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Abstract

Polyphenol axidase(PPQ) isolated from the crude exiract of ascidian, Helocynthia roretzi, showed higher
affinily for catechol than tyrosine or DL-DOPA. Successful enzyme assay could be performed at 25°C, 10
min. by mixing 0.2ml of crude enzyme extract with 2.8ml of 0.13M catechol in 0.1M sedinm phosphate buffer
(pH 6.4). The specific activity of PPD which had been purified with a combination of ammonium sulfate
treatment, ion exchange chromatography on DEAE-—cellulose, and gel filtration on Sepharose 6B was 13-fold
higher than that of crude extract. The purified enzyme was homogeneous as confirmed by polyacrylamide
disc gel elecirophoresis. The activity of PPO was stable from pH 5.0 {0 8.0 and showed the peak activily
at pH 6.4. The optimum reaclion temperature for PPQ oxidation on catechal was 35°C and those enzyme
were heat stable up to 40°C. Molecular weight of the enzyme was estimated about 170 kDa. One molecule
was found to be composed of four subupits. Two of them had molecnlar weight of 55 kDa and the others
30 kDa. The K., values, V. and catalytic efficiency(Vm./Kao) for catechol were 0.12m0M, 2.56mM/liter/min.
and 0.18min"’ respectively. The substrate affinity and electrophorectic pattern suggested that the enzyme

of ascidian was considered to be not tyrosine but catechol oxidase.
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INTRODUCTION

Unfavorable enzymatic browning occurred in many
plants and seafood products has been a great concern
to [ood technologists and processors. This discolora-
tion is not a chemical quality defect ; however, it is
not appealing to consumers and thus recuces the market
value. Enzymatic browning caused by polyphenol oxidase
(PPO) has been extensively studied in fruits and vege-
tables(1-5) but it has received a little attention in eco-
nomically important crustacean species such as crab,
shrimp, and lobster recently (6-12). But the research re—
garding this activation phenomena cannot be found in
ascidian among seafood products.

The ascidian, Halocynithia roretzi, has been esteemed
as a special seafood dish in Korea because of its speci-
fic {lavors and tastes. This ascidian is weil known for
its discoloration during storage of processed products
such as salt-fermented(13,14) and vegetable oil packed
products(15). The dark discoloration of these products
has been considered to be caused by the reaction of

+ \
Corresponding  authar

PPO(1-3). However, a better understanding of the pro-
perties of this enzyme would facilitate development of
treatments/manipulations to control the postmortem
dark discoloration phenomenon. In the present study,
PPO isolated from live ascidian was characterized with
respect to their response to substrate, pH and tempera—
ture, as well as kinetic and thermodynamic properties.

MATERIALS AND METHODS

Materials

Fresh ascidians, Halocynthia roretzi, was obtained
from a local seafood market and directly transported
in ice to laboratory. Chopped muscles were a source
of extraction and purification of PPO. DEAE-cellulose,
Sepharose 6B, mark protemns and reagents of clectro-
phoresis used in this study were purchased from Sigma
Chemical Co.

Crude enzyme selution preparation

Crude FPO was extracted according to the procedure
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of Ingebrigtsen et al.(16) with a slight modification. As-
cidian meats were homogenized in 10 volumes of 0.1M
sodium phosphate bulfer and centrifuged at 8,600 x g
at 4°C for 30min to remove insoluble materials and the
supernatant was stored at -20°C until use.

Experimental conditions for enzyme activity

Tyrosine, catechol and DOPA were used for substrate
affinity assay. The assay mixture contained 0.1M so—
diumn phosphate buffer{pH 6.4), substrate(0.01 ~0.2M)
and crude enzyme in a volume of 3ml. One unit of en-
zyme acivity was defined as change of 0.001 abhsorh-
ance per min at 25°C. The effect of reaction time on
enzyme activity was studied by measuring the highest
enzyme activity of crude enzyme on the preincubated
(bmin at 25°C} mixture of substrate(catechal) and huff-
er. The optimum temperature of PPO-catechol reaction
was determined by adding 0.2ml of crude enzyme in
the pre—equilibrated mixture of 0.05M catechol in 2.8ml
of 0.1M sodium phophate buffer. Equilibration was
performed for Smin. at temperature from 15 to 65°C.
The optimum pH of crude enzyme was determined by
preparing the substrate{0.05M catechol) in various buff-
er solutions and adding 0.2ml of crude enzyme to 2.8ml
of the buffered substrate. Composition of the buffer
solutions were ; 01M glycine- HCI, pH 3.0~4.0; 0.1M
sodium acetate—acetic acid, pH 4.0~6.0 ; 0.1M NalTPO;-,
NasHPQ4, pH 6.0~8.0; 0.1M tris-HCI, pH 8.0~90;
0.1M glycine-NaCH, pH 9.0~1{0.0.

