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In order to examine the effects of papain treatment on the texture (hardness, breaking, and
swallowing ) and palatability of chicken meat, minced chicken meat treated with different
concentrations of papain was subjected to sensory evaluation. The evaluation showed that for all
physical properties of texture, the meat treated with papain at 0.3% and 0.5% was significantly more
tender than that treated with papain at 0.1% (P <0.01). Further, the meat treated with papain at
0.1% and 0.3%retained a relatively good taste. These results indicated that the appropriate
concentration range of papain is at least greater than 0.1% to less than 0.3% from the viewpoint of
a good texture and the palatability of chicken meat. To optimize the conditions for papain treatment,
meat treated with and without 0.2% papain was also subjected to sensory evaluation. As expected,
for all physical properties of texture, the meat treated with papain was significantly more tender than
untreated meat (P <0.05), whereas meat tenderization had little effect. Morphological observation of
the chicken meat revealed that papain treatment promoted a separation of muscle cells from muscle
bundles and a weakening of connective tissue, starting from a very stable level. In addition, an
increase of papain concentration promoted endomysium disruption, and at a papain concentration of
0.5%, the endomysium disappeared. These results are consistent with those of the sensory evaluation
of the textures and palatability of papain-treated chicken meat, respectively.
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Effect of papain concentration on texture and

Seven panel members rated four parameters of chicken meat
with papain treated (0.1, 0.3, and 0.5%) on a 5-point scale
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Fig. 2 Effect of 0.2% papain treatment on texture and
palatability of chicken meat

Twelve panel members rated four parameters of chicken
meat with and without 0.2% papain on a 5-point scale (from
1 to 5).

Values containing asterisks are significantly different from the
control at P<0.05 (%),
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Fig. 3 Shear force value of chicken meat with 0.2%
papain treated

Values containing asterisks are significantly different from the
control at P<0.01 (3 ).
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Fig.4 Optical micrographs of chicken meat before and after papain treated

(A) before papain treated, (B) after 0.2% papain treated, (C) after 0.5% papain treated
(Scale: left, x75; right, x300)
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Cold Storage Characteristics
of Four Fresh Pineapple Cultivars (Ananas comosus (L.) Merr)

TERUYA Ryo*'®, SHODA Moriyuki*), HIROSE Naoto*', SAKIYAMA Sumisu**
TAKEUCHI Masato*, YONAMINE Kaname** and SHINZATO Yoshiaki*'

% 1 Okinawa Prefectural Agricultural Research Center, 820, Makabe, Itoman—city, Okinawa 901-0336
% 2 Okinawa Prefectural Agricultural Research Center, Nago Branch., 4605-3, Nago, Nago—city, Okinawa 905-0012
* 3  Okinawa Prefectural Department of Agriculture, Forestry and Fisheries, Sugar Industry
and Agricultural products division, 1-2-2, Izumizaki, Naha—city, Okinawa 900-8507
* 4 Okinawa Prefectural Agricultural Research Center, Ishigaki Branch.,
1178-6, Hiraechisokobaru, Ishigaki—city, Okinawa 905-0012

—Four varieties of fresh pineapple (Ananas comosus (L.) Merr) — “summer gold,” “soft touch,”
“Bogor” and “N67-10"—, were stored for 15 days at 5°C and 15°C, and they were examined for total
acidity, Brix, peel injury, signs of internal browning and weight loss. It was observed that during the
storage time, the total acidity of all the varieties increased, whereas Brix remained stable. Peel injury
proceeded in 2 varieties, namely “summer gold,” which reached the sales limit by 5 days at 5°C and

15°C, and “soft touch,” which reached the sales limit by 9 days at 15°C. Internal browning proceeded
in the “summer gold” variety, and its sales limit was reached by 5days at 5°C and 15°C. “N67-10” was
the only cultivar that maintained good condition throughout the study period (15days).

(Received May 14, 2012 ; Accepted Aug. 23, 2012)

Key words : fresh pineapple, total acidity, Brix, peel injury, internal browning,
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Changes in the Flavor Components
of Fresh Sweet Basil during Storage

NOGUCHI Arisa*® and ICHIMURA Masashi*

*  Faculty of Agriculture, Tokyo University of Agriculture, 1737, Funako, Atsugi, Kanagawa 243—-0034

We determined the effect of different packaging materials on the flavor, ascorbic acid and total
phenol content of sweet basil. In spite of the film packaging, the flavor of basil greatly decreased
during the 14 days of storage. The content of the main component of flavor was 1,8-cineol, it was
most decreased when the basil was stored in perforated polyethylene film bag. The results of the
sensory analysis showed that the degree of off-flavor at 20C was at its minimum in the samples from
the perforated polyethylene film bag. In addition, the perforated polyethylene film bags maintained the
freshness and weight of the sample. Fresh basil in the oriented polystyrene sheet box showed chilling
injuries at 5C, because of the high contents of ascorbic acid and total phenols at this temperature. Of
all the packaging material that we used, the perforated polyethylene film bags are strongly
recommended for retaining the flavor of sweet basil during storage. In future, more suitable
perforation conditions can be determined for improved, modified storage atmosphere.

(Received Aug. 18, 2011 ; Accepted Jun. 27, 2012)

Key words . sweet basil, fresh herbs, flavor, storage, package
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polyvinyl chloride stretch film stored at 5C, (4) Oriented polystyrene sheet box stored at 5C, (5)
Polypropylene bag stored at 20C, (6) Perforated polyethylene bag stored at 20C, (7) Soft polyvinyl
chloride stretch film stored at 20C, (8) Oriented polystyrene sheet box stored at 20C.
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Fig. 4 Result of the sensory analysis showing changes
in the freshness score of sweet basil packages

Freshness scores . 8, freshness at harvest and 0, no
freshness; n=17. PP (@) : Polypropylene bag, pPE (M) :
Perforated polyethylene bag, SPVC (A ) : Soft polyvinyl
chloride stretch film, OPS (%) : Oriented polystyrene sheet
box.
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Fig. 5 Result of the sensory analysis showing changes
in the flavor score of the sweet basil packages

Flavor scores : 8, fragrant harvest and 0, no scent; n=17.
PP (@) : Polypropylene bag, pPE (M) : Perforated
polyethylene bag, SPVC (4) : Soft polyvinyl chloride stretch
film, OPS (X) : Oriented polystyrene sheet box.

