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ABSTRACT

Background. Rosemary (Rosmarinus officinalis L.) is a spice and medicinal herb widely used around the
world of the natural antioxidants, and it has been widely accepted as one of the spices with the highest anti-
oxidant activity. Transglutaminase (EC 2.3.2.13; TGase) is an enzyme capable of catalysing acyl transfer re-
actions by introducing covalent cross-links between proteins, as well as peptides and various primary amines.
TGase activity in plants was first observed in pea seedlings, and subsequently found in organs of both lower
and higher plants. Recently, TGase has captured researchers’ interest due to its attractive potential application
in food industries. Therefore, the objectives of this study are isolation and purification of TGase from new
plant source rosemary (Rosmarinus officinalis L.) leaves at the laboratory scale. Moreover, investigation of
the biochemical properties of the purified TGase to provide a suitable TGase enzyme for food industry ap-
plications are in focus.

Material and methods. Rosemary (Rosmarinus officinalis L.) leaves was used as a new plant source to
TGase. The biochemical characteristics of the crude and purified enzyme were determined.

Results. Rosemary (Rosmarinus officinalis L.) TGase was purified to homogeneity by successive three puri-
fication steps including ammonium sulfate precipitatation, ion exchange chromatography on DEAE-Sephad-
ex A-50 column and Size exclusion column chromatography on Sephadex G-100 column. Under experimen-
tal conditions, 20-30% of ammonium sulfate saturation in the enzyme solution had a high yield of enzyme
activity could be obtained. The purified enzyme from the Sephadex G-100 column had 21.35% yield with
increased about 7.31 in purification fold. Rosemary TGase exhibited optimum activity at pH 7.0 and 55°C for
the catalytic reaction of hydroxylamine and Z-GIn-Gly. The purified TGase almost maintained full activity
after incubation for 15 min up to 60°C and it was completely inactivated at 85°C. The rosemary TGase was
stimulated at 2-6 mM CaCl, concentrations while it lost about 5-20% from its activity by increasing CaCl,
concentration. Sodium chloride (2-14%) shows no noticeable inhibition of the purified TGase activity. Mg*,
Ba™? were acivited by the purified TGase while it was strongly inhibited by Fe*?, moderately by Cu™ and Mn™.
Conclusion. This paper reports on the purification and characterisation of TGase from newly isolated plant,
rosemary (Rosmarinus officinalis L.) leaves. Finding results of the TGase properties make this enzyme a good
candidate for application in the food industry. However, additional work is required to increase activity yield
during extraction and purification for commercial scale of TGase from this plant.
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INTRODUCTION

There is an increasing interest in phytochemicals
as new sources of natural antioxidant and antimicro-
bial agents [Tawaha et al. 2007]. Rosemary (Rosmari-
nus officinalis L.) is a spice and medicinal herb widely
used around the world of the natural antioxidants, it
has been widely accepted as one of the spices with
the highest antioxidant activity [Genena et al. 2008].
Rosemary essential oil is also used as an antibacterial,
antifungal [Oluwatuyi et al. 2004, Fernandez-Lopez et
al. 2005] and anticancer agent [Leal et al. 2003].

Transglutaminase (EC 2.3.2.13; protein glutamine
y-glutamyl-transferase; TGase) is an enzyme capable
of catalysing acyl transfer reactions by introducing co-
valent cross-links between proteins, as well as peptides
and various primary amines. TGase catalyses the cross-
linking of proteins through an acyl transfer reaction
using the y-carboxamide group of peptide-bound glu-
tamine residues as acyl donor and the g-amino groups
of lysine residues as acyl acceptor (Fig. 1) [Folk 1980,
Aeschlimann and Paulsson 1994, Zhu et al. 1995].
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Fig. 1. Reaction mechanism of transglutaminase (TGase;
http://www.bioeng.cstm.kyushu-u.ac.jp/enzyme/Transglu-
tamiasel.html)

TGases are widely distributed in many tissues and
body fluids of vertebrates. TGase was first discovered
in guinea pig liver and characterised by Waelsch and
coworkers [Clarke et al. 1959], and identified as an en-
zyme catalysing incorporation of polyamines into glu-
tamine residues of proteins or peptides [Wilhelm et al.
1996]. In prokaryotes, TGase activity has been found
in actinomycetes from the genus Streptoverticillium
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such as Streptoverticillium S-8112 a variant of Strep-
toverticillium mobaraense [Ando et al. 1989, Kanaji
et al. 1993].