Extraction and purification of PPQO

Eighty-grams of fresh ascidian meat was homoge—
nized with 120ml of 0.1M sadium phosphate buffer{pt
6.4) at 4°C for 2min. Homogenate was centrifuged at
8600 g at 4°C for 30min, and the supernatant was stor-
ed at -20°C until use. The supematant was fraction-
aied with ammonium sulfate, and the precipitate bet-
ween 30% and 80% saturation was collected by centri—
fugation at 2,000 X g at 4°C for 15 min. This was redis—
solved in 50ml of 0.1M sodium phosphate bulfer (pH
6.4) and dialyzed against three changes of extraction
buffer(10mM sodium phosphate buffer, pH 6.4, 3L).
The dialyzed extract was loaded onto a DEAE-cellulose
columm(25 % 40cm) which had been pre-eguilibrated
with 10mM sodium phosphate buffer(pH 6.4), After
loading of sample, the system was programmed to elute

using a gradient of 0.2~ 1.3M KCl in 600ml of the same
buffer at the flow rate of 60ml/h. The collected solutions
were applied to a Sepharose 61 column(2,1 X 36cm) equil-
ibrated with 0.1M sodium phosphate buffer(pH 6.4).
The elution was performed with an upward {low of
the same buffer and 33ml of active enzyme fractions
was collected at a flow rate of 20ml/h.

Protein guantitation and molecular weight de-
termination

PPO activity was assayed spectrophotometrically
using catechol as a substrate. The reaction mixture
cornprised 0.8ml of 0.13M catechol and 2.0ml of 0.1M
sodium phosphate buffer{pH 6.4). Partially purified
enzyme extract 0.2ml was added to the mixture which
had been pre—equilibrated at 31°C for Smin. prior to
enzyme addition. PPO activity was monitored by ob-
serving the increase in absorbance at 410nm for 10 min.
Protein concentration was determined by the method
of Lowry et al.(l7) using bovine serum albumin as
standard. Sodium dodecyl sulphate polyacryiamide gel
electrophoresis(SDS-PAGE) according to the modified
procedure described by Laemmli(18) was used for
molecular weight determination of the enzyme, The
disc-gel system was equipped with 12 sample columns
and each column was consisted of a 6-cm separating
gel(7.5% polyacrylamide) and a 1-cm stacking gel(326
polyacryl amide). The partially purified enzyme extract
and standard proteins were reduced by 2-mercaptoethanol
for bmin and 200l of each extract loaded on column.
25mM  tris-192mM  glvcine buffer salution{pH 8.3)
containing 0.1% SDS was used as the electrode hufler,
2 or 3 drops of 0.5% bromophenol-blue were added
in upper part electrade buffer. The disc—gel was run
at a constant current of 1.5mA per column when protein
band existed in stacking gel but 3mA applied separating
gel, After electrophoresis. protein bands were stained
with dving salution containing 0.25%6 coomassie hrillinat
blue(R-250) in ethanol, acetic acid and water mixture
(@:2:9, vv/v) for b hours. Stained gel was soaked
in destaining solution(ethanol, acetic acid and water,
25 B 1 65, v/v/v), and renewed destaining solution every
1 hour to complete destaining. Protein standards used
to estimate molecular welght were ; carbonic anhydrase
(29 kDa), egg albumin(45 kDa), bovine serum albumin
{66 kDa), phosphorylase b(97.4 kDa), f-galactosidase
{116 kDa), and myosin{205 kDa).
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Optimum temperature and pH on stability

Tao determine temperature stability on PPO activity,
the enzyme extract was Incubated at temperatures
frem 10 to 70°C for 30min. Following equilibration in
an ice hath for 5min, enzyme extract().2ml) was mixed
with 2.8mil of 0.05M catechol in 0.1M sodium phos-
phate buffer(pH 6.4) and residual enzyme activily was
measured as relative activity(19). For influence of pH
on the activity of PPO, 0.2ml of the enzyme extract
was incubated in 0.4ml of various huffer solutions rang-
ing from pH 3.0 to 10 at 31°C for Nmin. 0.3ml of
preincubated PPO exiracts was mixed with 2.7mi of
0.05M catechol in 0.JM sodium phosphate bulfer(pH
6.4) and residual PPO activity was checked as the
relative activity(19) spectrophotometrically.

