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mf KRE, £IE, BAEE, FUATNL—=V Lo
BRPEM DIEINT, fE, I, WBdaR & OKEYD
%ﬁ%ﬁﬁ.ﬁ%f%éoﬁkf X, hE, WBE, R
WIIZIRWCREDRR B OF 4L L 72> T D (T
W7 L X—0BROF5 & 2011) FEtEES, 2011),

FEOTET VLT 1E, 1960 {05 1980 AR
WTF T/ NY = —DOW5EE 7V — 78 % 7% Gadus
callarias #xt% & L CTHRL, 07 2/ BRELSI DT
RNV TTAT IV THLIEEHLMNILE

(Elsayed and Aas, 1971a; Elsayed and Bennich, 1975;
Kuehn et al., 2014), % ZHiTmz, #A4 AL avir

(Lindstrgm et al., 1996), ~ 7 <’ (Shiomi etal., 1998), ©
7% (Shiomi et al., 1999), A ~3F (Shiomi et al., 1999),
=11 (Swoboda et al., 2002), ~ ¥~ (Hamada et al., 2003a)
REDBITBNTY, FET VAT ATV TT AT
VTHDH I ENAT LIV —EBEOIMIEE WIS
£V, FomeoTnD, »SLTT AT I ICRSH
BERMET VAT LT, 2T — U RET L0

(Hamadaetal., 2001), fa7 L/ ¥X—HBEDHH, 2T —
T RS D BEOEIGII VT T VT AR T
Pigunk &% (Hamada et al., 2003b) ,

PSVTTNT UL, B EK) 12 kDa OFEE & 3T
BT, BvzEtiniE < (Aas and Elsayed, 1975; Arif and
Hasnain, 2010), Ca®#i&tEa bbb, MNOihFRIZEE L
TWbHEEZ LN TWS (Gillisetal., 1982), »L7 7L
TIrOT X BERINE, AREICLY EO—HRERY

(Hamada etal., 2003b), F7-, Fl—fAfETH-TH, 7
2 BRERAI D B0 B AR DT E T 25605 2
ERFBNTWS (Shiomietal., 1999), /ST T A7 2
NIRRT F REHOEIICEY, 109 HIEU LD o F 14T
& 108 FIELLF D B 2 A T2t b, LT T
TIVDIFEALEIEXBHATLEENTND (Moncrief et
al., 1990),,

FREAFD /LT T N7 2%, BVICHURA S %
RTZ kﬂ%%L®mEitb~7%ﬁT6k%z%n
TWLHDD, FOREMITIE, 7 X/ BRI ORI
DI BT, & & 4¢%Lﬁ%%¢6 EHRIE I
TW5, fHilzIE, 25OV TAT I Gad ¢ 1D
AT, SEEENZIE L TYH IgE SISTEDIK FIEH
5% THHZ LN, —EETE F—7NEEL I
% (Elsayed and Aas, 1971b) —J5, 2A AT T TR
VBIXOSY LT T NT I OSEIZIE, SREE

INEAET % & IgE BOGHEIZZ 241 30~90%, 60~100%
BTS20, VMAEETE F—7NEEL ST
V5% (Swoboda et al., 2002; Tomura et al., 2008) ,

IHZ, SAVTTAT I, AREICEY, T B
Bl DRI BT, MALgHT-VICEHEENLIEN R,
70, MOMILIZE > T, TORESHE, PUAEETE
PEAZEALT 5 (Kuehn et al., 2010; de Jongh et al., 2013),
FEDAN OIS ASE & W o T FHEEMIC S ST
TATIVTIEENTEY, FCHREEMAEOHRIZ
BWTZxoEEITE < (Kretsinger and Nockolds, 1973),
L TNV DSVTTNT I R TIEHUR R 1F
1£9 % (Hamadaetal.,2004), ZD X572 &b, fEx
DOFRFE, TOMLMIIEEND VT TALT I VS
B SHNIT 5 2 L1, AT L —BE O faliZ Ak L
F 7 BECHIBIE DMEEURTEE e SN T 2 38841 - PE T
%9 A THODTHRAE RS,

RINLED1-5E LT, HAtElE L X HlkiciE, oo
TV, PEUFREEFINT L <SR LW )k
RFMPAFET D, < SRUL, Ha 2MEME G &
R UK TH LA ETIAL Z L 2 RFE ViR
LKV EBELIZHIA) 12, AnT Y, PEUAR
Ea—BET AL, WRIETRET2HDOT, 5
AOFEVERETLHZ DD, BLIOREMRE LTE
ERbD Lo TND,

Fiz, AEME, SAEREESECRIET 23R T
W7 U7 CEARDW oo il cRES N TR,
BB R A2 v — Tk, FEEE Clishd
BRRBOEIRAEZX L7120, T~V N~ ey
ﬁ,Au??%ﬁﬁkﬁ%%®%%%ﬁof%ko%%

T, BLEOREEEE T 50, BEPITHE
%%0) SR ML TS & B S BEIR SAERCT D

Lands L, £72 VEU EoBENMEZ LELET5
ZEmb, =i (2013) 1, SRRE A E TR L ERA
I L TR CRUE S 2, BBk R T~ oy,
Ny RETF, LuT UOMEmEZRR% L,

