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Philosophy Behind the Establishment of
the Ito Foundation

Approximately half of a century has passed since I established a meat
packing corporation for commercial products in 1928. While involved in this
business, I have had occasion to serve as chairman of the boards of trustees
of several organizations related to the meat industry, such as the Ham-
Sausage Industrial Association of Japan in 1972, the Meat Packing Industrial
Association of Japan, and the Hamburg-Hamburger Association of Japan.

In 1980, unexpectedly, I was highly honored to receive the Order of the
Sacred Treasure, Gold and Silver Star from the emperor in acknowledge-
ment of my contributions to the meat industry and improved human nutrition
during my career. This illustrious award provided a strong impetus for me to
act on my long-standing concern for the future of meat packing industries.

My commitment to the establishment of a new research foundation for the
promotion of meat science was based on two fundamental philosophies : first,
leadership of the Association of the Meat Packing Industry should be trans-
ferred to people with novel ideas and, second, an advanced system for basic
research should be established in meat industries. Clearly, fresh leadership is
needed in changing situations for intensive development in the meat packing
industry. Although some technical product developments have been achieved
in certain individual corporations, the lack of basic research in meat science
at universities and other research organizations certainly will impede future
development of Japanese meat packing industries. It is urgent to end the stag-
nation in the meat industry through research support.

On the basis of these philosophies, I myself will resign from any official
positions in meat-related associations and will establish a new research
foundation to support and promote basic and applied research in meat
science.

Denzo Ito, Founder
June 1981
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Dear Sir :

I am very pleased to send you and your organization a complimentary copy of the
research reports of the Ito Foundation. This research foundation was founded by the late
Mr.Denzo Ito to advance research in meat science. The research reports are published
annually. Unfortunately, the articles are largely in Japanease ; however, in the future we
hope to contribute to the international development of meat science. Any constructive
suggestions or critiques from others involved in meat-related research would be accepted
gratefully.

You will find out philosophy behind the establishment of the Ito Foundation described
by Mr.Denzo Ito, in the research report of the Ito Foundation, Vol.37 enclosed here. We
appreciate any interest you may have in our research efforts.

It is my great pleasure to publish this report as the chief director.

Sincerely yours,
Nov. 2019

Koichi Ito

The chief director
The Ito Foundation

Hootthi Ao
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Relationship between kokumi and y -glutamylpeptides in meat extracts

ot

WA FHz-wmaE AET R R
CHUMB TS8R 2705 1 2 %5 7

Hideyuki Suzuki, Yukiko Takakura and Shintaro Arai

(Division of Applied Biology, Kyoto Institute of Technology)

Peptidase D from Escherichia coli which has Arg-Gly-Hiss-Gly-Ser insertion between the
first and second codon was shown to have carnosinase activity. This suggests that peptidase D
may synthesize carnosine from f-alanine and histidine by its reverse reaction.
y -Glutamyltranspeptidase of Bacillus subtilis synthesized yp -glutamylcarnosine from glutamine
and carnosine. The results suggest that y-glutamylcarnosine can be synthesized from its

constituent amino acids, glutamine, f-alanine and histidine, by two bacterial enzymes.

1. B i)

AIFV—NVIRTFE (L IFRTFF) ©
1MTHrL-AINV )Yy (f-TF=N-L-L 2
FUY) W, BRWICEREAET LI EBAILN
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EANI VBRI LT y-Z VT INVAN I Y
VHERTAEENTWAE Y, —F, SF&FEh
y-INWVIINTIIERy-I NI INVXRTFF
BAZRPEZERESNTDEH, y-7
VEINANI Y DREMEIZOWTIZINET
WG, HEHEZy-Z VT INVHINI) TV
BAZHRWETHLEFHLTBY, Toll%
Wb 2 EVRMEDORMEENTH %,

IZ7WRWEE TENEHFIHCED) EHKRZ
FoTWwa A, TNHKDKRI G DS R WARED
VEBMTHILICEY, BIZE, Felk Oo

HTOIEAY, TR E o 7B o R 2 8509
55DTHAH| LENTWEY 720, ARHORE
BRCTasiRWEEAERSEL I LX), B
DOYERPHWAZ 2 5 2 &7 FRBLfE ) 5%
P2 R WO TIENTEL LR,
TR I R B PRI &\ oo 72 R TR O T B 2 15
WD - KBRS TE L LHIfEE
%o WAE TR ¥ EELAET L TV B8, #
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M E %o TBY, EilizEERTEL, HED
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HIKTX %,

—7, RO L7 y-ZVEINANI ¥
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< DI B OFIE R EACIT B G- 3 5 MMk
WOEMMEZEL T AEH, 7aX 7L R
LHMEEREL TAEH R EHE IR TwDE I L
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HPLCIZ & 27 I V[, X7F FOGH LM
HEAZHEV, Amino Nah I A% AW TIT o 72,

2.2 TLCIZE AT 3 /W ~X7F N5k

TLCHMIZIE TV I= Ay —h YU BF N
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IOmMMO AN ) ¥y, CAFI Y, B-TF5=v
KB EH V2 YT NVETL—=FDF0H
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127, BB 7L — 1o Edd 505em F
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i 272
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KIGHWMGL655/D 7 ) L g8, Y TR 2
L % F FBamHI_pepD_N (CCCGGATCCTCTG
AACTGTCTCAATTATCTCC) & Pstl_pepD_
C (CCCCTGCAGTTACTTCGCCGGAATTTCT
TTCAGC) #2754 ~v—& L CpepD# =T D
I — 74 ¥ Z IO W 2 BamHL & Psl 78 #% AL

a2 L CPCR¥EIE L 720 ZDODNAT 7 7 A
Y MNETHE - AT VESKE THEE, Wizard
SV Gel and PCR Clean-up System (7 @ x %)
EHWTHR L7, W7 J 27 XY % BamHI
L PstICTYIWE, WY AT A CTH#%, BanHlE
PsATYIWF L7-pQE-80LIc7a—=> 7L, #
bN7z7F A3 FuEpSHI836 L L7z, b7
F A3 FIETS7 0 E— % — DOl FIZSDELH,
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CM86#%: (SH18464% & ASO9KED 1A F) 13 Pro,
Leu, Met, ThyZ2iREETH b, KEWIZY T
F N2 YWY 2 KPR LR T Fy—E L
LT, 7I/RTFFF—EA, TI/RTF¥—
¥B, 7I/XRTF¥—¥¥N, RTFF¥—¥Dx%
FOZ ENMoNTw5SE, CM3GKEIZI NS TR
TxRIELTWAH72OLeu-GlyZ W L CTLeu?
WL, LeulRE 352 EDTE& Vv, pSH1836
(DQE-80L:pepD) #»H3EBT 5T F 4 —+¥D
FE—a Ry e a F > OBIZArg-Gly-Hise
Gly-SerZifi AL 72> TWBEDT, RTF
T —EDOAKDOIENZFiOo0 % T THERL 72
Table 1 12779 & 9 (ZpSHI836H H W 5 X7
F 5 =¥ DI, Leu-GlyZ IKGHT 5 iE1M % ¢
DT EDVGD T2,

3.3 pSHI1836 (pQE-80L:pepD) 7 & ZEBL4
AT II)RTFFT—=EDNHINI ¥ v &hy
9 % 2 & OfEE

KEH OXRTF & — ¥ D D Salmonella

yphimurium D KFE€QA T ThHhAHXRTF ¥ —¥DIL
AN Y Y ORRGIEIGTEZ 752 2 &l &
N FELLARLNTWEY, KGR ORT F 7 —
YD YAV ¥ KRG EZ o & ST
B FOMEINZOWT ORI HE 1E v

Table 1 Utilization of Leu-Gly as a leucine source to complement leucine

auxotrophy.
Strain Representative genotype +0.3mM Leu-Gly none
FS54 pQE-80L/leu* + +
SH1846 PQE-80L:pepD/leu~ + -
AS09 PQE-80L/leu~ - -

M9 glucose minimal medium supplemented with 2 mM Pro, 0.3 mM Met, and 0.32

mM Thy was used. Plates were incubated at 37C.
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Table 2 Utilization of carnosine ( f-Ala-His) as a histidine source to complement

histidine auxotrophy.

Strain Representative genotype +0.1lmM His +0.ImM carnosine none
FS54 pQE-80L/his* + + +
AS06 PQE-80L:pepD/ hisG - + + -
AS08 pPQE-80L/hisG - + - -

SH1846  pQE-80L:pepD/his* + + +

M9 glucose minimal medium supplemented with 2 mM Pro, 0.3 mM Met, 0.32 mM Thy, and 0.3

mM Leu was used. Plates were incubated at 37°C.

ASO5H# (AS06#%, ASO8KE D 1E ) (& His,
Pro, Leu, Met, ThyZRMETHb, AN/ ¥ ¥
1% f-Ala-His7 ®» T, pSH1836 (pQE-80L:pepD)
PORBTLERTFF—=EXDHEHN I ¥ v 2hKk
ST EUEHIsZ IR T X 5o

Table 225773 X 912, pSH1836 (pQE-80L:pepD)
PORJATLE I P EHE T F O
Arg-Gly-Hiss-Gly-Ser # i A L 72X T F ¥ — &
DbV ¥ &NKGH L CTHis% 5T & 72,
DENANI TF—BEERFO I EDh o7

3.4 pSHI1836 (pQE-80L:pepD) 7 & F& B3

BT I)RTFF—EDDHI ) ¥ VK
SR YE O R EpH O st

FERFT TR ATz X 9 IR 7 2 pHO M T
V7)) —% B L, TLCEHPLCTH#T L7,

TLC7L—FTHHPLCTH, AN/ vk
AFT VDT I o Tzhs, B-TT=Y
WBABECE /DT, B-TIT =V DAEERTRT
FE—EDDH I T 2GR FHE L7z W
TNOHETHpHISDRIZH N ) ¥ hed &
SfREnTwiz (Fig. 1A, B)o

3.5 RTFF¥—¥DRIHDODORHIPTG

TEVE DR

pSH1836 (pQE-80L:pepD) O pepD it = ¥ 1%
T570E—%—tlact XL —% —DHIHTIZH
D, IPTGIC X 2FE W EETH D, €T, iF
LT HOE R IPTGIRE 2 #ME L7z, Ei#ipH%Z K0

7ol & LFBRICSHIS4O K Z F5 4 L, 1 mM®
IPTGEHML Tz 2 A%0, 05, 1, 1.5mM
ElRo TREEL, MMkt v 2 ¥ ok
WHEEZFABICRDEZ S, 1 mMOIPTGHEMN
A TH -7z (Fig. 10)o
3.6 y-ZNWVIZINFITVARTFHF—ED
ERSZH T IV I VeIV Vv
MO Yy-FTIVTINHNI ¥V HBREELR
T&5Z L DR
y-TNFTINEFYARTFF—F (GGT ;
EC2322) 37Ny FF oD y-7 VT I
{LEWONMKG R E ED y -7V s I Nz
7 I VB RTF N8B L, Hilthky-7
Vg IWVALGE Y & AR T % R BOS & fill i 9
5%, KBRS EROGCTIZ I 2D+ —7
V—F A4 T T L —DHIY T FVRTFF,
Kb 72=v b, M72=y bHFa—-FEINhT
WAHHEEZ LS TBY, 1ARKDRYRTF NHE
LTRSS, MIESMCHE S @ T
VTFNRTF RHPHEN, B SICHTCHEEIC
KTy MITaRAENDL Z LW 0o
TWpe ", ZELIIINETIIZIOERY Hw
TEESE Ry -V IMLEW T L QB
FERT B HEEHFE L TE2SY, RKIFFETIE,
COMEOERIILEFHELT, Vs3I
W) vmby-TNVE INVHINI vy eBERE
K3 A T & EMET L7z,

© The Ito Foundation



S—PMIZARNTZ bOIAZRE )T VT INRTF FOMIRIZOWT

A) SH1846

SH831/pQE-80L=AS10

pH5.05.56.06.0 6.5 7.0 7.5 80 5055 6.06.0 657.075 8.0B-AIaE|ar car
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Fig. 1 The pH profile of carnosine hydrolysis activity of peptidase D from strain SH1846 obtained by TLC plate (A)
and by HPLC (B). (C) Effect of IPTG concentration on pepD induction from pSH1836.

pPQE-80L o2 F ¥, Arg-Gly-Ser-Hise 2
EMEROggtBIZTORNF T L= bO
=T 4 I (YT FVES R R B2
O—=Y 7 L7275 A3 FpTH3 T Aget-28 5%
FFOSH641 k%2 T B linift L CTHOR 2 15720 2O
HoEMEMEEZN-7 e —2XH 7 4 (FG
FOBER) TR L -EEEEN T T,

TNVE IV, KV T ORGHOpHE
%, GGTZMWMML, KHEAH20mM, 20mM, 2.0
w/mlZ 7 5 X9 IZKRTHE L7z, Fig.2 idpH%
9 L7z RUBFIIAHT (A) & BMGaH 1 REHHE
(B) ®HPLCOF ¥ — M Thb, FIVF¥ I L
AN M, y=-FNFINVAINI VY, y-
TIWVEINTVE IV, TVE I VEEPIAERLT
WAHLZENGMoTl KINEOpHEIR-72& 2
5, pHAHPEIZEWIZ E NV I VRO AR
FEDSH L, TV 3 Y DK RSB IIC
AT L2 EZBND, —J, pHZEI0S5PL EIZT
L T7IVE I Y ONMKGIEISNEFER 2% - 72

Wy-7 VT IMEEMOERESL L R, 7
VE I UBERITEIL, TVFIVARE RS
72 (data not shown)o Vo 7z AL L7y -7V
FINVANI IV UPRHLIz0RTVE I VAR
MHEKHEEZ OND, FVE IV ORSERER L
F, pHZ R L, BERZESTIET, y-7
WEINHN) Yy OREZRTE S LS
b,

4. B 8

E—a N E&®Ea F v oOliZArg-Gly-Hise—
Gly-Serz i A L7 KW OXTF 5 —X¥ DA
Vv G R RO Z LR L, MRBIC X
BR-TI=VECAF I VN LDOBHEREDT
REVEAVRIE SN 7zs 72, MiBEEO y-7 V% 3
WETGVARTFF—EEHWTITINE IV ED
NI T v y-TNEINANI YRR
WTELILEZRLAZENS, 2HEOMED
BEREHVLZILTII/IRPELEEZOND y -
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Fig. 2 HPLC elution patterns of the reaction mixture of 20 mM glutamine, 20 mM carnosine, and 20 4 g/ml GGT
(pH9) before (A) and after (B) one hour of incubation.
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Identification of the main factor determining the taste of Jidori meat (1I)

ACHOMOA
(R R R A7 b B 22

Kazuhisa Honda

(Graduate School of Agricultural Science, Kobe University)

Jidori is one of tasty and popular meats in Japan. However, the main factor determining
the taste of Jidori meat have not been identified. It is well known that Japanese prefer female
and aged Jidori meat rather than male and young one. In the present study, the effects of age
and sex on the taste of Jidori meat and unsoluble collagen ratio in order to identify the
candidate index indicating the palatability of Jidori meat. The paired test for boiled thigh slice
meats of Jidori revealed that 76 day old female Jidori meat was significantly juicier than same-
age male one. 97 day old female Jidori meat shows significantly high chewiness and
fracturability when compared to same-age male one. 97 day old female Jidori meat shows
significantly high springiness when compared to the 76 day old one. 97 day old male Jidori
meat shows significantly low fattiness and high chewiness when compared to 76 day old one.
Unsoluble collagen ratio was significantly elevated by age, and female Jidori meats showed
significantly high unsoluble collagen ratio when compared to male Jidori meats. These findings
suggest that unsoluble collagen ratio in Jidori meat may be used as a good index of the quality

of Jidori meat.

WEEMZ HRE LT, B0 mg RIC X 51
DY ED ED SN T VLD, WA DEKRL

1.B ®
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ZOFERL SIEEBATSHOK 9E % 5D 5%
fizze7ag45—0REFE—H2m$, LrLgD
5, WBMAFEBAL LTIESMETHHI2H 05
b 5F, FROWESERD X9 7 L)
FELEN T\, Z0720, FRITAEICHER
DJASHMEIRE SN TURKED, WHBERL 7oA
T —W L DOFEEKL X OEND T I B R
ENT, ORI X 51 F 2wk
AN T WD, 22T, HMIBADMIKE T X %

EOWEENIHL 2SN BT, WA
AT L o THFEO MM R ED S iug, HEs
WOMIEK T IER SN TD, TOEKL S
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WTIE, EOREEIES LR T v piis i
FEA ORE) 25, Bl rrboT 75 A
ENOBATHO 3EUEE DL, ZOFEN
AT I, BAEIZBWTY, HIERNO N
ML HE DS S, 2 OIEHEZ IS U T fliRS A
PoE S AL, WERICBWTLHERREO X
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) TR e 72 B TS5 AR S 1L 2 W RE 25T &)
WiENb, ZD70I21E, WEAOERL XD
R Z2FHARZH S M LRI ER S v,

WHAOFERL S, [EELRHI/2] %
(9 FH] LI SETRIHINL, Z0IH b,
(9 F] 2BET2LE3NT0ETI /BB X
OB E IZ oW T, MR E 7Taf 5 —
FAOMBKICE TN T I BB Y
DOEBIEREREVIZRONE W E2HES
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RBINTHEY, HEl™ ", »250IEWEHE"
XD EBEIND LG IN T D, ER
HAHIER I B\ Tl D A 0FR A AN X h
THEY, HEORREZUHET 2 RMREST;
EAVBEFERTWwEY, 22T, BAROEI22
AR T =7 Y EAERO LR X o THMY
LIEBHMONTWAEYs LLANL, IhF
T, MBAOREK, FENE, MHEE BIO
AEEa T — 7 v EREE OB 751X
2\,

AT, HWIBAOFERL S OPEE N % fif
By 27200—8RE LT, HiB XM OEN
HHIFEA OB EAEE T T —F7 Y EARICKIT

WEIZOWTHRT,

2. B &

2.1 HWMBEOHE L RAEHBAORE

0 HiOMEMED I (O x ) THRED) 12T
A hyEway - KEMEEREE By v 82 H
218%, AC# = & V¥ —3147kcal/kg) %28 H i
T, BREHHME by 'O oY - KEH A
B >~ 82 186 %, Ll — & v ¥ —
3167kcal/kg) #7635 \VZI7THEE T, ThZ
MGG L7cfe, 120EMIMGE L, WRERA AR T C
TRIL S 72, PRk, AthW, BLOAED D

WoERZWNE L7z, EA0b b W% 24REMG
IR, DLW EMELEL, —30T THHR
L7 20K, GHO b b HOHILE % N
WXL CHEBEIWC 1emlBTAT 4 AL, WEH,
KEE GG, BIORIHMMEELARDAT A
AW % O B, ERRMAICHT S E T -
30C THsRiRAE L 720

2.2 Ergkd
HREMAYHIC2ITHBE LA T 1 AW % #
Hith, 3fEEO 1 %ESKEZMZ 7, 90T L
TI55 MR L, EREMAICHE U 7z S H I,
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E), JEBR (AL LWJEBE, BUEBR, SR,
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ZNZENOEHHIZOWT, fElERRE IO &
L7z EF3ERE (+3, ETHv; +2,
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Wwi— 3, ETHE) THR S, SR T —
WIE, RANCERZZHERICHESR, RICAEXRZHBA
DOEZFHI S ¥ 72, 7B, BXDIEFIVE e
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1o 720
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DU T — 7 U EEREEELIE, AEEa
=T rEREREREN L,
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aF =7 UEARIETIOtRE SO LY, B
BEMRAREREEIY Y - Sy P=—DUMEICX
N, TNENFEN L, fERFEDS % RmMOET TR
L7

3. BREEBE

TOCHECE BT ORR, RE, bhW, BX
OCb bAOEEL, MEIZHTHED, 7T6HEICH
NCITHEA, ThENABEICHVEZ R L
(Fig. 1)o F72, HREMRAEDOHE, T6HIHDD

Body weight

WO T, HIOHENY 21— —ThHoHI L
(+050), 97H#D D LW OIELTIX, HEX D
AMEALI D L3 < (+057), HBLRTWVWI &
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TOH® L DITHE OB AY Y I <
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Fig. 1 Comparison of weights of body, right breast muscle, and left thigh of Jidori chickens
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Fig. 2 Unsoluble collagen ratio of thigh meat slices of Jidori chickens
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Relationships between blood oxidative stress and meat quality in swine,

Kagoshima Kurobuta

V1L R A
(R IR 57K 57 I B AR A R R 7 - e PR 245 )

Hiroaki Kawaguchi

(Department of Hygiene and Health Promotion Medicine,

Kagoshima University Graduate School of Medical and Dental Sciences, Kagoshima University)

It is known that the heat stress in summer affects the pork quality and flavor in domestic
swine. This study was to investigate the relationship between blood oxidation stress (oxidative
and anti-oxidative activity) and meat quality of slaughter pigs, Kagoshima Kurobuta
(Berkshire pig), in summer and winter.