Fig. 6 Changes in the ascorbic acid content of the
sweet basil packages

n=3. PP (@) : Polypropylene bag, pPE (M) : Perforated

polyethylene bag, SPVC () : Soft polyvinyl chloride stretch
film, OPS (%) : Oriented polystyrene sheet box.
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Fig. 7 Changes in the total phenol content of the sweet
basil packages
n=3. PP (@) : Polypropylene bag, pPE (M) : Perforated

polyethylene bag, SPVC (A) : Soft polyvinyl chloride stretch
film, OPS (%) : Oriented polystyrene sheet box.
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KBS B B IR EBBHS L7 ¥ = 7 RESE A
I YN (Cryptotaenia japonica Hassk) DILHE:
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Effect of Urea and Ammonium Nitrogen Application
on the Yield and Nitrate Ion Concentration
of Hydroponically Grown Japanese Hornwort (Cryptotaenia japonica Hassk)

KAETSU Keiko*'®, MORIKAWA Shinya*', NAKAMURA Kenji** and ABE Kazuhiro**

* 1 Research Institute of Environment, Agriculture and Fisheries, Osaka Prefectural Government,
442 Shakudo, Habikino-shi, Osaka 583-0862
% 2 Especmic Corp, 3—11-17 Ikeda, Neyagawa-shi, Osaka 572—-0039
* 3 Graduate School of Agriculture and Biological Science, Osaka Prefecture University,
1-1 Gakuen-cho Naka-ku, Sakai-shi, Osaka 599-8531

The aim of this study was to examine the effect of urea nitrogen or ammonium nitrogen a
pplication on the nitrate ion concentration, product quality, yield of Japanese hornwort plants grown
by deep-flow hydroponics. It is known that nitrate ions are one of the causes of high blood
methemoglobin levels in humans. The growth of Japanese hornworts cultured with urea nitrogen or
ammonium nitrogen was delayed compared with the growth obtained using a standard chemical
fertilizer (90% nitrate nitrogen and 10% ammonia nitrogen). The nitrate ion concentration of Japanese
hornworts grown with urea nitrogen and with ammonium nitrogen decreased by 20% and 80~90%,
respectively, compared with those grown with the standard chemical fertilizer. There was no
difference in the quality of plants grown with urea nitrogen and the standard chemical fertilizer ;
however, the quality of Japanese hornworts grown with ammonium nitrogen was inferior to that of
plants grown with other nitrogen sources. The total chlorophyll content increased and leaf color
darkened in Japanese hornworts grown with urea nitrogen.

(Received Sep. 14, 2011 ; Accepted Jul. 23, 2012)

Key words : ammonium nitrogen, hydroponics, Japanese hornwort, leaf color, nitrate ion, urea nitrogen
T vESTREEHE, KPR, I voN, B, REERA U, IREREHR

KR WIEN TH 2 [ bRiEM] CRESRT  ATVaM,

W5 I YN, KBTI N IR & O I AR S T LaL, KT 3N 5 I v /NI2iE, #8,000ppm

BY, PRREREICARES T COMMRESEE SO OBIBEORMIEA 4 ¥ AT B L HES TR,

ERHRZZ > TWaYs T72, HEEE, BHM0EN  ADEIT R A 4 3ERICHKRT 2 2 L RS EE
MO I Y NOKPERE ) A, BAE, KBOFEI Y HUIX ) A AT 1Y VIMER AR & 2 & D)5
IND% AFHERURBIRSE (DU, KBRS THES HIZ7% 5 LG ShTwa” BifE, FAO-WHO#IH

* 1  T583-0862 KBUFFIIREFTH REE442

§ Corresponding author, E-mail : kaetsuk@mbox.epcc.pref.osaka.jp
* 2 T572-0039 KEFERIITBA 3-11-17
* 3 T599-8531 KRB X ARINT 1-1



20 H A i DRERE 2 &2

VOL.39 NO.1 2013

(20)

FEREIYEMREETIE, WBA + >0 1 HOM7E
BEZARE 1 kg4720) 0~3.7Tmgk LTWB, DIk
5, KE60kgD N Tld, A 4 ViEED 1 Hofit%
BRI H220mg TH B, TDOHHE, Lo I v %2l
27g BT 5L 1 HOMAEERNREICHYT 5, 22T, 3
I ONICHFAET B AR A ¥ 2K S 2 B H O e A
KOS TWD,

EEHIE, IVNKHEREICBYT, IhETlia b
EELDM D D ICHREEZ 35 & 3 Y R ohiER
AV EEBTELZEZHLMILAY 72, =R
Hlid, REBEER—AMEREZMEHL ALY Y%
BRSLERTL VY IHOMEBA L+ 2 KR TE S L
WMELTWBEY,

ZZT, RIfFETIE, I vNKEREREICBWT, 4%
e L CTHMESERORD Y IRFBERLT VE=T
WEFFHHTLE, I YNOIE LB, + L IcED
X9 B R RFT R L.

