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The texture of fish eggs changes into a unique chewy texture, for example, caviar, during preservation
in salt solution. In this work, the changes in fish eggs after preservation in salt solution were
investigated. After salt preservation, fish eggs stiffened, and an increase of ε-(γ-glutamyl)lysine
(GL) cross-linked products in the chorion fraction was observed. Transglutaminase (TGase) also
activated after salt preservation. Therefore, it can be hypothesized that the change of breaking
strength after salt preservation was due to the increment of the GL cross-linked products, which
was produced by the activation of TGase. Additionally, two kinds of TGase isoforms localized in
the chorion fraction of fish egg.
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INTRODUCTION

The texture of fish eggs changes into a unique chewy
texture, for example, caviar (salted sturgeon eggs),
during preservation in salt solution. This phenomenon
may correlate to a change in the membrane structure
of the fish egg, which is considered to depend on
intracellular chemical reactions. Although these chemi-
cal reactions have not yet been established, many kinds
of fish eggs are processed by the salt treatment to
develop some unique chewy textured foods.
In the eggs of rainbow trout (Oncorhynchus mykiss),

formation of covalent cross-links between constituent
proteins was recognized in the chorion during the
hardening (Iuchi et al., 1991). The ε-(γ-glutamyl)lysine
(GL) cross-links were also discovered in the egg envelope
of medaka (Oryzias latipes) after exposure to fresh water
(Iuchi et al., 1995). Transglutaminase (glutaminyl-
peptide:amine γ-glutamyltransferase, TGase, EC 2.3.2.13)
catalyzes the formation of the GL cross-links in proteins
and is distributed in many tissues or organisms (Ku-
mazawa et al., 1996; Yasueda et al., 1994; Icekson and
Apelbaum, 1987; Ando et al., 1989).
In this study, we describe the change of the breaking

strength, GL contents, and TGase activity of fish eggs
before and after salt treatment to demonstrate the
relationship between chorion hardening and TGase
activity. Additionally, we report the localization of
TGase in salmon egg detected by polyclonal antibodies
against guinea pig liver TGase.

MATERIALS AND METHODS

Materials. Unfertilized eggs of landlock salmon (Onco-
rhynchus masou), Japanese char (Salvelinus leucomaenis), and
rainbow trout (O. mykiss) were obtained by artificial spawning.

The eggs obtained were stored in isotonic saline at 4 °C.
Polyclonal antibodies against guinea pig liver TGase (type II)
were purchased from Upstate Biotechnology Inc. (Lake Placid,
NY). Guinea pig liver TGase was purchased form Sigma
Chemical Co. (St. Louis, MO).
Analytical Procedures. Salt Preservation. Eggs were

washed with isotonic saline and preserved in 7% NaCl solution
by gently stirring for 3 days at 4 °C.
Breaking Strength. The breaking strength of an egg was

measured by the puncture test using a rheometer (NRM-
2010J-CW, Fudoh Kogyo Co., Ltd., Tokyo) with a plane plunger
(10 mm in diameter).
TGase Activity and GL Content. Fish eggs were crushed

and suspended in isotonic saline and centrifuged at 1000g for
10 min. To isolate the chorion fraction, the precipitate was
resuspended in isotonic saline, and this procedure was re-
peated until the yolk proteins were completely removed.
Measurements of GL contents were performed according to
the previously reported methods (Tarca and Fesus, 1990;
Griffin and Wilson, 1984; Kumazawa et al., 1993). TGase
activity was determined according to reported methods (Takagi
et al., 1986; Lorand et al., 1971; Lorand and Gotoh, 1970).
Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophore-

sis (SDS-PAGE) and Western Blotting. Proteins were ex-
tracted from whole eggs, chorion, and yolk of the salmon eggs
with isotonic saline containing 5% Triton X-100 by the Teflon
homogenizer. Samples (40 µg each) were analyzed by 7.5%
SDS-PAGE (Laemmli, 1970).
The protein bands were transferred onto Immobilon nylon

membranes (Millipore, Bedford, MA). Immunodetection was
performed by enhanced chemiluminescence (ECL, Amersham)
using anti-TGase antibodies (1:500 dilution) according to the
manufacturer’s instruction. Protein concentration was deter-
mined according to the protein-dye binding method of Brad-
ford (1976), using bovine serum albumin as a standard.