Carcass results, blood exsanguinated, pork loin of each 12 pigs in summer and winter
were collected. The 24 blood biochemical concentrations, 4 blood stress marker concentrations
including cortisol and catecholamine, and blood oxidation stress including d-ROMs test
(oxidative activity) and BAP test (anti-oxidative activity, Wismerll Co., Ltd. Tokyo, Japan)
were measured. The concentrations of 28 free amino acids including glutamic acid (Glu, one of
flavor components) in the blood, lean (muscle) and fat of all pigs were also measured.

In winter, carcass results showed good tendency, and the concentrations of 5 free amino
acids not including Glu in lean and the concentrations of 14 free amino acids including Glu in
fat were increased compared with those in summer.

On the other hand, in summer, increase of blood d-ROMs levels, decrease of blood sodium
and chlorine concentrations suggesting dehydration, increase tendency of blood lactate
dehydrogenase and creatine kinase concentrations suggesting muscle injury were recognized
while the stress marker concentrations did not increase. These findings were considered that
the blood oxidative activity was related to the deterioration of health in Kagoshima Kurobuta.

Therefore, this study suggests that blood oxidation stress may be able to evaluate the
meat quality in vivo before slaughter in domestic swine while further studies are required to

reveal the concentrations of total amino acids in the lean and fat for meat quality evaluation.

RUFCTHHEVIRTEHET L. —T, WA

MWhizv, EEDEVO M TICRIIM A%

BREBROFERTHHERE OSH) BIK 208 AT 5, LoT, LHBOAEMRE
ON=27 vy —f) ZWERRGORKRZ ED CTHEZFMT2ZE3EMTHY, AT

1.B ®
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EE N ORI TR RE 2 [ RILA b LA
12 H L7,

BALA b LRI ARENREAL, OeTid
RLEHCRBICOHE T 2 L s hTwbs?, R
WETHW AL A b L Ak + » b, d-ROMs
7 AL (BBILE) B XUBAPT A b (FiEE L))
T, N S2B5E L 72 3 =K REILE 7L
ZHWCTHRE L7, BRI LIAE & iR
AN LA B D LR TE, REKIC
BOTHELA b L RIIEREOIRIE L LCTHIRH
TELWRMAVRBR SNz, T2, REHWICE
WTIE, X DEREICHEING 2 EREDIN
25575, Lo T EHFMDIMPEELA ML A
M XD, WEEZFHETE 20D B LA
ML (Fig.1).

—, BKTIIEFOBHAPLAPALR,
WEIZHDHET LI ENMONT VD, RIFFET
X, LEEEEBRKOEFEE L OLFOIMES &
ORAY > TV ERERAEY =X D F L L7 MIC
AFL, HEOREEE 2 ) 45 P ER{EA b LA
EHEEOMEEZRET A2 L2 HWE L,

2. MBETE

WE EEBAARKEZENSRLL, EFEBIV
AZFZEW Y v & — TR 0 L BRI
ZRIL, FEEO T — 2 2 WEFHlEAE LT
AF L7

2.1 MR (@) 0 & KRB ERK248
(O, ZBHERAE)

2.2 #4r EZF (Summer: 8~9H), &
Z (Winter : 11~12H) #5128 % #EAE2 12
i

2.3 BAWAE (Carcass result), 5 HE i &
(Back fat thickness), #% W @& (Carcass
weight) @ H ARSI X 2T % 5
fiti L7z0

FRKREIEA 2 7ib LT (B 30, iy

20, W 1AL AV 0 XD, AT L 720

2.4 MigFERMLS (Internal organs disposal)
DI

2.5 7)) rr o unEs L e — 2
(R B X IR 2 & L] f2E58)

2.6 I

M 13050 LA B iE e (i), M4 PRINE

B XELC (4TC), 3000z, 155 Tl
BEL, EL 72

2.7 IR

2.7.1 —fEAAbEfE (Table2)

(24 H] 7ANSSF VBT I /) PS5V AT

5—¥ (AST), 795=v73I /527
S —%¥ (ALT), 7TVAHYERRAT 75 —F
(ALP), y-Z V% 3INVbFF A7 x25—F

(y -GTP), FLMPikFZEH% (LDH), 7 L T7F
v¥F—F¥ (CK), ¥V ¥y (T-Bil), Ei

B - HERIEH = | BEXrLZR
- TEEERER mERLIER »h, BEREE(L, &1t
c7U=2Th - ER{EEESE : SOD Ny

- HUBREME  E232C
- {15142 - DNAETE

R DIEE
<
NEDER?

Fig. 1 TBILA ML A& WEIBEO BE O &
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vyver (D-Bi), MmiRFEEFHE (BUN), 7
L7595 => (Cre), = FV 72 (Na), ¥
@D, #Uw s (K), AV (Ca), HEHE
Vv (IP), WHEEN (TG), #&% »752 (TP),
7Nh7 3y (Alb), I (Glu), EILA7TH—
V (T-Cho), BHEVRS 873l AF7H—
V (HDL-C), fKItHEYRF v 3L X570 —
V (LDL-C), 73I9—+¥ (Amy), KE (UA)

2.7.2 APVLAX—7—Mi (4%H, Table3)

anF V= (EIA kit)

#7373 345 (HPLC) : 7 FLF) v,
JIVT FULFYy, K=V

2.7.3 BIbA ML A (33HH, Tabled)

d-ROMs 7 A I+ (MRALEE, HRA&tY 4 2
~—, H30), BAPT A b (Ju b)), #halath
7 4 A< —), BAP/d-ROMs,

52 %25 © FREE Carrio Duo (R &4k~ 4
AR =)o

2.7.4 EHET X HRRIEHIE (Table5)

EZ : faast (RSt ERY -2V y —, B0

LC-MSHEZ+ © Acquity ultra-performance liquid
chromatography (UPLC)/Acquity TQD
tandem-quadrupole mass spectrometer :
Waters, Milford, MA, USA)
[283H] 7 V% 3~ (Glutamine (Gln)J), 7V
¥ = [Arginine (Arg)), ¥ MY ¥ [(Citrulline
(Cit)), 7V ¥ ¥ (Glycine Gly)), 79 =~
(Alanine(Ala)), -7 % = (B -Alanine(bAla)),
1) »(Serine(Ser)), 7 A% ¥ [Asparagine
(Asn)), b L= [(Threonine (Thr)), 7 n
1) ~ (Proline (Pro)], # % =¥ [(Methionine
(Met)), # V=% ¥ [Ornithine (Orn)], 73V ~
(Valine (Val)), 7 A/%5 ¥ v H [(Aspartic acid
(Asp)]), Z V% 3 VM (Glutamic acid (Glu)J,
MY 7 N7 7 ¥ [Tryptophan (Trp)l), ' ¥~
(Lysine (Lys)), & A5 ¥ [(Histidine (His))J,

1 ¥ v (Leucine(Leu) ), 4 ¥ &2 4 ¥  (Isoleucine
(Ile)), 7 = = Vv 7 5 = ~ [(Phenylalanine
(Phe)), F¥u ¥ [Tyrosine (Tyr)), Y AF ¥
(Cystine (Cys)), 7V ¥ =/ an s g 2
(Argininosuccinic acid 2 (ASA2)), 7V ¥=)
a7 1 (Argininosuccinic acid 1 (ASA1)],
o b= (Serotonin (SRO)), 7 FL+1 ¥
(Adrenaline (AND)]J,
(DOPA)]

2.8 WWBICIRNICHT LEEET I ) Rk
JEME (EZ : faast, LC-MS, LitRI£28
HH)

A2 02 g PRILL, 3 % BIEEME A KT
T A X, 4C, 100000m#z, 1055 T a0 5
L, REZKHCOsTHAIL, ik L7zs 2
bOMMEOMERT I /R (28HH) 27L& Rk
\ZEZ : faast, LC-MS#% W Tl L 72

2.9 KA

W oE i H A (Mean) = B HE R 2
(standard deviation : SD) TiR$ o HitIZIBM
SPSS#iErY 7 b &Mz, RAEFE (%) BLU
KSR D A 3 7 52D v TldPearson® 71 4
2 FME D 5\ 1ZFisher D IEFEME#RME % FE it L
720 FHUME, WEMIZ2 v TidMann-Whitney U
testZ EhiL, p<005THEL L7z

-~

F—,%3 ¥ [Dopamine

3. BWREEE

3.1 B o & N i BE 3t AL o o g AR R
(Table 1)

HARZHAN, AR TR D RAF O 1) A
Ao, BIRIESH B L d o 7o BN ER,
g & OB IGBESERAERICET R h o 72 AR
BRI ORBER I A LN R oz VLD, &
DTN, BRI R &I Sz,

3.2 M —MEALSAE (Table2)

AN, HFETRIMPOF M) 7 ABLD
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Table 1 Inspection of carcasses and internal organs disposal result
Carcass result score* Internal organs disposal
Group Arll\%mal Resul :
o. esult ) Back fat weight Heart Liver Stomach and
(score*) thickness (cm)  (kg) intestines
Summer 1 1 44 774 Yes Yes
2 1 40 716 Yes
3 1 4.1 81.9 Yes
4 2 27 784 Yes Yes
5 1 4.0 79.9 Yes
6 1 35 776 Yes Yes
7 1 35 76.4 Yes Yes
8 1 42 76.0
9 1 52 784
10 1 35 81.3
11 1 40 81.3
12 1 55 839
Mean 1.1 4.1 78.7 The number 0 6 5
Standard deviation 0.3 08 3.3 Incidence (%)  (0) (50.0) (41.7)
Winter 13 1 3.3 839 Yes
14 1 38 79.0
15 3 22 778
16 1 1.2 80.9
17 3 16 74.0 Yes Yes
18 1 31 81.7 Yes Yes
19 2 24 825 Yes
20 2 25 782 Yes
21 3 15 774
22 2 26 764 Yes
23 1 2.3 875 Yes
24 1 30 87.7 Yes
Mean 1.8 25 80.6 The number 0 6 4
Standard deviation 0.9 08 43 Incidence (%)  (0) (50.0) (333)
p-value 0.065* 0.000 0.340 p-value 1.00# 1.00#
*Score : 3 : high grade, 2 : middle grade, 1 : low grade. Pearson's chi-square test.
#Fisher's exact test
HHEREPAEIEr 72, ShH XY, BEFT 3.4 IMHELA b L ABEEE (Table4 )

BRARDTEE L TWDBZ EAURBE N, KRN
KRB 235, SRR (— KRR AK)
POREEVEGHLELEZEZ OND,

FARETIE RV, LTI, EFTRARK
KEREE B15M5), 2L T7F ¥+ —¥ (W3
) R0z TNH XY, EETEIHREGE

AR SN S,

3.3 MR FLAT—H—fii (Table3)

HELAFOMIZMP A M LA —h —fHD
EHARLNLh o7z,

AN, EFE TR Od-ROMs (B{LEE)
NHEBEICE o7, 32580, BEFTRBIARH
WHE & v o - EFEIRBE LAV RIS TE D,
MHERILA b LA & AREIREELIC IR E Y S 5
LEZ LN

3.5 A EEET I BRikEE (Table5)

AR, EFETR M AV EICEH
Molze ML= VIR MR ERP IR R
A7 EDINRD—RIZH SN TV S, KIZHBW

T3, EFROBRBEIZ W & XY, PREAH

J
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Table 2 Blood biochemical concentrations

No. Ttem unit Summer Winter p-value
1 AST U/1 55.1 = 64.7 52.1 £535 0.623
2 ALT U/l 20.1 £80 25.7+69 0.064
3 ALP U/1 4145 £ 162.6 396.2 = 100.8 0.954
4 y -GTP U/1 52.7 262 451 %109 0.795
5 LDH U/l 11436 + 829.8 7379 + 2074 0.119
6 CK U/1 11149.8 + 23757.1 37784 £ 4034.7 0453
7 T-Bil mg/dl 0.13 = 0.06 0.08 £ 0.06 0.063
8 D-Bil mg/dl 0.07 £ 0.05 0.06 = 0.05 0.680
9 BUN mg/dl 8.0=20 80=31 0.862
10 Cre mg/dl 15+02 15+£02 1.000
11 Na mEq/1 1485+ 4.0 151.8 £ 4.3 0.032
12 Cl mEq/1 986 2.3 101.1 =34 0.048
13 K mEq/1 72+10 73*11 0.665
14 Ca mg/dl 11.3+0.6 112£05 0.862
15 1P mg/dl 89+09 91+05 0435
16 TG mg/dl 454 £ 183 330=x159 0.060
17 TP g/dl 82+05 79+06 0.052
18 Alb g/dl 45+ 04 48+0.3 0.163
19 Glu mg/dl 1329 = 35.0 1388 = 24.3 0.402
20 T-Cho mg/dl 1111 £ 157 1095+ 11.2 0.885
21 HDL-C mg/dl 418+79 473+9.1 0.149
22 LDL-C mg/dl 588 £9.1 55.5+49 0.369
23 Amy U/1 1836.0 + 600.4 2095.8 + 894.3 0.525
24 UA mg/dl 0.00 = 0.00 0.00 £ 0.00 1.000
Table 3 Blood stress marker concentrations
No. Ttem unit Summer * Winter p-value
1 Cortisol ug/dl 46 +23 45+24 0.902
2 Adrenalin ng/ml 429 £ 157 46.2 = 287 0.268
3 Noradrenaline  ng/ml 493 +199 412 £ 265 0.599
4 Dopamine ng/ml not detected not detected
*n=11
Table 4 Blood oxidative stress
No. Ttem unit Summer Winter p-value
1 d-ROMs UCARR 1106.2 + 136.6 970.8 + 83.0 0.017
2 BAP umol/L 41230 = 771.7 4000.2 = 306.4 0.356
3 BAP/d-ROMs 3809 41+04 0488
=V EOHHEDORENGBRULELEEZ S BighRAm o TB Y, 32 THRAR7:MHAEE L
Nb, DB DOIEEVGHRULELEZ DD,
HRETIE RV, LTI, HETEL-T IV IVBRIEIIKRERKGDOLIOTHY, &
S=v (13K, vy I v (JH1L3k) 255 OO, @ - %, ORI 0B
o 72, O, @OIMERET, A ML AEE (V72

B-7 7= 3HARIAAEL, FIRETOT

AR Lo WP O TE Y, 34Tk
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Table 5 Free amino acid concentrations in blood

Summer Winter
No. Name Number Number p-value
detected detected
1 Gln 11 3787 £ 780 12 361.2 + 64.1 0.758
2 Arg 11 160.6 = 37.9 12 1659 + 24.7 0538
3 Cit 11 67.0 135 12 60.9 £9.7 0.498
5 Gly 11 451.2 = 129.8 12 4176 = 1195 0.712
6 Ala 11 302.9 +94.6 12 2751 £536 0.758
7 bAla 11 40+1.2 12 3010 0.064
8 Ser 11 1215 + 233 12 117.3 = 30.6 0.268
9 Asn 11 245+85 12 243 +11.2 0.372
10 Thr 11 103.1 £ 30.1 12 75.0 £19.3 0.003
11 Pro 11 163.8 =487 12 1583 =315 0.389
12 Met 11 282+75 12 275+ 6.0 0.805
14 Orn 11 418 +176 12 477 £105 0.060
15 Val 11 268.7 +59.8 12 259.5 + 66.7 0.667
16 Asp 11 64 +54 11 83+56 0.358
17 Glu 11 191.0 £ 64.3 12 152.3 £55.3 0.065
18 Trp 11 50.1 £11.5 12 492+ 114 0.854
19 Lys 11 159.0 £ 425 12 1444 =214 0.622
20 His 11 555+ 131 12 574+90 0.853
21 Leu 11 176.6 = 31.9 12 170.0 = 26.8 0.782
22 Tle 11 1321 £232 12 130.7 £ 199 0.758
23 Phe 11 757153 12 681 +93 0.242
25 Tyr 11 63.8 +14.8 12 543 +12.7 0424
26 Cys 11 389+87 12 36.6 £4.7 0.388
27 ASA2 8 31+02 12 3103 0.232
28 ASA1 11 27+07 12 26 0.7 0479
29 SRO 8 69 +30 10 49+18 0.142
31 ADN 11 40+03 8 38+1.0 0.444
32 DOPA 8 40+0.1 12 3015 0.682

unit : nmol/ml

NRAEHIRRE L OBIEDOEEDS S HRLELEEZ S
Nb,

3.6 MAhERET 3 ) MEIREE (Table6)
FOMTIE, AFF=V, CAFVY, 4 V0O
A3V, 722V T 5=y, YAFUPERICH
N, AFTIRABICEP-72 TOEHIE, B
DHEHET IV OSLFETEHMERLTNWD T & H
5, AFOTDBHRRAOENRNEE R b,

T, AvaAL T 3T I 7 (Branched
chain amino acids : BCAA) ® 1> TH Yy, EF
WCX2MATD Y X7 EORRFHish R0 H
%o 32B L UB5THRRFAMEELRENICE
BynL, HFETE HAGEIBELTED,

AR O B -7 5 = ¥ AN PEHEL Uil i BE Y
ERLTWE, 50, HiRGEZRET S
DIZB-T T =V OMHFRENREFHL BoTWnD T
EDHERE SN D

—Ji, F= 83 UPEFIHR, £AFTEIHE
WD o720 F= 33 VATl ZRT 2 &
iE, ANV (V)T v 7 A%E) L o)
Zzoh, SHREEVSLETH L.