BAICEEND VT TLT IV OERTEE LT
enzyme-linked immunosorbent assay (ELISA) 3%V, <
PR, DNVTTNT I AR DR, £z, &
A NTTNT I EHURRE.RD S D I VST
NT I ATHTDHURE AN, =TV, v PR LI
EENDSNNTTIVT I VDERNT TIZAREEL 2o T
% (Kobayashi et al., 2006; ¥&H &, 2000; UE& &, 2012),
LU D, Ao &Ry, AT 77 I vidfafE
Lo TEDT IV BESIN R, £/, FLMA
RO VT T NT I T %%’Eiﬁ(@ﬁ%ﬁﬁmiﬁﬁﬁ“é%/ﬁl\
WD, KO ERRERLITO 2O, KT
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TOT I BMERE PR L OREATEMEZ T L, B
I COREATEYED 2D/ NS WHURZRIRT 5 = L A
Lb, ZTRETIS, I, nv e, a7
CDOIIVT T NT I DEMEAR LA OFUR E OFEETE
PEIZ DWW TR L 72 #1372 <, ELISAIC K /5077
NT 2 UBOIER ML SN TR, LEER- T,
IwYP N, N hE TS, 2uaT UL ER, A
B X ORI o BLERFE OFERICER I LT T L
TIVEOWEICEEL, ERNLO~T RPN E
WCEENDSNVTTNAT IV OERECEATHIZ LD
RIEOMER L, NEIE U THEOHEZM D Z &3
LD,
ZFZCARFETIE, WIHIT, 3 fafE (I, A=
U, LAaTY) OSNTTINT I UDOERICHE L
PR ZRET H =012, 3 FABOEEEEN S LT
THAT I VOEERERERL, JiA3HE (ias L7
TILT I UHUR, Fih A LT T T I UHUR, Hiv
YNV TTNT I UFUR) & OREETEME AT LT,
ZOFERMNS, FlaAf VT TIVT I E ) Ju—F )L
PUER 3 AED/ LT T AT I U OERIEL TV &
I L, AFURZ VT, 2 7 ok LUK &R0,
Fiz, BEEERAE o & ORGSR DOFERIC
GENDNTTATIVEERL, MOMTIZXL SR
NTTNT I v EOEbERG Lz, 518, AEho
TEICHWZBICHE A STV 5 HE  Aspergillus
oryzae D/ IVT T NVT X U RERNZ DWW TR D 728
W2, BEL7-ER A NaCl /8~ /L7 77 I
BRI L, R o LT T T v
BOBEHT L-, 72, 72T T AT I AREIL A
E~OISHEEZE L, BASEREOEEEICHIH S
TN D ZDOMORE 6 7, 35 X ORI T4 % i
T HHME 2 FICHOWT Y, v 7T
LUEAMIREE IR L, SRR LT T LT I
Oy RS A R LTz,

MHELVHE

1. NLTT7IIT S UEREATERE DR

1) 2V TTIVT I o DkERL

SN (HrEE, 2009 43 KO8 2010 4EifaE), N~
Me oA J\SCEPE, 2008 47, 2009 435 L OY 2010 4-f
), a7y G, N\JUEE, BERE, 2009 4f
) 1%, KBTEZIC-20CTHRSNZH D% Az,
F7o, dE LT, HRO~I A EHN,

POLT T VT R o oRERLY, Shiomietal. (1998) @ Ji
EIZHEC T, UTFOFIRTITo7, FAMICOWT, #

