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Effect of Fertilizer Application Method and Cultivation Season on Yield and
Quality of Solution-cultured Japanese Hornwort (Cryptotaenia japonica Hassk.)

Kaetsu Keiko*', MorikawA Shinya*', IsoBe Takeshi*'
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In order to reduce excessive nitrate ion concentrations in vegetables, which may be one of the
causes of high blood levels of methemoglobin, the effect of organic fertilizer on yield in hydroponics
and the nitrate ion concentration in Japanese hornwort cultivated using the deep-flow technique was
evaluated. To investigate seasonal variability, one series of experiments was conducted in three
seasons, namely, spring, summer, and autumn. The nitrate ion concentration in Japanese hornwort
decreased with the increasing proportion of organic fertilizer to total fertilizer applied ; Japanese
hornwort plants grown in culture medium containing both organic and chemical fertilizers were able
to reduce the nitrate concentration compared with those grown in culture medium containing only
chemical fertilizer. In spring and autumn, the nitrate concentration of Japanese hornwort grown in
culture medium containing only organic fertilizer was the lowest, although plant height was the lowest.
Additionally, when using hydroponics with Japanese hornwort cultured in medium containing only
organic fertilizer, it was necessary to lower the temperature of the hydroponic solution to below25T.
These results suggest that a reduction in nitrate ion concentration, whilst maintaining the yield of
hydroponically grown plants, is possible in Japanese hornwort when chemical fertilizer is used together
with organic fertilizer.
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Fig. 1 Changes in plant height of Japanese hornwort
(I) and temperature of the hydroponic solution (II) in
spring

I: O : Organic fertilizer (100% ) ; @ : Hybrid (additional
organic fertilizer 1002 ) ; & : Hybrid (additional organic
fertilizer [50%] and chemical fertilizer [50%]) ; A : Chemical
fertilizer (100%) ; []: Chemical fertilizer (100%, conventional
method)

Effect of the fertilizer application method on yield and quality of Japanese hornwort in spring

Fer.tlhz.er Plant height Root length Leaf and leafstalk Root
application (mm) (mm) Fresh weight Dry weight Water content Dry weight SPAD
method (g) (g) (%) (g)

0 203.4 c* 244.5 a 19.2 ¢ 1.3 b 93.3 a 0.76 a 29.2 d
H100 287.5 a 175.0 ab 33.0 ab 2.2 a 93.4 a 0.72 a 34.8 be
H50 291.1 a 190.7 ab 33.5 a 2.3 a 93.3 a 0.63 ab 34.6 bc

C 267.3 b 149.8 ¢ 30.9 ab 2.3 a 92.7 a 0.44 b 35.9 ab
CcC 274.2 b 162.1 bc 29.4 b 2.0 a 92.9 a 0.43 b 36.6 a

z : Different letters indicate significant difference between the means at a5 % level (Fisher’s least significant difference [LSD]

test).
O : Organic fertilizer (100%)
H100 : Hybrid (additional organic fertilizer [100%])

H50 : Hybrid (additional organic fertilizer [50%] and chemical fertilizer [50%])

C ! Chemical fertilizer (100%)
CC : Chemical fertilizer (100%, conventional method)
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(IIT) ion concentrations of the hydroponic solution in
spring
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Fig. 3 Effect of the fertilizer application method on
nitrate ion concentration in Japanese hornwort in
spring

Values are the means of three replicates and bars represent
the S.E. The represents the
application method shown in Tablel.
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Fig. 4 Changes in plant height of Japanese hornwort
(I) and temperature of the hydroponic solution (II) in
summer

I: O : Organic fertilizer (100%) ; @ : Hybrid (additional
organic fertilizer [100%]) ; & : Hybrid (additional organic
fertilizer [50%] and chemical fertilizer [50%]) ; & : Hybrid
(additional organic fertilizer [10% ] and chemical fertilizer
[90%]) ; [J : Hybrid (additional chemical fertilizer [100%]) ;
B : Chemical fertilizer (100%)
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Fig.5 Changes in nitrate (I), nitrite (I) and ammonium
(III) ion concentrations of the hydroponic solution in
summer

O : Organic fertilizer100% ; @ : H100 ; & : H50 ; & : H10 ;
[J:HO0 ; M:C (shown in Table2)

Table 2 Effect of the fertilizer application method on yield and quality of Japanese hornwort in summer

Fer.tlhz.er Plant height Root length Leaf and leafstalk Root

application (mm) (mm) Fresh weight Dry weight Water content Dry weight SPAD
method (g) (g) (%) (g)
H100 285.5 az 126.0 b 25.4 a 2.1 Db 91.9 a 0.49 a 37.1 b
H50 240.5 b 132.5 b 23.8 ab 2.6 ab 89.2 ¢ 0.36 b 38.4 b
H10 251.5 b 163.0 a 26.3 a 2.5 ab 90.6 b 0.36 b 40.6 a
HO 225.0 ¢ 126.0 b 19.8 b 2.3 ab 88.2 ¢ 0.46 a 36.6 b
C 206.0 d 124.5 b 24.4 ab 2.8 a 88.6 ¢ 0.47 a 38.5 b

z ! Different letters indicate significant difference between the means at a5 % level (Fisher’s least significant difference [LSD]
test).