Enzyme kinetics

Kmetic pararmeters{Km and Ve, of PPO from ascid-
ian were determined using the Lineweaver and Burk
equation(20). Catechol solutions at concentrations from
2 to 25mM in {.1M sodium phosphate buffer(pH 6.4)
were used as substrate and all assays were done at
ambient conditions.

RESULTS AND DISCUSSION

Optimal reaction condition of crude PPO extract

To find out substrate affinity of crude PPO extract
from ascidian meat, tyrosine, catechol and DOPA were
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Fig. 1. Substrate affinity of ascidian PPO with tyro-
sine, catechol and DL-DOPA.
Enzyme reaction was performed at 25°C for 10min
using enzyme-sibstrate comprised 0.2ml of crude
enzyme solutions and Z.8ml of 0.056M substrates in
0IM sodium phosphate buffer(pH 6.4).

used as substrates. As shown in Fig. 1, crude PPO
extract could have 3—fold higher substrate affinity(17.5
units/ml/min} for catechol than for tyrosine(6.5units/
ml/min) or DOPA(7.5units/ml/min). With respect to
substrate-related activity, our results indicated that
latent enzyme activity of erude PPO extracts was asso—
clated with catechol but not with tyrosine or DOPA
hydroxylase activity. The observation of substrate
affinity was similar to the findings made by Oshima
and Nagayamma{Z2l). Thus, catechol was used as a sub-
strate of PPO from ascidian meat in following enzyme
assays. PPO activity increased gradually with increas—
Ing concentration of catechol up to 0.13M in sodium
phosphate buffer(pH 6.4). 3ml of total reaction volume
was composed of 0.2ml of crude PPO extracts and
2.8ml of those catechol solution. It was also observed
that activity of crude PPO exiracts increased with the
time of reaction and those activity reached a maximum
in 10min at the same conditions as described above.

The crude PPO extract showed the temperature-
dependent enzyme activity which risen with temper—
ature between 10°C and 30°C, and those activity drop-
ped instantly at temperatures higher than 30°C(Fig. 2).
The optimum temperature of crude PPO for catechol
oxidation was not similar to values reported for PPOs
of other seafood resources. For example, the optimum
temperature for the oxidation of catechol by antarctic
knll PPO’s was 25°C(21) and the optimum temperature
for lobster PPO-catechol reaction was 45°C(22),

The effect of pH on the decomposition of catechol
by crude PPQ is presented in Fig. 3. The data showed
that crude PPO of ascidian was the most active at pH
6.5, and the lower(pH 4) or higher(pH 10) pH resulted
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Fig. 2. Temperature dependence on the oxidation of
the catechol by crude ascidian PPQ extract.
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Fig. 3. pH dependence on the oxidation of catechol by
crude ascidian PPO extract.
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in 20% or 10% of relative activities. The pH-activity
profiles of crude ascidian PPO was similar to those re-
ported for PPO from marine crustacean species; e.g.,
optimum pH 62~80 [or lobster(22) and 65 for
krill(21). In case of DOPA as the substrate, PPO from
crustacean had a broad optimal pH range(6.5~9.0 for
pink shrimp, 6~8 for lobster)(5,9).

Purification of ascidian PPO

The results of purification for ascidian PPO are
summarized in Table 1. From 8) grams of homogenated
ascidian meat with 120ml of 0.1M sodium phosphate
butter{pH 6.4}, 175ml of supernatant(crude enzyme ex-
tract) could be ohtained after centrifugation at 8,600
g at £'C for 30min. Ammonium sulfate fractions were
150ml for 30% saturation and 62ml for 8028 saturation.
When the 86ml of dialvzed enzyme solution eluted on
DEAE-cellulose column using a linear gradient of 0.2
to 1.3M KCl in 600ml same hulfer as above at a flow
rate of 60ml/h, 60ml of enzyme soultion was collected
from active fractions which could be indentified in the

range from fraction 29 to 4. Purified enzyme solution
was obtained when the enzyme solution from DIEAE-
cellulose was further fractionated by Sepharose 6B
column Chromatography. The specific activity of PPO
fraction after gel fltration on Sepharose 6B was app-
roximately 13 times higher than that of the crude homo-
genate and recovery against the crude enzyme prep—
aration was 30%.