TN I VBIIEFELAFOMICENALNLR
o7z

3.7 MRWGhGEEET I/ BRIREE (Table7)
BRI, AFTRE IV I, TAXF=V
1),

TI=Y, B-TTI=V, Juavy v, X
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Table 6 Free amino acid concentrations in lean (muscle)

Summer Winter
No. Name Number Number p-value
detected detected
1 Gln 12 1024.2 + 9445 12 1599.6 + 1697.1 0.525
2 Arg 12 85.2 +21.0 12 102.9 +48.0 0.729
3 Cit 12 285+ 286 11 334 +34.6 0.926
5 Gly 12 853.2 +332.1 12 866.6 = 407.0 0.488
6 Ala 12 1320.0 + 12439 12 1306.4 + 469.8 0.073
7 bAla 12 2352.6 = 792.1 12 24187 £ 14357 0.603
8 Ser 12 186.7 = 82.8 12 239.3 £89.7 0.057
9 Asn 11 80.6 = 49.6 7 61.3 =430 0.684
10 Thr 12 1134 +59.8 12 108.0 + 66.9 0.729
11 Pro 12 2233+ 786 12 2564 + 85.0 0.083
12 Met 12 6388 =259 12 1123 £69.5 0.035
14 Orn 9 372+438 10 455+ 36.7 0.120
15 Val 12 298.8 +94.5 12 3322+ 1255 0.106
16 Asp 4 180 85 12 174 +£20.3 0.496
17 Glu 12 595.4 + 289.9 12 610.1 + 2439 0.386
18 Trp 12 209 =127 9 325+ 6.7 0.013
19 Lys 12 2725+ 1355 12 2704 +65.9 0.644
20 His 12 2765+ 738 12 3528 = 87.6 0.009
21 Leu 12 244.1 £54.8 12 2933+ 336 0.083
22 Tle 12 133.7 + 26.0 12 1733 £399 0.008
23 Phe 12 104.7 + 26.7 12 1444 =506 0.013
25 Tyr 12 98.0 £ 20.5 12 1069 = 37.3 0.525
26 Cys 12 75+ 46 12 115+ 6.0 0.041
27 ASA2 9 425 +14.0 12 437+ 179 0.499
28 ASA1 11 381 +169 12 426 =235 0.096
29 SRO 4 448 49 4 401 +23 0.166
31 ADN 4 314+10 1 30.0 —
32 DOPA 8 30.6 0.7 10 237+107 0.008
unit : nmol/g
FA=, XYy, M)TbTry, YT,k A (B L 9B L)) L WE L DR % KiE 3
AFTY, TxZNVT I, TIVXFZ) any LT rEHME L7,
B 2 A EASE D o 720 BEBIUOLFEOLKL2EORIZONT, &R

TV I UBRIE, AETIE WS, EFEICHN,
AZCRAE (14F5) %2R L7z

%< OlEEET I VBILFTHMEERLTSE
D, ZFOHVIREDENRENEEZ Sz,

4. B 0

E#RTREFOZHA ML ABALN, WHIZ
DWETHILEPHOENT VD, AFETIE, E
FBIVOXAFOLHFREBRIK N—27 v x —
fi) ZMHWT, REORETH HIMHIRILZ - L

B 2 $RE L, BN %G, S S ICFEED
AT — 2% AF Lz, MEMRAETIE, 245HH
DO — M EALFME, 4AHHOA MLV AY— % — 1
(AVFV=NVBIOTATA53IY) BLUMIL
A ML A (d-ROMs (BfLEE) 3 X UBAP (HilR
) 7 A, BAEHYL2~3—) 2HlIEL
720 BWWHGD1DOTHHEI VY I V% &28
HHOMHE7 I 7 BRIREOWE I, MG, R
(HR) BLOMRY (B CoWTERL 72,

R, AFTIE, BFRLN, HARES LT
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Table 7 Free amino acid concentrations in fat

Summer Winter
No. Name Number Number p-value
detected detected
1 Gln 12 543 +132 12 1432 £ 107.1 0.013
2 Arg 12 10514 12 232+93 0.001
3 Cit 12 40+10 12 76*64 0.119
5 Gly 12 1124 +40.1 12 1723 £107.6 0817
6 Ala 12 134.0 +£50.3 12 361.1 £ 2721 0.015
7 bAla 12 79+10.1 12 56.4 = 50.9 0.009
8 Ser 12 338 104 12 82.3 £56.1 0.013
9 Asn 12 69+51 12 150 £ 128 0.729
10 Thr 12 17944 12 352+ 234 1.000
11 Pro 12 296 £12.7 12 622 = 44.2 0.018
12 Met 12 52+30 12 181+ 159 0.003
14 Orn 11 28+19 11 41+25 0.071
15 Val 12 34.1+183 12 784 £ 615 0.021
16 Asp 12 91+42 12 199 +17.1 0.299
17 Glu 12 1836 = 54.1 12 2530 = 154.3 0.862
18 Trp 12 49+25 12 105 +10.2 0.038
19 Lys 12 240+11.2 12 54.1 £41.8 0.009
20 His 12 95+45 12 317 230 0.003
21 Leu 12 205+ 4.3 12 418+ 178 0.050
22 Tle 12 100 =35 12 194 98 0419
23 Phe 12 87+16 12 17272 0.033
25 Tyr 12 83+17 12 180 =89 0.106
26 Cys 12 59=*14 12 53+29 0.273
27 ASA2 12 08+02 12 1.1+£05 0.021
28 ASA1 12 08+03 12 1.1+06 0.119
29 SRO 1 05 1 0.6 —
31 ADN 4 1.0+0.0 3 0.7+04 0.480
32 DOPA 7 1.0+01 9 0805 0.259

unit : nmol/g

BAENT, RATIEZ VS I VBUSO 5 D0l
HET IV BOWRESEMEEZRL, RETEIVY
IVBESTIAOWERET I ) BROBEFSHEEZ R
L7

—7Ji, BEFTIE, BHATMLVAICXAMHPA b
VAR = —REDOLFITA LN Lo 7255 1L
Hd-ROMsiEED b5, K ZRES 21 +
)y ABXUHEFREORY, BLOHRGE
2T L AMBKEREB L7 LTF ¥ —
CIREOBIMEAR A A LNz, Tho XY EIRE
B TR RALEE & R IRE AL I I3 B 23 %
bEEZ LN,

AWFZETIE, KERD & HEROERTHE %

filiss~—A—& LTIMAERIEA P LAPHEHT
HDHIEIREEINT, 72, RIFETIEBERK
S LTEET I 7 BRI VY 3 UR)
DFHli 24T o 7225, Gtk RABLIRHIZOW
T, ®R7TI/VBREELHEL, WEZ S HITEE
T LUEND L,

5| A 3k
1) I, BesEte, LRI, ARESE, =6
B NARKICBI 2 EA S YRGS R
BT B W T RIROMFE—, HRE
R 48615, pl7-21, 2011,
2) Yagi, H., Sumino, H., Yoshida, K., Aoki, T
Tsunekawa, K., Araki, O., Kimura, T., Nara, M.,
Nakajima, K., Murakami, M. : Biological Antioxidant
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Activity enhancement and substrate specificity modification of microbial

transglutaminase by protein engineering

O I 7
CHUBBR 2 K25 B SR G £ B2 950

Teisuke Takita

(Kyoto University, Graduate School of Agriculture, Division of Food Science and Biotechnology)

I purified the product from the reaction mixture by HPLC, whose fluorescence changes
suggested fluorescence resonance energy transfer occurred as a result of the crosslinking of
two fluorescent peptides by the transglutaminase from Geobacillus stearothermophilus (GsTgl).
LC/MS analysis revealed that the fluorescence changes were caused not by cross-linking of
peptides but by cleavage of a peptide, suggesting that GsTgl possesses amide bond-cleaving
activity. I compared the thermal stability of GsTgl with the one in which its characteristic
C-terminal short extension (EX) is eliminated and instead His-tag is added (GsTglAEX
(His)s). The results suggested that Ex contributes favorably to the thermal activity at 50-60C
but not at 70-80C. I purified the transglutaminase from Bacillus subtilis (BsTgl (His)s) and
the mature form of the transglutaminase from Streptomyces mobaraensis (SmTG-M (His)s).
For the four enzymes, I compared the BSA cross-linking activity and the BSA modifying
activity with dansylcadaverine. The results indicated that SmTG-M (His)s has the very
highest activity in both cases. Interestingly, GsTgl AEX (His)s showed higher activity than
GsTgl, suggesting that EX also contributes to the activity. I estimated mutational frequency in
error-prone PCR and constructed the GsTglAEX (His)s expression vector into which the
amplified fragments were introduced. In addition, I succeeded in improvement of the screening

system for the isolation of GsTgl with desired substrate specificity.

BAkix, TGIZBWTHH IRV, TGIZL D,

1.B ®
SHICANOBNUREEOUEL 1255720

NI UVATVE IF—E(TG) 2L B Y v8s
HORMEE, EAOMOERREDOYEIIKE %2
MRE D259, WAE, Streptomyces mobaraensis
HE DTG (SmTG) AL ST %, TG,
T Y VZER (Lyshkdk) L850, 7 fth
K (GInFkH) 1203 2B TH Y, Asn

(21&, AROIHEME OB R I R R DR
INb, B, Bacillus subtilistHETG (BsTgl)
DE R L RS S

HR &5 R AT O Geobacillus stearothermophilus
kDTG (GsTgl) 1%, BsTgliZ 7z C K E
BeHl (EX @ 273%3%) 26§ 5%, WEAEE, WS
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Hix, LT Efro72,

1. Ni*" 7 A THBEREZ 2 O GsTgl5E 8%
DORESE - CHMIZ (AspSer)sV) ¥ A1 — L His¥ 7
% 5 DGsTgl(DS)s (His)s ; EX% K LHis% 7
% H2GsTgl AEX (His) 60

2. FRETXTF Fxp& F v 72 BESE T 2 i 0
et (FRETE),

3. GsTglAEX(His) eZZRMAEOMB L, LAt
W X 250 R,

4. 7rE¥¥ Y v (Amp) WL HBEICHW
CsTgl® 22 ) == 7 D7=HOTEM1 f-T 2
¥y < —+¥ (TEM1) 2k &GsTgloLFEBED
W2 (AmptEA 2 ) —= v 7 R)e TNH DR
REd LI, AEEIDTEHEGE L.

1. FRET#:® RUBARN D 553H7 .

2. FRETHEIC X Y W@ L 2GR mA R %L o
% AR OVER,

3. GsTgl, BsTgl, SmTG®#EM: & 4G TG
PO,

4. Error-prone PCROES, BN ¥ — ok
5, ERAKOBEY,

5. AmptER 7V —= v 7 RoBHA%Om L
BB D FER

6. XMH R AT o

2. 7 &

2.1 FRETED UGB O 547

Lys-Ala-MCA (KA-MCA) X7 F Fif%e
Frd 5 A L 72. Z-Asp-Gln-Met-Asp-AFC
(Z-DQMD-AFC) &, Bachem» 5l A L 72,
MW7 F R (50uM) %, GsTgl(DS)s (His)s (2.6
uM) FFFEETIZ, 37TCTRIL S/ (40ul)s 70
WDOFRZER K2 FML, HPLCIZfE L 72 (Fig.
1)o %7 21&, F+ %7475 A2 DLaChrom C18
(4.6 mm LD.x 150 mm L.)o ¥t 1 ml/min. #
L, A K+01%TFALB: 7 b=}V

V+01%TFA, 79V M :100% A (0
min) ~100% A (10 min)—30% A (60 min), %
oAt iE, BEHRF-5300PC%& F vy, UG & 7K
THARE, Rk E (Ex) =325 nm TllE L 72,
LC/MSH#rix, U To%&MTIT-> 72, LC:
Agilent1260, 77 7 2 : CAPCELL PAK C18 UG120.
MS : QTRAP AP 3200 LC/MS/MS . Ionization
mode : ESI-positive ion mode - Scan mode :
Enhanced MS,
2.2 BsTglé SmTGOFEH R DR & F 3
B. subtilis’’ 7 ADNA % $H1Z, BsTgl#tfnT

%, Ndel#ifiz 5> 7 74— (LL#g, Ndel”
A =L KiL) LXhol7 T A ~—TPCRIgIE
L, pET-22b 2 A L7z SmTGA L#fET %
4 L7z (Invirogen) o ABIET %, Ndel7 7 A
~— & Xhol7F 4 ~—"TCPCR¥IFEL, pET-22b
WA L7 (pET-22b_SmTG)s SmTG X Pro
WAL THEHEL, BHARIZT 5 I21EDispase
1% ETUHT 2L ENH D, £2T, NEumIZ
PelBY 7 F VELH % A1 L 72 Pro®ids & Mo s
DY YTAFRBREMEL 2% pET-22b_
SmTG @ B 34 58 38, @ Stud # A7 % QuikChange i
(QC#:) TEw/z (pET-22b_SmTG_Stul (x)),
KT T AI FOPro#illi%, Neol7 74 <x—¢&
BamHI7 7 4 < — THiE#%, pET-22b1ZHAL
= (pET-22b-pelB-Pro)o &K 7F A I K% Ndel
& BamHICHLEL%, GST % 7 s % Brvs72pET-
42 2 1238 A L7 (pET-42a(-GST)-pelB-Pro) o
pET-22b_SmTG_Stul (x) DA%, Ncol”
FA4 %=L Xhol7 5 4 ~—CTHiE#, pET-22b
2 A L7z (pET-22b-pelB-Mat (His)s)o A& 7
FAIFNDOT7 70— —DLieT74%—3
— & — DT, QCHEETStul iz EA L7,
K75 AI FuStul T, pET-42a (-GST)
-pelB-Pro® Stul#F AL IZE A L 72,
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2.3 GsTglORHEBDOL R & KAk

FRRAEL 4 CUY T v, B 71320 mM
Tris-HCl (pH80) % M\ 7z, FEagil 2 885 ik
L, &0 BiEZ g rm L, 30-60 % 7 =
DEAE- } /8= (Y —) 12t L, 0-1M NaCl
T U720 HBYM %% HiPrep Phenyl HP 16/10
(GE Healthcare) 12fftL, 1-0MBEZ THEH L7z
H Y1) 43 % HiLoad Superdex 200 (GE Healthcare)
WHEL 720 #dfbicix, Crystal Screen™ 1 & 2
& PEG Ion ¥ v b (Hampton Research) & Wizard
1&2% vy b (Rigaku) 2w, Y o747 F
ay FikEfTo7,

2.4 Error-prone PCROMF & X7 7 —

DL

GsTglBt ) O HindIIl & Neol #7123k £ o 7- 48
B (0.7kbp) % , & % & B (pET1la-GsTgl
(DS)s (His)s : 0.001-1ng/ul) % &1t & &,
GeneMorph II Random Mutagenesis kit (Agilent
Technologies) # Fi\y, Hindll1 75 4 < — & Ncol
774 < —TPCR¥jIHL 72 (1st PCR)o BB
%42, ExTag DNA polymerase HS (% % 5)
v, Hindll7 74—, Ncol 754 ~<—T
PCR¥IE L7z (2nd PCR). 3MURWIH % HindIIl &
Ncol TRLF %, Hr BLAE W D Neol AL 2 & D
pUC19 (pUC19_Ncol) \ZEA L7z %51 T3
oo =— 2 YN L, 28508 ARE 2 5
L7z HindlI1& Neol TRLPE L 7= B IR IT F % 38 A
$ %728, pET1la_GsTgl(DS)s (His) s ®pET11a
W B B HindIll A2 2 QC % Tk w72
(pET1la_GsTgl(DS) s (His) s _HindIll (x)

2.5 BREVDOIE

TG#% 5 5 MEMLIRT, 2055 ROk FACHHE L,
FRETEIZ X ) BERIEHEZ KD 72, 50 uM KA~
MCA & 50 uM Z-DQMD-AFC %, 5 uM TGHf
FETIZ, pH80, 37C TR SE72. U, K
T300R5MML, Ex=325nmT, ZK¥EE (Em)

=440 nm D HICTREED HFERIGEZ RO 72 B
MEL 7 L OB T 5T, BRAENN
(%) %mRL7z

2.6 ZEEMEOE

2.6.1 BSAZUENEME © 1 mM DTTHIE I,
6 uM BSAETG%, pH&0, 37C TR ¥,
TGEEIZUT E L7 053 uM GsTgl ; 081 uM
GsTgl AEX(His)e 5 1.6 uM BsTgl(His) s ; 0.081
uM SmTG-M (His) 6o JUSE % SDS-PAGEIZ fit
L7z

2.6.2 ¥y hy~NYr (dCAD) ®BSA
NOEEEYE 0 1 mM DTTHETIC, 6 uM
BSA, 200 uM dCAD, B X O’TG%, pHS80,
JPCTRIEEE72 (T4ul)o TG TEL
72 1.3 uM GsTgl ; 081 uM GsTgl AEX (His) s ;
1.3 uM BsTgl(His) ¢ ; 0.081 uM SmTG-M (His) 6o
BOBIZ20% TCA (25ul) ZINz, XKIIZ10%
Wi, 4 CCmEEL 7z (20000 % g, 10%5) o
&2 5% TCA (200ul) #iNz, 4T TE o
BEL 72 (31H). PEMELC 5% SDSTEE % M %,
100C T 5 4rm#ktk, K200 ulz iz 7z, Ex=
325nmT, Em =440 nm®#HGHE % HE L7z,
HOUHENHEE 2 BRI EE TR L 72l &2 id R & L,
GsTgliZxf 3 2 TH L2,

2.7 Ampiitfk A7) — =¥ 7 ROFIMEOIN

LEgR

70 ug/mlA <4 ¥~ (Kan) % &G LBH
(5ml) {2, TEM1 Wil #fzF (N-1958 L O
196-C) R GsTgl(DS)s (His) s it % & v 7 A&
\ZHdiE L 72pET42a(-GST) _N-195/E195Q_196-C/
L196K_GsTgl(DS)s (His) s ¥ D77 A I F& b D
KEHBL21 (DE3) %#37C C—Huki#E L7z, Biss
(100 ul) & Overnight Express™ Autoinduction
Systems (Merck Millipore) @ i3 % 70 ug/ml
KanZ &TLBR:M (5ml) 12hA, 15-37C Tk
7% L, 100-500 ug/ml Amp & 1 mM IPTG% & s
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LB7 L — MZ#EAi L, 20-37CTOEFZBIEL
720 TEM 1 O &2 S, E1950T #5121
L19612/N 2 L199D3F R 5 2 LAV S 7z,
% 2T, #7212 pET42a(-GST)_N-195/E195Q_
196-C/L199K % % Z & ¢ & [ Bk o )7 i T3
L7z

3. BREEE

3.1 FRETED RUGER O 5347

KA-MCA & Z-DQMD-AFC% S &€ 5 &,
KA-MCAD Y —Z7 OAHHEIL, 28 minlZ 4K
PHsmBLL 7z (Fig.1(a))o KA-MCAD & % JUt
EETH, FBOERYAMBLL 720 &G
T, WHEAXRZ MIVOY— 2713443 nm 2B H) L
7z (Fig.1(b))o HBEAERM DY — 2 $443nmT
Hotze EBHWELC/MSHMT % &, KA-MCA
GFNOT I FREGPUR S Twi (Figl
b)) TNBiE, UTFZHLMILA: (1) 2
NE CFRETETHOGHME L THIB I T
DEFRTF FEFGTE %L, HHETHB . (2)
GsTglid 7 3 MGtz A %0 L72hio
T, WEEEEICFRETIERIC & b e L7 8, 4
WCla % RG22 LR TH L EE X
b7z,

3.2 B ME, B I UL
BsTgl(His) ¢ & SmTG-Mat (His) s 1%, WM
FIZHEBEN, NI 774257475 2I2K 0K
BT &7 (Fig2(a)o PRAFHIZ, GsTgl A EX
(His)s & BsTgl(His)s 1% &8 7 0 % L 72 2,
SmTG-M (His) s (FEA L 720 WEBOHLRIC X
D EMIEDGsTgl2 s b (Fig2(a)). T DA
XI5 mg/mlTH - 725 7 mg/ml GsTgl, 5
mM DTT, 50 mM I-Gln%Z &5 %, PEG Ion
G 3 % (02M NaAc - 3H:0, 20% (w/v)
PEG 3350) LiRA& L, 4CTHRIFT % &AM
Boh (Fig2®), 4 AREONFGEIRSH

720 BIfE, SPring- 8 TOMMHFHTH 5%,

3.3 Error-prone PCROMET & AR 7 —

DR

1st PCROFHE T 5 A I FOREICHRE <,
2nd PCRTHM /N ¥ FAFERR T & 72 (Fig3
(a))o HindlI1& Neol TULEEL, pUC19_NeollZ3E
Ak, BHIENT$ %L, 1st PCROFHE T T A
IFDREDORAE & BT, BEEAEN; LS L
TWw 7z 10001 ng/ul—11.64# ; 0.01 ng/ul—10.9
il ;0.1 ng/ul—7.2M : 1.0 ng/ul—2.8M, pET-11
a_GsTgl(DS) s (His) s_HindlIl (x) \ZHAL X5
& L7278, GsTgl(DS)s (His) 612GsTgl AEX (His) s
WX, BUEISTEAMR W Z EAVHIA L 72 (K48
#)o €T, pET-22b GsTglAEX (His) s |2,
PCRWIH 8 A3 452 &2 L7720 GsTgld Ncolik
P, EXHIICH 5720, #Hr712 C R EIC
BamHBTM #38 A Lz THIZED, 25K
BRI N2AY (A224G & T225S), EMEOETIE
RoNnlhorz CRiBH). MEkD LT 2nd
PCRTHM/N Y 3R TE 72 (Fig.3(h))o

3.4 BREMOHEK

50-60C O BILELCTIx, GsTgl AEX (His)elllt
N, GsTglW BV EAEEEZ /R L7 (Fig.4(a))o
70-80C Tid, HOKRL o720 TN, EX
FIFIE, 50-60C TIEAFNZ, 70-80CT TIEAFIIC
< 2L ammRmL7z,

3.5 ZUETHTEO e

BSAZUEIEMETIX, GsTglz b 3FEOEEET
WA TE 72 (Figdd)). BREEZE
35 &BSAZMEIEHEIELTONRTSH 5 &% %
bM7z 1 SmTG-M (His) s > >GsTgl A EX (His) 6
>BSTgl(HiS) 6o EIEFEIZL Db 5, GsTel

UG DSHERR T E 2 &k, EXGHIEASAE

PDREE L7252 2R L7z, dCADDBSAN
DOAFETEYETIL, SmTG-M (His) ¢ O &G A X
7 MVDY =7 3500 nmfFEic i S, 2o
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Fig. 1 Analysis of the product from the reaction catalyzed by GsTgl.