TGase activity in plants was first observed in pea
seedlings [Icekson and Apelbaum 1987], and sub-
sequently found in organs of both lower and higher
plants. Signorini et al. [1991] identified TGase activity
in the leaves of silver beet (Beta vulgaris L.). Kang
and Cho [1996] purified TGase from soybean (Glycine
max) leaves and Lilley et al. [1998] showed that tis-
sue TGase was also present in pea, broad bean, wheat
and barley. Villalobos et al. [2001] identified a maize
chloroplast TGase.

TGase is widely used in the cross-linking of most
food proteins, such as caseins, soybean, gluten, my-
osins, actin, and whey proteins [Lin et al. 2007].
Cross-linking reaction can be used to improve func-
tional properties of some food products such as dairy
products, meat products and cereal products [Mirzaei
2011]. The functional properties of milk proteins de-
termine many physicochemical properties of dairy
products, such as the texture of cheese, the viscosity
of yoghurt or the stability of milk to heat treatment.
The introduction of additional covalent cross-links by
TGase represents a promising tool to improve func-
tional properties such as solubility, water-binding or
emulsifying capacity, foaming, viscosity, elasticity
and gelation properties of proteins intended for human
consumption, where chemical reagents for modifica-
tion are not acceptable [Li-Chan 2004].

It could be considered that most applications were
carried out with guinea pig liver transglutaminase
[Gerber et al. 1994]. Recently, TGase has captured
researchers’ interest due to its attractive potential ap-
plication in food industries [Zhu et al. 1995], immo-
bilization of enzymes [Josten et al. 1999] and textile
industries [Cortez et al. 2004]. The relatively small
quantity obtained, complex separation and purification
procedure required for TGase from animal tissues.
Also, insufficient stability during it is purification led
to search for new TGase sources.

Therefore, the objectives of this study are isolation
and purification of TGase from new plant source rose-
mary (Rosmarinus officinalis L.) leaves (Fig. 2 a, b)
at the laboratory scale. Also, investigate the biochemi-
cal properties of the purified TGase to provide a suit-
able TGase enzyme for food industry applications.
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b

Fig. 2. Rosemary plant (Rosmarinus officinalis L.): a— fresh
leaves, b — dried leaves

MATERIAL AND METHODS

Chemicals

N-Carbobenzoxy-L-Glutaminylglycine (Z-GIn-Gly);
L-Glutamic acid y-monohydroxamate; Glutathione,
reduced form; Hydroxylamine hydrochloride; Se-

www.food.actapol.net/

phadex G-100, Polyvinylpyrrolidone (PVP) and
B-mercaptoethanol (BME) were purchased from Sig-
ma-Aldrich, Chemical Co., Inc., Germany. DEAE-Se-
phadex A-50 was purchased from Fluka BioChemica
(Buchs, Switzerland). Bovine serum albumin (BSA)
was purchased from Mallinckrodf Chemical Co., Inc,
France. Dye Coomassie brilliant blue G-250 was pur-
chased from Bio-Rad (Richmond, Calif.,, USA). All
other reagents and chemicals were used of analytical
grade.

Buffers

All buffers used in the pH measurements were pre-
pared according to Gomori [1955]. Moreover, final pH
was checked using pH-meter with glass electrodes, In-
gold, Knick, Germany.