ERMF B S UOERGE

1. #EBRE

20094E12H 3 HIZ3007 By 7D L ¥ < v b 2#
23U HEZEVE (XA 170y b
72D 20KIRERE & 2 B X O R L 7o, MRS, A LRSI
(ZARY 7 3y 7N TRIFEZE 6 A1) (&l -
25C, HE 128, o W% L #170mol/md/s)
WTHER L, FE12A28H1C 1 RERX 720 620k 0%
R U KBIRRES 24T o 720 FREGHE L, 275 ¢ OBEHE
R L, R L ZoTEHICRT RGO % R
A DERRER L, BB OBAARE MRS 5
Wikl L, 2ok, BEMEITAKEOKEEEDLED L,
REEX DOKREIZ110 £ TH - 720

FHEL, 0%OMRREBLERL10%DT v E= TSR
ZETHIR SN TV AETOLFNEE B L 725 ] IX
&, X oBEFREROVGEIRFRER ORE, b
ME T EMR) CHEH L7 REMAIX &, WX omRE
wmONET yESTREEE BT v E=T A, AL
M TIER) CTHRALZET v ET7HHR® 3 RERX T
170720 B, FyxXY, L5V, F< b, FIEF,
HNTBLERI LYY TIZBWTT YV EZTREZDOA
THWER 2179 &, BT 010570 1 DT ot L
PRBEZENTERVEOREDN D 72720, &%
REREZBLIV T VESTRERICEEIRZ 20T
%<, 50%DT VE=TREF L50%DMBESER TH
Fafio &, PaEd 8 HILL LR s 7z i sd -
727200, KRB TLERH RO R RERBEED
IOT7 VRS TRERICESBZ T E21To 72, MR
XiZ, ZEBIHOMLFERTHERFENT A1 G - 2
B (KRBT Z7VF7 M) BREAWLFTYO 1 HAL (EC
#52.4mS/cm)  (N260ppm,P120ppm, K405ppm) Thiti i L
720 kB, HFHRBRXOEEREHEIIFEICRS LI

FEH L7z
BRI, I vNOAFRAES L OB EROEC
EpHZ & MR FRIREE GRAIHE | MM ERIR
i - HAYRRE SR IR - T U B TREREFEE) 22
BN L7ze 3, PHRIX1320104F 3 H 2 HIZHRGEEL
RAZE LIE L 220k L, IRFRHXIEIRX LD 9
HEN7220104F 3 A11H ICHRGEHMEIELIEL 72, F
72, TYESZTHHAKIZELOMESELEEL, ]
TEHMENE L e o 7272, JREHIX & [F HICIUE L
720 WRIZ, ERBRX OFRHE T H1Z20104 3 H11H T
5o

2. REREH LIVABTEBIE
ERDWIEHE TH 5 #925~30emIZ5E L 72 W I L,
P (AREE 9ol - ARE - Y E - Ko a=
- EHDOSPADIE) %1757z

F7z, PHEL72I v NBREH EERICHTT, ZhEh
ZHIN LKA, IVNONFERSS (Faa 7 4 VERE -
THEE A 4 Vi) oI L, FNENICEAKE
Mz C&HML, A€ F 4 ¥ — (PRO Scientific Inc.
#PRO 200 Homogenizer) THy#tk, /MR &SGR
i Merck#:B®RQ7 L v 7 X) T, &M IZ&ETND
A+ VIR WE LY 2B, Iy IR LA
WCEETNLHBA F VIREICOVWTHOMEEI T 720 £
7o, TNENIZT P EMRATI0%T & F Yl 24T
W, REVHFAF-THIRLTELAEE, S0ndilESR
L 720 466 T C643nm & 667nm WL Y6 % %€ L,
Arnon®EtENICI YV Z7uu 74 VEEEZHIE LY,
FNFEhoMERX, 3KET-> 7,

XBEER

1. REBLUV 7 E7HRAPEERICETNZIER

FREICRIFTEE

KRBT, KRR OSEEMH=IEMEICR S X
ITHE L, #FRHEh oS RiEH=IIH35 g TH-
720

TR W o 4 22 R K o B s &
INDHBEERIEE L HEMESREEL TV EST
BERIRE OHERBR R % Fig. WIR L7z,

TRHEZE FHLPE IO W, 7 Y ES THHX Tl
X5 O THER L, REFHEH XTI s: ia X
FHEX DL DR TH - 72A%, x5 HHE D, xR
XEMETH -7, HMREBERREIIOVWT, TUE
=7 X TR EXFER RIS T, IREBHX T
WA 2 B H UK, 30~40ppmEHER L. TV ES
TRERREIIOWT, FRMIET, 20ppmblT % HER
L7-R BRI, JREHH X TIZ50ppm, 7 v E=
7 K X T3 R 100ppm D EIEE CTHER L 72,

L720%> T, WBATHEREICHN, IV kB CR%E
BERZEHT 5 L HMBESERLT v E=TRERD,
TUYESTRERERHT AL T B T RREEIEIR



(21) (Bt i)

RERM & I Y NWEZAL 21

I : Nitrate nitrogen

II : Nitrite nitrogen

11T : Ammonium nitrogen

250 1 250 7 250 1
ézoo %200* §2oo
§ 150 § 150 T §150 [
£ 100 £ 100 2100 |
g g g
o (e}
ND 0 NDoum ND 0 :

12/28 1/11 1/25 2/8 2/22 3/8
Measurement day (month/day)
Fig. 1

12/28 1/111/25 2/8 2/22 3/8
Measurement day (month/day)

12/28 1/11 1/25 2/8 2/22 3/8
Measurement day (month/day)

