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Application of transglutaminase for improvement of biological properties of evening primrose
(Oenothera paradoxa) proteins was investigated. Proteins were extracted from defatted plant seeds
being the waste material in pharmaceutical industry. The analysis of amino acids content of this
protein extract proved the lysine deficiency. In order to increase its content, transglutaminase of
guinea pig liver was employed. Low-degree papain hydrolyzate (DH = 7 %) of the protein extract
and L-lysinium monochloride were used as the substrates for this reaction. This process resulted in
an increase of lysine content from 1.3 % to 4.2 %. Transglutaminase has appeared to be efficient
tool for modification of amino acid content in proteins.

Transglutaminase identified over forty years ago is
still the enzyme, which is applied for industrial protein
modification [1, 2]. Transglutaminase (TGase, protein-
glutamine:amine γ-glutamyltransferase, E.C. 2.3.2.13)
catalyzes acyl transfer between γ-carboxamide groups
of protein-bound glutaminyl residues and primary
amines [3]. When either protein-bound lysyl residues
or lysine alone act as a substrate, inter- and in-
tramolecular ε-(γ-glutamyl)lysine bonds can be for-
med. This cross-link resulting from transglutaminase-
catalyzed reaction is highly stable and resistant to me-
chanical and proteolytic breakdown [4]. In the absence
of amines, transglutaminase catalyzes hydrolysis of γ-
carboxamide group of the glutaminyl residue (deami-
dation). Because of its isopeptidase activity transglu-
taminase can also hydrolyze γ : ε isopeptides [5].
The catalytic activities and availability of cheap

transglutaminase opened the way for production of
proteins of unique functional properties and high
nutritional value [2]. TGase-catalyzed cross-linking
is used in dairy processing, processing of seafood
(surimi), meat (sausages, ham), and noodles [6] to im-
prove solubility, the emulsifying and foaming proper-
ties of protein hydrolyzates from gluten and soy [7,
8].
Transglutaminase can modify nutritional proper-

ties of proteins similarly as proteases used so far for
this purpose. The enzyme was reported to be suc-
cessful in increasing the lysine content in gluten [9].
Bercovici et al. [10] enriched casein with lysine by
treating it with animal transglutaminase. L-Lysine or
its oligomers served as amino acid donors in the pro-
cess. The mole ratio of the lysine incorporated into the
protein to overall casein was 5 : 1. The replacement
of lysine with its tetrapeptide increased the level of
incorporation to 22.5 : 1. Transglutaminase is able to
incorporate into the protein structure not only lysine
but also other amino acids, e.g. lysylmethionine and
lysylarginine were used to supplement the methionine
and arginine deficiency in casein [6].
In the presented work animal transglutaminase was

used for incorporation of lysine into protein extract
isolated from nonconventional source, namely from
evening primrose seeds.

EXPERIMENTAL

Evening primrose proteins were isolated by alka-
line extraction (0.05 M-NaOH) from ground seeds
(0.125 mm “mesh” size) defatted with chloroform—
methanol mixture (ϕr = 1 : 1). Pharmaceutical com-
pany “Agropharm” (Poland) supplied the defatted
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seeds, a waste material in pharmaceutical industry.
Total nitrogen content in raw material was determined
by the Kjeldahl method and then protein content was
calculated (w(N) × 6.25).
Composition of proteins extracted from the raw

material was determined by separating the individual
amino acids. Protein isolates (10 mg cm−3) were oxi-
dized with performic acid at 50◦C for 10 min [11]. Pro-
tein hydrolysis was performed in vacuum-tight glass
flasks with 6 M-HCl at 110◦C for 24 h. Tryptophan
content was determined after hydrolysis with 4 M-
LiOH [12]. Residual proteins were precipitated with
5-sulfosalicylic acid and spun down (8000× g, 15 min).
Amino acid analysis was performed in the resulting su-
pernatant with the use of analyzer AAA-400 (Ingos,
Czech Republic).
Before transglutaminase-catalyzed reaction the