Raw material

Rosemary (Rosmarinus officinalis L.) was obtained
from production and marketing of medicinal plants
and their extracts unit, Medicinal and Aromatic Plants
Research Department, National Research Centre.

Preparation of crude enzyme

Crude enzyme extract prepared by soaking 50 gram
of rosemary leaves in extraction buffer 0.2 M Tris-HCI
buffer pH 7.4 containing, (10 mM EDTA, 25 mM Su-
crose, 0.05% BME and 3% PVP) for 24 h, then ho-
mogenized in the same buffer using a blender for 1 to
2 minutes. The homogenate was filtered through a four
layers of muslin to remove suspended solid particle,
and the pH was readjusted to 7.4 using solid tris. The
extract was centrifuged at 5000 rpm for 20 min at 4°C.
The supernatant was collected and kept for further
analysis. The supernatant obtained was called as crude
enzyme extract. TGase activity and the protein content
were determined.

Purification of rosemary TGase

Ammonium sulfate precipitation. The crude en-
zyme was precipitated by the addition of solid (NH,),SO,
to 90% saturation according to Colowick and Ka-
plan [1955]. The sedimentary protein was collected
by centrifugation at 5000 rpm for 15 min at 4°C. The
supernatant is discarded. The precipitate is redis-
solved in a minimum quantity of 20 mM Tris-HCI
buffer pH 7.4 (10 ml). The highly active fraction was
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dialysed against a large volume of the same buffer
overnight.

lon Exchange Chromatography on DEAE-Sephad-
ex A-50

The dialysed fraction is applied onto a DEAE-Se-
phadex A-50 column (1.5 x 25 cm) equilibrated with
20 mM Tris-HCI buffer pH (7.4). After the sample
application, the column was washed with the same
buffer to remove unbound proteins. The protein frac-
tion bound to the matrix (including the target protein)
is eluted with a linear 0 to 0.5 M NaCl gradient, pre-
pared in the same buffer at a flow rate of 1.0 ml/min.
Fractions (10 ml) were collected and their protein ab-
sorbance at 280 nm was recorded and the TGase activ-
ity was assayed. Fractions with TGase activity were
pooled and dialysed overnight against 20 mM Tris-
-HCI buffer pH 7.4.

Size exclusion column chromatography
on Sephadex G-100

The dialysed fractions were further purified by ap-
plied on Sephadex G-100 column (2.5 x 37 cm) (Pha-
macia, Uppsala, Sweden), equilibrated with 20 mM
Tris-HCI buffer pH (7.4) and the sample eluted with
the same buffer at a flow rate of 1.0 ml/min. The 75
fractions recovered were of 10 ml each. The rich frac-
tions of TGase activity obtained were pooled and
called as purified enzyme.

Analytical methods
Determination of TGase activity. Transglutami-
nase activity was determined with colorimetric hy-
droxamate assay using N-carbobenzoxy-L-glutami-
nylglycine (Z-Gln-Gly) as a substrate according to
Folk and Cole [1966].
TGase

CBZ-GIn-Gly + Hydroxylamine
CBZ-GIn-Gly-Hydroxamate

The enzyme solution (0.5 ml) was added to 1 ml
of substrate solution. After an incubation with en-
zyme at 37°C for 10 min, 1.5 ml of ferric chloride-
trichloracetic acid reagent was added to the reaction
mixture solution, To separate any insoluble material,
the sample was centrifuged at 4500 rpm for 10 min.
The supernatant was measured at 525 nm using
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an UV 1201-vis spectrophotometer SHIMDZU, Japan.
The calibration was performed using L-Glutamic acid
y-monohydroxamate as standard. One unit of trans-
glutaminase activity is defined as the amount of en-
zyme which catalyses the formation of 0.5 umole of
hydroxamate per min from Z-Gln-Gly and hydroxy-
lamine at pH 6.0 at 37°C. Specific activity is expressed
as enzyme units per mg protein.