Changes in nitrate (I), nitrite (II), and ammonium (III) nitrogen concentrations

of the hydroponic solution during the cultivation period

O : Control, & : Urea, [J: Ammonium

JETRERBBICE TN TV,
2. RREBLUOT7CEZTRADG IVNOEL S LTYR
BICRIFTRE
FEE RO I Y NOEI DZEALIZ D W TFig. 212K
L7ze 33BRIX & b R BMGIR A S 43E 4 W H T TR
FRICE LI RE L Twizds, 2ok, REBHXE 7 v
E= TR R OB L OMEDIRIXIZ ARIRIE L 72,
IR X & PR FE it X 0 WY o Kk 1 % Fig. 312, Ui
WO EFAER R E Table 1 12X L7, &P, TOFE
3, REBHXBIOT7 VEZT7HHKIZIEERD 3 H
11HZ, SREKIZNER O 3 A 2 BiiTo 720 REMH
ROBE & AARE, wWE, Koamid, dRXEHE
Tho7zo BEIZOWT, REMBHAXTEL K272
D, FEHEPIZERRP O T VB T REER LAY
R EDHIREIC o 72 2 LI L AIREBO A FREE)S
X2 HEZ NIz, DHEYONERE X, RErkkE,
REXIIBX & HETHo72 (Fig.3)o LHIL, T~
=T HIAXIE, SEHTHBXICE > T, 7z,
#YDOSPADEIZ, 7 v E=THAIX TH32, MEXT
#4172 5 72 DI L CTRFENEH X 13446 TR Ao 720
L7235 T, IV 35KERE: CRIBEBEZE R DD I
R RFEREFEBLIOT VB TREETHAT S &,
IYNOFLOMEBILRIE L 725, REBER 2T
%L IV NOEMMMEICEE L ME TH S REMIWEL &
572
3. RRBLU7CETHRAPGIVYNIETNIAR
BABEICRIFTHE
IVNDERIZEINAITT T 4 VEROBIER R
ZFig. 4IZR L7z 7007 4 Va&RIE, REBHK
A3195mg/100 g FWT & b, #175mg/100g FWE £
BRI 1 BB L 720 T2, 7Y E=THEH
X TiZ#50mg/100 g FWTH 0, sHRXIZH~F 7 K
TL7e 70T 7 4 )b &R, RERMTIXA#80mg/
100gFWTH Y, #72mg/100 g FW& T 5 RIX Ik

NE L EIN L2, 72, 7T UEZ TR TIEH20ng
/100gFWTH» ), FBRICHEK7EELTLE, Zh
HIZEY, &r7uu 74 vEmE, JRXICERN, RE
i X AR 1 I L 720
IVUNOEY, FENB X OTHEY ERICE TN 505
A F ¥R OB ER S % Fig. 5128 Lz BEHh o
A4 VB, RERHIX A1, 700ppmTH 1) , #2, 200
ppmE FNAFXICHARK 2EKTF L7z 7YEZT
#iFH X TlE#9420ppmTH O, xR AF 8 HHKT
L7zo F72, HEWMPOREEA 4 L IBEE, IREBHX A
#13,500ppmTd O, 4, 300ppme T B RIXIZ N,
WHEFEBICH 2EET Lz, T4, 7YE=T7HAK
TIEZ#520ppmTdH Y, KX~ 9 HMKT L 720
BB, IVNIHEREERICEEND6EA + VIRE,
#93, 700ppm e T B R HIX IR, RFEHAHX TIEH
2,900ppmTHI 2 &), 7 v E= 7 HiA X TIEH500ppm T

30
25
20
15
10

Plant height (cm)

5

O 'l i i i Jj
12728  1/11 1/25 2/8 2/22 3/8

0 2 weeks 4 weeks 6 weeks 8 weeks 10 weeks

Measurement day (month/day)
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Fig. 3 Effect of urea and ammonium nitrogen application on the quality of Japanese hornwort

A: Control, B: Urea

Table1 Effect of urea and ammonium nitrogen application on the growth and yield of Japanese hornwort
Application Plant height Root length Fresh weight Dry weight Water content SPAD
method (cm) (cm) (g /plant) (g /plant) (%)
Control 29.5 a* 19.1a 42.0a 3.07a 92.7 a 40.9b
Urea 28.1a 2.8b 41.0a 2.80 a 92.3a 46.1a
Ammonium 11.9b 4.3b 9.3b 0.23a 92.5a 3l.7c¢

z: Different letters indicate a significant difference between the means at the 5% level [Fisher’s least significant difference

(LSD) test].
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Fig. 4 Effect of urea and ammonium nitrogen
application on the total chlorophyll content of Japanese
hornwort

Values are the means of three replicates and bars represent

the SE.

z: Different letters indicate a significant difference between
the means at the 5% level
difference (LSD) test].
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hornwort

Values are the means of three replicates and bars represent
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Comparison of Shock during Fruit Export via Air and Marine Transportation
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2—-1-12 Kannondai, Tsukuba-shi, Ibaraki 305-8642
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Shock data were collected using accelerometers placed in corrugated fiberboard containers of apples,
pears, and peaches transported from Japan to Taiwan, Hong Kong, and Thailand. Shock severity and
frequency were higher during air transport than during marine transport. In air transport, the
frequency of shock occurrence was highest during domestic and foreign truck transport, but highest
shock acceleration was generated on loading and unloading at airports. In marine transport, shock
severity and frequency were lower during ship transport than during truck transport. The frequency
of shock occurrence was higher during foreign truck transport than during domestic truck transport,
and the shock wave characteristics were different for foreign and domestic truck transport.
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Fig. 1

Peach packaging container with an accelerometer

A Accelerometer in a packaging container
B: Corrugated fiberboard container for export



(27)