protein isolate was subjected to partial hydrolysis with
papain (30 000 USP U/mg, Roth). The enzyme activ-
ity of 1.04 jA g−1 was assayed by the Anson method
[13]. Protein hydrolysis was performed at 50◦C for 1 h
with {m(protein) : V (water)} = 0.05 of the protein
isolate in 0.2 M-phosphate buffer, pH 8.0, the enzyme
to substrate ratio wr was 1 : 100. Then, the enzyme
was inactivated by incubation at 70◦C for 20 min and
the reaction mixture was lyophilized. Degree of hy-
drolysis (DH/%) was calculated from the proportion
of amine nitrogen content determined by the Sörensen
method [14] and the total nitrogen content assayed by
the Kjeldahl method [14].

L-Lysine incorporation into the evening prim-
rose protein was catalyzed by transglutaminase from
guinea pig liver (2 U, Sigma) using the method de-
scribed by Bercovici et al. [10]. Protein hydrolyzate
(DH = 7 %) obtained as described above and L-
lysinium monochloride (Sigma) served as the sub-
strates for transglutaminase reaction. The reaction
mixture containing the protein solution (0.1 mg
cm−3), the amino acid (0.02 mg cm−3), CaCl2
(5 mM), dithiotreitol (DTT, 10 mM), and trans-
glutaminase (0.1 U cm−3) in 0.1 M-Tris-HCl buffer,
pH 7.5, was incubated at 37◦C in orbital shaker
(300 min−1) for 4 h and then 10 vol. % of 0.4 M-
EDTA (pH 8.0) was added. The control sample was
identical but the enzyme addition.
The amount of lysine incorporated into the protein

was estimated from the decrease of free L-lysinium
chloride concentration in the reaction mixtures. For
this purpose protein was precipitated from the re-
action and control samples using 96 % ethanol and
isolated by centrifugation at 9000 × g for 15 min.
The precipitates were thoroughly washed with 70 %
ethanol to rinse out all free lysine and the super-
natants were collected. This step was repeated 3 times
to assure complete recovery of free Lys ·HCl from
the protein precipitate. Resulting supernatants were
pooled, filtered by means of 0.22 µm membranes and
then used for the final HPLC assay (Jupiter column

5µ C18300A, 250 mm × 4.6 mm, Phenomenex, fluo-
rescence detector, Shimadzu). Detection of lysine was
carried out using the linear gradient 8—16 % CH3CN
and 12.5 mM-phosphate buffer (pH 7.2) from 0 to 30
min, 0.27 % min−1 at a flow rate of 1 cm3 min−1,
and then the new gradient 16—40 % CH3CN and 12.5
mM-phosphate buffer (pH 7.2) from 30 to 60 min,
0.8 % min−1, the same flow rate as previously. Un-
der these conditions retention time for lysine was 52
min. The amount of L-lysine incorporated into protein
was calculated using the following equation

Y =

(
1− As

Ar

)
m

B

MLys

MLys ·HCl 100 % (1)

where Y represents the mass of lysine incorporated
into 100 g of protein, As sample peak area, Ar refer-
ence peak area, m the initial amount of L-lysine ·HCl,
B the amount of protein in the reaction mixture, and
M molar mass.
Independently, L-lysine content was determined by

means of amino acid analyzer. For this purpose control
and reaction mixtures containing the modified pro-
teins were treated with sulfosalicylic acid ({m(acid) :
V (mixture)} = 0.03) and the resulting protein pre-
cipitates were spun down by centrifugation for 15 min
at 8000 × g. This step was repeated twice to assure
complete recovery of free Lys ·HCl from the protein
precipitate. Then, the collected supernatants were an-
alyzed using amino acid analyzer. The amount of L-
lysine incorporated into protein was calculated using
the equation

Y =

(
1− Cs

Cr

)
m

B

MLys

MLys ·HCl 100 % (2)

Cs and Cr being the amounts of L-lysine ·HCl in
100 mm3 of sample and reference mixture, respec-
tively.