H100 : Hybrid (additional organic fertilizer [100%])

H50 : Hybrid (additional organic fertilizer [50%] and chemical fertilizer [50%])

H10 : Hybrid (additional organic fertilizer [10%] and chemical fertilizer [90%])

HO : Hybrid (additional chemical fertilizer [100%])

C : Chemical fertilizer (100%)
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Fig. 6 Effect of the fertilizer application method on
nitrate ion concentration in Japanese hornwort in
summer

Values are the means of three replicates and bars represent
the S.E. The
application method shown in Table2.
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Fig. 7 Changes in plant height of Japanese hornwort
(I) and temperature of the hydroponic solution (II) in
autumn

I: O : Organic fertilizer (100% ) ; @ : Hybrid (additional
organic fertilizer [100%]) ; & : Hybrid (additional organic
fertilizer [50%] and chemical fertilizer [50%1) ; & : Hybrid
(additional organic fertilizer [10% ] and chemical fertilizer
[90%]) ; [] : Hybrid (additional chemical fertilizer [100%1]) ;
B : Chemical fertilizer (100%)
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Table 3 Effect of the fertilizer application method on yield and quality of Japanese hornwort in autumn

Fer'tlhz‘er Plant height  Root length Leaf and leafstalk Root
application (mm) (mm) Fresh weight Dry weight Water content Dry weight SPAD
method (g) (g) (%) (g)

0O 239.0 dz 161.0 b 17.1 b 0.6 b 96.3 a 0.15 a 31.7 b
H100 276.0 ab 108.0 ¢ 18.4 ab 0.8 ab 95.9 ab 0.11 ab 35.2 a
H50 276.0 ab 173.5 b 20.2 ab 0.8 ab 96.0 a 0.09 bc 34.8 a
H10 282.0 a 201.5 a 21.5 a 0.9 a 95.9 ab 0.10 be 35.0 a
HO 266.0 bc 172.5 b 19.8 ab 0.8 ab 96.0 a 0.05 cd 35.1 a

C 252.5 cd 199.5 a 17.6 ab 0.8 ab 95.4 b 0.03 d 36.2 a

z ! Different letters indicate significant difference between the means at a5 % level (Fisher’s least significant difference [LSD]

test).
O : Organic fertilizer (100%)
H100 : Hybrid (additional organic fertilizer [100%])

H50 : Hybrid (additional organic fertilizer [50%] and chemical fertilizer [50%])
H10 : Hybrid (additional organic fertilizer [10%] and chemical fertilizer [90%])

HO : Hybrid (additional chemical fertilizer [100%])
C : Chemical fertilizer (100%)

2,000

I : Nitrate ion

Concentration (ppm)
—
[\~}
()
o

ND 1 1 1
10/5  10/15 10/25 11/4

11/14

Measurement date (month/day)

E II': Nitrite ion

o

G

o

.S

g

=

g

=

Q

@]

10/5 10715 10/25 11/4 11/14
Measurement date (month/day)
60
I: Ammonium ion

= 50

a

= 40

=

.S

§ 30

§ 20

§ 10

ND 1 1
10/5 10715 1025 1174 11/14

Measurement date (month/day)

Fig.8 Changes in nitrate (I), nitrite (II) and ammonium
(III) ion concentrations of the hydroponic solution in
autumn

O:0;,@:H100; A :H50; A :H10;[J:HO ; l:C (shown
in Table 3)
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Fig. 9 Effect of the fertilizer application method on
nitrate ion concentration in Japanese hornwort in
autumn

Values are the means of three replicates and bars represent
the S.E. The horizontal axis
application method shown in Table3.

represents the fertilizer
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Effect of Storage Conditions on the Quality
of Immature Papaya (Carica papaya L.) Fruit

TERUYA Ryo*'®, Maepa Goki*?, Hirose Naoto*’,

1

OosHirOo Yoshikazu*' and AxiNnaca Takayoshi*®

* 1  Okinawa Prefectural Agricutural Reseach Center, 820 Makabe, Itoman, Okinawa 901-0336
% 2 Okinawa Prefectural Agricultural Research Center Miyakojima Branch,
2071-40 Taira, Miyakojima, Okinawa 906—-0012

* 3 Faculty of Agriculture, University of the Ryukyus, 1 Senbaru, Nishihara, Okinawa 903-0213

Immature papaya (green papaya) is used as a vegetable in Okinawa, Japan. However, there is little
information regarding its storage. We investigated the relationship between storage temperature and
the respiratory rate of vegetable papaya, and estimated a suitable storage temperature. Next, we
examined the effect of storage conditions on the quality of papaya fruit. Chilling injury, fungal decay,
and shriveling affected the quality of vegetable papayas during storage. The verified suitable storage
conditions were 13C with a relative humidity of 90%. Under these conditions, the fruit maintained a
good quality for 3 weeks. During storage, the contents of maric acid and ascorbic acid in vegetable
papaya increased, whereas the sugar content decreased. Furthermore, the vegetable papaya showed no
surface discoloration, increased respiratory rate, or decrease in fruit firmness during storage at the
suitable temperature.

(Received Apr. 4, 2011 ; Accepted Jul. 20, 2011)

Key words : vegetable papaya, storage, chilling injury, fungal decay, shrivring
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Fig. 2 Quality characteristics of ‘Tainong Nob5’ immature papaya fruit stored at

various temperatures

The dotted line corresponds to the limit of salability.
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Fig. 4 Quality characteristics of ‘Tainong Nob5’ immature papaya fruit stored at
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The dotted line corresponds to the limit of salability.
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Fig. 5 Changes in organic acid, sugar, firmness, and ascorbic acid contents of

‘Tainong No 5’ immature papaya fruit during storage at various temperatures

Data are the mean=+S.D.
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Purification and Characterization of Polyphenol Oxidase
from Japanese Radish (Raphanus sativus L.) Root
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Polyphenol oxidase (PPO) was purified from the Japanese radish root by ammonium sulfate
fractionation, ion exchange chromatography, hydrophobic chromatography, and gel filtration using
phloroglucinol as a substrate. The enzyme was purified about 192-fold with a recovery rate of 15%.
The purified enzyme appeared as a single band on SDS-PAGE. The molecular weight of the purified
PPO was estimated to be about 44 kDa by gel filtration and 45.7 kDa by SDS-PAGE. The purified
enzyme quickly oxidized phloroglucinol(1, 3, 5-trihydroxybenzene) with a Kn of 2 mM. The enzyme also
oxidized 1, 2, 3-trihydroxybenzenes, such as pyrogallol and gallic acid; however, it did not oxidize o-
diphenols, such as chlorogenic acid and dopamine. Peroxidase (POD) activity was also present in the
purified enzyme preparation with the final preparation having a purification and recovery rate of 259-
fold and 20%, respectively. The optimum pH for the PPO and POD activities was 8.0 and 5.0,
respectively, and the measured activities were stable at 5C for 20 h in the pH ranges of 3.0~10.0
and 3.0~11.0, respectively. Both enzyme activities were stable up to 50C after heat treatment for 10
min and were strongly inhibited by treatment with sodium diethyldithiocarbamate, potassium cyanide,
L-ascorbic acid, chlorogenic acid, and hydroquinone at a final concentration of 10 mM.