R Z LTSy D45 20 g 12 3 /580D 0.01IM U o ke
W (pH7.0) ZIMZTHREVTA XL, =508 (18,000
Xg, 204rM) L7z, fon7- B34 100°C, 15 47
L, FEE, mEO0BE (18,000 X9, 20 40 i BiEE
B L (HL& 7 BHIR), = \R L —2—IC k0K
20 mL IZiAfE L7, Z OIRMERZ 7V A s v~ N 75
7 ¢ — ([HEEHH: Sephadex G75 4 7 4, 2.5%X96 cm, GE
NIVRT - Vo3 BEFE: 0.15 M NaCl-0.01M U >
BRI, pH7.0) 1T L, £ 757 3 a » OWLE (280
nm) ZHIET D E L HIC SDS-PAGE #7171\ (J7iEiE 3
\ZHIR), 7OV TT TR v L HEE S A R 12 kDa fif
DR g7 I 7 a2k e LT,
WIZ, VT T AT I ORMRE ST 5 ENT, H
KZEICA— L7927 v a M HPLC (k=
= b:LC-10ATvp, SHEERERT; UV #i 25 SPD-10Avp,
S RLVERT: &R TSKgel ODS-120T 7 5 A, Y —
BEE: 01% NV 7 A vl T h=FU L, T
k= bk UL OPEFEAELIE 0~5%5: 0%, 5~7 43: 0~35%,
7~67 43: 35~49%, 67~69 47: 49~70%, 69~79 53: 0%;
FEE: 1 mL/min; #HRE: 220 nm) 2k L, HEL L 72 B —
7 Z e IR ARSI (OSVTT VT I A BVERITH
M), HDHWVIIHE L7 B2 [ZHST DR T CE
ST TICERE (RERIEAWICHY) Uiz, %O~
ANZOWTIE, BE#f (Hamadaetal., 2003a) @@ b, 1K
DEHEE— 7 |[ZTRH SNV T T VT 2 ORI %
B L=, RIZ, 2OV T T AT I URIED D\
T IVTTNTI 2GR/ T5ETRINDIERIZE E
NH7E =N LEELT/NRL—— | CTHEESE
Db, WG Lo, WY A 758 KT 150~300
uo/mL FREE (IR, T IiE T VT R A RERE R L L
TH U7 WE L (Quick Start Bradford Protein
Assay, Bio-Rad), ==—7 ¢ > 7k (0.015 M Na,C05:0.03
M NaHCO;=1:2, pH 9.5) T 1 ug/mL (Z7#% L T ELISA
2L 7=,
(2) 2aTVOEMLEL ERNDLDOH LRI E O
2009 ‘RIS S - s a T 04 ClEE, LR
PE, BRRTEE, ZhZi 3fEET D) d5 L ONE UikdERE oD
AfarEEa L LTSN S0 (BFrEER L O
FEEL v 7 DIFHSICT, ERNAXEELa T DAL
BIZTINL, 2 ks o) ZiAL THWE,
AAB IO EREHONT, BRI EIzENRENOER
B4y 59 12 345D 0.15 M NaCl #$01 0.01 M VU > ik
# (pH 7.0) ZMMZ THREYF A XL, 25CIZT—Bgk
B, 100°C, 10 sy [EIINER L 7=, g, 1000 Hf (18,000
Xg, 20 Z3f#)) LChiE GH& v 7 BEhlitik) % BN
L, 2—7 4 > 7k (0.015 M Na,COj3 :0.03 M NaHCO;=
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1:2, pH 9.5) T 200~1000 fF#IZ AR L T ELISAIZHE L 7=,
F72, SDS-PAGE (1%, AfAFB LUK 0% 1 ERDOR
BHZOWT, [EIN L7z BiEE 5% B-ANVAT hxH ) —
JLUSAN Laemmli Sample Buffer (Bio-Rad) % FHVT 2 fi%iZ
ARLTebDEM LT,

(3) ME - RN DD X LT EOHIH

flEhs LU, Bl (5ED, 2013) (2 THGE
Licb oz MWz, 37bb, 2008 HFICfE ST~
P, Nw hE TS, AuT UERLREME L, AR
T A5 H 53%, M 12% (A. oryzae i ] D Wil 38
ZYREDIFIEC L 0K, €4 7)), & 10%, W 5%,
K20% (WFbEE%) & UTHEARL, 2 EE#%ICHE
T FE£RE (Zygosaccharomyces rouxii, 10°/mL (2 FH%& L 7- 1%
WK, B4 > 7) ZEWEREDO 02%EMNL, FiRT6 »
HH#E#%, R LKA (80C, 40 4rfH) 2170,
A s Lo MHAB Y H, B R OMESAR % 1 4 A,
2 7 s U=k 7L (BRBU%, ELISA EHiky £
T-20CTHRIE) 122\ T, (2) ERERICHER L7~
LRy ERIRZ 2 —T7 1 7T 10~1000 fEATRR L
T ELISA (Tfit L7-, F7MAEm (KA, 4C, 14
BIRAF) IZOWTE, 2—7 4 79T 10 f5ISAR L T
ELISA (Zfit L7-, SDS-PAGE IZiZ, s ¥ v /7Y
I KL OMadEM A4 5% B-A VA7 F 2 ) — VN
Laemmli Sample Buffer Z F\ T 20 AR LT L
7
(4) RREETAMBEEERE LISV T T LT IUF
BURAREE H7)> & ORI E RO FH L

R ORE M Lo 2 B0 5 84 A, oryzae
Z, RNT7 b 7HZ brn—2%X (PDA) iz ATl
PeyBiL, Toan=—n1H1&H&%, v~V LDE
L=/ OLT T IVT7 R % 50 pg/mL BN L7Z YM iR
B2t (Yeast Mold Broth, Difco; NaCl #25E: 0, 5 BL O
10%) THERE L, AFXA9IC 25°CCRRE LT, RERHEfE 2
~14 HZITEREL L 7o BRI R G 2 Al o0 =2 — 7 ¢
V7T 10~200 {5 AR L T ELISA (Tt L7z, F£72,
BREL U 72 BRI R A 5% B-ANA T h=H ) —
JVIRN Laemmli Sample Buffer 2\ C 2 {512 AR L,
SDS-PAGE (Zfit L 7=,

[AAERIZ LT, 50 pg/mL =¥ "NV T 7V T I U
YM AR (NaCl 2 EE: 0%) % v 7= A. oryzae NBRC
5710, A. brasiliensis NBRC 9455, Penicillium pinophilum
NBRC 6345, P. chrysogenum NBRC 4626, P. biforme NBRC
7722, ¥ X OYRhizopus microsporus NBRC 8631 £k D #2fi
Bk (PDA 5 Fov =— 50 1 A& &4 850, 25°C,
4 A/, 55, BLO50 pg/mL <5 0L 77 L
73 G4 MRS kiRl (Lactobacillus broth acc. to de

MAN, ROGOSA and SHARPE, Merck; NaCl ##£: 0%) %
FN Tz 0N T % 4y B & 5 5 FLEE B Pediococcus
pentosaceus JCM 2023 35 & T Lactobacillus plantarum JCM
8343 Fho AR (MRS ERIEM Fan=—J1V 1 H
SHEZHEME, 300C, 14 HE, FXEEE) 2170,
SDS-PAGE fi##fr 2 F&fii L 7=,