RESULTS AND DISCUSSION

In this work the incorporation of L-lysine into the
proteins of evening primrose was carried out with the
use of transglutaminase from guinea pig liver. Dry
mass of ground evening primrose defatted seeds con-
tained 23 % of proteins. The protein isolate obtained
from this source with the use of 0.05 M-NaOH con-
tained 74 % of proteins and it was used in further
analyses without any additional purification. It should
be noticed that under these conditions (i.e. 0.05 M
concentration of NaOH), the efficiency of the alkaline
extraction was almost 70 %, while the use of 0.02 M-
NaOH gave much lower efficiency of this process (only
40 %).
The amino acid composition of evening primrose

protein extract was analyzed and compared to that of
soy protein (Table 1). The evening primrose protein
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Table 1. Amino Acid Composition of Evening Primrose and
Soy Protein

Evening primrose Soy FAO
Amino acid

Amino acid content/g in 100 g of protein

Ala 4.2 12.3
Arg 3.9 5.8
Asp 8.9 10.3
Glu 19.4 17.8
Gly 7.4 3.7
His 2.8 2.1
Ile 4.2 4.7 4.0
Leu 7.6 7.1 7.0
Lys 1.3 6.1 5.5
Met 2.9 0.9

Cys/Met 5.8 3.9 3.5
Phe 2.2 5.2
Pro 3.9 4.7
Ser 5.6 4.4

Tyr/Phe 5.8 8.5 6.0
Thr 7.8 5.2 4.0
Trp 7.0 1.0 1.0
Val 5.4 4.2 5.0
Sulfur 1.4 1.0

extract is rich in sulfur amino acids (5.8 %), includ-
ing methionine (2.9 %) but is poor in lysine (1.3 %);
meanwhile, soy protein contains up to 6.1 % of ly-
sine. These results were in good agreement with the
data published by Hudson [15] and Miric et al. [16].
The authors reported lysine deficiency (about 2 %)
and a high content of sulfur amino acids (11—14 %)
in evening primrose protein. The amount of sulfur-
containing amino acids in the evening primrose pro-
tein isolate obtained in the present study was two-
fold lower than that one previously reported. This dif-
ference could result from relatively drastic method of
protein isolate preparation used in our experiments.
The protein extract was partially hydrolyzed with

papain to increase its solubility. Dry mass of hy-
drolyzate contained 58 % of protein, of which 1.3 %
corresponded to lysine. Then, the L-lysine incorpora-
tion into protein was performed making use of trans-
glutaminase from guinea pig liver. L-Lysinium chloride
was employed as a source of lysine for this reaction.
The process catalyzed by transglutaminase was con-

trolled by determination of the decrease of L-lysine
content in the supernatants obtained after removal of
the modified proteins from reaction mixtures. It has
been found that transglutaminase supplemented ly-
sine deficiency in evening primrose protein extract and
the L-lysine content in the modified proteins increased
from the initial value of 1.3 % to 3.9—4.4 % (Table 2).
The results proved that tissue transglutaminase is

efficient for improvement of amino acid composition
of proteins including evening primrose protein. This
enzyme could be recommended as an alternative to
proteases routinely applied for this purpose.
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Table 2. L-Lysine Amount Incorporated into Evening Primrose Protein Extract as Measured by HPLC and Amino Acid Analyzer
AAA-400

L-Lysine ·HCl initial Protein amount, Peak area, Y/% L-Lysine ·HCl content, Y/%
amount, m/mg B/mg A/(a.u.) Eqn (1) C × 102/(nmol mm−3) Eqn (2)

Reference 0.4 2 8196 – 9.7333 –
Sample 0.4 2 6595 3.13 8.1638 2.58
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