(a) HPLC analysis of the reaction mixtures containing both K-MCA and Z-DQMD-
AFC and containing only K-MCA. Detected at 345 nm. (b) Fluorescence emission
spectra of the product purified from the mixture containing only K-MCA. Ex = 325 nm.
(¢) LC/MS analysis of K-MCA and the product.

3440 nm I E— 2 R S CRIBE) GsTgliclt~, ZhZh, 10f% 44%, 100045

490 nm D HOEIRIE T T 5 &, GsTgl A EX weHEB s,
(His) s, BsTgl(His) s, SmTG-M (His) s Dif 13,
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Fig. 2 Purification of GsTgl, BsTgl, and SmTG and crystallization of GsTgl.
(a) SDS-PAGE. (b) Crystals of GsTgl.

1st PCR 75 Z3K 1st PCR 7' X3K
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3 N &
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Fig. 3 Agarose gel electrophoresis of the 2nd PCR product.

(a) PCR fragment corresponding the region between HindIIl and Neol of GsTgl (0.67 kbp).
(b) PCR fragment corresponding the region between HindlIIl and introduced BamHI of the
A224G/T225S mutant of GsTgl AEX (His) 6 (053 kbp). In both cases, the 1st PCR and 2nd
PCR was performed with GeneMorph II Random Mutagenesis kit and ExTaq DNA
polymerase HS, respectively.

3.6 Ampiifth A 7)) —= ¥ 7 ZOEBEDN ml Amp& 1 mM IPTG% & HLB7 L — M IC#HAG

bR L20-30C 2RI 5 &, DT 3FTEFHE

Overnight Express™ Autoinduction Systems LE N CGRIBE) - (1) N-195_196-C : (2)
% JH20-30C CHEBFFE L 228 %, 100 ug/ N-195_196-C_GsTgl(DS)s (His)s : (3) N-195/
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Fig. 4 Comparison of GsTgl, BsTgl, and SmTG.

(a) Thermal stability. The residual activity was expressed as the percentage of the activity without heat treatment (5
min). (b) BSA cross-linking activity. (¢) BSA modifying activity with dansylcadaverine. The activity (velocity/enzyme
concentration) was expressed as the ratio of the activity of GsTgl.

X
(o]
(o)
2
Q Q Q
8 8 ( ) 8 ( )
- PET42a(-GST) - pET42a(-GST - pET42a(-GST
pET42a(-GST) - N-195 = -N-195 = -N-195/E195Q
-N-195 = 196.C & -196-C 2\l -196-C/L199K
= = -GSTEIAEXHs = -GSTBIAEXHs

100 ug/mL Amp, 1 mM IPTG

Fig. 5 Construction of screening systems for GsTgl with substrate specificity altered by random mutagenesis.

(A) Plasmids constructed. All plasmids were constructed on the basis of pET-42a(-GST), which confers Kanamycin
resistance and in which the region of glutathione S-transferase was removed. TEM1 f-lactamase or both of the
N-terminal domain (N-195) and C-terminal domain (196-C) domain, and GsTgl A EX (His) ¢ were introduced into the
plasmid. (B) Ampicillin susceptibility testing. E. coli BL21 (DE3) harboring each plasmid, in which the expression of
GsTgl AEX (His)s was induced by Overnight Express™ Autoinduction Systems, was inoculated on a LB agar plate
containing 100 uM Ampicillin and 1 mM IPTG or on that containing 500 uM Ampicillin and 1 mM IPTG. The plates
were incubated overnight at 30C.
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E195Q_196-C/L196K_GsTgl(DS)s (His)s o < 1
&, TEM1Bh#HEAER (N-195-196-CEB LT
N-195/E195Q - 196-C/L196K) o HL#giy s v %
EME & GsTgl(DS) s (His) ¢ DKW ZEAG G PR A
ThHEEZ LN, £ T, Lysik#tig Az
ZEL, ZEEEOEWGsTgl A EX (His) s % H
W7z, 30CTHE L, 500 ug/ml Amp & 1 mM
IPTG% &L LB L — MZ&A L30T IZRFET 5
EN-195_196-C &£ N-195_196-C_GsTgl AEX (His) ¢
FAEFET, N-195/E195Q_196-C/L199K_GsTgl
AEX (His) s DAMEF L7z (Fig.5). T,
GsTgl A EX (His)s i< & V) TEM 1 Wi F #i &5 1k 7%
E195Q £ L199K % /1 L4 - ‘wfbshiz2 L %
REL, HRhe A7) —= v 7R3N HE
PERL 720

4. 8 8

GsTglix 7 I FAmMEELZ A L, d0tEH
BT A E RSN L. BsTele SmTG

AR Z FEBARE B L 720 GsTgl O EX S AS B
M EBEIETICHF G ET AL EHLNICL
720 GsTgl, BsTgl, SmTG KD ZEAG G %
R U720 HIMGSTglZRHRMIZAZ ) —= 7
T 5RE/,

X Wk
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Mechanism of porcine-specific thiamine triphosphate accumulation in

skeletal muscle cells

= 4 LIS NI R S
(17 BOF B 58 e A B3 - it e b T AR A T G 4 B R )

Susumu Muroya and Mika Oe

(Institute of Livestock and Grassland Science, NARO)

Thiamine triphosphate (ThTP) is extraordinarily abundant in porcine skeletal muscle
compared to muscle of the other animals. It is possible that the remarkable thiamine abundance
in pork is potentially due to ThTP accumulation, which could be caused by porcine specific
mutation of thiamine triphosphatase (THTPA) gene. To investigate potential involvement of
porcine THTPA mutation in the thiamine accumulation, porcine THTPA was overexpressed
in HEK 293 cells (PT), and the influence on generation of thiamine and its phosphate
derivatives was analyzed, using bovine THTPA (BT) as a positive control. First, the total
content of thiamine in the representative HEK 293 cell sample for each treatment were
analyzed by an assay based on microbiological activity (/D-Vit kit). The total thiamine content
determined in the assay was 120, 160, 359, and 315 pmol/10°¢ cells in mock, PT, BT, and non-
transfected (NT) cell culture, respectively, suggesting negative effect of porcine THTPA on
total thiamine content compared to bovine THTPA. Next, the content and composition of the
thiamine phosphate derivatives were analyzed by capillary electrophoresis—time of flight mass
spectrometry (CE-TOFMS). The CE-TOFMS result agreed with the /D-Vit result, showing
that thiamine content in the PT cells (43 pmol/10° cells) was lower than those in BT (72
pmol/10° cells) and NT cells (159 pmol/10°¢ cells). Thiamine diphosphate (ThDP) was
detected in BT (53 pmol/10° cells) and NT cells (81 pmol/10¢ cells), but not in PT cells.
Unexpectedly, thiamine monophosphate (ThMP) and ThTP were not detected in all the cell
cultures in the CE-TOFMS analysis. Our results indicated that overexpression of porcine
THTPA drastically reduced not only thiamine and ThDP generation, but also a variety of

compounds mainly related to glycolysis, amino acid, and energy metabolism in HEK293 cells.
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W, TAVE—EREICEEZELR— TR (ThTP) »3 L (Fig. 1), —f%12% < OWfFL
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1.B ®

© The Ito Foundation



FIEOF 7 3 v =) v SR O] 33

Thiamine

°

A

, THTPA

R g i — R ' /-
ThiP

ThDP

Fig. 1 Interconversion of thiamine and its phosphate derivatives in animal cells.
ThMP : thiamine monoohsphate, ThDP : thiamine diphosphate, ThTP :
thiamine triphosphate, THTPA : thiamine triphosphatase.
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Fig. 2 Effect of THTPA overexpression on thiamine and thamine diphosphate content in HEK293 cells. Mock : vector only,
PT : porcine THTPA, BT : bovine THTPA, NT : no transfection. ThDP : thiamine diphosphate.
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Fig. 3 Heatmap result of hierarchical clustering of metabolome profile in HEK293 cells overexpressing THTPA.
Mock : vector only, PT : porcine THTPA, BT : bovine THTPA, NT : no transfection.
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Studies on the new evaluation method of Wagyu beef quality

M Bk

(FEISERFFERHFE TR NSRS - FTah BESEBAN M A JEA S E 7250 )

Tomoya Yamada

(Institute of Livestock and Grassland Science, NARO)

In this experiment, we studied the metabolomic analysis of longissimus muscle between

Japanese black (Wagyu) fattening cattle and Holstein fattening cattle to determine the key

components associated with beef quality. Total 67 compounds were detected in both groups by

GC-MS analysis. Principal component analysis (PCA) of metabolomic profiles in longissimus

muscle indicated that PC1 were clearly separated by breed differences. Holstein beef were

characterized by the abundance of components such as amino acids, amino compounds and

nucleic acid metabolites. In contrast, Wagyu beef were characterized by the abundance of

components such as sugars, sugar phosphates and fatty acids. These results suggest that the

differences of beef quality between Wagyu and Holstein might be affected by the metabolic

products identified in the present study.
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Fig. 1 Principal component analysis (PCA) of longissimus muscle between Japanese
black (Wagyu) and Holstein fattening cattle.
JB : Japanese black fattening steers (n= 4 ), HO : Holstein fattening steers (n=4)

Table 1 Loading values of top 30 compounds for principal component-1

PC1
compound name
R b
1 11 Alanine-2TMS 0.949 321E-04
2 40  Valine-2TMS 0.948 341E-04
3 88  Threonine-3TMS 0.946 3.87E-04
4 129  5-Oxoproline-2TMS 0.945 3.96E-04
5 239  Glutamine-3TMS 0.926 9.63E-04
6 192  Asparagine-3TMS 0916 1.39E-03
7 223 Glutamine-4TMS 0914 148E-03
8 367 Ribose 5-phosphate-meto-5TMS (1) 0.902 2.15E-03
9 74 Glycine-3TMS 0.899 2.38E-03
10 385 Tryptophan-3TMS 0.894 2.74E-03
11 406 Inosine-4TMS 0.890 3.07E-03
12 70  Proline-2TMS 0.870 4.95E-03
13 66  allo-Isoleucine-2TMS 0.862 5.90E-03
14 67  Isoleucine-2TMS 0.862 5.90E-03
15 253 Arginine-3TMS 0.849 7.63E-03
16 60 Leucine-2TMS 0.843 8.58E-03
17 63  Phosphoric acid-3TMS 0.840 9.07E-03
18 83  Serine-3TMS 0.833 1.02E-02
19 163 Ornithine-3TMS 0.820 1.28E-02
20 171 Phenylalanine-2TMS 0.806 1.57E-02
21 323 Tyrosine-3TMS 0.792 1.90E-02
22 45  4-Hydroxybutyric acid-2TMS 0.776 2.36E-02
23 151 2-Hydroxyglutaric acid-3TMS 0.757 2.96E-02
24 110 Niacinamide-TMS 0.752 3.15E-02
25 166 Glutamic acid-3TMS 0.749 3.26E-02
26 143 Cysteine-3TMS 0.747 3.31E-02
27 425 Inosine monophosphate-5TMS 0.743 346E-02
28 127 Methionine-2TMS 0.730 3.98E-02
29 313 Lysine-4TMS 0.725 419E-02
30 364 Uric acid-4TMS 0.719 443E-02
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Table 2 Loading values of bottom 30 compounds for principal component-1

PC1
compound name
R b
30 347 Xanthine-3TMS 0.502 2.05E-01
29 134 4-Aminobutyric acid-3TMS 0493 2.15E-01
28 397 Glucose 6-phosphate-meto-6TMS (2) 0.442 2.72E-01
27 365 Inositol-6TMS (2) 0415 3.07E-01
26 25  3-Hydroxybutyric acid-2TMS 0.407 3.17E-01
25 392 Fructose 6-phosphate-meto-6TMS 0.395 3.33E-01
24 254 Ornithine-4TMS 0.384 348E-01
23 393 Glucose 6-phosphate-meto-6TMS (1) 0.351 3.94E-01
22 308 Glucose-meto-5TMS (1) 0.345 4.02E-01
21 321 Glucose-meto-5TMS (2) 0.339 411E-01
20 20 3-Hydroxypropionic acid-2TMS 0.318 443E-01
19 97  3-Aminopropanoic acid-3TMS 0.303 4.66E-01
18 115 Malic acid-3TMS 0.275 5.10E-01
17 61  Glycerol-3TMS 0.231 581E-01
16 44 Urea-2TMS 0.128 7.62E-01
15 196 Taurine-3TMS 0.128 7.63E-01
14 293 Fructose-meto-5TMS (1) 0.108 8.00E-01
13 299 Fructose-meto-5TMS (2) 0.088 8.36E-01
12 1 Boric acid-3TMS 0.048 9.10E-01
11 81  Nonanoic acid-TMS -0.020 9.63E-01
10 77  Glyceric acid-3TMS -0.030 945E-01
9 407  Sedoheptulose 7-phosphate-meto-7TMS -0.141 7.39E-01
8 202 Ribose-meto-4TMS -0.192 6.49E-01
7 302 Mannose-meto-5TMS (1) -0.193 6.48E-01
6 236  Glycerol 3-phosphate-4TMS -0.223 5.96E-01
5 330  Sorbitol-6TMS —0.226 5.90E-01
4 384 Stearic acid-TMS -0417 3.05E-01
3 214 Xylitol-5TMS -0.643 8.52E-02
2 350 Palmitic acid-TMS —-0.658 7.63E-02
1 417 Maltose-meto-8TMS (1) -0.674 6.66E-02
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Fig. 2 Heatmap for the metabolites of longissimus muscle between Japanese black (Wagyu) and Holstein fattening
cattle.
JB : Japanese black fattening steers (n= 4), HO : Holstein fattening steers (n= 4)
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Clarification of the enhancement mechanism of “koku attributes” by lipids

in pork sausages

[ T
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Toshihide Nishimura

(Faculty of Nutrition Science, Kagawa Nutrition University)

It is well known that pork sausage is very popular as one of delicious foods. Recently, it
has been shown that pork sausage gives us Koku attributes such as mouthfulness and
lastingness in the retronasal aroma sensation. However, the clarification of factors involved in
its Koku attribute has not been carried out yet.

In the previous research, the addition of umami compounds and fats was shown to
enhance the intensity and lastingness in the retronasal aroma sensation of pork sausage,
resulting that umami compounds contribute to “Koku attribute” of pork sausages. Furthermore,
the analyses of aroma compounds of smoked and non-smoked pork sausages showed that
common aroma compounds were clarified to be [ -Pinene, 3-Carene, D-Limonene, Octanal,
Nonanal, Caryophyllene, Methyl eugenol. In this research, the difference in amounts and
characteristics of aroma compounds released from the sausages containing different amounts of
fat was examined.

GC/MS analyses of aroma released from three kinds of pork sausages containing different
amounts of fat have shown that D-Limonene, Linaryl anthranilate, Hexanoic acid and Eugenol
were detected in these all sausages. 1-Octen3-ol was detected from the sausage without
addition of fat. Its characteristic was sweet or like green tea. On the other hands, 1-Pentanol
(tea or vinegar like), a-Terpineol (grass or sea weed like) and Methyl eugenol (flower or
irritation) were detected in only the sausages with addition of fats.

Next, the mechanisms of persistence of aroma compounds to fats were examined using
soy and egg lecithins. One percent lecithin held methyl propyl disulfides significantly and did
not hold furfural. 2, 6-dimethyl pyradine and hexanal. Furthermore, methyl propyl disulfides
were held by both lecithins at the concentration more than 0.1%. Next step is to examine the

mechanism for holding effect of fats in pork sausages.

n, BuL2oRAFAO L ITHHEN TS,
LoL, 227123, CnEITIZEBLAL L ESR
VAR, £ O/MIZay b v SENRFER S M olzizh, ZNENORIEEIME DI

1. B i)

© The Ito Foundation



46 SERG30AERE AP S B BRI B AT R (Vol.37)

TEHliL T, FRL T8 HIRTH D, 22
T, FAalL, I ERFRBIGICEHEL, [RZ 516
TERVWNEEZ . TORE, a2id, K F
D %5 CICEBDOTXTORBTEEEINL LD
ThY, ZLORBWTHERINS [HMES], <
ORIFATENTE S & IR ] oML, £
NAFE T % [FifetE] O 3 o0%EH#K (kA2
7) T ENLZEETHL EEHRLL Y, F
7o, BEYOBHESE, BIK, R, NEREO
MAZ X DR SND EEZTWbH, TOHML
I DILAT) & Fekitk 2 BRI 2WE L LT, 9
FRWE EIREASER 2 XH 2R LTnwb L
EHLPICLTERLYY, S5, a20h58E
APE LTIl SN TWARMICBHLT, a2
DI - HRIN T L Z O A B = X L %78 L
TWa,

K=V —t—=Vlk, BEXPYoOPTHEL b
ERLEYDO12THY, ROHBEOLZ VA
W TH S, TOBVLEIE, 9 TR, Mo
FORLPICARICEILZ LI MbRATY
5o SNFEFTOREWEGOFEZICHT 20580
5, WEAEAED 7 L——1g, HREREONRE
TRALPIHEEIC X 2/ ) TH 2 L OWEDV D S
2, EEHHIE I Twi v, 72, Mottram”
fRamarathnam® OMEIZ LV, WHEET LV F 0,
RYJZFYN, Fz= VTR MY, 4-
AFN=-2-Rx ¥ )V, 2-TFN-2-F7 T
F =7 EOFLE S SHEMBE A ALz o
POZLMMBENDLZEDBHLNER>TWS
A, ERREGORRNE L OBETOMEIL, 3k
AL ZREIN TV,

FIT, BAEFR=—7V—b—TVOAKEIZH
A T2, £9, K—rv—t—YD
BRECIE, PRELE LTH) MBI % &
R, EEOEHZHEMLTWwAZ N, 2
NEOWEIZE 5T 7B - 3582 = X L1

Ha M TTHIEZFEL T b, LRI ™ 12
BWT, =2V —t— VO EikiFMT
fEFTL, R—2 vV —t—VOERNEME LT,
I EIR, R, RIEZK, R OH LR, B
AOHDHH, FIXLW, BEOLED, LY
HHHY, AE—F—, A T=FY, G,
TV T RE, £t
HHOMGEZRBL, K= v —t—-TY0aKk
2iE, 27T TR ERENFIET 52 L 2]
LMLz F2, V—tk=JITRMENTNW 5
I FHWWH I, A=V —t—YOhFEIHRL
&L S5 LS, EIROBHE S LIROFEBENE
FMELEEL T END, a7MmMETH D
TENHH Lz, EHIT, K=V —k—=Vn5
i L 722H/ERR G2 R rET 270 M7 T
74— (GC-0) tHEIMAAZz O N7 F
74— (GC/MS) TH#L, K= v—t—v
DRI 2 B ZH G4 B A 2 FE L 7zo
AE=I )=k —=VE ) VAE=T ) —k—=TD
BRSO LIz /) VAE=2 ) ==V T
16T O F LM A &, GC/O%5#T & H
W72AEDABEIZ XY, 168D W, B -Pinene (4E
YAy, &, &), 3-Carene JRA—7,
B\v), D-Limonene (F - XV, HRW, B,
Acetic acid (B8 - X\, FE), Copaene (7 X &3,
X9, B) Methyl eugenol (¥, # 5 A,
Wi, N—7) B, ) VAE=7 V=t =YD
B RVICHS T M0 & LTRERL D
KHESN TS, ThHD6 H3E, AE—2
V—t—VIBn T I hTwZ &b,
FTRTEROKAHR, F3FERERTH S
LR INT AE—27 VY —k =TT, ThH
WIMZ T, MEEHROR— 27V —t— %At
5 EFERS & LTp-Cresol G, Mg, A E—
2) & 26-Dimethoxy-phenol (AE—72, ) ®
TIPS ol TODXHIZ, =2 V—