(Bafrdy) A & 22 o iy T8 L 27

e

Fig.2 Peach packaging container with a shock recorder

A: Shock recorder

B : Shock recorder imbedded in formed polystyrene
C: Corrugated fiberboard container for export
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Table1 Acceleration during transport
Acceleration Maximum
2.5-5G 5-10G 10 - 20G  20G - Total  acceleration (G)
Peach (September 2007 Yamagata — Hong Kong, Air transportation)
Yamagata — Narita (Truck) 11 6 4 2 23 28.7
Narita — Hong Kong (Airplane) 8 4 1 2 15 64.8
Transport in Hong Kong (Truck) 34 10 6 0 50 16.8
Total 53 20 11 4 88
Peach (September 2008 Yamagata — Thailand, Air transportation)
Yamagata — Narita (Truck) 126 5 0 0 131 8.8
Narita — Bangkok (Airplane) 14 6 1 1 22 38.6
Transport in Bangkok (Truck) 11 5 3 0 19 19.0
Total 151 16 4 1 172
Apple (November 2007 Yamagata — Taiwan, Marine transportation)
Yamagata — Kawasaki (Truck) 18 7 2 0 27 19.5
Kawasaki — Taipei (Ship) 1 0 0 0 1 3.0
Transport in Taipei (Truck) 34 11 5 4 54 33.9
Total 53 18 7 4 82
Pear (September 2008 Saga — Taiwan, Marine transportation)
Saga — Tokyo (Truck) 17 5 2 1 18 20.6
Tokyo — Taipei (Ship) 21 6 2 0 21 15.4
Transport in Taipei (Truck) 28 5 4 0 28 13.9
Total 66 16 8 1 91
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Fig.3 Typical shock acceleration during domestic truck
transport

(a) Vertical, (b) Horizontal X, (c) Horizontal
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Fig. 6 Shock during transport from Yamagata to Hong
Kong

(a) : Marine transportation
(b) : Air transportation
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Studies on the Action of the Enzyme Protein Cross-linking
on the Formation of Wheat-flour Dough and Bread Making

NOGUCHI Tomohiro*?®

* Food Processing Center, Faculty of Applied Bioscience, Tokyo University of Agriculture,
1-1-1 Sakuragaoka, Setagaya—ku, Tokyo 156—8502

Key words . wheat, PDI, Erol, SS bond, Bread
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INERNTAR N ZIRAES B & Ay o Rh T 2 R A
(Fw) 29BHEENE, ZOEMIEEEE MO REIZI1Z
AONBWINEREDLDTH D, T OAHIEZKEEI
[NV R [9EA] REICRESNENERINTHO
BIEICRL 20 b Y, MBI E DA ORI X ) iR
Tk, Ry, BRI ENS, NEROAH
e & 200w, NEIEE Y v X0 TH DT
VTV ETNT PR LTEREINEHESY VX
BTN T U OWEIZEBbDOTHDL, TVT DO
B3Rk % iAo FRAMHEERPEST5LE 25
NTWBA, YANT 4 N (SSHEA) TEK % HE
T5L, FICEBOYEIKREKTTEI L0, 7
VTV DK LSSHEAIZL 5 7 ¥ 87 OGRS
GBREDEETHLEEINTWVS, T/, HHICHER
HU T ARBILT ATV VR EOBALHIZ IR S &
AHFREAKREZ 2D, THhOHDEHIC X )SSHEA 2
WM seEzoNTwh,

—fiz, & T BOSSHEATERAE, 80CHEE DM
BULBSLEL S, NA - V—tk—Y, I RakL
REERED B, TS, B, F-ABIOUIM LR L,
T UNRTENTMELIZERTIEIITN D80T Lo
BTRIFET 5o

LaL, IEREROEKIZ25~35C TIrbh b 7290
AR OINERIZ & 2 SSHEEERIIEEETH 0, i 52 DSS
BT e T 5 LS b,

EXE, DNEHROMTAFEICKE REEERIZTT LS
b5 d, ZORKOFMIA TH % /Nh 4

HFIZBIT2SSHERTEEBR Z AL PICTHZ L2 HI
& L, SSH A %3 A ¥ %Protein Disulfide Isomerase
(EC 5.3.4.1; BUFPDD) &/hZM A MBI & o B
DR %217 > 720 DR, /NERHICPDIEN: %
WLz, 205 087 HKkZMO THHEL, INE
M OA T & PDINEYER & o RICHIBIYE % fERR L 720
B, NEYaESF ¥ MPDIZBEH €, [FPDI®
FERE 2 B & 22129 % & & b IZEndoplasmic Reticulum
Oxidoreductase 1 (Erol) 2 X 2PDIOFALTIA X 7 =
ZNEWPLPITL, NERAEMER OB O % B &
PICT BT ENTE RRIUL, ARESZROICHTE
L C&7/NERAEMIEIZ 3 2PDIEro1, SSHETE
BRDVERNCEE S 2~ ORFZERREZ Y FLO/2b D
Thbo

1. BENERDBOPDIEMES JUEE
IN2 R/NERL (Triticum aestivum
cv Haruyutaka) > 5 ®PDIS B FE 5"

bl NIV F 1 (Triticum aestivum cv Haruyutaka)
ZH, /INEPDIOGHEAE R 2 k7o /N & ) HIEE
FiW % L, DEAE-Sepharose Fast Flow?# 5 & (¢
20 X 160mm, GE~NV A7 74L#) B X UOPDIRY) 7 1 —
F itk (Mouse Antiserum to PDI) # MW7 7 41
=74—27ux 7774 — (Hi Trap NHS-activated
HP, 5mé, GEANLVAZ THE) ICTHELZ (K1),
74 5 N7 K HPDIO i 1374, 8U/mg % /R UM 11
REY340F51C EA L7z (F1). SDSPAGEB XU T A

*  T156—8502 HHARHHAXEE1-1-1
§ E-mail : tomo@nodai.ac.jp
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12 B 20 mMphosphate, 1.0 M glycine-HCl, 1.0 M glycine-HCL,
= 015 M NaCl(pH 7.0) 05 M NaCl(pH 40)05 M NaCl (pH 30)
1 \% 006 T 51 — — —
08 % 0.05
Z
106 2 0.04
' <
104 % 0.03 B2
10.2 0.02
0 50 100 150 190
5% avF 5 (5mb/ &) 09 5 0 1520 25

TS50 arF o N—(2ml/ )
1 /Zek (v g 7)) PDIOSHERS
A:DEAE-t77u—2xz7u~x ¥ 574 — (pHS.0)
B:DEAE-t77U0—A270~ 7574 —IZCTHONZ A-BWHGDT 74 =T 4 —Z U MNSTFTT 4 —

£1 NER OV ¥ F) PDIOS) RS
PDLIEME & o828 FREM i EEES
() (mg) (U/mg) (%)
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
6
1
5
4

A3 156.6 150. 1.04 4.77 24.4
A4 N.D. 21. - - -

B1 N.D. 8.
B2 30.7 0.