2. LT TFILT S UDELISAIZ L B

BE L (1) O/ LT T AT I UERIRICR LTI, Hi
K 3 Ff, HiaA VT T LTI T 7 a—F bk
(235, Swant), LA NRNATTATIVE ) 7 a—F
A (P3088, Sigma-Aldrich) 3 LUt~ L7 7
NT IR 7 m—FAgE GEEERT LY 05)
Z, AiE 1 (2) ~ (4) oREHIH LT, Hiaaq v
TTNTIE ) 7 a—F % HWT ELISA %
1To72,

ELISA I, Ishikawa et al. (1997) ® k% —HRckZ L,
UTDOFIETIT>72, ELISA i~A4 707 L —}
(MS-8896F, 96-well 7L — K, H &% A 7K, fEA_—
774 M) C, a—7 47 (0.015M Na,COs :0.03 M
NaHCO;=1:2, pH9.5) % W T L 7= %-5EHK 50 uL
Zz CEARE (B7°C, 2 BE) #%, ~(27u7L—h
7wy — (&5 /L 1575, Bio-Rad) Z T 0.05%
Tween 20 ShN U EgkRE A FAYE/K (Tween 20-PBS) T
Vel Lo, WIS, 1% 7 ¥ 7 V7 X EEiK 350 L %
Mz TTuevxr 7 LE0b (4C, —B), [RERICHE
L7z, 0T, PUARIRIE (0.1% 7 Vg7 V7 2 iR
/i Tween 20-PBS) % T 1:5000 (277 R L 7= Ak o bt
REZNENB0 uL Mz TA o Fa2X— K (37C, 1K
M) #%, WLz, 512, FiaA AT T LT I Ui
B IO A AL T T NT I R ETRIN LT 5E
\Z1E, ZRPUA L LT HRP-Hi~ 7 % 1gG1 ik (610120
Invitrogen; HUAAIRIE T 1:10,000 (Z77R) %, Hiv P
FVTTNT I PR ERINUTSEICIE, RbukE
L C HRP-HL 7 ¥ IgG Fifk (656120, Invitrogen; HLi7y
R C 1:10,000 (2 A7) &2 2 E 50 pLIZ TA > F =
~N— | (37C, 1 Kef) %, Vel Lo, &igle, FBEE
BERK (01% 0-7 ==L Y7 I, 0.03% @Es{bk
FEA 005 M 7 = % E R, pH 5.0) 50 uL Nz T
WEATLC 5 2y [MERER, 1 M BiER 50 pL % 0 x TR 245
s, w1 7u71r— KU —%—(E7 /1680, Bio-Rad)
ZHT 490 nm IZB T 2 BOLEEZRE LT, 7L T T
NT IV EERERTHEROBEMEREIE LT, ArT V04
L &0, BLO3 MRS RIE Lk & alEho
Bazid, airE L (1) CHE L7222 oIkt
TLNNVTTNT I RERIREE WA, BEIC L D50
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TTNT IR OLEITX, A bR L
CWVTTNT I EFNEFER L,

3. SDS-RYF7U JILT I RTIILERIKEN (SDS-PAGE)

I2&kB8 R0 EDBH

SDS-R Y 77 VAT I R VESVKE) (SDS-PAGE)
%, BiE 1 CRR L =& B2 5% B-ANHT b=
J —/VEAN Laemmli Sample Buffer (Bio-Rad) TA MR L,
PhIE K C 5 M L 73k 20 uL &, KU T2 Uov
72 REEEL L (e« /XY )V E-TI5L, ZVIRE 15%, 7
F—) OFL—ZHINL, EXEKENZ T, ~— T —
& L T, Precision Plus Protein Standards (161-0363,
Bio-Rad) % [RIRFICUKkEN LT, KEWED T V%, 7~ —
7V U7T v R 7— (CBB) R-350 (GE ~/VAT T « U%
X)) ERGTREL, X TEOBREEITST,

HBREFUEE

1. <Y\, \YrEDX, LOAT7PHF/NNILITTIL

TIUDEEITHELIRADETE

3 MMEOEHMEAR (I~ \ITREEOR D 2 fEk
ABLOB, "N~ MEUHFTBEED RS 3 EIE A,
BHBILUC, Lwv7 VILFR—JAEECIRESTTNERD
3MERE A, BBELOC) LvEERILICHHMY Y
BEHHRICOWT, FuAilra~ v 7T 7 0 —&FEli
%, Wik HPLC 1T o7=, TORER, Hohic— 7%
%, ¥ 3, Av hETA4~5 An TV 9~15T
HY, " hEUABIRLRT VOE— 7 EHIITEE
WL ERRD LN (Fig. 1), XL L=~V
WTIE, 1 Rov—7 B3t sz, & —27I1Zxhed
DU A ST, # o R 1 pgimL (ZFREL L,
ELISA (2t L7=fE 58, 3MOPUR FiaA L7 T L7
LRI R—F AR, I ANV TTVT I E
J 7 a—FAPRB LN~ LT T LT I R
7 a—FNAHUR) BT T X TOMEICHEE LD
ED, EWEIXT R CNTTAT IV EEZ LN,
3 fFEENZENICBWT, SV TTAT I UERERE
XV EMECERT 5 729121E, ELISA IZfEH T 2 Bk
FrIIVTTNT IV BMERE RRORE CREST D2 L,
Tihebb, &FRMEE L PUROREATEM O 2D BRI T
INSWZ EREEND, R LHUA I (Biaa v
TTNT I UHUE, Fihm AL T T AT I UHUR, B
<P LT T AT I UHR) o TIE, biag e T
TIVT 2 UPURD S BMER & OFEATEMED N e b/ &
2ot (Fig. 2, Am 7 VEER CIZBET 27 — #1220 T
X, Fig. 1IZTEIKR B LREEED B — 7 I EZ 7R L,