WSrR, Ya—v—,

© The Ito Foundation



K=V —t—=JIIBIFAIREADO T 7 BRI L ETD A D =X L OfFN 47

t—UN, BBOHLIFNV2HT L8324
L, BROWIZLDS ) RFhitk 2 3537 DH 5%
BEMTHLILEWHL2E LTE R, HEEDOH
782 TiE, vV —t— Y OBEERIRINT 5 W
B, V==V OERMEICE 2 HEEEREN, B
M3 2REEREZMRTE, 5 FRRPIERZ B R
T572 TR, RO Y LRtk % o,
37 EMT LI ENHERL BT 2,
NDMRENC X 2 FEB T ORFHC & 5 FetEA
EENTz,
RIFFETIX, ThFE TOMERBEZELICLT,
A=V —t—TVOFERELTHERML TV SLIRE
WCHEHL, IREORMETRL 2 /F5W 5 O
NS LB, BRE ORMEDE LS O
FEICKITTHELMITLI 2 HNE L,

2. 7 &

2.1 PR

PRERIME DR 2 3FH O Y - -2 GEF
MRS, AR O50% RINES, R
i) AWE L, WAL B o%,
WTLWARZE LI THAEL, L LTHW,
2.2 K= v—k—YOFRELT I

a) B bI v 7 (VAT AHEAD 12

LB HR T Otk

KV —k—Y MY LK, 5gxiDy,
40mlDONA TR ANz b D%, 60T T 2 K
e L7z, COBICHE LNy FAXR—2FK
S5 % Mono trap (U FE ) AREFA
VI H A T R) THiE L,

b) GC/MSIZ & 2 FHXK ST D[l E

a) T LK %GC/MS (GC-2014, (Fk)
EEELERT) kL, HEES EFE L 72,
53HTIZ1ZCP-wax 52 CB(30 m x 0.25mm id., 0.25
um film thickness) (¥ —Z V4 T 2 (1))
NI LRV, T, HRSOENREL,

2 TR U 7= B B CHlE L TR
L, H#gL7.

c) GC-OIZ & 2 &5 O FFEMHT & AEDA

(2 & WGBS O E

a) CTHBELZZRABEGC/MS (GC-2014, (#)
SEEBUERT) L, FRRTEIEET 5 &k
(2, SrHEL 728U OFEE 2 GC-0I T, fi#fT L 720
E 612, AEDAZEIC LY, RENEOR L 5
K=V —t—VOFRRTE LT, FHEOK
WD OEKELR,

2.3 MREIC X 2 FH5 5 ORFER) R
JREDOHT, 9, FXBTORFR R
T&2Y) YIRECHLTRNZ, V)V VIREDH
T, REHLVIINHKOL VT 2w, Zh
FN% 1 %O D L) ICHHAKEMA T2,
KREHEZED D O 2 MlE L, JRHRD b DI
LAWMIHELTHEB L AFVTRE VY A
T4 K1y, 26-VAFNVESTTY 5 u, 7NVT
F—I5ul, "NFH¥F—L1 uli®MmL72%, L
TF W RN A 3 B PR 7 %
HS-GC (FEEO5M) <, Mumzafle Lz,
(GC&M:) %618« BE:GC-2014, TuroboMatrix40,
715 2 0 TC-WAX (30m x 0.25mm id. 0.25 um),
F—7 2 iE 40C (1min) —10C/min—180C
(5min), ¥% VY 7—# A :He, 35mL/min
WALHREE © 200C, #eigs - FID (200C)
(HSGefF) IiiiEE - 40C, MMEAKERE : 10min,
JNERER 0 3min, {EAR : 04ml

F7:, LIF U OWMREED, X F VT aEn
TANT 4 FRFEFRIRIC T T B AR, K
BEUiHkOLYF % 1, 05, 01, 001%I
% X CHEBKTHER LIzo WA TIVE IR
FNTRENTZANT 4 F1 wziiml 728,
VIF VB EMA, 35 BB e L 7.4
HS-GC (LiEo4ff) <, Hulisz 58 L7z,

© The Ito Foundation



48 SERG30AERE AP S B BRI B AT R (Vol.37)

3. BREEE

3.1 BieEORZLY—k—VIZ&TND
FLRT DR

e GRORE D ) YV AE=2 ) ==V T
i, BREIGEWSRDO LN, BgEIE W
&, JABRD)IA DY) R R N 2 E S S0 &
Bolee TOMME LT, BEPERLS % RFF
LT o Rtk dsRg S iz,

ZIT, mMESNZZEEROEVD, vV —
=YD EOFELRGRI\IEBD D B 0% Wi L
7oo BRI, ML) L ZZENisRoR R 5y —
=T %N TIVIRIZAN, 60T T 2 KeRhmzk L
72IREL, 2NA T OVIHIZ U & 5 F R &
FL, TNHEGC/MSTHM TSI LI2&D,
TR ORRE & Z DR REE Rz,

RIS I a2 & D & B TR0 D oAt
FiA & Fig. 1 IR L7z. F & 50 % NI a3
B S U S B &I O S Hr i R % Fig. 2
R L7z s ofRiasmidamn Sl S s
B 5T DT RE R & Fig. 3 1R L7z,

GC/MSIZ & 250t AR, BEOFZW G0
M & 4172, Limonene, Linalyl anthranilate,
Hexanoic acid, 7 & OFICEugenoli, wiNd % g
hEEICER R, IXTOY—t—ITHEL
THM &7, Z®9H %, Limonene, Hexanoic
acid & Eugenolld, WRIHHRMENZ 25 &, )
WMENLEIRD L7, 2, miFESILEwDS,
JRWICRFES MR T W 2 A L T 2 T RetEds
# 2z b7z, 1-Octen-3-olix, NRIFMRMD v —
=Y 0ARP LI NOT, RHICRESh
RITWELREDTH L EHE SNz T2, AN
AR, V=, BEHHEDELRE T bMethyl
eugenolix, WREEASAIN S LT W 5 E 55 5
EINTWRZERSH, BRI W EH
EENT. E51Z, 1-Pentanolix, FEMIEEMO

WS HZTBIL SN TBY, IREHROFFMK
SO REMEATRIE S iz,

3.2 GCOW & B2HERM T DM &

AEDAIZ & 2 % 5055 D5

GC-O%iE % VT, GCTH S M7= i
DECHERIT, RITRMEOR 7 5 3FH O
R=2 v —t— Y OFIRE N F G BED &R
1853 DR g = A 720

®/ b7y ITHELLERERE, Yoouoxy
YEMWT, 4 ORBTEREMICHRL 2%,
GC-OIZ X 5 AEDA M L, FHEOEWE
AT ERE LTz TN DKL, Table 1 H
5Table 317K L720 WML T w7 LT
FEh L7z R E T, RERNE—-27 Y —
t— U T4, 1V 28IRIRINA —27 v —t—
T3, EEEESNAR -2y -k —T T
F2T0FT CRVWSHIN &z, ZoORE»S, i
Wiemz sl ETRODBMPIZ D Z LD
ML, MRS L-L908, Rsamc Xy,
BRSNS 2 LS L 72

KIS, TRHDF Y TV EBERERICHL, 64
HABY 7V E TGC-012 & 5 AEDA % i
L7zo TR, 64REARY » 7 Tl e
WorE LT, SRR =27 v —t— Vi3 4 2,
WE QP ERRMA—27 Y ——T1d 5 »
B, @ERIRGRINA—2 Y - —JIE 52T
HY, TNHEEERGE L TR AL LT
&7z

SHOKENS, INLHEHRNEDORL: 5 3
HEOR—2 V-t =V KT 2L, TTD
B TR S L7z Hexanoic acidid, HIFdH o -
Th - NTH - HORNELTELE LN,
Linalyl anthranilateld, O7%&7zDFEw - Kz Tw
LHEW - BHORWE | F7-Methyl eugenol
X, AE - RIER - APREEE T S5z, 224257
I SN beugenolld, 7 F v v 7ORWE

© The Ito Foundation



K=V —b =V BT HIREAD T 7 BERERE ZD X H = X L DR 49

o . Internal
F &= Limonene standard
bid Linalyl .
H || anthranilate Ia-|e_xan0|c
1
?é | 1-Octen-3-ol /
| Eugenol
|
| ——
I —— S
10.0 20.0
RIFREE (5)

Fig. 1 GC-chromatogram of aroma compounds extracted from non-smoked pork sausage without addition of fat
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Fig. 2 GC-chromatogram of aroma compounds extracted from non-smoked pork sausage containing 50 % of regular fat
content
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Fig. 3 GC-chromatogram of aroma compounds extracted from non-smoked pork sausage containing regular fat content
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Table 1

(M1 2]

GC-01Z & 2 AEDAETHH SN2 BRI Y — & — ¥ O F 54 (Characteristic of aroma
compounds released from the sausage without addition of fat)
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MG > TV THRINT & 72b @
Table 2 GC-OIZ & 2 AEDALTHi S N7z @H O 5w O RIFRAN Y —t — Y OF5 5 (Characteristic

of aroma compounds released from the sausage containing 50% of regular fat content)
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AEFRH TV THRINT E 280
16654 MY~ 7V CTRINTE 72 b 0
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Table 3
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aroma compounds released from the sausage containing regular fat content)
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Fig.4 Effect of addition of lecitin on persistence of methylpropyldisuflide
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Fig. 5 Effect of soy lecithin on persistence of methylpropyldisulfide
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Fig. 6 Effect of egg lecithin on persistence of methylpropyldisulfide
* 1 Fig.4~6 RELZTVT7 7Ry rOF—FHETIIAEEEDY (p<0.05)

D7 7:D 5\, Hexanoic acid (7%, T4),
72 5 NZEugenol (X F v v 7) &, w3y A5
hE IR RL, ITRTOY—t—ITHEL
THH &N 7zo 1-Octen-3-ol (R, Hw) (&,
PR ERmMD Y —k— Y oA SRSz, —
77, 1-Pentanol (3%%%, EE), a-Terpineol (¥,
L) 7% 502, Methyl eugenol (€ - Jll# A -
AEEL) 1, RGOS 72 HB s T
W7z,

Z 2T, IRE ORISR F K55 O PR
BICRIZTHBEW L 2T 5720, ) VIRET
R A D N QR 2 U Ry S R
1%DOKREHEL > F ¥ EHIHEKL ¥ F V3
i, AFNVTRENVIANT 4 FERHET 5058

PHLPE R o720 ZORRIE, wThbL YT
VIREEN01% FTIRT LCh kT 5 2 &A%
L7 LAL, 26-YXAFNVESTY Y, TIUT
S =, NFFF— VT BRI ED 5
Ndoiz,

X Wk

1) WREE: AERoBwWLsEZnEF & T as
ik !, JATAFFY ¥ —J v, 3(12), 29~35,
2015.

2) VAL : R oBW L S EYET L3 7Y
BoFaA LB, AFI7— 737, 2017-9,
23~27, 2017.

3) VENEEE 37 OBREFGRS R LA
PH%E, frih e B%E, 53(6), 20~23, 2018.

4) Nishimura, T., Goto, S., Miura, K., Takakura, Y.,
Egusa, S. A., Wakabayashi, H. : “Umami compounds

© The Ito Foundation



Rer )=t —VICBITDINEEO T 7 WA L 2D A 5 = X L DIRW 53

enhance the intensity of retronasal sensation of
aromas from model chicken soups”, Food Chemistry,
196, 577~583, 2016.

5) Nishimura, T, Egusa, S. A, Nagao, A., Odahara,
T., Sugise, T., Mizoguchi, N., Nosho, Y.:
“Phytosterols in onion contribute to a sensation of
lingering of aroma, a koku attribute”, Food
Chemistry, 192, 724~728, 2016.

6) TVHRHEKE  [EROBWLS 25 & TS FH®KY
Botk#l]l, ERoFY:, 57(2), 177~180, 2016.
7) Mottram, D. M. : “Organic Nitrates and Nitriles
in the Volatiles of Cooked Cured Pork”, J. Agric.

Food Chem., 32, 343~345. 1984.

8) Ramarathnam, N., Rubin, L. J., Diosady, L. L. :
“Studies on meat flavor. 3. A novel method for
trapping volatile components from uncured and

cured pork”, J. Agric. Food Chem., 41(6 ), 933~938,
1993,

9) Wik, IHEE  [R—2rv—t—=Y0 [2]
L ZOWHHNT OB, SFR264EE SRICET %
Bh A e s A S s, 33, 101~108, 2015.

10)  PEAMRE, VLEE  [R—2rv—t—T0D [Z<]
LEZOHFGNTOMI (20 2)], FHR2TEE &
PV B3 % B O mE 78 i A8 i R Hes 3, 34, 72~80,
2016.

11)  PEREE, HEE  [R—2rv—t—T0 [ZL]
LZOHEGHNTOMHE (20 3)], FHR2WBEE &
PV B3 % B ek 78 3 A8 e R a5 3, 35, 31~39,
2017.

12) WERE  [R—2r v —k =YD arDERIZBL
LERMST ERBEORE ], TFHR29EE AR
% PR Fe i Ak Rt 3, 36, 59~67, 2018.

© The Ito Foundation



54

HEW OB ) ROYGEIIWS T H e RFHF 2 F oD

R ()

Effect of hypoxanthine on the improvement of taste during postmortem

aging of meat (II)

WHOmE - HSE - IRER iR
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*

Sayaka Ichimura, Masao Takahashi, Yukinobu Nakamura, Yuka Yoshida, Yumi Inoguchi and Akihito Hattori

(Japan Meat Science and Technology Institute, *Hokkaido University)

Hypoxhanthine (Hx) accumulates in aged meat because of the degradation of inosine
monophosphate (IMP) during postmortem aging. Hx has little studied as a substance
participating in the taste of meats. However, in preceeding study, we revealed that Hx
enhanced umami and kokumi tastes of the soup prepared from pork. Therefore, Hx might be
responsiblel for the improvement of meat taste during postmortem aging.

The purpose of this study was to estimate the degree of paratability of aged meat in
termnes of Hx. Three sirlorins of beef were respectively aged by dry-aging and wet-aging at
2C for 70 days, and 10, 20, 30, 40, 50, 60 and 70 days postmortem samples were obtained. In
each sample, the strength of taste, aroma and texture were evaluated by sensory test, and the
levels of taste-related substances containing Hx were determined.

In the sensory test, the increase of aging aroma depended on prolongation of aging
periods, while the increase of umami and kokumi tastes and tenderness stopped in the late
aging. Especially, in dry-aged beef, the scores of sensory test were the highest values at 40 to
50 postmortem days, followed by decrease. As regards the taste-related substances, free amino
acids increased significantly by prolongation of aging periods, while free peptide increased until
40 days postmortem, Hx increased until 40 days postmortem in dry-aging and 60 days
postmortem in wet-aging. The correlation coefficients between the amounts of free peptide or
Hx and the scores of sensory tests were above 0.8 in both of dry-aging and wet-aging. These
results suggest that there is a each suitable period for dry-aging and wet-aging. Thus it was
concluded that the amounts of Hx might be important factor to estimate paratability of aged

meat.
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Fig. 1 Changes in the sensory scores of beef during dry-aging and wet-aging at 2C

The strength of taste, aroma and texture of dry-aged and wet-aged beef (n= 3) are estimated by sensory evaluations

(mean = standard error). Different small letters in the same column are significantly different (p<<0.01).
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Table 1 Changes in water, protein and fat contents (%) of beef during dry-aging and wet-aging at 2°C

dry-aging periods (day)

0 10 20 30 40 50 60 70
water 633+16 621*13 615+14 586+1.9 573+18 571+13 573+24 497+14
protein  200+05  200+04  199*05 21205 21.1+06 21505 21407 21.2+06
fat 13714  160+17 186*26 202+26 201+20 20120 221+22 233+28

wet-aging periods (day)

0 10 20 30 40 50 60 70
water 656+10 62613 627*15 62.8+0.9 614+15 60.6+0.7 61.83+09 627+1.3
protein 200+04 198+04 19705 19.7+04 192+05 192+0.3 19.0+0.3 189+05
fat 14716 158+15 163=18 157+1.0 192+16 192+09 181+13 166+1.1
Values show the mean * standard error of three samples.

Table 2 Changes in pH values of beef during dry-aging and wet-aging at 2C
aging periods (day)

0 10 20 30 40 50 60 70
dry-aged 54+001 54+001 55=001 55+0.01 56+0.01 57+001 58+0.02 58+0.03
wet-aged 55+001 55+001 55=001 56+0.01 56+0.01 55+0.01 55+0.03 55+0.03

Values show the mean * standard error of three samples.

Table 3 Changes in amounts of free peptide (mg/100g) of beef during dry-aging and wet-aging at 2C

aging periods (day)
0 10 20 30 40 50 60 70

dry-aged 3384101 4221+145 5700%195 5795%285 8191+642 6482+276 6826+360 691.9+414
wet-aged 3780+19.6 4672+253 4987+134 5756*134 6515*234 6672*121 6739=97 6459+13.7

Values show the mean * standard error of three samples.
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Table 4 Changes in the amounts of free amino acids (mg/100g) of beef during dry-aging and wet-
aging at 2T

dry-aging periods (day)

0 10 20 30 40 50 60 70
Asp 0.0=0.0 0.6 0.0 16+03 35%03 59 =06 94=09 11609 185%25
Thr 5200 103+04 141%05 172+09 230*16 328+24 360*25 408+35
Ser 59+01 14606 195+07 23210 296+20 413*26 442+29 483%35
Asn 2700 5502 77+02 92+04 128+09 198+13 219+17  242+20
Glu 54+03 14206 196+07 272+13 368+20 47035 548+37 645%54
Gln 398+21 496+27 480+26 613*39 628+43 803*12 826+25 864=x27
Gly 93+01 13103 149+04 175606 208+13 294+18 316+12 337%25
Ala 334+04 45710 505+15 557*12 633+36 823*43 847+47 885%60
Val 6.6+0.1 15007 213+08 255*14 339+21 471+32 501+33 554*48
Cys 1601 16 =04 1.7+04 27+02 2801 27+01 27+01 28+01
Met 32%01 119+02 150+05 167+07 21010 268+15 281+16  299=*21
Ile 54+02 13705 189*05 216+10 278+12 375+23 405+22 450%33
Leu 86+02 23611 32011 371+18 479+23 641+39 686+41 742+55
Tyr 5202 14207 19207 22111 282+x14 364*23 386*24 421+33
Phe 47+01 13606  195+07 229+12 297+13 396*25 419+26 449*35
Trp 1.1+00 32%01 47+02 53%03 73+05 90+06 9806 11.7=11
Lys 86+0.1 17006  229+07 271+12 382+19 550*37 620+38 721%69
His 34+00 6.0=02 78+02 92+04 125+06 176+12 198+12  235*22
Arg 86+04 165+04 23310 251+09 325*15 441+26  483+28 529%45
Pro 30+01 47+00 62+02 7503 118+03 162*12 194+07 235*21

total 1617 =48 2946114 3685+142 4376+200 5487 +306 7384+431 7971+456 8827 +67.5

wet-aging periods (day)

0 10 20 30 40 50 60 70
Asp 00=00 02=0.1 06+0.1 25%01 49+02 45+01 47+02 53+02
Thr 42+01 5402 82+04 126+07 169*04 194+03 202*05 220=06
Ser 50+01 7105 120+06 180*09 237+05 27406 288+06 288=06
Asn 23%01 29+01 42+02 68 +0.3 97+02 11402 121+02 133+02
Glu 41+03 5505 10303 17508 246=05 309x06 342x07 378%08
Gln 392+15 40011 392+09 495*23 568+32 586*38 635+28 T719*24
Gly 83+02 89+02 106+05 139+06 168+03 189*04 202+04 216=04
Ala 30508 33209 376+15 469+14 537+x08 58514 606+14 639%13
Val 5802 7904 13007 19211 25607 30206 310+07 325%08
Cys 1.3+00 1.7+00 19+00 20+00 21+00 23+00 2400 25+01
Met 3401 66+07 107+02 13407 171+03 19303 199+02 209=03
Ile 43+01 68+05 114=04 16007 209*03 24504 258*04 272+04
Leu 7102 111+08 191+08 27614 367+07 434=07 452+06 476=06
Tyr 43+01 68+05 120+05 169*09 215+05 23910 225+02 212=*13
Phe 44+02 66+04 112+04 16608 22104 26604 284x03 302*06
Trp 0900 1301 26+01 36+02 47+01 59+02 6203 61+01
Lys 74+02 92+04 135+06 199+09 258+04 309+05 320+07 341=05
His 2800 34+02 48 +02 6.8 +0.3 87+0.1 103+02 10802 11402
Arg 7400 9006 131+06 20512 260+06 301*06 294+03 289=03
Pro 2902 27+01 3601 55+03 71+01 86+0.1 9703 10503

total 1455 +44 1762+83 239.7+88 3355*156 4253 +105 4856=*124 5076+ 112 5375=119

Values show the mean *+ standard error of three samples.
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Table 5 Changes in the amounts of ATP-related substances ( umol/g) of beef during dry-aging and wet-

aging at 2C

dry-aging periods (day)