Electrophoresis and molecular weight determi-
nation

Fig. 4 shows the electrophoresis patterns of ascidian
PPO at each stage of purification. The ascidian PPO
fraction after ion—exchange chromatography migrated
as one major band, and two bands in the presence of
SDS. The molecular weights of ascidian PPO were
determined to be 170, 55, and 30kDa. The molecular
weight of 170kDa was thought to be as major ascidian
PPQ having higher molecular weight than those of
other seafood PPOs{shrimp, 30~40kDa; antarctic krill
75 and 83kDa)(6,21,23), hut lower than that of brown
shrimp(210kDa)(24). The presence of two band{mole-
cular weight, 55 and 30kDa) suggested that ascidian
PPO had two subunits, and similar to the findings by
other investigators(25).

Temperature and pH stability

The influence ol temperature on the stability of as—
cidian PPO is presented in Fig. 5. The PPO from ascidian
was stable up to 40°C but heat labile at higher tem-
peratures. For instance, it retained only about 10% of
its original activity after 30min. incubation at 70°C. In
this respect, heat stability of ascidian FPO with catechol
differed [rom those of lobster(8) and knll{26) PPOs,
which retained more than 80% of the original activity
after 1 hour incubation st 30°C. The temperature sta-
bility of ascidian PO of catechol oxidation was similar

Table 1. Purification scheme for ascidian polyphenol oxidase

. .. ivi Protein e activity — Activity

Purification step Volume(ml) Activity TOt?LIEE;V ty (rng/ml) SDE(’EmtS /me) ¢ regovers;’
Crude extract 175 23 4025 0.89 25.8(1.00) 100.0
30% salting out supernatant 150 30 4500 {.69 43.5(1.69) 111.8
80% salting out precipitate 62 51 3162 0. 72 T0.R(2.74) TR6
Dialvsis 36 43 3698 0.75 57.3(2.22) 919
DEAE-cellulose elute 50 53 2180 028 159.3(7.33) 79.0
Sepharose 6B elute a3 37 12211 0.1 336.4(13.04) 303
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Fig. 4, SDS-PAGE pallemns of ascidian PPQ at various
stages of purification.
Lane M: molecular weight markers, Carbonic an-
hydrase(29kDa), ege albumin(45kDa), bovine se-
rum alburmn(66kDa), phosphorylase h(97.4kDa), B
-galactosidase(116kDa), myosin(205kDa}, Lane 1:
crude exiract. Lane 20 30% salting ouf superna-
tant, Lane 3: 80% salting out precipitate, Lane 4:
after dialysis, Lane 5. DEAE-cellulose fraction, Lane
6: Sepharcse 6B fractions.
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Fig. 5. Stabilily of purified ascidian PPO on the oxi-
dation of the catechol at various preincubation
temperature.

The enzyme was preincubated for 30min at each
temperalure.

tothat of Florida spiny lobster which was rapidly inacti-
vated after 30min. at a temperature of above 40°C{7).

The pH stahility curve indicated that ascidian PPO
was most stable at a weak acidic pll. Ascidian PPO
reatined more than 90% of its initial activity at a pH
range [rom 5.5 to 7.5(Fig. 6). Those results were con-
sistent with the indings by Ferrer et al.(7) who re-
ported that activated Florida spiny lobster PPO was
most stable over a broad pH range of 6 to 9, while
shrimp PPO was found to be relatively stable from 7
to 9 on DOPA as a substrate.

110
80 Y
3
E
B O
g =,
[+
£ 501 / \
I O
D
j+4
30+ /
10 ’/‘ T T T T T T
2 3 4 5 6 7 8 9 10 11

pH

Fig. 6. pH stability of purified ascidian PPO on the oxi-
dation of the catechol after preincubated 30min
at 31°C.
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Table 2. Kinetic parameters of the ascidian PPO against
catechol substrate

Parameters Values
Km{mM) 0.12
Vmaxn{mmol/L/min} 256
Vs Ko {rmiic™ )" 21.30

”Physiologic efficiency

Kineiic parameters of ascidian PPO

The kinetic properties of ascidian PPO is summarized
in Table 2. Ascidian PPO displaved a relatively lower
Michaelis contant(Kn,=012nM) and a greater maxi-
. velocity{ Vi =2.56mM/liter/min) than for the same
catechol oxidation by lobster(K,=4.58, Vma= 0.72mM/
liter/min)(27). Using DL-DOPA. as a substrate, Sim-
pson et al.(6) showed pink shrimp PPO had a relatively
lower ¥, of 1.6mM. Summers{Z8) also reported the
fiddler crah’s blood PPC had a K value of 0.50mM.
The catalytic efficiency, defined as the ratio Vie/Kin,
was estimated to be 2.13. Thus. based on the catalytic
efficiencies, ascidian PPO exhibited a ligher affinity
for catechol than those of lobster PPO for catechol
(0,013 and 0.157){9).
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