PUROFEGIEME D EERBICBIT DR LR TH 1272
DICAKEH), £72, ELISA ZFEMT Hlchi-v, Hip
DAEMARIZ R U CRMARORERLE N R 22 5 VT T VT
SURAMITH LTS, ST TAT I U ORENREL
WISEIZIE, FREOTUAREGTEEEZ ~T 2 LB EN
5, FIT, FHEFEIIBNT, R IR L UL
TTNT I BEERESY (RE 1ug/mL 123, &
THRMKE ZORETENENE2D) Lhuk3FEE
DFEETEMEZ ELISAIZ X at L7z, ZORER, oA
IIVT T NT I UHURDRERTEME DN R b /NS Do Tz

(Fig. 2), LLEXY, 3HFEDO/ VT T LTIV OER
Wi, L3 oFUAD > B, fiafs LT T T
T UPURA R B LTV D &R LT,

Shiomietal. (1999) 1%, VX & ANRNTFNLENEN
2D NNVTTNT I VRERMEEERRL, Zho 4O
INVTTNT I VBRI, StaA s vT T AT E
J 7 a—F A BURRFEREORRE TG Lz L LT
Lo AWM THEHA L2 VT T VT IV T
o —JFLgiR (235, Swant) (%, Shiomi et al. (1999) @
FFgeCffH Sz hiik (P-3171, Sigma-Aldrich) & (X572
DT e, WMPUADTRFT 2V T T AT I DT R
J RS OBATIX I e D ATREMER B D, LN LRI D, 2
FoRENZNN 4 (G~ N~ e U,
La7Ty, wPN) HHWE2MFE (VFF, ANF)
DNV T T NT 22 BRI U CRIFLE DR AR %
RLTEZ EmD, 2 BOPURZENENDGR#ET 5/ v
TNTIrOT I BES L O F IR
AP N -2 hETUAE - L0 T Y- w0, HDHW
XU T F - AARFHNCEB W TRIFEO @V THh o 72
EBEZOBND, LVIRERARICEL TLT T AT
VDERSTIERMASLT HT-0121%, Fix Ofafifsk UL
TTNT I VBRI LT, RBFECTHWFTa A o8
WNTTINT I 7 a—F iR E Giefix O v
TTNT I CPUROREEIETEIZ BT 2 Mt 0 FE M E F
N5,

2. LA7ODHERAELSIPICEENS/NNILTT7ILTE
vE

B2 30 cifEshi-an Ty g, LS

B L ORLIEEE, W9 2009 4EifE) o/Efak LR
HEFEE L TRIES N SROTREMCEEND
FIVTTIVT I UATONWT, R LIZEWWCGERE L7126
A NN TTNT I UFURE VS ELISA ICX Y EE
T5HEEBIT, SDS-PAGE ICLV EEND X LRI BED
EAbZEfat Uiz, £ ORE, 3FEOAM (ac) LibiglL
T, T HLER (@c) WHEEND N TTNAT IV
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Fig. 1. Parvalbumin isoforms were separated from the heat-stable 12-kDa fractions obtained from multiple individuals
(A-C) of blue mackerel, coast flying fish and mackerel scad, using reverse-phase HPLC.
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Fig. 2. Binding activities of three different antibodies against the parvalbumin isoforms (see Fig. 1) and their mixtures
obtained from multiple individuals (A-C) of blue mackerel, coast flying fish and mackerel scad.
ELISA was performed with a monoclonal antibody against carp muscle parvalbumin (235, Swant), a monoclonal antibody
against frog muscle parvalbumin (P-3088, Sigma-Aldrich) and a polyclonal antibody against Pacific mackerel muscle
parvalbumin (a gift from the Tokyo University of Marine Science and Technology).
The ELISA OD ratio represents the ratio of the optical density (OD) value obtained from 1 pg/mL of a given parvalbumin
isoform versus that obtained from 1 pg/mL Pacific mackerel parvalbumin.

The data for mackerel scad individual C were similar to those of individual B, and are not shown.

767



=i AN

ceUA, 2T UMLEO/ VT TNT I &

Table 1. Concentrations of parvalbumin in raw dorsal flesh of
mackerel scad caught at three different places (a-c), and
processed kusaya obtained from these fish

Parvalbumin concentration (mg/g)

Wet Dry (calculated)
Mackerel scad Raw fish a 2.00+0.09 6.84 £0.32
(EN=av) Kusaya a 2.41+0.15 6.93+0.42
Raw fish b 247 +0.87 8.63£3.04
Kusaya b 2.71+0.16 9.21+0.55
Raw fish ¢ 1.92+0.23 6.51+0.77
Kusaya ¢ 2.40£0.28 6.99 £ 0.81

Data are presented as the mean = SD (n=3).
We tested raw fish obtained from the Japanese fishing ports of Niijima
(a), Hachijojima (b) and Makurazaki (c), plus processed kusaya derived

from these fish.