(Received May 9, 2011 ; Accepted Jul. 20, 2011)

Key words . Japanese radish, polyphenol oxidase, phloroglucinol oxidase, peroxidase, characterization
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The undesirable browning of damaged tissues in
fruits and vegetables occurs by the enzymatic
oxidation of polyphenols. Such oxidation is mainly
caused by polyphenol oxidase (EC 1.10.3.1 ; o-
diphenol : oxygen oxidoreductase, PPO). Because
browning can decrease the marketability of variety
vegetables, studies have

of fruits and many

investigated PPO with the goal of preventing this

1)~9)

discoloration”™. PPOs that originate from distinct
plant sources display different substrate specificities.
Most PPOs oxidize o-diphenols, such as catechol,
DL - dopa, and 4 -
methylcatechol. For example, purified PPOs from
edible burdock” ,
apple” are known to strongly oxidize chlorogenic
PPO" ™  strongly oxidizes

purified PPOs of edible

chlorogenic acid, dopamine,

garland chrysanthemum®, and

acid, while banana

dopamine. In contrast,

burdock” and soybean' oxidize pyrogallol (1, 2,
3 -trihydroxybenzene) and phloroglucinol (1, 3, 5-
trihydroxybenzene) but do not oxidize o-diphenols.
However, a novel type of PPO, which only oxidizes
1, 3,
and phloroglucinol carboxylic acid, was found by our

5 -trihydroxybenzenes, such as phloroglucinol

15),16)' and

laboratory in Satsuma mandarin', cabbage
turnip'”. These purified phloroglucinol-oxidizing PPOs
(PhOs) also have strong peroxidase (EC 1.11.1.7 ;
POD) activities. While purified soybean PPO"™ has
been shown to have dual PPO and POD activities,
edible burdock PPO” was not found to have POD
activity. PhO activity was found in crude extracts
of the Japanese radish (Raphanus sativus L.) root,
which is considered a cruciferous vegetable similar
to cabbage and turnip. Interestingly, PPO that was

purified from the Japanese radish root was found to

§ Corresponding author, E-mail : fujitas@cc.saga-u.ac.jp
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have dual PPO and POD activities, which is similar

15),16>’ and turnipm

to that of soybean”, cabbage
PPOs ; a detailed

Japanese radish root PPO has not previously been

however, characterization of
conducted. In the present study, Japanese radish
root PPO was purified using phloroglucinol as a
substrate, and the properties of the purified enzyme
were investigated.

Materials and Methods

1. Materials

Fresh Japanese radish (Raphanus sativus L.cv.
Aokubi soufuto-L.) root was purchased from a local
market in Saga City. DEAE-Toyopearl 650-M, Butyl
Toyopearl 650-M, and Toyopearl HW 55-s were
Tokyo, Other

reagents were purchased from Wako Pure Chemical

obtained from Tosoh Co., Japan.
Industries, Ltd, Osaka, Japan.

2. Measurement of enzyme activity

(1) PhO activity
by a spectrophotometric method that was based on

PhO activity was measured

differences in spectra®. The reaction mixtures

consisted of 0.5 m¢ of 20 mM aqueous phloroglucinol,

1.4 m¢ of 0.1 M phosphate buffer (pH 7.0), and
0.1 m¢ of each fraction obtained by chromatography.
After incubation for 10 min at 30C, 0.5 mé of the
reaction mixture was removed and added to 4.5 mé
of distilled water. The absorbance of the sample
was then measured at 272 nm against an enzyme
blank. One unit of enzyme activity was expressed
as an increase in absorbance at 272 nm (AA..) of
0.1 per min in a 1l-cm light path.

(2) PPO activity
by a

PPO activity was measured
method™"”*. The
mixtures consisted of 0.5mé

colorimetric reaction
of 10 mM aqueous
solution of wvarious polyphenols, 4mé of 0.1 M
phosphate buffer (pH 7.0), and 0.5m¢ of enzyme
incubation at 30T, the

in absorbance at 420 nm (AAn ) was

solution. After a 5-min
increase
measured. One unit of enzyme activity was defined
as 0.1 AA. per min (1-cm light path).

(3) POD activity
by a colorimetric method™.

POD activity was determined
The reaction mixtures
contained 0.5m¢ of a 0.1 M aqueous solution of

guaiacol, 4.1m¢ of 0.1 M phosphate buffer (pH 6.0),

0.2m¢ of 0.1% hydrogen peroxide, and 0.2m¢ of the
enzyme solution. After incubation for 2 min at 30T,
the increase in absorbance at 470 nm (AAs) was
measured. One unit of enzyme activity was defined
as 0.1 AAy; per min (1-cm light path).