Determination of protein content. Protein con-
tent was determined colorimetrically at 595 nm us-
ing Coomassie brilliant blue G-250 dye according to
Bradford [1976]. The reaction mixture was composed
of 10 pL of enzyme extract, 490 ul distilled water, and
500 pL of Coomassie brilliant blue G-250 dye was
added. The developed color was measured at 595 nm,
using a UV 1201-vis spectrophotometer SHIMDZU,
Japan. Bovine serum albumin used as standard protein
in range of 0.0-0.6 mg/ml.

Transglutaminase biochemical characteristics

Optimum pH. The enzyme activity was measured
at different pH values ranging from 3-9 using 0.2 M
citrate buffer (pH 3), 0.2 M Acetate buffer (pH 4-5),
0.2 M phosphate buffer (pH 6-7), and 0.2 M Tris-HCI
buffer (pH 8-9). The activity was measured after an
incubation period of 10 min at each pH.

Optimum temperature. Tubes containing the
reaction mixture and enzyme extract were incubated
at different temperatures ranging from 30 to 70°C for
10 min. The enzyme activity was then assayed at each
temperature to define the TGase optimal temperature.

Transglutaminase thermal stability. Aliquots of
enzyme extract were heat treated for 5, 10, 15 and 20
min in water baths set at different temperatures of 50
to 85°C followed by rapid cooling to 37°C and ana-
lysed immediately for residual enzyme activity.

Effect of some salts and chelating agents on the
enzyme activity. The presence of 10 mM of FeCl,:
6H,0, MnSo,-H,0, ZnSo,-7H,0, CuSo,-5H,0, MgSo,:
7H,0, BaCl,-2H,0, EDTA and BME effect on enzyme
activity was studied. The activity was measured under
standard assay condition and the relative activity was
calculated as the percentage of activity remaining after
incubation with various reagents, the relative activity
assayed in the absence of additives and without incu-
bation was taken as 100%.
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Effect of sodium chloride on the purified TGase
activity. The presences of various concentrations of
NaCl ranged from 2-14% effect on purified TGase
activity were studied. The activity was measured un-
der standard assay condition and the relative activity
was calculated as the percentage of activity remaining
after incubation with various concentrations of NaCl,
the relative activity assayed in the absence of additives
and without incubation was taken as 100%.

Effect of calcium chloride on the purified TGase
activity. The presences of various concentrations of
CaCl, ranged from 2-14 mM effect on purified TGase
activity were studied. The activity was measured un-
der standard assay condition and the relative activity
was calculated as the percentage of activity remaining
after incubation with various concentrations of CaCl,,
the relative activity assayed in the absence of additives
and without incubation was taken as 100%.

RESULTS AND DISCUSSION

Purification of transglutaminase

The purification and yield of transglutaminase
from rosemary (Rosmarinus officinalis L.) is summa-
rized in Table 1. Initially various purification methods
[Clarke et al. 1959, Connellan et al. 1971, Brookhart
et al. 1983] were tested in an attempt to increase the
yield and minimize the loss of activity. The procedure

adapted gave 347.0 specific activity as Z-GIn-Gly-
-Hydroxamate per mg protein with a yield of 21.35%.
During the precipitation step, ammonium sulfate salt
was used to precipitate the enzyme proteins. The
precipitate formed was immediately dissolved in
20 mM Tris-HCI buffer, pH 7.4 and dialyzed against
the same buffer overnight. Under these conditions,
(20-30%) of ammonium sulfate saturation in the
enzyme solution had a high yield of enzyme activ-
ity could be obtained. About 32.34% of the enzyme
activity was precipitated with (20-30%) ammonium
sulfate with 1.68 fold increase in the specific activity.
In the enzyme purification on DEAE-Sephadex A-50
chromatography column, TGase could be eluted be-
tween 0.2 and 0.3 M NaCl with a yield of 23.38%,
a specific activity of 168.8 U/mg protein and 3.56
fold purification (Fig. 3 and Table 1). Ion-exchange
chromatography, such as DEAE-Sepharose, DEAE-
-cellulose, QSepharose, and SP-Sepharose, have been
used to purify other TGase [Tokunaga and Iwanaga
1993, Ha and Iuchi 1997, Kumazawa et al. 1997].
The elution profile from DEAE-Sephadex A-50 chro-
matography of rosemary TGase was similar from
other TGases such as human epidermal TGase was
eluted at 0.2 M NaCl [Goldsmith and Martin 1995],
and rat brain TGase was observed to be eluted at 0.28
M and 0.35 M of NaCl concentration [Kwak et al.
1998]. The final step of purification was achieved