ELISA was performed using a monoclonal antibody against carp muscle

parvalbumin (235, Swant).

L, WIhbEWEEZRL, <3REh, S TTL
TR IR L QW (Table 1), < &3
U TR L TWD 2 EnD, s LTl L
T2 Ah, HAESERIMIL T SAVT T AT IV
EIZH BRI TR bivieiro7- (Table 1), F7-,
SDS-PAGE Difiifk, £f, < SROWTIIZENTSH,
FOLTTNT I OB R (12 kDa) fHTIC Sy RAVEIER
EN, MmoZ U RTEIZONT Y, < SROTHE R
IR oo 7 (Fig. 3), lEXb, —fi%lc, Anm
TV ERICMLLTH RNV T TAT I 3N fiESh
e THEND,

BE S (2009) 1%, SiH= A VT T LTI E )T
o —F iR %E BV 72 ELISA IC X 0, SRR K FERFER
ROV T T T I o BEERE LTSRS, B o
HnLr7 oo 3R, BLUOHE= Tk, #o37
BB ZEAEGRISIT, NATT AT IVEBIZEA
EEAL Lo ey, IR OREWSRTL, &%,
~LZ, 7ryFa T, N ENGRSh, SV
TTNT I BB L T sl LTS, <
SIROFIEIZHNHN D < SHKITIE Pseudomonas &,
Marinobacter J&, Bacteroides J&, Flavobacterium jg72 &~
BT 7 —BIEEE AT DML RIAEMDBIFEEL TV D &
DA (Takahashi etal., 2002), < &z HGET DO
OB TIALIMIZ B L <, BREAZ ST < SRR
T DEM & 2 DBERDOIEMTIX, ~AV T T 73
IS NN EHEE SN D,

100 kDa—> ¢
75 kDa=—>

I

50 kDa—> s
37 kDa—»

25 kDa=—p s PR

20 kDa—»
S— e e e
15 kDa—>
10 kDa—> h—*Parvalbumin
M a b c abec
Raw fish Kusaya
Mackerel scad
La7Y

Fig. 3. SDS-PAGE analysis of heated extracts obtained
from raw dorsal flesh of mackerel scad caught at three
different places (a-c), and the corresponding
processed kusaya.

We studied raw fish obtained from the Japanese fishing
ports of Niijima (a), Hachijojima (b) and Makurazaki (c),
and processed kusaya derived from these fish.

Lane M: marker proteins.

3. LAT7Y, NI rEDA, IIUYNERHEALT S

ERBLUVRBHICEEND/ILITILIIVE

LT, v NeEUF, AP AAENEINLE A oryzae
G R X ONE ARERE Z. rouxii 2 JFERE LCERLL
ToRER (WIHTAIEIRFE 10%, {IiABYH, X OMHAA
B1pH, 25TV 0 BROMER (Fik
T 6 p HREEER, EHEBLIOAKANEZITY, 4C, 14
WD) ICEEND VT TIVT I & ELISAICK D &
BT2LLbig, SDS-PAGE Ik W &EEND X L0
DI Z G LTz,
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LaT Y, N NEUA, A ANENENOMLIAS
M HOFERDO SNV T T IVT I X, ELISA OFER, A
o7 Y 848 uglg wet, N N BT A 1,144 uglg wet, =<
302 uglg wet & FAFEIZ XV IREEIC 10 5L EOZENGR
o, 3 AEWTRG, LT T LT I VR A
HURICEHRbEL, TO®ED L, AEmTE3 AaEN
THb 1 uglg KiifiCdh-7= (Fig. 4), SDS-PAGE Dk
BCix, 3FBMEICHNT, HALZ L w A, 24 A &kl
FTAHITHE, 7V T TV T 2 O 12 kDa D8

RIZEEL 720, PV TTNT I v ONEPET LT T
DM E2 ézht (Fig. 5).
AW BT B s oRbhERIY, 288 & Eim AR

£A A Lto — I, AENoRLE TRICB W TIX
BB N B REESE  NARITININE T, 055
(I H O EEER N Z X O FRCRE < BE
TH LS (EIE 1992), A e IciliE S iz
BHTHOL L0518V TE, LT T AT I N
R IR L7 A STV D (BE, 2011, — 7,
- R - A E S 2 KEEmIZHs W TiE, #
ZHWTY, BETICRGT LY U Tmeicsfishn
T, OEHE, KA, AU TS, ARIcLoTlRESND
WCEVHAT A LGS TWD (AL, 2005),
AWFFRIZEBIT DN~ BT A 2 HOTZFERIZ OV T,
PIVTTNVT I U EHEENTRE N0, (HAFZR2 %
ABOFERFIIE, KRE L TATT LT IR 41
po/g wet 7% A(7 L7z (Fig. 4), EHEEZAIT-74LiIAZ 6 4 A
BETIC, BTV T T AT I CREIZIVED L
EEZOLNDHOD, {15AFR 6 H ABOFEWRHFITITHIA
ELTAALTT AT /ﬁ%*%fb, JEVE, KANTRERT
PRS- vRetE 58 BETER, E£7z, o
YVWﬁ/@%TLTméT%ﬁ%ﬁETék&%@
ELISA TiX, MM « EEIZHW D HURIZ X - THHEE
MBI DAREMERH Y, I, MET VAKX —EBH
DOMIFICEENLPUED, AT LIChT MR 5
NTTNT I ATK L TERRDFOGMEEZ R L, £ DRI
BRALRET LB AR ZERMBN TS (Shiomi et

