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Abstract

Blood products from slaughterhouses that are not hygienically prepared for disposal or food consumption
pose a human health hazard. Gamma irradiation is an effective method for sterilization of blood products, but
may introduce changes in the molecular characteristics of proteins. This study evaluated the effects of irra-
diation on animal plasma proteins. Bovine and porcine blood was obtained from a slaughterhouse and the plasma
proteins purified and lyophilized. The secondary structure and molecular weight distribution of the plasma protein
solutions and powders were examined after 7y -irradiation at 1, 5, 7 and 10 kGy. Gamma-irradiation affected the
molecular properties of the protein solutions, but not the protein powders. Circular dichroism and sodium
dodecyl sulfate-polyacrylamide gel electrophoresis studies showed that increased doses of 7 -irradiation de-
crease the ordered structure of plasma proteins in solution, and cause initial fragmentation of the polypeptide

chains and subsequent aggregation.
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INTRODUCTION

Gamma irradiation technology has been applied to food
production as a non-thermal process for reducing micro-
bial contamination and extending the shelf-life of food pro-
ducts (1,2). However, irradiation also induces chemical
changes in biopolymers, such as proteins, including: frag-
mentation, cross-linking, aggregation, and oxidation by oxy-
gen radicals generated by the radiolysis of water (3-6). Hy-
droxy and superoxide anion radicals generated by 7 -
irradiation can modify the primary structure of proteins,
resulting in distortions of secondary and tertiary structures
(5). Assuming that these changes occur simultaneously,
their rates depend on the chemical properties and physical
state of the protein and the irradiation conditions (7).
The effect of 7y -irradiation on protein conformation ap-
pears to be especially dependent upon factors such as pro-
tein concentration, the presence of oxygen, and the qua-
ternary structure of the proteins.

In general, radiation causes irreversible changes at the
molecular level by breakage of covalent bonds of poly-
peptide chains. Exposure of proteins to oxygen radicals
results in both nonrandom and random fragmentation (8).
Protein fragmentation is affected by the local environment
around amino acid side chains, the primary amino acid se-
quence of the protein, and its accessibility to oxygen radicals
generated by radiation (6). In Schuessler and Schilling’s
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model (3), bovine serum albumin (BSA) is cleaved by
oxidative destruction of proline residues, yielding specif-
ic protein fragments. Irradiation may also cause aggrega-
tion and cross-linking of proteins (3,4,6,9,10), and protein
solutions are subject to the formation of covalent cross-
linkages between free amino acids and proteins and between
peptides and proteins (4).

Blood released from slaughterhouses is not efficiently
utilized and mostly discarded without proper disposal treat-
ment, which may cause pollution of drinking water in de-
veloping countries. Animal products should be appropri-
ately processed in slaughterhouses in compliance with haz-
ard analysis critical control point (HACCP) programs for
safety. In Korea, bovine blood is processed as Sunji and/
or Soondae. Because plasma proteins are an excellent
source of nutrients, preparation of plasma hydrolysates
may be a good way to utilize blood as a food ingredient
in sauces or as a functional food. Therefore, the objec-
tives of this study were to evaluate the use of gamma-
irradiation in the processing of plasma proteins, and to
investigate the effects of irradiation on the molecular pro-
perties of plasma proteins.

MATERIALS AND METHODS

Sample preparation
Bovine and porcine blood samples collected from a
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slaughterhouse (Taejeon, Korea) were immediately treated
with ethylenediaminetetraacetic acid (EDTA, 2 g/L), to
prevent coagulation, and centrifuged at 11,590 X g for 30
min to remove blood cells. Plasma proteins were precip-
itated by adding 2% trichloroacetic acid (TCA) to the
supernatant; and then freeze-dried.

Sample irradiation

Lyophilized plasma protein powder samples (50 g) were
prepared for irradiation by wrapping in polyethylene film,
and 0.5% protein solutions (20 mM phosphate buffer, pH
7.0) were poured into borosilicate glass vials (16 X 125
mm). All samples were irradiated at room temperature
using a °Co gamma irradiatior Type IR-79 (Nordion In-
ternational Inc., Ontario, Canada) to achieve exposure
doses of 0, 1, 5, 7 and 10 kGy. %Co exposure was varied
from 6 to 189 cm in order to achieve total doses of 1~
10 kGy at dosage rates of 1, 5, 7 and 10 kGy/h.

Circular dichroism (CD) measurements

CD spectroscopy was performed at 25°C with a JASCO-
720 spectropolarimeter as previously reported (11,12),
at a pathlength of 1-mm and sensitivity of 10 mdeg. The
reported CD spectra were averages of 5 scans, and were
smoothed using a polynomial curve-fitting program. CD
data were expressed as molar ellipticity in deg + cm’ -
dmol™.

Sedium dodecylsulfate polyacrylamide gel electropho-
resis (SDS-PAGE)

SDS-PAGE was performed according to the method
of Laemmli (13). Protein samples (15 ug) for SDS-PAGE
were prepared by mixing with sample buffer (60 mM
Tris-HCl, 2% SDS, 14.4 mM B-mercaptoethanol, 25%
glycerol, 0.1% bromophenol blue, pH 6.8). Proteins were
resolved on a 12.5% or 15% separation gel and stained
with Coomassie Brilliant Blue. The following standard
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marker proteins were purchased from Sigma Chemical
Co. (St. Louis, MO, USA) and used: rabbit muscle myo-
sin (205 kDa), E. coli B-galactosidase (116 kDa), rabbit
muscle phosphorylase b (97.4 kDa), bovine serum albu-
min (66 kDa), egg albumin (45 kDa), and bovine eryth-
rocytes carbonic anhydrase (29 kDa).