Table 1. Purification of transglutaminase from rosemary (Rosmarinus officinalis L.) leaves

. Specific
. . Volume Activity* Protein T(.)tél Tota.l activity Yield Purification
Purification steps . content*® activity protein .
ml unit/ml . units/mg % fold
mg/ml unit mg .
protein

Crude enzyme 50 6.50 0.137 325.0 6.85 47.45 100 1.00
Ammonium sulfate 10 10.51 0.132 105.1 1.32 79.62 32.34 1.68
precipitation 20-30%
IEX on DEAE- 50 1.52 0.005 76.00 0.45 168.8 23.38 3.56
-Sephadex A-50
GFC on Sephadex 100 0.694 0.002 69.40 0.20 347.0 21.35 7.31

G-100

*Based on 50 g rosemary. Specific activity = enzyme activity/protein content, total activity = enzyme activity x fraction volume,
yield = total activity of purified enzyme/total activity of crude enzyme x 100, fold of purification = specific activity of purified
enzyme/specific activity of crude enzyme. IEX — ion exchange chromatography, GFC — gel filtration chromatography.

www.food.actapol.net/
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Fig. 3. Chromatogram of rosemary (Rosmarinus officinalis L.) TGase by IEX on DEAE-
-Sephadex A-50: IEX — ion exchange chromatography

by subjecting the pooled enzyme fraction from the
previous step to purify on Sephadex G-100 column
(Fig. 4), TGase activity was eluted as a single peak at
fraction 7 to 16 which resulted in 7.31 fold purifica-
tion with a yield of 21.35% and a specific activity of

347.0 U-mg! protein as compared to the crude ex-
tract (Table 1), the final recovery yield of the purified
rosemary TGase was similar to that guinea pig liver
TGase [Folk 1970, Tokunaga and Iwanaga 1993]. Se-
phadex G-100 chromatography column was used to
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Fig. 4. Chromatogram of rosemary (Rosmarinus officinalis L.) TGase by GFC on Sepha-
dex G-100: GFC — gel filtration chromatography
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purify TGase from rat liver with 5.0% yield thus it is
lower than our study [Wong et al. 1990].

Effect of pH on enzyme activity

The effect of pH on TGase activity was deter-
mined using the reaction mixtures as described pre-
viously at pH 3.0-9.0 at 37°C. The enzyme exhib-
ited optimum activity for the catalytic reaction of
Z-GlIn-Gly and hydroxylamine at pH 7.0. The rose-
mary TGase activity was declined sharply at alkaline
pH, but it increased gradually at acidic pH (Fig. 5).
The optimum pH of rosemary TGase was nearly the
same as that of plant TGase from soybean (Glycine
max) [Kang and Cho 1996]; animal TGase from trop-
ical tilapia [Worratao and Yongsawatdigul 2005];
microbial TGase from Streptoverticillium [Ando et
al. 1989, Gerber et al. 1994, Cui et al. 2007]. It was
different from other mammals TGase that had an
optimum pH value of 9.0 [Wong et al. 1990]; plant
TGase from (dicotyledonous) Pea and bean TGase
(monocotyledonous) wheat and barley had an opti-
mal pH value of 7.9 [Lilley et al. 1998]; microbial
TGase from Bacillus subtilis that has an optimal pH

100 a
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=== Purified o

90
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70 i
\
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\\
50 A
40 N
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Fig. 5. Effect of pH on the TGase activity from rosemary
(Rosmarinus officinalis L.) leaves
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value of 8.2 [Suzuki et al. 2000]. It should be noted
that Rosemary TGase has a broader pH range than
TGases from other sources.