(NERII00g B721)

74.8 341 4.8

A B
(kDa) M Bl B2 (kDa) M Bl B2
2 180 | wem
100 116 -—
& bl <63 kDA 3 -t | <63 kDa
50 = F 58 | =
s Rt
57 =1 39 -
. 29 | -
20 A 20 ‘

(T=125% : Me+)
K2 774=574—=270~br57 4= CHELMEGD
SDSPAGE (A) BXU*v A% »7uav b (B)
1 RPuE  /NEPDIARY 7 1 —F Lk

yr7ay MIX BT OMER, 63kDad ¥ 287 BN L7ze DLEDZ M5, HERBIETIHBROMRTEDELE
Y FAOPDIFURIZKIG L7z (K 2), W& Y27 HONEK  DHER SN TW/ZPDIAVNER HFIZBWT Y v 87 Bk
Y7 3 BREC A &, /N FZPDI (Chinese Spring CAI & LTHETH I EZWOTHS I LT,

30632) BIZTIEHMDO 7 I/ BEESI & 79% DM FEM: % R
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TN LT7 94 ~—%E®L 2. MEMtotal RNAK D
zggfé;E::;;Pm(mmND cDNAZ % L, PCRIZ CPDLE{ET % R L 7= M
WiF % 383X 2 % —pET21allifi A L 72, FEHmEIEK

/INEPDIO/NER A ML AR 3 5B A et L7245, BSIWBL21 (DE3) ZEE#s#t L, His-Taglé ¥ » /8
INERED DIRNTIC T3 2 L EROPDIZ M T 22 &Y Z7HE LTRBSE, BREmg, a0V a5 4127T
W TH o720 22T, INEZPDLEIZTHIREHVWINE WL (K3). #4517 ErPDIE63kDa T G
rPDIOIUA: % A 72, 13632.2U/mg, i ROG IR E B & OpHIZ £ 2n35C
DDBJ & V), 2FED/NEPDLEIZTEHRZME, WH  BILUS5THD, FHEEIZIOCLTELUpHE6~9 T
RETH Y, FRO/NER 2 SAEH L /2PDIE 2T

VR Thot (K4)e F72, SSHAERIELZLZLA KT

(kDa) VT I VICrPDIZE 82825, ZOCDARY b
%?58 WIEREWFRT VT I VDARY MVIZHEELZZ &
05 A5, rPDIASSHEA KT 522 & 2 MR LA (K5),
75 X5, S L7-rPDI®O 7 3/ ERELHIZ, Ko F
- — BRPDI7 7 IV — LMD F AL UHEEERL, NK
50 MRS Y 7 F VS, RO TH BT AL R
¥y rvEF—7 (CGHC) % 2701, BIXUCEMmIZ/NH
37 WatkRTE S 7 F VEHIOKDELE F— 7 2 4 LT\ 72,
Vb, /NEPDIZHIO THEBAL, €O—HeKA/NEPDI
25 LB TH B Z &2 TERRT A & 3L1C, FrPDIASSSH: &
e RN A AT 5 2 &, LA o HE P P DI
(T-10% Me (+)) IC2PHFA LRV EF—TTHLI AL R
3 /#EYa ¥+ FPDIOSDSPAGE W2L7z (K6)s
A B
100 t 100
2 807 3807
2 60 o 60|
o) Z 40
=20t Z 5l

0l — - - 0
0 10 20 30 40 50 60 5
Temperature (T)

C D
100 100 1
% 80+ 2 80
= 607 a1 60 [
ore paa
& 40} = a0
i i
20 r Bl 20 L
0 A 0
0 10 20 30 40 50 60 70 80 3
Temperature ()
—=——¢= == PDI — /NERPDI

4 JNFEWPDIB & UrPDIOBEHEMER

A E#mE B E#pH  ClimEREYM  D:pHEEM
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wpDI2 —{caHc

wPDI2

wPDI1

wPDI3

wPDI1

WPDI2

wPDI3

wPDI2

WPDI1

wPDI3

wPDI2

WPDI1

wPDI3

wPDI2

wPDI1

wPDI3

[0](deg-cm®dmol ™)

200 210 220 230 240 250
% £ (nm)

—
eese  DBhr === 15hr

[6](deg-cm®dmol ™)

B

N o~ 3
- ==

T
-

200 210 220 230 240 250
¥ K (om)

A ¥ v v #BE: 200nm/ 55
FEAE%L: 25

5 BITEMAERTNT IV OPDIAMNIZ X BCDANRY VAL

AT

a b

B : PDIiEMN

a C

25 148 153 250 252
i
|
|

lllllIIIIlll—

MAICKV WISLLLALAVVLSAPAARAEEARA®EE

,,,,, AA-E

PEAVLTLHADNFDDATAKHPFILVEFYAPHCGHJKSLAPEYEKAAQLLSKHDPATVLAKVDAN 100

————— A AR-E

()