3. Purification of the enzyme

All steps were carried out at 5C. Whole roots
from the Japanese radish (10 kg ; 9 ~10 radishes)
were homogenized with a Japanese-style grater
After filtration of the
homogenate through a cotton cloth, the filtrate was
centrifuged at 10,300 X g at 4 C for 20 min. The
supernatant was then brought to 80% saturation

without using buffer.

with ammonium sulfate. Precipitated protein was
collected by centrifugation (10, 300X g), dissolved in
a small volume of 0.01 M phosphate buffer (pH
7.0), and then dialyzed against the same buffer for
36 h with the four changes of the dialysis buffer.
After another round of centrifugation (10,300Xg),
the dialyzed solution was applied to a DEAE-
Toyopearl 650-M column (4.5 % 15 cm) that was
equilibrated with 0.01 M phosphate buffer (pH
7.0) and eluted with the same buffer. Fractions
containing active PPO, which were not adsorbed
onto the column, were pooled, brought to 1 M
saturation with ammonium sulfate, and then applied
to a Butyl-Toyopearl 650-M column (1.6 X% 15 cm) that
was equilibrated with 0.01 M phosphate buffer (pH
7.0) containing 1 M ammonium sulfate. The column
was eluted using a linear gradient of ammonium
in 0.01 M
phosphate buffer, pH 7.0). Fraction containing PPO

sulfate (1 to 0 M ammonium sulfate

activity were pooled and dialyzed with 0.01 M
phosphate buffer (pH 7.0). The dialyzed solution
was concentrated using a membrane filter (Amicon
YM-10, Millipore Japan Co., Tokyo, Japan), added to
a Toyopearl HW 55-s column (1.6%80 cm) that was
equilibrated with 0.1 M phosphate buffer, and then
eluted using the same buffer. Fractions containing
enzyme activity were collected and used for
enzyme characterization.
4. Determination of protein

Protein content was determined using the method
of HarTREE”™ with bovine serum albumin (BSA,
fraction V; Katayama Chemical, Industries Co., Ltd,
Osaka, Japan )

chromatography,

used as a standard. In

protein  was  expressed as
absorbance at 280 nm.
5. Molecular weight determination

Molecular weight of the purified enzyme was
determined by gel filtration and sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDS -
PAGE). Gel filtration was performed following the
method of AnprEWS® with the use of a-globulin (160

kDa), serum albumin (bovine ; 65 kDa), ovalbumin
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(chicken egg ; 44 kDa), and cytochrome c (12.4
kDa) as marker proteins. SDS-PAGE was carried out
as described by WEeBer and Osporn® with the use
of myosin (209 kDa), B-galactosidase (124 kDa),
serum albumin (bovine ; 80 kDa), ovalbumin (chicken
egg 5 49.1 kDa), carbonic anhydrase (34.8 kDa),
soybean trypsin inhibitor (28.9 kDa), and lysozyme
(20.6 kDa) as marker proteins.

Results and Discussion

(1) Purification of the enzyme Fig.1 shows a
typical elution pattern of PPO on a gel filtration
column. Enzyme activity eluted in one peak, and
the peak fractions from several columns were
pooled as purified enzyme. A typical stepwise

purification of PPO is shown in Table 1. After the

final purification steps, the enzyme preparation
0.30 2005
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Fig. 1  Elution pattern of the enzyme from the

Toyopearl HW 55-s column

(<) fraction pooled ; (O) PPO activity ;
(H) protein ; (A) POD activity.

Table 1

contained a specific activity that was increased 192-
fold compared to that of the initial homogenate with
a recovery rate of 15%.

(2) Characterization of the purified enzyme

The purified enzyme appeared as a single band
on SDS-PAGE (Fig.2). As shown in Fig. 3, the
molecular weight of PPO was estimated to be about
44 kDa by gel filtration and 45.7 kDa by SDS-
PAGE. These results
enzyme is monomeric. While the molecular weight

indicate that the purified

of the purified Japanese radish root PPO was
similar to soybean PPO (47 kDa)"™ and leaf lettuce
PPO (46 kDa)*, it differed from those of edible
burdock (40 kDa)?, cabbage F-IA (40 kDa)', cabbage
F-IB (43 kDa)'", turnip (27 kDa)”, Japanese pear
(56 kDa)®, broccoli (57 kDa)®, and Turkish black
radish (66 kDa)*.

MP E

MW (kDa)

209
124

491

34.8

289
206

Fig.2 SDS-PAGE of the purified enzyme

MW, molecular weight; MP, marker protein; E, Enzyme.

Purification of the Japanese radish root enzyme

Phloroglucinol Oxidase (PhO)

Peroxidase (POD)

Enzyme Volume T(?ta,ll Tota.l Spe.c1.f1c Purification Recovery Tétél SpeF 1’f1c Purification Recovery
(n0) Activity Protein Activity (fold) %) Activity  Activity (fold) %)
(Units) (mg)  (Unit/mg) (Units)  (Unit/mg)

Crude Extract 6,890 689,345 35,812 19 1.0 100 1, 302, 210 36 1.0 100
Crude Enzyme 490 302,967 2,379 127 6.6 44 514, 338 216 6.0 40
DEAE-Toyopearl 650-M 1,225 379,922 266 1,428 74.2 55 456,404 1,716 47.2 35
BUTYL-Toyopearl 650-M 931 143,421 50 2,875 149.4 21 328,696 6,589 181.2 25
Toyopearl HW 55-s 1,250 103,167 28 3,694 192.0 15 262,938 9,415 259.0 20
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55 Table 2 Substrate specificities of Japanese radish root PPO
Specific Activity
Substrat
1 (A) ubstrate (Unit/mg)
50 - Phloroglucinol' 3,694
9 Phloroglucinol carboxylic acid' 1,692
=
= Pyrogallol® 91
g Gallic acid? 16
= p ]
45 4 3 Catechol 0
Chlorogenic acid’ 0
DL-Dopa’ 0
4 Dopamine® 0
4.0 T T T T T T Resorcinol* 0
1.25 1.35 145 1.55 '"Measured by a spectrophotometric method based on
Ve/Vo differences in spectra"
*Measured by a colorimetric method™'"*
55
T 14
5.0 1 12
=]
= - 10
E =
s T I=|
45 = 8
4 =
= 6
4.0 L] L] L] L] 1 L] L] L) L) 2 |
0.0 0.5 1.0
Relative mobility L G L L !
-1 -05 0 05 1 15

Fig. 3 Molecular weight estimation of the enzyme by
gel filtration on a Toyopearl HW 55-s column (A) and
by SDS-PAGE (B)

(A) Vo, void volume of the column ; Ve, elution volume of
the substance; MW, molecular weight : 1. a-globulin (160
kDa), 2.serum albumin (bovine ; 65 kDa), 3. ovalbumin
(chicken egg ; 44 kDa), and 4. cytochrome c¢ (12.4
kDa) ; P, purified enzyme.