RESULTS AND DISCUSSION

Effect of 7 -irradiation on SDS-PAGE profile

SDS-PAGE shows the molecular weight profile of the
proteins. The major component of bovine and porcine
plasma proteins is albumin (66 kDa) on SDS-PAGE (Fig.
1). It is known that blood plasma proteins consist primar-
ily of albumin and globulin fractions (14,15) and that their
ratio is dependent on species and other conditions such
as age and health of the animal. Bovine and porcine plas-
ma proteins had very similar SDS-PAGE patterns (Fig. 1).

There were two different patterns of irradiation effects
on plasma protein SDS-PAGE profiles, according to the
physical state of the proteins. Plasma protein powders ex-
hibited no significant change in molecular weight pro-
files, indicating that there was little degradation or aggre-
gation of the protein molecules. We previously reported
a similar lack of effect of irradiation in soy protein iso-
late and whey protein concentrate (16). However, there
were significant changes in plasma protein solutions (Fig.
2). This is easily explained since hydroxy and superoxide
anion radicals generated by radiolysis of water can mod-
ify the primary structure of proteins. Irradiated proteins
sustain two types of observable damage: fragmentation
and aggregation (6). SDS-PAGE profiles of plasma pro-
teins showed that y -irradiation at a low dose of 1 kGy
causes a breakdown of the polypeptide chain resulting
in the formation of degraded small-molecular-weight mol-
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Fig. 1. SDS-PAGE profile of bovine (A) and porcine (B) irradiated plasma protein powders. About 15 pg of protein was loaded
on each lane. Lane 1, marker proteins; 2, 0 kGy; 3, 1 kGy; 4, 5 kGy; 5, 7 kGy; 6, 10 kGy.
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Fig. 2. SDS-PAGE profile of bovine (A) and porcine (B) irradiated plasma protein solutions. Lane 1, marker proteins; 2, 0 kGy;

3, 1 kGy; 4, 5 kGy; 5, 7 kGy; 6, 10 kGy.

ecules (Fig. 2), which are usually seen as a smeared band
pattern, even in the presence of 10% gel. Similar results
were observed in other studies (3,17,18). Schuessler and
Schilling (3) proposed that proline residues are targets
for chain scission caused by radiation. Wolff et al. (19)
reported that peptide bonds could be cleaved as a result
of direct oxidation of proline residues. Typically, break-
age of covalent bonds in irradiated proteins is revealed
by the appearance of new bands below the major band.
When irradiation doses exceed 5 kGy, SDS-PAGE gel
reveals only degraded patterns of protein molecules, with
some aggregated molecules that could not penetrate the
separating gel (Fig. 2).

Proteins may be converted to higher-molecular-weight
aggregates due to the generation of inter-protein cross-
linking reactions, hydrophobic and electrostatic interac-
tions, and the formation of disulfide bonds (5,17,18). Any
amino acid radical formed within a peptide chain could
cross-link with an amino acid radical in another protein.
At high doses, but not the lower doses, irradiated pro-
teins underwent covalent cross-linking resulting in the
formation of the high molecular weight aggregates (Fig.
2). A similar observation was previously reported for
egg white lysozyme and BSA, in which radiation damage
resulted in covalent cross-linking and the rupture of di-
sulfide bonds or disulfide exchange (3,20).

Effect of 7 -irradiation on the secondary structure

Far-UV CD spectra show the conformational changes
in the secondary structure of proteins; and can easily
distinguish between native proteins and those with con-
formational changes resulting from disturbances in the
local environment of polypeptide chains. Far-UV CD spec-
tra of plasma proteins irradiated at various doses were
obtained (Fig. 3 and 4). Similar to the data of SDS-PAGE,
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Fig. 3. Far-UV CD spectra of irradiated bovine plasma protein

solution.
, 0 kGy; ————, 1 kGy; -y 5 kGy; —.—. , 7 kGy;
——.., 10 kGy.

20000

15000

10000

Ellipticity (deg cm? dmol™)

-10000 4

-15000 T T T T T T T
180 190 200 210 220 230 240 250 260

Wavelength (nm)
Fig. 4. Far-UV CD spectra of irradiated porcine plasma protein
solution.
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the CD spectra of plasma protein powder samples show-
ed little change, regardless of 7 -irradiation dose (data not
shown). However, CD spectra of plasma protein solutions
were significantly affected. CD spectra of both bovine
and porcine native plasma protein solutions indicate that
they have mostly helical structure; since they have typi-
cal negative minimum ellipticity values at 207 and 221
nm. However, y -irradiation decreased the negative ellip-
ticity values significantly in the range of 210 and 225 nm,
resulting in a decrease of ordered structure. This was also
observed in other studies (21,22). The ellipticity value
at 221 nm, which is a typical indicator of @ -helix con-
tent, increased from -7680 for 0 kGy treated samples to
-6410 for 10 kGy samples of bovine plasma protein. For
porcine plasma protein, it increased from -8290 to -4620,
indicating that y -irradiation decreased the ¢ -helix con-
tent with a concomitant increase of random coil structure.
Oxygen radicals, produced by radiolysis of water during
irradiation, subsequently destabilized the « -helical struc-
ture of the proteins in solution. The irradiation-induced
changes in the CD spectra of the proteins were mostly
attributable to the cleavage of covalent bonds and the for-
mation of aggregated products. CD results clearly support
that y -irradiation easily breaks covalent bonds and dis-
rupts the ordered structure of proteins, resulting in changes
in the molecular properties of proteins in solution.

In conclusion, y -irradiation of plasma proteins affected
the molecular properties of the proteins in solution, but
not in powder form. Gamma-irradiation below 10 kGy
significantly affected the secondary structure and molec-
ular weights of solubilized proteins by cleaving polypep-
tide chains that react with oxygen radicals produced by
the radiolysis of water.
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