0 10 20 30 40 50 60 70
IMP 3102 2002 09=02 04+0.1 03+0.1 0100 00=0.0 00=0.0
INO 09+0.0 1.1+00 09=+0.1 08+0.1 08+0.2 06=0.1 05+0.1 0300
Hx 14+0.0 23+0.0 30+00 31+01 38+0.3 37+01 38+0.3 3702

wet-aging periods (day)

0 10 20 30 40 50 60 70
IMP 42+05 30+05 19+04 1.0+0.3 05+0.2 02+0.1 01+00 0.0+0.0
INO 16+0.1 1.7+0.2 1702 1.7+£0.3 14+03 1.3+0.2 09=0.1 06=0.1
Hx 12+0.1 2100 27+0.1 31x01 35+0.1 40+0.1 42+02 40+02

Values show the mean = standard error of three samples

Table 6 Correlation coefficient between sensory evaluation and taste substances of beef

total of
free-amino Glu peptide IMP Hx
acids

dry-aged umami 0.7511 0.7306 0.8859 —-09771 0.9493

complexity 0.8865 0.8774 0.8662 —0.9927 0.9575

lastingness 0.8957 0.8935 0.8966 -0.9747 0.9572

aging aroma 0.9337 0.9251 0.9027 —0.9684 0.9807

tenderness 0.6229 05917 0.8506 -0.8972 0.8962

wet-aged  umami 0.9270 0.9088 0.9573 —-0.9464 0.9517

complexity 0.9582 0.9546 0.9446 —0.9357 0.9576

lastingness 0.8894 0.8949 0.8252 —0.8531 0.8579

aging aroma 0.9320 0.9554 0.8229 —0.8587 0.8794

tenderness 09811 0.9631 0.9807 -0.9825 0.9860
ST, HRERH LM OH 5 KK BN 2RO FRMIER ML, FRFINC LS
572012, EHET I BOKE, FIVy I VR, FROW S & O E TRz, ZORER, ) FIR

WEEARTF R, IMPB X UHxDBEE L, EHERE
il > THRONIZATT L OMBEGRKRAE S L
7z (Table6)o Z DR, B EI 0D ST,
WEHER T F KB X OHxDOREIE & 3T XTOHEREF
fili & DRI R 2508 Lh_EDFRWIE DA AR D &
N7z, ERE7 I/ BROBEB LI VY I VRO
EILX, DACBWT) FHRBIUKOLNE LD
DR R A 5 720 F 72, IMPOREIZTRT
DERERH & DNV E OB AR H 7z,
51, IMPB L UOGUOEENLEMD D) K
MEE T 2R (5 IR = Glu(%)
+1218 X Glu(%) xIMP (%)) #FJH L, #kL

R 9 F R E OMBAREUIIDATR = —0.6079,
WATR=-07171, %0, wIhbADOHME
M7z GlukIMPIZ & % 9 FHROMERFEICD
WCIETTIRIIEASIZE YL 2SI TR 3Y
B, UL ENTERIZBWTRBT 55w FIR
FGluE IMPOEEDOATIEHHTE W EE 2
bNniz,

REFFEIZE Y, WA, DAODWTNIZBWTYH
B O3 L b EROWHEITITENS
T, FFICDAICBWTIEHKA0H ~50H H % ¥ —
7 & L CENLIBRIE IR N3 2 AR S
7oo Flo, WAOOZEALTIE, WEEERTF FIZ40H
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Relationship between fiber type composition and meat quality in pork

meat

KEAT AL - R OETTTPN BT - RE B
UMK R BTN, * BUTTR - RATKSFIREE 88, BT - AT - BREERH)

Wataru Mizunoya®, Shoko Sawano**, Mako Nakamura and Ryuichi Tatsumi
(Faculty of Agriculture, Kyushu University, *present affiliation : School of Veterinary Medicine, Azabu University,

**present affiliation : School of Life and Environmental Science, Azabu University)

Skeletal muscle fibers are largely classified into two types ; slow-twitch fibers and fast-
twitch fibers. To date, muscle fiber type composition is thought as an important factor to
determine meat quality and nutritional value of meat. Nonetheless, the relationship between
fiber type composition and meat quality have not been fully understood. In this study, we
aimed to clarify the relation of various meat quality parameters and muscle fiber type. Loin
meat from Large Yorkshire pigs were used as experimental samples, which were raised in a
conventional pen or grazed during daytime (exercise treatment). The muscle fiber type
composition and the physicochemical properties were analyzed. Furthermore, sensory
evaluation test was conducted to investigate changes in taste. The pork samples were also
subjected to metabolomic analysis in order to examine the alterations of total substrate level.
In loin meat of exercised pigs (Ex-loin), MyHC1 (slow-twitch fiber marker protein) was
significantly increased and MyHC2 (fast-twitch fiber marker protein) was significantly
decreased compared with control loin (Con-loin), indicating exercise treatment can be used as
high slow-twitch fibers meat. The shear force value, which is an index of toughness of meat,
was significantly increased in Ex-loin. The water holding capacity of the Ex-loin tended to be
increased. In the sensory evaluation test, the Ex-loin showed higher score of “the strength of
meat taste” and “the smell in the mouth” compared with Con-loin. Metabolomic analysis
revealed marked differences between Con-loin and Ex-loin in various metabolomic substrates
contained in meat. These results suggest that higher level of slow-twitch fibers alters the

various metabolites of pork and leads the differences of taste and texture of the pork.
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MyHC1 GEf & 4 T CHIHT 2) »HE
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%) BABCHA L (Fig.1). L7225 T,
WO X o TEEY L —= > 7 & RO RIS,
RO T — 2 THERIEND Z L2350
720 VABE, BUBIX OFE % B EE AR T - 7
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S OIREETH LW 2 LA 2 — 5 — Tl
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Wi A3 L7z (Fig. 2). B & 4 7RI
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FATOWIMIEAbDTIE R, Bo B
LA B RO T — 7 O R L7z
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Con  Ex Con Ex
MyHC2 - e ==
MyHC1 L
hica
(%) MyHC composition
100
[J Con-loin M Ex-loin
80 = s
60 -
40 *
N T .
0
MyHC1 MyHC2

Fig. 1

MyHC composition of pork loin meat from control (sedentary) and grazed
(exercise) pigs. Values are means = SE for 2 animals. * p<0.05 vs Con-loin.
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(N) Shear force value (%) centrifuge loss (water holding capacity)
16 25
14 1 * ok #
2 4
12 4 0
1 o 1 T 1 5 T
8 4
6 - 10 A
4 A 5
2 j
0 0
Con Ex Con Ex

Fig. 2

Shear force value (left) and water holding capacity (right) of pork loin meat from control (sedentary) and grazed
(exercise) pigs. Values are means = SE for 9-10 meat pieces. £p<0.1, * % p<0.01 vs Con-loin.
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Con Ex Con Ex Con Ex Con
FVDIFELE FY D@ B

Fig. 3

Ja—-v—

Con Ex Con Ex Con Ex Con
ISR AOKROEE ODFRTOEY ’fmmﬂﬁ

Sensory evaluation of cooked pork loin meat from control (sedentary) and grazed (exercise) pigs. Values are means =

SE for 10 panelists. #p<0.1, % p<0.05 vs Con-loin.
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FAZBVTEEX (A1) EEFHOLVHAIX 2) LEFHOZVEHIX (D M#ALZZB2) %
(B1) THFERENHPROLNT: (Fig.4), % RELTH, fHOAIE» R ReoTwA T
72, AN EERAITINEA & B DIKA b L L EHpr Y, IMBGHBEL R b HRAE Y £ TSI X AR
72 A, MBI X DA A A LT BoEVIMER SN L E R 51 (Fig.5).
5T, SHITLEIX (C M LA B T & 22ROV TIE, BRI L - T

10 _
A1 : sedentary (barrow)
8 oB1 A2 : sedentary (sow)
B1 : exercise (barrow)
6 B2 : exercise (sow)
C : cooked A2
4] .B2 D : cooked B2
oo\)_ A2
02|
o
o
Qol
21
4 oC
6l © A1 . . . . .D .
-15 -10 -5 0 5 10

PC1(41.9%)

Fig. 4
Principal component analysis (PCA) of whole metabolites detected in pork loin
meat from six different control (sedentary) and grazed (exercise) pigs.
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Fig. 5
Heat map of whole metabolites detected in pork loin meat from six different control (sedentary) and grazed (exercise)
pigs.
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B LT S, HRERBA AT o 725, [ x
ADIFIDFELNPLCERLV] &3 725 LC
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LTBY, F—HEkTRLEZmHMES 4 T
BT BB SNz BRI L 22K R R
55 Tl DR AR PEASREIME IR 2 7R L 7zo % 7238/
AR U 72 RN d 1 9 “C I Bk 0 55 W ) iffi 251 7
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Identification and characterization of bioactive compounds on mild

cognitive impairment in porcine liver decomposition product

(CSlbPNCS RN e T PR

B s PTAE AR - mE S T

 MEIRF LS A IERE N £ & 2 71 T OVEEZET,

A ARSERL R TR R R BT B )

Tamotsu Tsukahara, Hisao Haniu* and Yoshikazu Matsuda™*

(Department of Pharmacology and Therapeutic Innovation, Nagasaki University,

*Graduate School of Biomedical Sciences, Interdisciplinary Cluster for Cutting Edge Research, Shinshu University,

**Clinical Pharmacology Educational Center, Nihon Pharmaceutical University)

Phospholipids are the most important class of polar lipids in human and they are

amphipathic molecules that make up the bilayer of the plasma membrane and keep the

membrane fluid. Since the brain is one of the richest organs in phospholipids content, changes

in the brain phospholipid levels could lead to different pathogenic processes. In this study, an

analytical procedure for determination of major phospholipids in porcine liver decomposition
product (PLDP) by LC-MS/MS was optimized and validated. PLDP is currently attracting a

great deal of interest to help improve cognitive function in older adults. However, the exact

mechanisms of PLDP are still unclear. Here, we focus in particular identified the

lysophospholipids in PLDP and effects on the proliferation and cytokine gene expression of

brain microglial cells.

1.B ®

BEFEAL Sy & 5 WKIFIR O A KA % Bk 5 %
T, WA EY A — b7 77 —X5HEY
(Porcine Liver Decomposition Product, PLDP)

RN M 2 FBANETAM R & — v CF B A
FEEYGER R A2 BIZE L7 o RRAHE O F%E i 7 B

id, MAERE 2R TERNFZI) RS 2 &
DHEETH L MEMER, 7rong~—M L
E—/MEROWTNR G, AEEEZR EOEE 2E
RS % DR, L2 sl 2 8 %
A5, ZHFIMAERENILBEORK TH 555 0%

Vo A DINTTOMIENS, EFEEY VIR
HD12TH2) V) VIREAIMAEREEYGECF
55222 HSMICLTWAH, PLDPORBAIRE
EYERRIII NSO CIREICHET B REN
L, ZOMWEAREE FE LIERET 2 1 520
W52 EE2ARMEOHME L7,

2. 7 &

2.1 PLDP# 5 ®O#&Y ¥ FaE i & ki

PLDP % f##itk, S5mlezfE Y HLY, Bligh-Dyer
FICX DRI AWM L, fiibiaE >0 2
HSAZEML, zaakiva (hYERE ),
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T by BEREES), 25— (V) VIEE
W55) 2T, MAUGRAETHEL, V) > NIRRT I 5
ELTHIRL 720 V) > BB ReAE I 531315 ul§ >
XA 7T 2= TR, BRATATINER
L—% =Tz L, fEH$ % % T80T IZTHM
PRAF L 720

2.2 LC-MS/MS#:IC & 2PLDPH DY ¥ IHE

E

¥ TRk ax N7 T 7 4 —E BT
(UltiMate 3000 LC system, Thermo-Fisher
Scientific) ZfEH LT, PLDPH® VY ¥ IRE 5
ZlEL7ze U ¥ PR M 7> 2 HPLCH 7 L —
Forzuaaiial0ul THEMERE, Cl8 Waters
X-Bridge C18# J 2 (35mm, 150mm X 1.0mm
id) iRk, WEA (Y TanR) = Ry
J =/ K (5/1/4v/v/v), 5mMFWT v E=
A, 005%KERILT v E= L) LRIEB (A
v 7asR =, 5mMFRT ¥ E=7 A, 005%
KBALT v =T h) ALY =T 75V
Y MERBEIZTHME Lz 320 ul/min, 4
TN — T VImEIF20C & L,

2.3 [@EL7Y) YIREHS @in vitroaii

PLDP® X 7 1 277) 7 \Zx 3 2 il B H gl 36 1 &
KBRS HF 2 EWT LT 8T V) 7 AT
& 5 WST-8 (WA RH44F%EFr, Cell counting
Kit-8) % v 7zl e m i oe i 2 v 72, BV
2 HINEIIFBS & B\ 72 Rs i Ca#d ik, 967 = v
L— MCHife 2 4%fE (5 x10°/well) L, KT
PLDP# ExBs#A R (0, 00625 0125 025, 05,
1%) L7zfeilmiRis i 2 mim L, 240 [ 55 58
(37C, 5% CO2) 4, WST-8iIEx@imL 2
REIREEE (37C, 5% CO:2) %, 450nmiZdB T
2 WOt &2 i L7z,

2.4 VT NVI A LPCREEC & 2 A FEBU#HT

<A~ A 7 u ) THROMBH®RTH S
BV-2#ia (1 x10*/well) 121 %> X 0.25%

e

T L 7-PLDP % 24IF R 32 9 S & 72, B HbBRZ:
%, HAMIE 5k L 7ztotal RNA X D cDNA %
BHL, RIEMEH A N A4 T BIL-6, IL-14,

CCL-2 (MCP-1) R B EEHZ) TV & A 4
PCR THfE % L 72 o %& Bl ##% H1 13 SYBR Green
Realtime PCR Master Mic (toyobo) 8 & O*Eco
Real-Time PCR System (illumina) 2C47- 72,

3. BREEE

3.1 PLDP®V ¥k

Aiak L72LC-MS/MSi%:12 & b, PLDPIZ&EEN
Y VIREERWE LR, AAT77FYVan
v (PC) #7,100pmol/ ul& kb %<, IRWTT *
AT 7FINETY ) —=NT I (PE) B
2200pmol/ ul, XA 77 FI VAL 7 b=
(PI) 2%200pmo/ ul, FA 7 7F YVl (PA) 28
39pmol/ Wl Tdh o720 PCIZBIF BT b0+
L LTCPC34:1, PC34:2, PC36:2, PC36: 3,
PC36 : 4, PC38: 4 ThH o /2o ZDMD 5T
L LTIEPC32: 0, PC32: 1, PC38 : 3, PC38 : 5,
PC38 : 6, PC40 : 4, PC40 :5, PC40: 6 2%%iH
EN72D, ZOHERIDRP o7, PEICEL
TIIPE36 : 2B X UPE3S : 4 3F & 7 b4 T-Hf
Toho7-75%, PE34:1, PE34:2, PE36:1,
PE36 : 3, PE36 : 4, PE38 : 3, PE38 : 5,
PE38 : 6, PE40 : 5, PE40: 6 kit &7z, PI
ICDOWTIPIS : 4D F L %20 THTH -7
2%, FofiiZHPI34 1, PI34: 2, PI36 : 2,
PI36 : 4, PI38:3, PI38:5, PH0:4bMthsh
720 PSIZB L CIIPS36 : 1B X UPS38 : 4 A3+E
LA THTH o727, PS34:1, PS34 : 2,
PS36 : 2, PS36:3, PS36:4, PS38:3, PS38:
5, PS38:6, PS40 :4, PS40 :5, PS40: 6 bk
&7, PACBELTIEPA3: 1 BLT
PA38: 43F L %55 THTHY, PA32:0,
PA32 : 1, PA34 : 0, PA34 : 1, PA34 : 2,
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PA36 : 0, PA36 : 2, PA36 : 3, PA36 : 4,
PA38 : 3, PA38 : 5, PA38 : 6, PA40 : 4,
PA40 : 5, PA40: 6 i s iz, ) VU kIZo
WTHRBRICHE L7z 2 A, VKRR T 7 FY
a1 ¥ (LPC) #%5000pmo/ ul T d % <,
LPC18 : 0 3% %50 FHiCTdh - 7225, LPCIL6 :
0, LPC18 : 1, LPC18:2, LPC20: 4 H e &
Nize VWWAA77FIY VA 7Y b= (LPD)
13400pmo/ ul ¢, LPII8 : O XA A5 TH T
& - 7275, LPI6 : 0, LPI18 : 1, LPIIS : 2,
LPI20 : 4 b SNz VI T+ AT 7 F TN
+ 1 >~ (LPS) x230pmol/ ulC, LPS18: 0 »E
b5 TR TH o755, LPSI6: 0, LPSI8: 1,
LPSI8 : 2, LPS20 : 4, LPS22: 6 i Sz,
VYRR T 7 FF B (LPA) 1325pmol/ ul T,
LPA18 : 0 23E 7% 545 FHiTdH - 7275, LPAL6 :
0, LPA18 :1, LPA18:2, LPA20: 4 M &
Nizo |ADINFE TOMIEN S, EFEEY &
FRED12TH5HY V) v IRE AN S
FETAHZEEZHLPIZL TS, AIFFETIE

400 -

W

o

o
1

%growth
(normalized to control)
N
o
o)

1

PLDPHIZZ L &FNTWALPCIZiEH L7z,

3.2 PLDPIZIIIST A I 27 07 7 il 35

REIOWE

7 bV YAl (WST-8) #Hw/z7a b
I—VIZHE, MlEAER 2 FH L 720 PLDPIR
JnwET H1296Well PlatelZ 5 x 10° 4 /well O Mg %
%, PLDP#RINIA S240 2127 v & A %47 »
7oo Ty A3 A 4 BIATV, TS RE ]
ZAERL L 720 450nmil R OWOGEET %2 vt
WE47vy, DMSODAFMOMNHE OWOLE % 2
yihu—=ne LT, EHFEREEHR L, BV2ill
o D WK 34 B 2 T5 WS PLD P BEARAF IO L 3 m L
TWw/zZ &5, PLDPIEZBV 2 #ifgiZ v -CiHl
Rl 2 5 5o 2 E WL L o Tz, HR%E
Fig. 1 lIZ/R L7z,

3.3 KIEMEYA M AH A VEAICBIT APLDP

B L CLPCoOMHIRH

3707 ) TIREEIRBICB VT IFFITETRE
ZEH T LTHBY, MARSHEREOALRLT, £
DFEE, FERICOHEREH DL, VTV A

0 0.0625 0.125 025 0.5 1

| PLDP (%)

Fig. 1 BV-2 cells were seeded in 96-well culture plates (5 x103cells/well), and PLDP was added to cells. PLDP
was serially diluted to 0.0625, 0.125, 0.25, 0.5, and 1 % respectively. After 24h, cell proliferation was determined
using Cell Counting Kit-8 (Dojindo, Kumamoto, Japan). After cells were incubated for 24h, 10 4L of the Cell
Counting Kit-8 solution was added to each well and the plates were incubated for 2h in an incubator at 37C
with 5% COz2. The amount of orange formazan dye was determined by measuring absorbance at 450nm using
a microplate reader (Awareness Technology, Westport, CT, USA).
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Fig. 2 BV-2 cells were seeded in 12-well culture plates (1 x10%cells/well), and PLDP, or LPC18 : 0, or LPA18 : 1
was added to cells. After 24 h, total RNA was extracted from cell lines using TRIzol (Invitrogen). Total RNA
was isolated from cells using a NucleoSpin® RNA II Kit (Takara, Otsu, Japan). Then, 0.5 ug of total RNA was
used for ¢cDNA synthesis using a ReverTra Ace qPCR RT Kit (Toyobo) as per the manufacturer’s
instructions. IL-6 or IL-1 or CCL2 mRNA levels were quantified using an ECO Real-Time PCR System
(Illumina, Inc., San Diego, CA, USA). All PCRs were performed in 10- uL volumes in 48-well PCR plates
(Tllumina) with GeneAce SYBR qPCR MIX a No ROX (Nippon Gene, Toyama, Japan). Relative mRNA levels
were quantified using the formula 272 2¢ where ACq is the difference between the threshold cycle of a target

c¢DNA and an endogenous reference cDNA.