KQVGPASKEIKAPEDATYLEDGKIHIVGVFTEFSGTEFTNFLEVAEKLRSDYDF 200

~
—

EEFSGKDVKFLIGDIEASQGAFQYFGLKEDQAPLILIQDSDSKKFLKEQVEAGQIVAWLKDYFDGKLTPFRKSEPT PEANNEPVKVVVADNVHDVVFKSG 400

399

400

> <

KNVLIEFYAPWCGH(KKLAPILDEARATLOSEEDVV I AKMDATANDVPSEFDVQGY PTLYFVTPSGKKVSYEGGRTADE IVDY IKKNKETAGQAA » = «TE 500

D-- 496

F---

= m mm Signal sequence

. N-glycosylationsite (NFS)

AD-- 500

D Active sit (thioredoxinmotif)

H ER-retention signal

6 /NEPDIO— KB

A:wPDI2 ® F A A UHEE

B:

wPDIOD— Jhit s
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3. BINMHICRIFTPDIOERDREICDOWT

B PR d APDUWER OB Z RIT 5 72, B
TR IR D% Bk (%, HIEER) #H
W, rPDIRIING & % 88 o P ERh % MG L 720 rPDI
Z Rk & I O REEOR 2 5 TH 5350U/ /N
W10 g HmINL72E 25, NUOWAERA. 17 +0. 1ci/
g7 54.40=0. 14cnl/ g £5.5% 40 L, PDIORIIC &
DB QBN UERRE SN (K2), ToZen
5, PDIOAEHIC & - T, BNV #tkng 5 h ko Bl
ISUHEEDTRE ST, MBSy o ER L T
~UNEL, BPOFRIK L ZOREINE o T2,

xK2 B UHICRITTPDIOKEE

Ak
+rPDIZIN

ik vk

PDLiE M
(U//NEH3100g)
e
(cii/ g)
oo
)

¥AV. £SD, P<0.05

314 314 + 3507 493

4.17+0.1° 4.40%0.14> 4.95%0. 14°

1.08+0.1° 0.98+0.05° 0.75%0.10

4, /\E)ALEF b Endoplasmic Reticulum
Oxidoreductase 1 (Ero1) D\ LV K
ERNHADEE

PDIix, % ¥ /37 BHIZSSKHE2 K 8¢5 &gl &

Y, TOWEEK), O, AHPICTSSHEA

TR ASHEATS B 72801218, PDIO AL AL O fEFE s
VETH Do WO IIFIC BT 2 rPDIO G A F 2
INEH 572D, PDIOBALFENATHTH 72720
EHER L 72

BEEAWIZBWT, PDIOEEILZH I Erol 51
TWwaY L2Lad»s, IhEErol OofFE I FEF T
127, BEEROZEED INTwWiwv, 2T, /ML
)2 ¥F ¥ FErol (rEro 1) OFBHEE D 72, DDB]

X DBRFERIE L2 B X OEEREro 1 O = T %
AR H S T I 4 <~ —%{EH L, 3-RACEB X
O'5"-RACEIZ & ) Ero 1 O KIm DOBLH) & e L7ze 7
FMtotal RNA X ) cDNAZFR# L, Ero 1 #f5T%PCR
WZCHIIER, BN ¥ —pET21alldfi A L7zo JEHfE
F AW BL21 codon Plus (DE3)-RILZJEE I L, 49
kDa®rErol ® 383, WA ICKII L7 (K7, 8). F
7z, Eroli% M #Flavin Adenine Dinucleotide (FAD)
BEEYB IO HERICTHERELAEZ A, rErol il
X ZFADOBEE X0 BRI AL, rErol ®
FADIZW§ 2 B G EA R S 7z (K 9),

ZZ T, PDIBLX UEro1, FADOBIR VD2
RN B 7280, Wk (%, HIEEER) ZHwv, rPDI
BELUrErol, FADDORIMZ & 2 83 3B % 1T - 726
PDID A % 350U (/NZe#3100g) N L 734, ik o
X9 IZHERI5.5% L RN L % H o 7253, PDI25U,
Erol (PDI25U® E  }t T20f% ®) ¥ X O'FAD (4
umol) ZPEHI LRBRL7-& 2 A, HWAMIZMNII%HMmL
72 (KM10)e 2O &R 5, Erol B X UOFADA LS
% Z & CPDIOMAL P AR AISE S 1, /IR At
DSSHERTCH AT L, B WM ELb 0 &
ga3hiz,

(kDa) M rErol
250
150

100
75 —

50 —

37

25 | -
20

[T-125% Me (+)]
7 /N#EY 2 VYF Y FErol OSDS-PAGE

Erol-1
Erol-2
Erol-3

Erol-1
Erol-2
Erol-3

Erol-1
Erol-2
Erol-3

Erol-1
Erol-2
Erol-3

Erol-1
Erol-2
Erol-3

MSEGPPPAADGAVRRRRRRWAAAAGALLVALLAVALSSRGFPSISSLSRGGGCGCPGARKYTGMVEDCCCDYETVDAINEEVLNPILODLVALPFFRYFK 100
MSEGPPPAADGAVRRRRRRWAAAAGALLVALLAVALSSRGFPSISSLSRGGGCGCPGARKYTGMVEDCCCDYETVDAINEEVLNPILODLVALPFFRYFK 100
MSEGPPPAADGAVRRRRRRWAAAAGALLVALLAVALSYRGFPSISSLSRGGGCGCPGARKYTGMVEDCCCDYETVDAINEEVLNPILODLVALPFFRYFK 100

VKLWCDCPFWPDDGMCRLRDCSVCECPDNEFPEPFKKPYSGLSPENMICQEGKPEATVDRT LDTKVEFKGWVETDNPWTSDDETDNAEMTYVNLQLNPERY 200
VKLWCDCPFWPDDGMCRLRDCSVCECPDNEFPEPFKKPYSGLSPENMICQEGKPEATVDRTLDTKVEKGWVETDNPWTSDDETDNAEMTYVNLQLNPERY 200
VKLWCDCPFWPDDGMCRLRDCSVCECPDNEFPEPFKKPYSGLSPENMICQEGKPEATVDRTLDTKVFKGWVETDNPWTSDDETDNAEMTYVNLQLNPERY 200

