration force in the raw

meat and technological taste panel evaluations
were —0.84 and —0.78. Simple linear correlation
coefficients between water-holding capacity, fat,
and moisture vs. the technological taste panel
evaluation for tenderness were —0.59, 0.32, and
0.36, respectively. However, results of the multi-
ple correlation analysis using water-holding ca-
pacity, protein, moisture, fat, and ash were bor-
derline when coupled with the maximum raw
penetration force in improving the relationship of
the maximum penetration force of raw meat to
the technological taste panel evaluation.

The tenderness of meat is generally regarded as its sin-
gle most important quality and there is a very large body
of literature concerning tenderness in all its aspects, in-
cluding methods for determining and predicting it. Me-
chanical methods such as the Lee-Kramer shear press
have been correlated with tenderness of cooked meats as
determined by taste panels, but until recently only sub-
jective methods such as USDA grade or marbling have
been used to predict how tender a piece of raw meat will
be when it is cooked.

Until recently, attempts to correlate mechanical tender-
ness ratings of raw meat with the tenderness of the same
meat when cooked have been disappointing. Using the
Warner-Bratzler shear, Warner (1928), Black et al.
(1931), McBee and Naumann (1959), and Carpenter et al.
(1965) found no significant correlations between raw and
cooked meat. Informal work at these laboratories has
shown the same thing when the Lee-Kramer shear press is
used. However, replacing the standard Lee-Kramer cell
with penetrometer needles has resulted in significant cor-
relations at the 1% level with r’s of 0.5-0.6 with the long-
issimus dorsi muscle of pork (Hinnergardt and Tuomy,
1970).

The Armour tenderometer has been used by Carpenter
et al. (1972) and Henrickson et al. (1972) on ribbed car-
cass beef to determine the relationship of raw beef tender-
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ness to the tenderness of cooked beef. Henrickson et al.
(1972) found that the Armour tenderometer readings on
raw beef were not highly related to the cooked beef tested
with the Warner-Bratzler shear force machine with r’s of
—0.01 to —0.15. Carpenter et al. (1972) found they could
reduce the variability of tenderness groups (tender and
nontender) of U. S. Choice from 23 to 9%. When they re-
lated the tenderometer readings to a trained panel evalua-
tion of tenderness, the linear correlations were low (—0.15
to —-0.33).

The USDA grade is often taken as an indication of ten-
derness of beef. However, this has not been established
firmly in the literature. Simone et al. (1959), Rhodes et
al. (1958), and Tuomy et al. (1961) found no significant
differences in tenderness attributable to grade. On the
other hand, Cover et al. (1958) and Doty and Pierce (1961)
found a trend toward increased palatability with higher
carcass grades.

The effect of fat present in meat on tenderness has been
studied by a number of investigators, with mixed results.
Covington et al. (1970), McBee and Wiles (1967), Field et
al. (1966), Alsmeyer et al. (1959), and Helser et al. (1930)
found significant relationships between tenderness and fat
content. On the other hand, many investigators found no
significant relationships, including Breidenstein et al
(1968), Howard and Judge (1968), Cover et al. (1956),
Suess et al. (1966), and Goll et al. (1965).

It is evident that many of the predictors for cooked
meat tenderness reported in the literature have some va-
lidity, but none of them is adequate in itself, particularly
when compared against taste panel results. The one that