LPCROAER % Fig. 2 1R T o WO KIENE
4 M4 »HPLDP (0058 L 071 %) MLFLZ X
D RBUKT A EICRSD bNhze —JT, PLDP
OEFEY V) VIBETHAHLPCE L ULPA%L &
HHEEE (38 X 050uM) TBV-2 Mg ~2#%
L7286, IL-1 B ORI T B S,
ZOMDRIENETF A N4 > OFBICITHEE K
EShholee £/, FEHY VY VIREDO—D
EEZLNTWEY VKRR T7 7F Y VB (LPA)
% 3or 50 UMD EETBV- 2 Mili~BHFE L TD,

FIEVEY A DA AV ORBELEIAD SN h o
f: o

4. E 8

PLDPIZBEICY YIREZ S I 62T
HHLhs, PLDPHO ) v IREMK %ZLC-
MS/MSETHME Lz 2h, VKA T7F
vvany y (LPC) A uMORETHRIN S
7zo LPCIZ, #SHIBIC/E T2 [V YRR T 7
FY U (LPA)] ® [BIRV VKA T 75T ¥
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B (cPA)] onilkmE L LCEELRY) VIRET
B %o FAIIPLDPHICH T 5 LPCARN T
WM E LT, RAREUEOEEARATH S L
¥ 272 72, PLDPIZMIBLIERIBAREIC BV T,
BROREE~Y— I —ORBEETIEL2 L3
W5k ol PLDPIZIZZHL B ) Y IRY
EEENDLIENWSNE L STVDEAY, kL
ELZOMMY YIRED—2TdH HLPCHIL- 1
B DFEH % T B PIENE ST & LCHE L T
Wb, INHORR LY, BERAREGHER R %

R L 72K IR 3 ) DG AR ALPCTH 5 Z &
B LD E %R o7, LPCIIMANTS 424
PGP E AR EN D EE ) YIFETH Y,
LPCAUHMINC & 2 FBAVECER R Z W S 22 5
CEHHETHY, ROT—X Tk,

X #
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Dietary effect of meat protein on anti-obesity and lipid metabolism (1)

oo —
(ILiEE AL ST Y 7 1 = FRE Y 5 —)

Jun-ichi Wakamatsu

(Hokkaido University, Field Science Center for Northern Biosphere)

In order to elucidate whether a long-term intake of chicken protein results in anti-obesity
effect and/or lifestyle disease ameliorating effect, we examined effect of chicken parts by using
a high-fat and high-sucrose diet fed animal experimental model. A long-term intake of any
parts of chicken did not decrease their body weight and white adipose tissue (WAT) weight
and did not increase their brown adipose tissue (BAT) weight compared with beef- and
casein—fed groups. No significant differences were observed in blood biochemical parameters or
liver fat content among groups. Anti-obesity effect and lifestyle disease ameliorating effect of
chicken protein were not verified in this study. However, the expression of genes related to
fatty acid synthesis in the liver and fatty acid uptake into the liver was significantly suppressed
by chicken protein consumption. A long-term intake of chicken protein was suggested to
suppress the expression of SREBP-I1¢ in the liver, resulting in preventing fatty acid synthesis
in the liver. But, the effect of chicken parts on fatty acid synthesis in the liver was not verified

in this study.

HAY 7 ERYAY VS BOEIUZ L S

1. B p
& REVEEAZIZUCP LIS & o THIRITERSFE A & 1L

KA IFINT TOMFEICBNT, BRRLERIE
MOH PN IR THERE O LA % THET 5 2
ERWLNILAEY EHIC, BRY V7 ED
FHUT X 2 RBGEA RN R R OBEUS X 2 1R
AR E —HTHZ L 2R, BAOKREGEA
T YN EDPEES L TwD Z ERHL RIS
otz Tz, BRY VR ERERNS V8
BTN X 2 REGEATTHERDRL, BRI
# (BAT) ®OUCP 112 X % BGgdE g 7 1%
HE R L TWLI EDTRBEINY,

TWAHREARDH L L0, BAY V7 HR
FWE 87 B e REIMICERT 52 LT, Bl
WO L, PURGERIRSHONLDOTIEAVHhL
EZbNTze €TT, Ty MIKHERSY V30
HEfE Lz riRi - wy a b 4 lMES L
72l h, FBAY oS B GEECREEL R,
e, EEEO A @ik (WAT) oEd %
WAL, WS 237 B O 4 R OBEULPIHE
ME 03 2 BUBm R R A B 7253 2 LATVRIE S
Nl (RERT—%). T/, 7y MIBAY ~
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N B EEAE LR - Y a WA 22 4
L2 h, BAY 287 B oYU L
RTEA Lo, WHOREGEEN RN S v 3
JERGETHEIERNZ E2VR SN, FEICE
A PRENRHEEEETORBRE LY, BB
G, B X OHGAZRRET 5 2 L ATR
SN (REET—5). BRY 237 HOEI
IR ORGAZARES 248, Z DL IR
DR SN2 LT, PR TOREER%
PO L, BRI IFHI R R 2B 2 W REME AR S
2o TDXHIT, WAL P87 B OB ER
PR EIiRh R o et 3R S 7zAs, B 53 1
W&o TRRDPERL L7720, BASY V87 Holk
AW o TW i, F/2, RERERER L
DATFBEIROUHBRRIZOVWTHHFEI NS
A, INFEFTHRE STV,

LIAT, BURAWEEL QR TIEIHRKL T
B iHRMERI DS R e 5, WRAERI SR e B &, 3
TR EDWE Y YRV EDY T E A TR
bo M=% Y FHTHSTIALTHRELRD L,
STERLT I BEINCENEL ST, BRI X
BARBGEADENZ, RS VN7 HDOT I R
WA DD 0B LT RN RTF R
WKEoThbd3hTnaEEZLNTVSEY,
D7), BLRARRPLHEDLIRIZBWTHAELS
NRTF FIZX o T, MREGEARE S S HEACH TS
HAHEAR B0 Lk,

Z ZTAMZETIE, BAY ¥ 87 Ho BRI
AIPUIBGE R, MRIIFEIE R O X 9 7 TR
WEENRE DTN E)ERAT L7720
(2, BEERETVCTH LRI - B a i
PG L, BAY VT EORPITOWTHE L
2o &5, FBADIMOENT X BERIZOV
THME L7z,

2. /7 &

2.1 BWFERR

HEERE Y 1213 5 S, Wistar RO » b2
W7ze Ty MIER23C, 128 O WRG A 7 v
WZEE S NEE T, Bl oBIMLEE LK E Al
WCHEISE, 1 HEMEME S %Icg Bt L
720 BB, FHRBEEOIHREIH BED LW
LT L, EE Lz, B o
Mz 8 MM & L, &IE - m ¥ afii (40%K
Mg, 20% > a b)), Kz HBHICHERS 2, W5k
WAL 7 BIC 1 Mo CARERE, 3HIZ1
6] DB E T Al g 24T - 72

2.2 WREREEL O

R RALERFEOT— R T4 T FLy
FREOEINREHROLRARE Db A%, TR
T T K 5 i I BIE FR A5 7 0 B AR JE A R & iV 7z
(EALRA) o FEO & W & sz L (FD-0L,
FHA SR, LSk TH—IZT D L7z, Ezoe
O 1HE - THAEVIEW D SRR Y V37
B L7z, BIMb R AIN-93GHE # il £ 41
BACHERL L CRR L, BIMEMIE T v Mi2h 2
720 ARERFIEHIA0% KIE (HiERES), 20% 3 3
Wrma L-mEl - e alaEsRe L2, &
BRBE R, DML ¥4 VAR
(20%) &5 VRTEERVEFELL LD EHITE
NZENOWBRERNY VN7 B2 BE L7,

2.3 B X OFHHLER O PRI

7w MOKREL, KE, KE (B2 5RAT
MEC), A ME L 728, 72725120, T,
WAT, BAT, KBRPUSH, %2 BRI L 720 ML 1%
KERIRA HERILL, MM%E, MG % #72. WATIZ
FEH AR, BRI, EEP2 S, BATIIR 4
W72 HERELL 720 KIBRDUBH T (24 2 & $RELL
7o WP E R 2 Qe %, MR E T -80T TR
FL7
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2.4 A bR

MmigEho 7V a—2gE (Fva—x2CI-7
A M7 a—, ADGMEETEE), mifdho by 7))
Y FEE (M) Z)eI54 FE-FA M7 a—,
FDGHET3E), SERENRIIMRERE (NEFA C-7 &
M7 a—, ADEHEETEE), ALV AT o —ViRE
(IVAFu—WVE-7 A b7 a—, FGHZET
¥) BoRER LI 22T L - Y —
¥ —% HVCERGHT L7,

2.5 NI i &

Folch{#:® 1I2H2D W TIT - 72,

2.6 “FERIPCREE

N A~ & il L 72 & RNA % 5 ReverTra Ace®
gPCR RT Kit (TOYOBO) % JwvCT—4A&#{cDNA
HEK L, TACKY %5 —<¥ (promega) *H
W CPCR Thermal Cycler TPCR % 47 - 72, PCR
FEMHET AA—= A5 VT 754 L CEAKE %
To720 WEEHTY 7 b EHWT, Fggdhn
¥ F%& B-ACTINIZH§ HAxta e LTHILT S
L THETORMAEEZRN L,

2.7 FaAHLEH

W& il (3P 39 0l + BRHERR 7= TR L 720 Excel
(Microsoft), Excell#tat7 4 >V 7 b (=2
£ VA%EEF2006 for Windows, L&Y — 1 R)
2XD, FHEMS SO NT— 5 O—IthLiE
DT Z ATV, TukeyDZ HILBHMEIZ & 5 T
BREAMEZAT o720 FHBMEPENEINIZDD
122 W T & Kruskal-Wallis # 2 % I \» T Steel-
DwassD % B X ) A BEEMEEZIT- 72
p<005% b > THEMFHWICHETH L & L7

3. BREEE

3.1 BAY Y7 HORMBREEE - 5
VafEEEaET v PORES X O, M
REEEIC TR

—H4720) OFELRE, HHFTOT v ok

#, JEPH, BMI, WATHER, BATER, KM
VG ER, NFRER B X ONFIEIR L & & % Table
LR, AR, KE M, BMITIETXT
OB CTHEREIR SN o720 F72, IRl

il

Table 1 Various parameters of animals
CBP* CLPx BPx Cx

Feed intake (g/day) 152+0.3 150+0.3 151+04 156+05
Body weight (BW) (g) 436.2+7.6 4500+11.0 446.3+14.9 464.1+16.9
Abdominal circumference (cm) 204=0.3 208+04 204+04 212+05
BMIY 7.59+0.22 7.62+0.10 7.60+0.12 7.77+0.21
Organs and tissue weights (g/BW 100g)

Epididymal WAT 293%0.19 284+0.16 259+0.27 288+0.14

Mesenteric WAT 215%0.11 227+0.11 2.03+0.20 227%0.10

Perirenal WAT 535%0.25 525+0.21 491027 581027

WAT Total 104+04 104+04 95+0.7 11.0+05

Interscapular BAT 0.172+£0.006  0.167=0.008 0.167+0.012  0.169+0.007

Quadriceps femoris 0.75+0.04 0.72+0.02 0.73+0.02 0.72+0.05

Liver 2.56 =0.05 2.71%0.08 2.56+0.03 295+0.27
Liver fat content (g/liver 1g) 01660012 01910014 0159+0.010 0.173x0.006

Values present average=SEM (n= 7).

x 1 CBP (Chicken breast protein), CLP (Chicken leg protein), BP (Beef protein), C (Casein)

v (BW(kg))/(Body length (m)) 2
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MR THHWATRBATOERICBEWVWTHTRT
OHMTHELRZIR SN 2D o BEGHTH
B RIBIUGEFGEREICBVTHTRTORMTHE
BEERON P72, ZLT, HEERB LD
FFBIR R S RISV T T RCORM CHE R %
RSN A 72,

FATHIZE CRIRE IR 2 v, KRB C1d%
COERTHOUONRTWARIEZMHT L 2.
7z RIRWEIBE Y ) — VNS {EE R,
V= VRIRTHSERE 2 PS5, D
7o, FRRORREIR A AT L7272, HURHR)
ERRPFEHER Ao h s z0o0b L
T\ve F72, IREOHEEGEMMLIZZET, T
MM T HREDRENKELL Rzl b %R
bz,

3.2 FBW S ¥z AL AR B R 41

AES R -7

BRI A T BRI L 72 i &, B o

L b7 Vva—2, IRER#OREL L5 b

)

Table 2 Biochemical blood parameters

V7)) BB X ORI, TREAHEE O
/L b a L AFa— L &E L7 (Table
2)e ZNaA—=X, MUY ¥, WEHENRIEE,
BILAFO—NIZOWT, TRTCOMMTHEE
GRS T2,

3.3 FMEIC BT 2 MR EACH B AR T 0 FE B

=)

H

JFEDELC 507 2 IR EACH B &R T- & L CTFAS,
CD36, CPT1a, SREBP-1cDHMIX MG %
g L7z (Table3)o FRMEEA BICBIS-9 % FAS
I22oWT, CBPH#:ELCLPE:Z, BPEERCREL I
NTHBIENEZ R Uz TR A W 2 et 3
5 N B ACH B M2 5 K f-C & 5 SREBP-1¢12 D
W, CBPEEECLPEEE, BPEERCHREE LR T
AREIAREZ R L, BPEEIZCRBEL NTHE
WKEWiEZ R L7z, BiBRoOmZICES 5
CD3612>\\Cld, CBPH:ECLP#:Z, BPREL It
NTHBIEMEZ R L. —T5, TRl fdic i
54 5CPTIal22oWTid, §XNCOMETHE

CBP CLP BP C
Glucose (mg/dL) 1273+42 160.0+13.2 156.6 =284 1323+16.3
Triglyceride (mg/dL) 144.8+189 1536+1.8 1504 £17.6 1204+133
Free fatty acid (mEq/L) 0.91£0.06 0.80£0.08 0.82x0.10 0.96+0.16
Total choresterol (mg/mL) 830119 655+32 82162 834%7.1

Values present average +SEM (n=7).
Group names were shown in Table 1.

Table 3 Relative expression of lipid metabolism-related gene in liver

Gene CBP CLP BP C

Fatty acid synthesis

FAS 040+0.102 043+0.072 1.78 £0.22° 1.00+0.22"

SREBP-1c¢ 053+0.142 0.56 +0.082 151%0.11¢ 1.00 +£0.09°
Fatty acid uptake

CD36 0.33+0.092 0.32+0.052 1.34+0.16" 1.00+£0.12°
Fatty acid degradation

CPTIa 0.93+0.30 081+0.14 1.17£0.19 1.00£0.12

Values present average+SEM (n= 7).
Group names were shown in Table 1.

a. b. ¢ : Numbers within columns with different superscripts significantly differ (p<0.05).
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BEFH NP o7,
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EREWH L7200 Lvkv, BRSY V37K
O F BT BV 2 IR A 2 93 %
S EARMENT, —T, PRI OBGAICES-F
% BIZ T CTh 5HCDI6D BRI, CBP, CLPH
THBIERWEZ 7R L 72CD36IE M R 7E L,
EHRIFR IR A L TR~ OBk 2 k5
%% F£72, b MHIRMRICB T LMY CE
B ~DOEPARDHA DM AAAIIMRNAB L UM%
YR L ANVTCDIOEH AWML, 7IF K
YRR ) — VIR ICHL AR I CD365E B & AR At
XM D DY, ZD72%0, R CD36
I G LT bR S 5. JeATHFZE Tk
g%, AW TIZKIEEZ V72720, HIL 7
PRE D@ NDFHE L7200 Lk v, RO
fRICBIS-9 2 BIE T CTHHCPTI a DFEHRITT
RTOMBTAHEGEZ IR D o 72,
CPTla 37 Y WCoOAE HN=F v & T IV AN
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H#EF LY, CDIGLFMRIZ, RV IRE
DECDHELITRENEZZ 515, D EX
D, BWAY 287 HOBIUIIFN T ORI O &
1A WIS % 2%, R OE R85 M o/ 212
X0 BRI HIVE R 25 & N7 0 o 72T BEE DS %
AbNb,

4. B 8

RIFFETIE, WA Y ¥ 37 B wWDITILHER)
RERTIEND, BN ¥ 37 B RBHEND
PO AR R LT H RS ENRZ 726 THhE

I WEBT D720, wE - S alifgr T v
MZPe5- L, BuBERh R R A 16 R oo 1 R

FER DT DN K B EBITOW TGRS L7z,
REOWPRLWATER DD, BATEROBN
MHERE T, ALY X7 EOEYERIZ L 5
PRI RNERED N o 7z F /2, ML
FNT A=y RNEIRE G RICAEBRRESR LN
Lhrolzlzd, AGHERIGENR S BD LN
Molze —H, BULRW, BLIWY Y7 HO
RIS X 0 P 3BT 5 IR IiE o & R e BA
W53 2 BIZFORBHH S Nz, 207k
O, HBAY 237 EORYEITIIIFEICSIT 2
SREBP-1¢ D58l % $IHi]§ % 2 & THRIGHIR G K
ZPHILTWB I EARBENZ, L L, BA
DFBRLD NN & 2 HBIIMER T E Lo 72,0
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Elucidation of mechanism of the novel hypocholesterolemic dipeptide
drived from cattle heart peptide and basic study of development of an

innovative hypocholesterolemic food materials

B Al
(WGBS K205 A B35

Satoshi Nagaoka

(Faculty of Applied Biological Sciences, Gifu University)

Only a few reports have dealt with the effects of animal protein and animal protein
hydrolysate on cholesterol metabolism. The cattle heart protein hydrolysate ultra-filtrate
(HPHU, MW < ca. 1,000 Da peptides fraction) derived from HPH imparts a stronger
hypocholesterolemic activity than HPH in rats. After purification of HPHU by a reverse phase
chromatography and gel filtration chromatography, we try to identify the active
hypocholesterolic peptide derived from HPHU using in vitro assay related to micellar solubility
of cholesterol in vitro. Finally, we identified for the first time the hypocholesterolemic dipeptide,
XY derived from HPHU in rats. XY exhibited a hypocholesterolemic action in rats fed a high
cholesterol diet. Oral administration of XY induced a significant increase in HDL-cholesterol
level in rats.

The mRNA level of hepatic cholesterol metabolism related genes, such as HMG-CoA
reductase, cholesterol 7 a ~hydroxylase, LDL receptor, ABCA1, apolipoprotein A-I, SREBP-2
was unchanged by dietary XY feeding. While, the mRNA level of intestinal ABCA1 related to
cholesterol absorption was significantly decreased by XY feeding in rats. Thus, a
hypocholesterolemic action of XY was induced by an inhibition of intestinal cholesterol
absorption related to the down regulation of ABCALI in rats.