RESULTS AND DISCUSSION

The breaking strength, GL contents, and TGase
activity of the eggs from landlock salmon, Japanese
char, and rainbow trout before and after salt preserva-
tion were examined and are shown in Table 1. All of
the fish eggs stiffened after salt preservation. An ε-(γ-
glutamyl)lysine cross-linked product was detected in
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both salt-preserved and nonpreserved fish eggs. In all
chorion fractions of the fish eggs, GL contents increased
after salt preservation. TGase activities within the
chorion fraction of all the fish eggs were also activated
after salt preservation, but in the yolk fraction it was
not detectable before or after salt preservation (data not
shown). We therefore conclude that the change of
breaking strength after salt preservation was due to the
increment of the GL contents, which was produced by
the activation of TGase.
Each 40 µg of whole, chorion, and yolk proteins of

salmon eggs was subjected to SDS-PAGE. As shown
in Figure 1, the antibodies reacted with peptides in the
whole egg’s fraction and with doublet peptides of the
chorion fraction, whose apparent molecular masses were
70 kDa. The mass is similar to that of rat liver TGase.
The doublet peptides may be caused by the existence of
two kinds of TGase isoforms in fish eggs. The doublet
peptides in three preparations did not change the
molecular ratio (data not shown). The asterisked pep-
tide (∼140 kDa) in the whole and chorion fractions also
reacted with the antibodies, which may be an autocata-
lytic product or reacted nonspecifically with the anti-
bodies. The amount of the peptide changed in every
preparation (data not shown). No peptides were de-
tected in the yolk fraction. These results showed that
the TGase was localized specifically in the chorion of
fish egg.
In this paper we study the changes after preservation

of fish eggs in salt solution to research the relationship

between the chewy texture of fish eggs after salt
preservation and TGase activity or breaking strength
of fish eggs. Additional research is needed to elucidate
the mechanisms that explain the relationship between
chorion hardening and TGase activity of fish eggs.
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Table 1. Breaking Strength, GL Contents, and TGase Activity of Fish Egga

breaking strengthb (g‚cm) GL contentsc (µmol/100 g of dry egg) TGase activityd (units/mg)

not preserved salt preserved not preserved salt preserved not preserved salt preserved

landlock salmon 13.6 ( 3.6 22.7 ( 4.4 14.4 ( 2.1 21.4 ( 2.3 2.21 ( 0.08 3.50 ( 0.24
Japanese char 23.1 ( 3.3 39.6 ( 4.1 11.9 ( 0.9 16.1 ( 3.3 2.75 ( 0.05 4.09 ( 0.13
rainbow trout 12.3 ( 3.9 32.5 ( 10.1 20.1 ( 2.1 38.1 ( 3.4 4.28 ( 0.33 8.87 ( 0.23
a All values are given as mean ( SD. b n ) 20. Breaking force (g) and depth of indentation (cm) were recorded. c n ) 3. GL contents

were determined using synthetic ε-(γ-gltamyl)lysine as standard. d n ) 3. TGase activity within the chorion fraction was detected by the
amount of monodansylcadaverine (MDC) incorporated into N,N′-dimethylcasein (DMC) by incubation for 30 min at 37 °C. One unit of the
enzyme was defined as the amount that incorporated 1 nmol of MDC in DMC per minute.

Figure 1. Detection of TGase in salmon egg by Western
blotting. Proteins were prepared as described under Materials
and Methods: (A) Coomassie Brilliant Blue stain; (B) immuno-
detection with anti-TGase antibodies; m, molecular size marker;
a, whole egg extracts; b, yolk extracts; c, chorion extracts; d,
guinea pig liver TGase. Arrowhead indicates TGase. Aster-
isked peptide was unknown peptide, which may be an auto-
catalytic product or reacted nonspecifically with the antibodies.
Molecular masses in kilodaltons are indicated on the left of
the gel.
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