al., 1998), L7=28-> T, f¥HT LLX—EF N aEme
HRAERT DB, MLOEEEL I LERH D L
Ebihd,

4. BREZEORKBELABEOTH /LT TILT S
U REE DR
AAFFRORTE 3 THE U flEmix, £ L B
BE WS L2201, o B bR T
<, BEBXOWERE L LT T T I O RICES- L
T=RREMER B D, T, AT, SIEAET

Parvalbumin concentrations
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rayy N hETA S A

Fig. 4. Concentrations of parvalbumin in fish sauce mash
(moromi) and fish sauce (FS) made from mackerel
scad, coast flying fish and blue mackerel.

ELISA was performed with a monoclonal antibody against
carp muscle parvalbumin (235, Swant).

Moromi containing each of the three fish (53%) and 10%
table salt was fermented at room temperature for 6 months
with wheat-koji, using Aspergillus oryzae and a starter
culture containing Zygosaccharomyces rouxii. After
fermentation, each moromi was pressed, filtered and
pasteurized to prepare the mature FS, which was then stored
at 4°C for a year before analysis.

100 kDa —p
75 kDa —»

50 kDa —p
37 kDa —p

Tt
g

25 kDa —p e
20 kDa —p

15 kDa_p-

-
10 kDa —p ‘
Parvalbumm ,

M 0 Imo.2mo.FS 0 1mo.2mo.FS 0 1mo.2mo.FS M

Moromi Moromi Moromi
Mackerel Coast Blue
scad flying fish mackerel
Loy N T4 =i A

Fig. 5. SDS-PAGE analysis of heated extracts from
moromi and FS made from mackerel scad, coast flying
fish and blue mackerel.

Mash moromi and FS were prepared as described in the
legend to Figure 4.
Lane M: marker proteins.

FABICEENDRED VT T NT I UREIIC O
WTHIAN S 72012, NaCliR 2 2k S 472 50 pg/mL ~
YooV T TNT 2 ER YMIIRIREEH (9% NaCl
BE 0, 5, 10%) lZxtL, S U7l L
7o FATA A. oryzae x 1 A< H EHAR%, 45K 25°CT
FiE L, 2~14 HZITHRIR L 72 SR IR B OEHZ DU T
ELISAIZ LBV T T AT 2 v OERR L O SDS-PAGE
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TRIREE D NaCl JEDEWZ LY, »OLT T T 3
CEROBAEEIZAENED b, BEEEE 4 QRO
TTNT IR, 0% NaCl iR HICIX 4 polg, 5%
NaCl I AL Tl 13 pglg, 10% NaCl FINiEiAs:
HCIE 24 pglg TH 724, 14 BHETIE, VWi NaCl
BEICBNTH/ UL T T VT 2 BT 1 uglg Kiii & 72>
7= (Fig. 6), SDS-PAGE OykEWMETIE, HEDFRET 5
WZHEV VT T VT 2 O 12 KDa fE o3 Rik
<2, WO NaClHREEICB W TS, 14 HEE Tl
POVTTNT I DR 12 kDa fHITIic N> RIFEIER &
n7eino7- (Fig. 7).

WIZ, BMOBROEFESEICRHA SN TV 2R IKE R
FORIN LA ZSBEER E T2 HBE O~ /LT 7 L
7 XV fRiENEZ NaCl EE A O YM 6 & U MRS #Z (K5
2 VW CRERICRRFT L7, SDS-PAGE fi##Tic L v, %k
KB A. oryzae NBRC 5710, A. brasiliensis NBRC 9455, P.
pinophilum NBRC 6345, P. chrysogenum NBRC 4626, P.
biforme NBRC 7722 33 J. TN R. microspores NBRC 8631 73/
NTTNT I o offieaf4 2528 (Fig. 8), MAT,
FLEEH P. pentosaceus JCM 2023 35 X (N L. plantarum JCM
8343 DNV T T NT I U REEMEIIR S, iR 14 B
WO SVTTNVT I UDREGET D2 LR Lz (Fig.
9,

YU EOFERNS, RREICIZI LT T AT I
fRERE AT DEMENFET D 2 ERHLNTHDL L L
HIT, AR CHER L 72T D e LT
TIVT 2 DAL, 0 H S bR O A TIER L,
WL STV BB AL oryzae O T 7 —
BHEHL Wz b S D,