(B) MW, molecular weight in kDa : 1. myosin (209 kDa), 2.
B-galactosidase (124 kDa), 3.serum albumin (bovine ; 80
kDa), 4.ovalbumin (chicken egg ; 49.1 kDa), 5. carbonic
anhydrase (34.8 kDa), 6.soybean trypsin inhibitor (28.9
kDa), and 7.lysozyme (20.6 kDa) ; P, purified enzyme.

Most PPOs oxidize o-diphenols, such as catechol,
chlorogenic acid, dopamine, DL - dopa, and 4 -
methylcatechol. PPOs purified from edible burdock?,
garland apple”  strongly
banana PPOY"

strongly oxidizes dopamine. As shown in Table 2,

chrysanthemum® , and
oxidize chlorogenic acid, while
purified Japanese radish root PPO strongly oxidizes
1, 3, 5-tryhdroxybenzenes, such as phloroglucinol and

1/s (mM ™)

Fig. 4 Lineweaver-Burk plots of phloroglucinol oxidation
by the enzyme

Michaelis
constant (K.) of the enzyme for the oxidation of

phloroglucinol ~ carboxylic  acid. The
phloroglucinol was 2 mM (Fig.4). This value differed
from that of other plant PPOs, specifically, Satsuma
mandarin PPO (0.67 mM)', cabbage PPO F-IA
(6.4 mM)"™, and cabbage PPO F-IB (8.5 mM)™.
PPO purified from the Japanese radish root also
oxidized 1, 2,
pyrogallol and gallic acid ;

such as
it did not
oxidize o -diphenols, such as catechol, chlorogenic

3 - trihydroxybenzenes,
however,
acid, and dopamine, or p - diphenols, such as
This enzyme was found to share a
edible

However, the

resorcinol.
similar substrate specificity as that of
burdock PPO™ and soybean PPO™.
substrate specificities of these three enzymes were
different from the PPOs of Satsuma mandarin®,
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19 and turnip”, which only oxidized 1, 3,

cabbage™
5-trihydroxybenzenes.

The purified Japanese radish root enzyme
preparation was red in color with an absorption
maxima at 405, 490, and 630 nm, which was similar
to that of soybean PPOY.
obtained using purified PPOs of Satsuma mandarin',
which
Soybean, Satsuma mandarin, cabbage, and turnip
enzymes had dual PPO and POD activities. As
shown in Fig. 1, activities of both PPO and POD

were detected in the same peak fraction with the

Similar results were

cabbage™" , and turnip”, contain iron.

final purification of the Japanese radish root enzyme.

Furthermore, the purified enzyme was visualized as
a single protein band on SDS-PAGE (Fig. 2).
Therefore, we reasoned that the Japanese radish
root enzyme has dual PPO and POD activities,

)

similar to the soybean', cabbage®”'', and turnip"

The final
enzyme showed a 259-fold increase in POD activity

enzymes. preparation of the purified

and had a recovery rate of 20% for POD (Table 1).

Further
activities of the

PPO and POD

preparation was

characterization of the
enzymatic
conducted. The effects of pH on the activity and

120
] (A)
100 -
S
=
=
£ 60 -
<
< .
£
2 40 -
()
~ 4
20 -
0 L L L L L L}
0O 2 4 6 8 10 12

pH

stability of both PPO and POD activities of the
purified enzyme are shown in Fig.5. The optimal
pH for PPO and POD activities was 8.0 and 5.0,
respectively (Fig.5 A). The effects of changes in the
pH on PPO and POD activities of the PPO enzyme
have also been demonstrated for PPOs in soybean',

15),16)

Satsuma mandarin', cabbage™'?, and turnip”. The
optimal pH for the activity of the Japanese radish
root PPO enzyme was similar to PPOs purified
from soybean', cabbage F-IA"™, cabbage F-IB,
cabbage F-II', and turnip™, which were shown to
function best in the optimal pH range of 7.4~7.6.
However, the optimal pH for our purified Japanese
radish root PPO differed from that of butter lettuce
PPO (pH 5.5)Yand vanilla bean PPO (pH 3.0)”. The
pH for POD activity
Japanese radish root enzymatic preparation was also

optimal in our purified
similar to that of Satsuma mandarin', and turnip”,
but it differed from cabbage enzyme F-IA (pH
6.4)", and F-II (pH 6.7)".

in Fig.5 B, both PPO and POD

activities of the Japanese radish root enzyme were

As shown

stable in wide pH ranges. Eighty percent of the
PPO and POD activities was retained in the pH

120

100 4

80

60

40 A

Relative activity (%)

20

O 1T rrrrrrrrr

0 2 4 6 8 10 12
pH

Fig.5 Effects of pH on the activity (A) and stability (B) of the enzyme

(O) PPO activity ; (@) POD activity

(A) PPO and POD activities were measured at 30C in Mcllvaine buffer in the pH
range 3.0~8.0 and in Atkins-Pantin buffer in the pH range 9.0~11.0. Activity
was expressed as a percentage of the maximum activity level.