Effect of temperature on enzyme activity

The temperature effects on TGase activity were
studied by determining the activity between 30 to 70°C
after incubation for 10 min at pH 6.0, with the reaction
mixtures as indicated previously. The enzyme exhib-
ited optimum activity at 55°C for the catalytic reaction
of Z-GIn-Gly and hydroxylamine (Fig. 6). The op-
timal temperature of the purified TGase varied with
sources, comparing with other TGases from different
sources, the optimal temperature of rosemary TGase
almost was the same as that from Streptoverticillium
mobaraense TGase [Lu et al. 2003], and it was nearly
similar to that of Streptoverticillium ladakanu and Ba-
cillus subtilis TGase, which had optimal temperature
of 60°C [Ho et al. 2000, Suzuki et al. 2000]. While
it was completely diverging from soybean (Glycine
max) and Streptoverticillium hygroscopicus exhibited
the optimal activity at 37°C and 37-45°C, respectively
[Kang and Cho 1996, Cui et al. 2007].
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Fig. 6. Temperature profile of the TGase activity from rose-
mary (Rosmarinus officinalis L.) leaves
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Thermal stability of the purified TGase

The thermal stability of the purified TGase was
investigated between 50 and 85°C. Rosemary TGase
lost its activity with incubation period and tempera-
ture increased. It almost maintained full activity after
incubation for 15 min up to 60°C and retained about
80% of the initial activity after incubation for the same
period up to 65°C. When the temperature was above
70°C, it was declined rapidly inactivated and it was
completely inactivated at 85°C (Fig. 7). The purified
TGase from rosemary was thermal stable compared
with rat liver TGase where it was quite sensitive to
temperature of incubation and complete inactivation
was observed after heating for 4 min at 52°C, and after
1 min at 60°C [Wong et al. 1990].

Effect of different metal ions and other materials
on enzyme activity

The relative activity of TGase was investigated
in the presence of several metal ions and other ma-
terials: EDTA and BME which were added at 10 mM
concentration to enzyme preparations and left for 30
min at 37°C (Fig. 8). Rosemary TGase was moder-
ately inhibited by Fe'?, Cu™? and Mn'? while it was not
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Fig. 7. Thermal stability of the purified TGase from rose-
mary (Rosmarinus officinalis L.) leaves
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Fig. 8. Influence of various materials on the TGase from rosemary (Rosmarinus offici-
nalis L.) leaves: EDTA — Ethylenediaminetetraacetic acid, BME — -mercaptoethanol
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inhibited by Mg*?, Ba*? and Zn*2. The rosemary TGase
was not inhibited by Mg?*, and Ba®>" was similar to
those from microbial sources [Ando et al. 1989, Ho
et al. 2000, Barros et al. 2003, Cui et al. 2007]. Inac-
tivation of the enzyme by Cu? may have been caused
by the metal-catalysed oxidation of the cysteine, and
the inactivated enzyme was shown to contain two
new disulfide bonds [Boothe and Folk 1969]. The
rosemary TGase shows slight activation by Mg*™ in
agreement with the TGase isolated from particulate
fractions of rat chondrosarcoma cells [Chang and
Chung 1986]. Chelating agents, like EDTA caused
a moderate inhibition of the purified TGase and BME
moderately inhibited TGase activity.