RS (2006) 1%, A.oryzae HED T 7 —E¥ (A

0% NaCl

100 kDa—p
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22N\, B A V72 ELISA I X 0 fifdTt L7 R,
B EDARICHE AR TSV TTILT I DT LIV RN
BFLEEHELTWD, ZOMDT LIV DAIRIC
SWTIE, IWEOZ ) TV LT, SRR
Lactobacillus sanfranciscensis Z L CH U — Ko &4k
4 BT, A oryzae B LA, niger kD 70T 7 —
BERIMT 2L INT A REMETL, 7V T V005
i< 5 Z & (Rizzelloetal., 2007), £7-, A.oryzae Hi3E
DTuTT—=RIZLY, NEODTV T BRIOI VT
=D E F—=T7XT7F K (Oita, 2012), BL V-7
T7—EBA 4 —CM16 (EH,2009) NofiESinsg &
HENTWD,
Parvalbumin concentrations

(ng/mL)
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Fig. 6. Degradation of Pacific mackerel parvalbumin by
Aspergillus oryzae isolated from wheat-koji.
ELISA was performed with a monoclonal antibody against
carp muscle parvalbumin (235, Swant).
Aspergillus oryzae was inoculated into Yeast Mold (YM)
broth containing 50 pg/mL Pacific mackerel parvalbumin
and 0% (@), 5% (M) or 10% (A) NaCl on day 0, and
thereafter incubated at 25°C.

10% NaCl

4 8 10 14 M 0 2 4 8 10 14

Culture period (days)

Fig. 7. SDS-PAGE analysis of YM broth containing 50 ug/mL Pacific mackerel parvalbumin and 0-10% NacCl following
fermentation at 25°C with Aspergillus oryzae isolated from wheat-koji.

Lane M: marker proteins.

797



FORHP R G IE T > & — e 55 10 5 (2015 4F)
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Fig. 8. SDS-PAGE analysis of NaCl-free YM broth containing 50 pg/mL Pacific mackerel parvalbumin following

fermentation at 25°C with seven different mold strains.
Lane M: marker proteins.
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Fig. 9. SDS-PAGE analysis of NaCl-free MRS broth
containing 50 pg/mL Pacific mackerel parvalbumin
following fermentation at 30°C with Pediococcus
pentosaceus or Lactobacillus plantarum.

Lane M: marker proteins.

WRAREE D NaCl JREDE NI LD, AT T 73
DWW DT BT #H & LC, NaCl 1
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WIS 2 HERF T 2 RE DR A, oryzae fRHIRD 7 1

T 7 —BAEPEIZET HET b S4L TV S (Suand Lee,
2001; Fukushima et al., 1989) ,
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T, #9E A. oryzae & &t 7 FiD Aspergillus J&, Penicillium
J& ¥ L UVRhizopus JBSRIRE D L 7T VT X o fRER
35 L% SDS-PAGE IZ L WHIBMNIC LTz, 4%
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Quantitation of parvalbumin in kusaya and fish sauce
made from blue mackerel, coast flying fish, and mackerel scad

Yasue Ito"", Kazuo Shiomi?, Shizue Saegusa’, Tomohiro Hosoi' and Hiroyasu Saegusa’

Tokyo Metropolitan Agriculture and Forestry Research Center
(Tokyo Metropolitan Food Technology Research Center)
*Tokyo University of Marine Science and Technology

Abstract

Blue mackerel (Scomber australasicus), coast flying fish (Cypselurus pinnatibarbatus), and mackerel scad
(Decapterus muroadsi) are caught around the lzu Islands of Tokyo Prefecture, and are used to produce fish
products, such as kusaya and fish sauces. To make kusaya, fish are soaked overnight in salt water containing
various microorganisms, and then dried. Here, we sought to establish an enzyme-linked immunosorbent assay
(ELISA)-based method for determining the concentration of parvalbumin, a major fish allergen, in these three fish
species. We first isolated parvalbumin isoforms from the three species and compared their bindings to different
antibodies against parvalbumin (monoclonal anti-frog parvalbumin antibody, monoclonal anti-carp parvalbumin
antibody, and polyclonal anti-Pacific mackerel parvalbumin antibody). The monoclonal anti-carp parvalbumin
antibody was found to be superior in its ability to bind the tested parvalbumin isoforms, and was therefore used
for the subsequent analyses. We next examined parvalbumin concentrations in raw mackerel scad, its processed
kusaya, and fish sauces made from all three species of fish, using an ELISA-based method that employed the
monoclonal anti-carp parvalbumin antibody and sodium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE). No marked difference in parvalbumin concentration was observed between raw mackerel scad and
its processed kusaya, suggesting that parvalbumin is not degraded during the manufacturing of kusaya from raw
fish. In fish sauce mash (moromi), which was made from each of the three fish species plus wheat-koji (containing
Aspergillus oryzae) and yeast (Zygosaccharomyces rouxii), the parvalbumin concentrations gradually decreased
during fermentation until those in the final fish sauce products fell below the detection limit of 1 pug/g. SDS-PAGE
analysis also supported the gradual decrease of parvalbumin in fish sauce mash during fermentation. Aspergillus
oryzae isolated from wheat-koji, along with other tested mold strains (A. oryzae, A. brasiliensis, Penicillium
pinophilum, P. chrysogenum, P. biforme and Rhizopus microsporus), were found to degrade parvalbumin in YM
broth, whereas two fish-product-derived strains of lactic acid bacteria (Pediococcus pentosaceus and
Lactobacillus plantarum) showed little such activity. These results suggest that it is preferable to use a
species-optimized antibody for the quantitation of parvalbumin in fish, and that fermentation using specific
microbes may enable producers to manufacture hypoallergenic fish products containing little parvalbumin.
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