(B) The enzyme was pre-incubated in Mcllvaine buffer at different pH values,
ranging from 3.0~8.0 or in Atkins-Pantin buffer at different pH values,
ranging from 9.0~11.0 at 5C for 20 h. Residual PPO and POD activities
were measured under standard conditions (PPO: pH 7.0, 30C and POD: pH
6.0, 30C). Activity was expressed as a percentage of the maximum activity

level.
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ranges 3.0~10.0 and pH 3.0~11.0, respectively.
The ranges of pH stability for both PPO and POD
activities differed slightly from those of cabbage F-
IA PPOY, in which both activities were stable in
the range of pH 5.0~ 11.0. Similar results were
found for Satsuma mandarin PPOY
PPO"™.

The PPO enzyme from Satsuma mandarin',

and turnip

,16) 17)

cabbage™', and turnip™ had a very high thermal
stability. Fig. 6 shows the thermal stability of the
purified Japanese radish root PPO enzyme. After
heating at 80C for 10 min, only 20% of the PPO
activity remained ; however, POD activity was
almost completely lost. The thermal stability of this
preparation of PPO enzyme was lower than that of
the above enzymes (specifically, that of Satsuma

15),16) In contrast,

mandarin'’, cabbage™'?, and turnip”.
the soybean enzyme” had a similar thermal
stability of PPO and POD activities as the Japanese
radish root enzyme.

Table 3 shows the effects of different compounds
on the PPO and POD activities of the purified
enzyme. Both the PPO and POD activities were
markedly inhibited by sodium diethyldithiocarbamate
and potassium cyanide when used at a 10 mM final

concentration. Additionally, L-ascorbic acid inhibited

120

100 -

80 -~

60

40 A

Relative activity (%)
1

20

0 ) ) ) ) ) ) )

10 20 30 40 50 60 70 80 90
Temperature (°C)

Fig. 6 Effects of temperature on the stability of the
enzyme

(O) PPO activity ; (@) POD activity.

The enzyme preparation was heated at temperatures ranging
from 20C~80C for 10 min. Residual PPO and POD activities
were measured under standard conditions (PPO: pH 7.0, 30T
and POD: pH 6.0, 30C).
percentage of the maximum activity level.

Activity was expressed as a

both PPO and POD activities at 10 mM but not at
1 mM. CuSO, inhibited PPO activity, but did not
inhibit POD activity. Remarkably, MnCl. was found
to activate PPO in edible burdock™?, cabbage™'?,
and turnip” ; however, little activation was found
for Japanese radish root PPO. Both PPO and POD
activities were markedly inhibited by chlorogenic
acid (an o-diphenol) and hydroquinone (a p-
diphenol) which is similar to studies using purified
from Satsuma mandarin'’ and cabbage®'?.

In conclusion, Japanese radish root PPO was

purified using phloroglucinol as a substrate. The

purified enzyme quickly oxidized 1, 3, 5-
trihydroxybenzenes, such as phloroglucinol and
phloroglucinol carboxylic acid, and 1, 2, 3-

trihydroxybenzenes, such as pyrogallol; however, it
did not oxidize o-diphenols, such as chlorogenic acid
and dopamine, which was similar to edible burdock
PPO% and PPOY .
substrate specificities of these enzymes differed

soybean Furthermore, the
from those of Satsuma mandarin PPO", cabbage
PPO"™' and turnip PPO"™, which only oxidized 1, 3,
5-trihydroxybenzene. POD activity was also found in
the purified Japanese radish root PPO. Due to the
different effects of pH, temperature, and various
compounds on PPO and POD activities of the
purified Japanese radish root enzyme, it probable
that this enzyme has separate active sites for PPO
and POD activities, and this may also be the case

Table 3 Effects of various compounds on PPO and
POD activities

Relative Activity (%)

Compounds PPO activity POD activity

1mM?* 10mM?* 1mM?* 10mM?
None 100 100 100 100
Sodium diethyldithiocarbamate 11 0 89 33
KCN 87 32 0 0
EDTA 98 94 94 92
NaF 105 110 103 83
NaCl 103 100 97 92
MnCl, 128 132 93 90
CuS0, 37 13 111 96
BaCl, 115 97 108 119
ZnSO, 109 107 105 103
L-ascorbic acid 109 0 97 1
Chlorogenic acid 21 16 48 1
Resorcinol 116 104 104 96
Hydroquinone 28 26 33 1

aFinal concentration of compound
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The microflora of kefir grains is highly varied Seven varieties of microflora with varying properties
were compared in this study. A previous report suggested that Candida kefir, one of the main yeast
species in kefir,causes opportunistic infections. Different combinations of the strains,exept Candida kefir,
present in kefir grains were examined. O The weight of kefir grains increased at all combinations.
The kefir grain weight,except those of the genus Candida,showed an increase. @ Although it was
thought that yeast played a role in imparting rigidity to the kefir grains, Lactobacillus kefiri GKL—2 and

L. kefiranofaciens GKL—-28 were found to play the main role in imparting rigidity.

(Received Oct. 13, 2010 ; Accepted Jul. 11, 2011)

Key words : kefir, kefir grains, Candida, rigidity, culture
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The protein disulfide isomerase (PDI) enzyme is involved in the formation of disulfide bonds. Here
we attempted to purify PDI from wheat grain (Triticumaestivum cv. Haruyutaka). As a result of
DEAE-Sepharose Fast Flow and affinity chromatography purification, 30.74units of PDI activity./100g
of wheat grain were observed in the adsorbed fraction from the affinity chromatography column. The
molecular weight of this fraction was63kDa as determined by SDS-PAGE analysis. N-terminal amino
acid sequencing of this63 —kDa protein showed that the sequences of wPDI and this63 —kDa protein
shared79%identity. On the basis of this result, we assumed that the63 —kDa protein that we purified
from wheat (Haruyutaka) grain is the same as wPDI, which we used for genetic information, and that

our expression of this protein was successful.