Effect of calcium chloride (CaCl,) on the purified
TGase

The relative activity of TGase was investigated in
the presence of various concentration of CaCl, which
were incubated with enzyme preparations and left for
30 min at 37°C. The TGase activity displayed by rose-
mary leaves extract shows stimulation by Ca™ when
measured with Z-GIn-Gly as substrate and the maxi-
mum activity at 2 mM (Fig. 9), but about 5-20% was
lost from its activity by increasing CaCl, concentra-
tion. The optimal CaCl, concentration is similar with

120 .\-

=100 \\
80

60

Relative activity (%o

40

6 8 10 12 14

]
s

CaCl,concentrations (mM)

Fig. 9. Effect of calcium chloride (CaCl,) concentrations
on the purified TGase from rosemary (Rosmarinus officina-
lis L.) leaves
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the TGase isolated from Helianthus tuberosus leaves,
pollock liver, and tropical tilapia, it was at 1-3 mM,
3 mM, and 1.25 mM, respectively [Del Duca et al.
1994, Yasueda et al. 1994, Worratao and Yongsawat-
digul 2005] while horseshoe crab TGase was required
10 mM of Ca™ for maximum activity [Tokunaga and
Iwanaga 1993]. It was also reported that the activ-
ity of the TGase from Streptoverticillum sp. strain
s-8112, Soybean (Glycine max) leaves was not de-
pendent on Ca™ [Kanaji et al. 1993, Kang and Cho
1996]. It was postulated that the calcium ion induced
the conformational changes of the enzyme, which con-
sequently exposed the cysteine located at the active
site to a substrate [Jiang and Lee 1992]. Noguchi et al.
[2001] reported that the calcium ion bound to a bind-
ing site of red sea bream TGase molecule, resulting
in conformational changes. Subsequently, Tyr cover-
ing the catalytic Cys was removed. Then, the acyl do-
nor bind with the Cys at the active site, forming an
acyl-enzyme intermediate. The rosemary TGase was
not inhibited by Ca* and EDTA, suggesting it was
calcium-independent, which was completely different
from those of calcium-dependent TGases from animal
tissues or organs [ Worratao and Yongsawatdigul 2005]
and was similar to those from microbial sources [Ando
etal. 1989, Barros et al. 2003, Ho et al. 2000, Cui et al.
2007]. This property is very useful in modifying food
proteins, as many food proteins such as milk caseins,
soybean and myosin are sensitive and easily precipi-
tated by Ca’" [Yokoyama et al. 2004].

Effect of sodium chloride (NaCl) on the purified
TGase

The relative activity of TGase was studied in the
presence of various concentration of NaCl which were
incubated with enzyme preparations and left for 30
min at 37°C (Fig. 10). The rosemary TGase activity
shows no noticeable inhibition by NaCl in the range
of 2-14%. This result was agreement with the tropical
tilapia TGase [Worratao and Yongsawatdigul 2005],
and the horseshoe crab TGase [Tokunaga and Iwa-
naga 1993] where it be noted that the TGase activity
inhibited by NaCl concentrations above 0.5 M. High
concentration of NaCl could induce conformational
changes in the enzyme molecule, resulting in a de-
crease of TGase activity [Kishi et al. 1991, Kumazawa
etal. 1997].
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Fig. 10. Effect of sodium chloride (NaCl) concentrations
on the purified TGase from rosemary (Rosmarinus officina-
lis L.) leaves

CONCLUSIONS

This paper reports on the purification and charac-
terization of transglutaminase from newly isolated
plant, rosemary (Rosmarinus officinalis L.). The puri-
fied TGase was gained after three successive purifica-
tion steps. Rosemary TGase had the highest acivity,
enzyme yield, specific activity and easy separation and
purification compared to other plants in the preliminary
studies. The enzyme exhibited optimum activity in a
range of pH 5.0-7.0 and at 50-60°C for the catalytic re-
action of hydroxylamine and Z-GIn-Gly. The purified
TGase was calcium-independent and in this respect is
quite different from animal tissue TGase. The rose-
mary TGase activity shows no noticeable inhibition
by NaCl in the range of 2-14%. These properties make
this enzyme a good candidate for application in the
food industry. However, additional work is required to
increase activity yield during extraction and purifica-
tion for commercial scale of TGase from this plant.
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