Radiation-Induced Sol-Gel Transition of Protein: Effects of Radiation and

Metal lons on Melting Behavior

Tonizing radiation strongly influences the chemical and
conformational properties of biological macromolecules.!?
Some biological macromolecules, such as proteins, form
a thermoreversible hydrogel®® and interact with metal
ions, such as Cu®* ions.® However, the thermal property
changes that accompany a change of polypeptide chains
in a gel are not clear. It was, therefore, considered desirable
to study the effects of radiation and metal ions (Cu?* and
Fe?*) on the cross-links of a protein molecule. Changes
in the cross-links can be followed conveniently by mea-
suring the melting point of protein hydrogel as a function
of radiation dose.

The solid gelatin (Kanto Chemical Co.) as the model
protein was irradiated with ®Co gamma-rays in air at room
temperature at dose rates of 6.0 X 10* to 1.3 X 10® rad/
h. The irradiated solid gelatin was dissolved in distilled
water or metal ions (Cu?' as CuSO, or Fe?* as FeSQO,)
solution at about 80°C and gelatinized at 2°C for 24 h.
The gelatin hydrogel was then warmed at a rate of 0.2°C/
min and the melting point was measured.

The changes in melting point of irradiated gelatin with
and without metal ions (Cu?* and Fe?* ) were studied with
3-10% gelatin, 0.5% CuSOQ,, and 0.5% FeSO, and by ir-
radiation of 0, 10°, 108, and 107 rad. Figure 1 shows the
relation between the values of gelatin concentration and
the reciprocal absolute temperature of melting for various
radiation doses. The melting point decreases as the ra-
diation dose increases. If such changes in melting point
are compared to changes in melting point and molecular
weight, which were reported in the experiments of Eldridge
and Ferry,” it seems that the decrease in melting point
with radiation is attributable to a decrease in molecular
weight by scission of the main chain or cross-links.

Also, the changes in melting point of irradiated gelatin
with metal ions (Cu®* and Fe®*) are shown in Figures 2
and 3. The melting point raises as the metal ions (Cu?*
and Fe?*) are added. If such changes in melting point are
due to the reduction of the radiation damage by the effect
of ionic or polar cross-links through the bivalent metal
ions, the measurement of the melting point can be used
as monitoring the cross-links of the irradiated gelatin
molecule.
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Figure 1 Gelatin concentration vs. absolute tempera-
ture of melting for various radiation doses: (O) O rad; (A)
10° rad; (x) 10° rad; (CJ) 107 rad.
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Figure 2 Gelatin concentration vs. absolute tempera-
ture of melting with 0.5% CuSO, for various radiation
doses: (O) 0 rad; (A) 10° rad; (x) 10° rad; (0) 107 rad.
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Figure 3 Gelatin concentration vs. absolute tempera-
ture of melting with 0.5% FeSO, for various radiation
doses: (O) 0 rad; (A) 10° rad; (x) 108 rad; (C1) 107 rad.

1683



1684

REFERENCES

1.

2.
3.

[o2 31

D. N.-S. Han and S.-T. Chang, J. Polym. Sci. Polym.
Chem. Ed., 22, 2227 (1984).

I. A. Khan and R. Ali, J. Radiat. Res., 26,109 (1985).
P. Godard, J. J. Biebuyck, M. Daumerie, H. Naveau,
and J. P. Mercier, J. Polym. Sci. Polym. Phys. Ed.,
16, 1817 (1978).

. S. M. Hudson and J. A. Cuculo, J. Polym. Sci. Polym.

Chem. Ed., 20, 499 (1982).

. F. S. M. Van Kleef, Biopolymers, 25, 31 (1986).
. A. Yamagishi, Biopolymers, 20, 201 (1981).
. J. E. Eldridge and J. D. Ferry, J. Phys. Chem., 58,

992 (1954).

JOURNAL OF APPLIED POLYMER SCIENCE, VOL. 51 (1994)

MizuHO NiIsiIZAWA*
Department of Chemistry, Defense Academy, Yokosuka
239, Japan

RyuicHI ENDO
Department of Applied Chemistry, Science University
of Tokyo, Tokyo 162, Japan

Received March 27, 1993
Accepted July 29, 1993

* To whom correspondence should be addressed.