TGYTGDSARRIWDAIYKENCPKYPSEDMCQEKKALYKLISGLHSSISVHIAYDYLLDESANLWGHNLSLLHDRVLKYPERVENLYFTYLFVLRAVTKAAD 300
TGYTGDSARRIWDAIYKENCPKYPSEDMCQEKKALYKLISGLHSSISVHIAYDYLLDESANLWGHNLSLLHDRVLKYPERVENLYFTYLFVLRAVTKAAD 300
TGYTGDSARRIWDAIYKENCPKYPSEDMCQEKKALYKLISGLHSSISVHIAYDYLLDESANLWGHNLSLLHDRVLKYPERVENLYFTYLFVLRAVTKAAD 300

YLEQAEYNTGNPEEDLKTQSLVRQLLYNHKLRSACPLPFDEAKLWQGENGPELKQE IQKQFRNISAIMDCVGCEKCRLWGKLQVLGLGTALKILFSVDGE 400

YLEQAEYNTGNPEEDLKTQSLVRQLLYNHKLRSACPLPFDEAKLWQGENGPELKQE IQKQFRNISAIMD GVGCEKCRLWGKLQVLGLGTALKILFSVDGE 400

YLEQAEYNTGNPEEDLKTQSLVRQLLYNHKLRSACPLPFDEAKLWQGENGPELKQEIQKQFRNISATMDCVGCEKCRLWGKLOVPGLGTALKILFSVDGE 400
active site

NNLNQQFQLORNEVIALVNLLNRLSESVKFVHETGSSSQETITIKQQSFSTLQKGAS 455 (CXXCXXC mOtlﬂ

NNLNQQFQLORNEVIALVNLLNRLSESVKFVHETGSSSQEIIKQQSFSPLQOKGAS 455
NNLNQQFQLQORNEVIALVNLLNRLSESVKFVHETGSSSQEIIKQQSFSTLQKGAS 455

8 /N#EErol O— KKk
TR BEEGESE R
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g
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S
!
=
0 120 240 360 480 600
B B ()
rErol
100 — 01luM — 075uM
TN~ — 02BuM ---- 10uM
301 ) —=20uM
% 60
i 40
=20
0 T T T ‘l\' . l_\\'ﬁ—l T T T T

360 480 600
O ()
9 rEro 1 OiEMHHIE
A I FADOBMRE B MEHEERR

0 120 240

10 #8252 5rPDIEB & UrEro 1 D%

Adliosx  Bdkr100giix L, rPDI25U, rErol
(PDI25UD E V. T204%), FAD 4 umol

F & O

FUNRTEIZVANT 4 K (SS) BEEEEKT S
Protein Disulfide Isomerase (PDI) i % /2y
MW L7ze 51V s HkE & Y 63kDa®PDIS ¥ /%
BRI L, MRS V7 EE LTPDIA
HHETAHIEENOTHLMI Lz, 72, /IErPDI
EROTHEAL, TO—BMIRI/NEPDIL FHETH 5
L RMERT A LI, [FrPDIASSSK AR AET 2 A
52 &, HEHROAME ORI PDIFAR IS 2 2 BT O
FAELV R VEF—TTHAIEEHLNITL 7

PDIDFERIC K 5> CTEICTZ) 7YV VIZSSHEEIER S 1L
N7V OBUREDEINT 5 2 & T, B YE
ENDHZEEWLNIT LIz, E5ICPDIOMAILEAELD
BREIZ O W THRET 21TV, PDIOBLEAICLE R/ E
Endoplasmic Reticulum Oxidoreductasel1 ®V I ¥ ¥
F > MK (tErol) @ THEBEWSE L. 72, Ero
1 #'Flavin Adenine Dinucleotide (FAD) & % L T
PDIZ LT H 2 EI2X - T, 7 37 Eh oSSk
BOREIFLLMMESINLZ EEZHSICL, FIEH
WX o THEOS U L7z,

AW, DNEMERIERICBT 2 57 v 287 BEUEL
1 LT, BRENLBEL OB LD TORET
H, /INEPDLE L UEro 112 & 5SSk A T AS/INE N
OMTHEICR E R Be RITT &, ERFEMIAH
TH o I/ NEHERTER T D & ¥ 73 7 ARG S 0 —
WEW SN L7, &1k, ¥ 5IZPDIErol, SSH&
TERGRIT & 2 B 2 PESEBAR 12D T &) 3 2 AT
ATV, N A O TS B & OB o B B
CHLE T 2 HEMOREL Bf L2,

#H OB OOV H A PRER A 23T
EDOZEIZE LT, THREZED X LFSBRED
WRRICREA THILH L LT T § o ABFZEIXHEURER S
SRR AT RN TEAf £ > & — 3 XL O YIS A
LR SR E B LA SRR IS TRIT SN2 b D TH D),
TRV 2 & T L HRURSER AR 02880,
B CEIRIIE L E e B L BF T 9, 72,
H% O %Iz L Y fsE 2 i Lo TIHE L 72,
FHEOTAZZOR M) TE#HZH L LT Ed,

X &

1) ¥PIAEA - BRI - WINART - NEFEF - B
Ok Ovvay ) kihorsard I ANT 4
FA4 v AF—¥ (PDD) O5HERE, HARLZMRER
433k, 37, 245~248 (2011)
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(2011)

3) BPIEGL - HATEROK - IR - WENA T - NIFPE
# - mBwRd  NEErol BETOru—= v 725
B, HAEMEG, 37, 283~287 (2011)
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