(Received Mar. 31, 2011 ; Accepted Jul. 21, 2011)
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1. & #

AFHNCL, dviEEE NNV Y S (Triticumaestivum cv
Haruyutaka) % w72,

2. BFROHH

£ O IZKamuma” (1998) & D% w7z,
INEER R, SVFYE =X a v h—ITHERL, 4%
% (w/v) O5mMYFF+ LA b= (DTT), 50mM
LT bY YA, I0mMTZFL Y73 U-N, N, N, N-
5 b SEEER (EDTA), 2mM7 v{L7 = =)V X F)L R
WA=V (PMSF), 0.1% (w/v) Triton X-100% & s
50mM kU R (pHS.0) ZMA, BA Fan
v (AR EETT ) 12T ST L, &l
48 (10,000rpm, 20min, 4C) 2L WS EFE
WEMMmE F1) & L. F1%220%E88 687 >~
BT ACTEM L, KSTTI1REEE L%, &
508k (15,000rpm, 2043, 4C) &, fFohiz LB
& 3T 125, 000D FENT L 2 FH vy, 20mM ) R IEFER
(pH8.0) I T1Me (4C) #EMN T 52 & T, PDIIHE M
WML 220 %2 R4 7 ®13,0000 ¥ » 28 7 B
Thioredoxin®” &5 T DR ITCWE 2 WY Br &, w058
(15,000rpm, 205>H, 4TC) # o LW MEEE (F
2) & L7

3. /NEPDIDFEE

PDI® 43 Bl ks %1%, 20mM b U 2 3 8 #% & 0 (pH
8.0) 2Tt L 72DEAE-Sepharose Fast Flow 7/ 5
2 (020%160mm, GE~IV X 7 74L8) 12, F2 24t L
7oo IS, Omd/min, 5.0mé/tubel TV, Kk
W5 % A, W 45 % NaCla & Ee [ 42 i 12 ¢
A5y FI4 X (0.1, 0.2, 1.0M) %47 - 720 PDIi&
PR I N2 W1, & 5 I2HPDIFLA (mouse
Antiserum to wPDI) Zf\Ww/27 74 =54 —7 0~
N7 4= UK AT 5720 T AITIEHL Trap
NHS-activated HP (5mé, GE~NIV A4 7TAEED 2w,
BETH®E ) BHEARL 2/ EY 3 ¥F >~ FPDIY
PR E LTER L72PDIR Y 7 a—F Vifkz ) 7>
F& L THWw, %6 DDEAE-Sepharose Fast FlowiZ
TPDID & D% 6 L7z [l 53 #20mMY ~ B, 0.15M
NaCl, pH7.0ICCF AL L72h T AT 754 %, &K
WA < GaEt s, L.oM7 ) v v -3, 0.5
M NaCl, pH4.0IC THEM AT 720 &, BRI Ond
/min, 2.0mé/tubell TV, BERIHEORF D0,
HoMLOTT I arFa—TIZ1L.0M MY RIEEEE
e (pH7.0) % 1.0mé AR L 72,

4. PDEEMBRIEX

PDIO G 21X, ARNES D EIZHEVD AL ¥ A
YW TR T o720 ETHDH 1% (w/v)
A VA VEWIEA Y A) v (FIEMSEAEE) % 50mM
MU ARSI (pHS.0) ICEEH L, 1NEMZ X

W%, 1NAKRAEF b 7 A0 TpHS. OIS F#iE#, 50
mM bV 2 BRI (pHS.0) IS TEALMBE L 72,
A BE120.4MY) YA ) 7 AR E W (pH7.5) 0.25
m¢, 8 mM EDTAO.25m¢, £ ~ AV ¥{EWK0. 1mé, ik
0.284ml% & 1), /NZRA S Al U 72 B3R K0, 05me %
Mz 7z #, 5mM DTTO.066mé% Il z, 4k %1.0m¢
(UERE £ 0.1MY) YA ) ¥ A% (pH7.5), 2mM
EDTA, 1mg/mé4 ¥ A Y ¥, 0.33mM DTT) & L
T, 25CTO0 MR T 5720 LT Y A ¥
DV E % W Ik £650nm iz THE L 720 BEE Sl iZpH
7.5, 25CTDTTHAEFIZBWT Img/mn4{ ¥ A1) »
DA650% 177 [H120.0122L S &2 Nfliz 1 UL L 72
%B, BERTB O 8 E 7, Coomassie® Plus
Protein Assay Reagent Kit (PIERCE#: #) » X O
Lowry DB R THIE L7z,

5. SDS-PAGES LU I X470y MK 2HET
TIA=T4—=2ux b7 T 74 —THlE L7255,
SDS-PAGEIZHE L & v 87 B D53 FROEN 2479 & &
bicw T A%y vy7uy MITPDIOKINZIT- 72, & ¥
N7 B ORI (BT Xy b a—, FObM
LA 12TV, YAy 7y Fomticig,
TRBARIC/NEPDER ) 7 &2 — F v i 4k (mouse
Antiserum to wPDI) % vy, 2 Xk¥ifkix, MoueslgG,
Horseradish Peroxidase Linked Whole antibody from
sheep (GE Healthcarefh #), # H # 3£ (2 Amersham
ECL Plus Western blotting reagent pack (GE
Healthcarett#) #HWC, 5N/ 7 F v &b
SeMeti#E (Gel-Doc Bio Rad#h#l) 12CTHiH L7z,

6. NXR&E7 I/ BLECSIRER

SDS-PAGE#DTF VI FIA4 70y T4 72
) PVDFBLICHE., CBBHtn L72o fif H M7 RREER N
YEFEYVMLAE, TuT vy =27 % —(PPSQ
—21/23, shimadzutt#) (2t L Edmani 2 TNAK G 7
3 BRI % fRAT L 720

BRELVEE

1. BAFXFr7O7 NI 57 1 —H LUHPDIH

FT7I74=2FT 14— TIT 4 —FRHVENE

PDIDS B FE S

DEAE-Sepharose Fast Flow? 5 A IZF 2 % fit U3
W AT o 7458, RWEW S (A1) B X 0T 5
(A2, ~4) DFt4>DY VX7 HE— 7 BB 5N
(Fig. 1), TN 5 &M% (A1~4) OPDIGH % ¥l &
L72& 2% (Tablel), A 312T156. 6units//MZEH100
g LR LE VI 2R L 2o 22T, KIZ/PNEPDIE
U 7 a—F )UK (mouse Antiserum to wPDI) %V
A RERLPMPDIWUART 74 =54 —27uax v 757
4 — (Hi Trap NHS-activated HP) # JH\>, A 34
DESLEIERERAET A, RBAEW S (C1) B
LOWE S (C2) 127 v 2 BY — 2 2R L7
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35 i 1.2 20 mMphosphate, 0.15 1.0 M glycine-HCI, 05 1.0 M glycine-HCL, 05
3 M NaCl (pH 7.0) M NaCl (pH 4.0) M NaCl (pH 3.0)
————————— 1
' 0.06
% 2.5 i 108 E 1
<2 E & 005 |
T 06 =
b 15 ] A z
1 ; ! n 0.04
<
05 0.03 C2
0 50 100 150 190 0.02
Fraction No. (5 mé/tube)
Fig. 1 DEAE - Sepharose chromatography of PDI 001
extracted from Haruyutaka grain 0
Column : DEAE-Sepharose Fast Flow (620X 160mm) 0 5 10 15 20 25

Buffer : 20mM Tris-HCI buffer (pHS.0)
Speed : 1 mé¢/min.

Fraction No. (2m¢/tube)

Fig. 2
eluates

Antibody affinity chromatography of pooled
(A 3 ) from the DEAE - Sepharose
chromatography column

Column : HiTrap NHS-activated HP (5 m¢)
Speed © 1 m¢/min

Table 1 Purification summary of PDI fromHaruyutakagrain
. . Specific T .
St PDI Activity Protein vt Purification Yield
ep activity

(U) (mg) rate (%)

& (U/mg) 7

F1 642.2 2948.8 0.22 1 100
F2 323.9 1565. 4 0.21 0.95 50. 4

Al N.D 714.8 - - -
A2 59.1 259. 8 0.23 1.04 9.2
A3 156. 6 150. 6 1.04 4.77 24.4

A4 N.D. 21.1 - - -

Ci1 N.D. 8.5 - - -
C2 30.7 0.4 74.8 341 4.8

(Based on 100g Wheat grain)

(Fig.2)o C1 3 & OC 2 OPDLGTE M & % 1T - 72 & 5
(Tablel), 774 =54 =20~ 7574 —0OWH
5T 3 %C 212 B\ T30. 74units/7 Z k2100 g o 16 M:
BN,

2. SDS-PAGEH LU'Y I X470y b &BWIER
TIA=2T4 =20 774 =12LoTHLNE
KW 5% SDS-PAGE (Me+) 12t Ligefaic Ty v o8
7EOBRME T2 25 (Fig.3A), C212T508 &
63kDad 7 Y N7 HNY FRMER L, ¥518, &
PDIifkEH Wy 2% 7 ay MIT, PDIO Y 7
FNEHRLIE A (Fig. 3B), 63kDallifivy 7 F
VAE SN, ZD63kDad Ny FHR/NER HFOPDITH
52 EATRIBE NI,

3. NXKig7 I / BECHIER

SDS-PAGEB IO LAY 70y FIZTHERL 7263
kDa% ¥ /8 27 BEONKW 7 I /7 BEY % f@H L 72

(Fig.4)o DR, 63kDa% ¥ 78 7 B ONK M E X,
FHEOPEMBERL DV BHICEI LAY 3 EF v M
#PDI (wPDD*D265%3: H A & £79% DM E % 7R L
T2, 63kDay V87 EIE, ANERHICHEAET B
PDITH B Z LWL L o7z,

C 3

EWNENVHNETHENAVIY HDONER LD,
Protein Disulfide Isomerase® 75 & ¥ 8 % 3 & 72
DEAE-Sepharose Fast Flow$ & O9IPDIFLIAT 7 1 =
T4 =783 MITHRHAEZIT-72LZH, 774254
—7ux Mr77 4 —OWAEM ST, 30. 74units//NEE
F100gDOPDITEEAME B 7z X 512, SDS-PAGEB &
UPDIPLfRE Wiz = 2% 71y M2 X Y 63kDad
¥ T BIZPDIDY 7 F VAR ENT, 72, D
63kDa% v /37 HEONKm T I/ BEF 2@ L7z 2
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A B
(kDa) 1 croc2 (kDa) M croC2
250
=
[ e
5 il €63 kDa " sl | <63 kDa
50 — 58 —
37 _-.. 39 =il
29 | -
= 1.
20 20 .
&
(T=125% ; Me+)
Fig.3 SDS-PAGE (A) and western blot (B) of antibody affinity

chromatography ofHaruyutaka grain

M : Molecular standard, C 1 and C 2 : Eluted fractions by Antibody affinity

chromatography.

Purified PDI from Haruyutaka
grain; C2 (63 kDa)

' PEAAAAEEAAAAPILVATXH® ---

Recombinant PDI

“EEAAAAEEAAAAPEAVLTLHAD" ---

N-terminal amino acid homology: 79%

Fig. 4 N-Terminal amino acid sequence of recombinant PDI and purified PDI from

Haruyutaka grain

5, INEBEEHR I DTS L 7-wPDIO RS & 79% D
FHEAE SN ERD, NV kL ) B L 7263
kDa% v /327 '%1x, NEPDITHAHZ ENWHLNE R -
720
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