TEMEEEREMICD RSN 2 LB ST

NTwb, EBIZ, L, FHoAFES v 97K
—iRIZ, KW¥ 237 Yz EORYES 8o B, BWES R THY) AL REY 8y
B, hE¥A v E0BWEY Lo B EHEL BXny, mhniiEal A5y — VK T1Ef %
T, MBRBALERHZ T2 EE26NTW5 ", FHTHIEEBR LM LTWSE>Y, 7z,
LA L, BUEERIATON U2 ARG OME EERGEREFETH ) 5055, ERIFEA K
XD ZoX)RMEIVATE—UET PAHREINTVEWEEERENDS L, FRAXT

1.B ®
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F R, FUN=RTF PN L A7 0 — VK
TERZETAZEHRIMLAY, 51T, BEF
EDOWIFRT, Btk RE S V8 TH DI
WEAH L, HEEFEOEEAMA & v Bl
WD, BEREENLE D7 KEATH HFA, A
ligE, ZRARIMLER, MUK 5 9 & 70 7E %
7o 7ok, Fe OBk 53 %Y (HPH) %%
WA %a L A7 a— VREEEEH 2 583 5 2
EERFERLEY,

Tx O O EFEEZ HWT, 0
YO EMAKS R (HPH) oL 25 ua—)b
T EHBRE A ST Lz I VAT -V 3
LIVEMREIZ A L) DHPHTAH BT
L72o Caco-2Mifam 2 L 2 5 v — VIRINHIE
AEA IV E)BHPHI LV THEIE
ol MEIVATFT—VIEZAEYAL VLD D
HPHCTAH B 572, BHEI L AT -0
THELZZT L AT —VIRILIE A ¥4 & X
THPHTHEIZKA L, HPHO 2L A 50— )b
BETEHRZEO L 250 — VIRINHEIC L %
bDTH5DH, HPHE KD FLE S » 78 7 Bk
SR O BRANIEEY) (HPHU, 45128510005 v
FUFONRTF FEY) &, 7y MIBWT
HPHX Y 52 A5 o — VR TIEH %2R
T EERBRLHE LY,

NRTF FREWTHLHPHUO I L A5 T — )b
RBUCEEHCHF 5T 20T FRRET 5
72912, HPHUHRA T T F O 45k 5 2 SZjE L,
S % H v Cin vitro® 2 L A 70— )b I &)L
EIRERBR 2 AT o 727 IHTER T F gl O
%7 v M X 2B IFECRAM L 72/ 8, ik
DAL ATu— VR#UBZIRTFF XY T
I BRECYNIHFRFOBIRTIEAR) R L7,
FIT, YRTFFXYOILEI VAT 10— VK
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(1) xHHa#:: EmhislimalL 27—V & (HFC)
(2) XYBE: YXF FXY#% 58 (HFCXY)

Wistar2HEZ7 v b 4 g2 FEBRICHEH L7z, ¥
NTF FXYIZM4HBY ¥ FI2X o TRIOFES L
720 PRHIRT 8 W B AP MR L, I 2 BRI L,
FLTHEIC X D M E 1T, < A F A80EETIRE
L7z 72, BEHOFEICHE, BB S
RNAZEDRL, HELE O3 L 2 7a— A
B EE FmRNA L RV R RNT L7, BB, &
Bk B ORETY M1, Students't-test % FH W
72

EEOFER (Table 1) 25, kEHNE, &
ATEICE, PRS2, BEM O B2 bIER
DONLhol. MiEIT L AT T — VIidx R
(HFC) kML T, XY#58 (HFCXY) TH
BT L7z i bY 702 Bk, i
(HFC) kMgl <, XY#5# (HFCXY) Tk
THmERL7z, £72, IV ATE—L LN
Vb X IRBE (HFC) & Ml# L <, XY %5 #
(HFCXY) THBEIZK T L7, £2T, 4hix
XYDIiEa VAT a— VIR FEHO & 5 7% % 5%
RO 72012, B (Fig. 1A) ¥ (Fig. 1B)
DR A B A FmRNAIZ D W T/ L 72,
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HEIKT L7228, 2L AR50 — V%K TH
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Table 1 The effects of dietary XY on metabolic parameters in rats fed a high fat-cholesterol diet.
HFC HFCXY
Body weight gain (g/14d) 58019 60.2+34
Food Intake (g/d) 96=0.1 99=04
Liver weight (g/100g body weight) 59+02 6.0+0.1
Serum (mg/dl)
Total Cholesterol (a) 2454+14.1 1659 +2,0% **
Triglyceride 358.7+75.3 179.1+209
HDL-Cholesterol (b) 59.1+32 T74+24%*
LDL + VLDL-Cholesterol 186.2+16.0 106.8 +3.9**
Atherogenic index (a)/(b) 3204 14+0.1%*
Liver (mg/g liver)
Total Lipids 259686 2358 £52*
Cholesterol 37418 242=x07*
Triglyceride 96.9+55 99.6+5.1

1. Values are means=SEM, n= 5. Asterisks indicate different from Control group

(*p<0.05, **p<0.01, ***p<0.001).

2. Values were calculated as follows : LDL + VLDL cholesterol = Total cholesterol-HDL cholesterol.

(A) (B)
250 [JHFC [CIHFC
200 | B HFCXY B HFCXY
5
S 150 - 150
o I
5 100 - ‘g 100 %
x o
50 5 50
0 )
& N & 9 N » N N
> Q X% O
R S ¥ S
Fig. 1
HNPCLIOMRNAL NWIZZEL L o720 —
3. E #

J, o3V A 70— VA A Ko s s
HMG-CoA# LHEF% (HMGCR) %, I LV AT
O — Vo RROEREERTH LIV AT H—VT
a K Lg% (CYP7AL), LDLZ %44k (LDLR),
ABCAl, SREBP-2, 7R E% ¥ 87 HA-1
(ApoAl), mRNAL NIVIFHE % ZALIZEE X
Nhdotze XYIZGABCAIBBUK T2 /43 52
VAT B = VOGE TOWPIIHIERICE Y, 2
VAT a— VBTS2 BT 5 2 L 205
L7z

A7z HIZHPHHEH R O 0K 7 > 28 7 Bk 45
Y ORYLEEY (HPHU, 4785910004V b
YUTOXTF Rl & 7y MZBwT
HPHX Y b3l 2L 2570 — VIR FIEH 2R
FTIERBERLIE L, 22T, X7F NRA
WTdHHHPHUD 2 L X 7 0 — WA BRI
FHTHWEERTF FEFET 572912, HPHU
HkXTF FopuikRzBMra<x b7 g
TA—=RTIVEB® s~ N7 T 7 4 =1L ) Eh
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Retort processing and cold lactic acid fermentation induce protein
degradation and functional peptides derivation in myofibrillar protein

system (1)

B ORIER - BRI - NI T 5 B
(IR B, AR B IR 1)

Toshiya Hayashi, Mao Nagasawa, Yukihiko Ogawa* and Seiichi Haga

(Faculty of Agriculture, Meijo University, *Experimental Farm, Meijo University)

The proteolysis and expression of the inhibitory activities against angiotensin I-converting
enzyme and dipeptidyl peptidase IV by chilled lactic acid fermentation and retort-processing
were investigated using myofibrillar protein as the simple model system of meat product. The
contents of free amino acid and peptide significantly increased by retort processing (140C) or
cold fermentation compared to that of control (70C-heated). Therefore, it was suggested that
retort-processing and chilled fermentation lead to decomposition of the myofibrillar proteins.
Furthermore, inhibitory activities on angiotensin I-converting enzyme and dipeptidyl peptidase
IV were significantly higher in fermented myofibrillar protein than that in control. On the
other hand, although the inhibitory activities on angiotensin I-converting enzyme and
dipeptidyl peptidase IV of retort-processed samples including 140C-heated were slightly
higher than those of control (70C-heated), there were not significant differences in that
activity between retorted and control one. These results suggest that these food processing
treatments, in particular, lactic acid fermentation at cold temperatures can improve the food

functionality of cured meat products.

MEDOWEHALR & ¥ /8 7 MO MRE S FHFE AR
AW HILTwaY, £z, 120CH Lo
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DEEZHNDLN, FO—F THEKRFTEREDON
HEWIFMIZBWTIE, BAEICX - Tkt
HT A TRTF RAIRET 2 &) A
HE 70T R T EZONL, Lo
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ERTEmCH L EERE LY,
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8HECTdH 5 ACE, 7 & O IR b S0 o
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2. RBMBLETE
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TE BRI &R AR Z BLD B 728 2
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W2e L7 (Data not shown)o Z#id, pHILTFIZ
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FLBHE OB X 12X 2 5 VX7 HOSRIER T %
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3.2 fRIMEEEEZ O NI A L bv MinE st

i L 72 JEURME 7 > 7% 7 ACE £ DPP
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0.6,

051 b

[

0.4 1

0.3

0.2

0.1

retorted
(140°C)

control
(70°C)

Fig. 1 Effect of high-retort processing on the peptide (A) and free amino acid contents (B) of the myofibrillar protein.
Data represent the means *+ SD of at least three independent experiments. Values with different superscript letters are

significantly different (p<0.05).
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Fig. 2 Effect of chiled lactic acid fermentation on the peptide (A) and free amino acid contents (B) of the myofibrillar

protein.

Data represent the means *+ SD of at least three independent experiments. Values with different superscript letters are

significantly different (p<0.05).
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Fig. 3 Effect of water-soluble fractions from fermented

myofibrillar protein on the ACE-inhibitory activity.
Data represent the means = SD of at least five independent
experiments. Values with different superscript letters are
significantly different (p<0.05).
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Fig. 4 Effect of water-soluble fractions from fermented
myofibrillar protein on the DPPIV-inhibitory
activity.

Data represent the means =SD of at least five independent

experiments. Values with different superscript letters are

significantly different (p<0.05).
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Efficacy of carnosine intake on the prevention of sarcopenia related with

obesity (1)
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89
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Koro Gotoh, Takayuki Masaki and Hirotaka Shibata

(Department of Endocrinology, Metabolism, Rheumatology, and Nephrology, Faculty of Medicine, Oita University)

Obesity induces systemic low-grade chronic inflammation. Obesity-induced sarcopenia is
deeply related with obesity-induced insulin resistance, expression of inflammatory cytokines
and oxidative stress although the mechanism is uncertain. It is well-known that carnosine
included a lot in pork has action of anti-oxidant stress. The aim of this study is to clarify that
the intake of carnosine improves obesity-induced sarcopenia. Male rats were divided into four
groups and kept for 2 months as follows, standard diet (Standard : 20% fat)-fed group, high-
fat diet (HF ; 60

group, and HF-fed plus carnosine group for 2 months. We evaluated 1) plasma

% fat)-fed group, Standard-fed plus carnosine (250 mg/kg body weight)

lipopolysaccharide (LPS) levels, 2) TNF-a expression in small intestine, 3) IL-6, irisin, and
BDNF expressions as myokines in muscle. Carnosine treatment inhibited HF-induced elevation
of TNF-a expression in small intestine and plasma LPS concentration. Moreover, carnosine
also reversed HF-induced decrease of BDNF and IL-6 but not irisin expression in muscle. In
addition, HF-induced atrophy of muscle fibers were ameliorated by carnosine intake. Thus, it
is suggested that carnosine intake might be effective to prevent the development of obesity—

induced sarcopenia.
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Prevention effects of unsaturated fatty acids on lifestyle-related diseases

by the dietary intake of meat sources (Saku cohort study)

W% —
(17 TF I 56 0 AP S - R - SReAETT 97T

Kouichi Yamada

(National Research and Development Agency National Institutes of Biomedical Innovation, Health and Nutrition)

w3-polyunsaturated fatty acids, such as eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA) , are expected to have preventive effects against cardiovascular
disease (CVD). We detected the polymorphism (SNPs) of Fatty Acids Desaturating enzymes
(FADS) and examined the association with blood EPA, DHA or other polyunsaturated fatty
acids in the obese men and women of Saku Control Obesity Program (SCOP). A significant
association was observed between FADS] SNPs and arachidonic acid (AA), suggesting that
FADSI is actually implicated in the metabolism of w 6-unsaturated fatty acids. In addition, the
FADS] SNPs are associated with blood EPA/AA ratio. The ratio was reported to be correlated
with the risk of CVD in the other Japanese Cohort, such as Hisayama Study. These findings
lead the conclusion that FADS1 SNPs are one of the genetic background affecting CVD. On the
other hand, the dietary intake of w3- or w6-unsaturated fatty acid, or the fish and shellfish
intake, estimated from self-administered diet history questionnaire (DHQ), was scarcely
associated with the blood EPA or DHA level.

To study the preventive effects of meat intake against life style-related diseases, we have
also examined the correlation between meat intake and blood-biochemical parameters (red
blood cells, hematocrit, serum Fe--- etc.). As a result, meat intake was correlated with platelet
level in the obese men, and in the obese women, it was significantly correlated with white

blood cell level, indicating that meat intake effectively contributes to the blood-forming faculty.
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&, ST EIRAEWEENFRRS IR S
TWho $7z, —fliASMIIRIRO 4 L A VR,

itk & —MASAIENRYZ < &IN50, w3
RENRIIBETH 5. LA L, EHEIIAMEE
FEHCELA L, w 3RMEDIRE £ < ST HBINRIK
WOAFEDRA SN TS, WHEOERIULIE
W AR ME, BYIRAE(LZ 4R < & S, RN
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DR SN TERD, RPEETIIERNOENE
TR T i B2 EAICHRFE L, EREBIROKRY
T AT RIMNCER A LT,

2. B &

BERR BRSO EEEER TR, o 3%
ARG o AT B AR TR R, B LU,
DHA, EPADKRHNEKOBIZNT RE HARANIC
BOWTHLRNZT A0, £, AM KNy 2%
B ORI E 2 N RICBMEE G- 72 [EA
M sallk 70 25 4 (2354) 2 | i2BWwT, @
I B B EERLK % 52 ® 04T L, 2 OEPAXDHA
e, WHESO RGO EFEIGE L OMRE HE
ST o

KIS, @IS oM IRIIERE L, HRIEFEEES
ORI A A AR A .45 o 1 I LA 7
H OB BRSO B R T L & A % R
ML, WHEOEFEEERFHRRICOVTHS 2
123 %,

QI H IR RR S R & & b1, #%
BiaoBEnE R RITRAEBEEORZETS
B) \SRBIh e shTwa 20,
aV /L E—EPA or DHAD AR EET 5
#fETFADS], ELOVL2 %2 & D% M Z K L,
M EPARDHAfE & OB % — I e i 55 At
T 5,

@OZDaFx—FIBWTE, w 3RAANEL
B 0 S FIUC X 2 A TG TR R 25520 5
NBH, MO w 3RASFINRIIRERAE &, =g
iE, BIIRREAL, (CPAEZE, BN, BEIRIE R &R
BT L OB & TS %,

S5, AW Ny 72 E— ke dgicsng
Gl [MEAERERF 7T 77 4] (45024)
I2BWT,

6 L@ TEPA or DHA DR i % A &
HEIR S T A BRI R R B i s T2 %

RS %0 —ICELEHCOATIC X D, RIRIAE,
BIRAIIL (PWVAL), OFBEZE, ARG, BRI 2
EHTE MR R & OAHBE & AT L, R eI &
HOEMZT 5,

® MEAEG R 7T 75 0] OETH B,
DO~D% FHGET % o F#124,502% O L 2E,
Ji e, A ZE O BIAE F T ORI & X
AEFNRIRRR M EIR T2 8, B X 0w 3 /A
FRIIEE O AHIC X 2 IR L oM % <5,
OMAR T2 BUFNT 0 5 1 & &
70Xy bEHWT, BEE o4 X
) DNAKE# %179 o BIZT % R OfFHT 1L PCR-
RFELP#: % vy, GBI R I3 MultiNA - (B30
i) TR T %0 ZORET, TCITAEEE
R 3SHEIA T, 0ZBIDMENT 2T 7,
OeatHigdT

I 3 AT, — JC L 8 53 W05 AT 4% o JE R I 1
SPSS% Hiv: %o

3. BREEE

3.1 MEARG w7 75 4 (2354) ) 12
BT 5, MRS FFIARIE R 53l 0 1 22
[ME ANk 7 1 2775 & (SCOP) J oliik %
BRI 2TFPERES720, Wb bhnizo,
SCOPD#In TAEHA MO Y 705, 0.25ml%
SrHCL,  SRLAZ ML H A S ARG 1 43 18 0 {1 7 % A
WL 720 SRLOGHT HPHL, MY~ 7'V % il
L7, WAy ) — VT 25 WL (50C),
FREETA - su< N5 7 ThHEE - BET S D
DEEZBND, 155N7SCOPDMEIX, SRLA
FORLTWA [ ] OfPICIZIZIE > T
%o
3.2 MEARHEWR 7T 7T 48] 2B1T5,
FADS 1 £ B&E O Mt & il v A4S S i Hig 1) 1
1% 53l & o AH BE ST
AESFUIRIIRACH 2B 53 2 FADS1 £ ELOVL
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2 WIEFIZDOWT, % 4rsl174537, rs953413 %
PCR-RFLP#: CRENT L, Ifil HAS B 1 Mg )5 8 Bt 45+
& O —ICRE BN 21T o 720 T DRER,
FADS1 (rs174537) 22Tk, A% i
M7 X FUBEEAERERMBE (ANOVA p=
0.021), MEmEZETHIMFTIF FUBEE XD
VKB % 20 (p=0003), IMPEPA/AAE
S MBIEIN A H - 72 (Fig. 2) o

FADS 1 #ifz+ & FADS 2 #{zZF 32w ib
FOMEIALEL, WBIET %2 &L WA
FHIEICTH B Z LA SN T WD, rs1745371F
FADS 1 #ZF OB THDOA ~ b1 Y IBIAEAE

T 5720, X0 Fiodrs174547%, FADS1 &fix
F o7 uE— 5 — BT Hrsl 74556 % IR
L, WA 24T > 720

ZOFER, rs17TA5ATICOWT b, BTl
BT Ix N MM EAE MM (p=0025), B
WZPETHIMAP T 7% F VB S 5125V I
o (p=0002) (Fig.1), IMPEPA/AALE
bAHELME (p=0032) #dH-7 (Fig.2)e &
Drs174547 DIi4E 122 TBonferronill & 5% &
Rgxz4ir) & (Fig. 1), BB ETix, b7
I % FYBEICOWT, REHM (T/T) L%
B (C/C) oMToORERE (p=0023), ML

p=0.023 p=0032
200 i ; | |
- p 0.004
£
o
3 150
k=]
Q
(]
< 100
C
(o]
k=]
c
g
P ' iz
e)
o
gt
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0 O A
<« o <) «©
1s174547 male female

Fig. 1 Association between FADSI polymorphism (rs174547) and blood arachidonic acid
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Fig. 2 Association between FADSI polymorphisms and blood EPA/arachidonic acid ratio
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HoRA, Mh7 5% FUYBEcoOwT, KEK
B (T/T) LA HRA (C/C) oMTHE (p=
0032) 2T, KE¥HM (T/T) &~Tu
(T/C) oMTHHEE (p=0004) THo7. i
HMEPA/AAKIZOWTIE, KEHA (T/T) &
A7 a (T/C) OETHE (p=0028) THo7.
[EREIC, rs17455612DWC b, RS2k i
TIFFUyBEEAERERME (p=0031), M
ZHTHIMP 7 5 FUBEE A5 LM ZED
(p=0037), MHEPA/AAKE S HIBMEINA D -
7z (F—FW),

rs174537, rs174547, rs174556® 3 # i D% Hl
IZoWT, EMSB LTI 7 7% F U mgiis A
EhMBEEZRLAZZ L, FADS1 (ZwLid
FADS2) 75, %< L b w 6 RAMHIRIER
HCHEDICE G L CWAZ L Z2RET 5, BEH
{, FADS1 OEHEFEHBEIGE, TIDT 7 F
FUMAERICHEEL RIFLTVWAEEZ NS,
JE i 20 PE T Ud rs1 74547122\ T, Il EPA/
AALEBE MRSV, rs174537, rs174556
D2 rFDERNZONWT S, MHEMEIND - 72,
EPA/AAE, HAOMO 2 F— b+ (Bl Z21F,
AITHFZE) 12BWC, LIERERO T L
DHBEDPHE SN TV AR TH Y >, FADS
1 ZRNLLIMERBICHET 2 1 2ORRN LY

male

120 ©

100

,‘i. - y=61.71 +0.056

blood Arachidonic acid (u g/mL)

200 300 400 500
meat intake (g)

0 100

RTHDIENARPETHL MR o720 AT
W7 Clid TMHEEPA/AA AT W AT &0 5
HRIERBIC X BHTHEPE ] 2B IhTnwb?
A, REEHM (T/T) OIPEPA/AALAE (027
+012), &~A7u (T/C) »Zn (034=0.16)
DEIMEAETH Y, 7272 BICTKEEIDLINE R
FEIZBD TV EWIITEDZ LTk,

3.3 MEAMRM k7w 275 4] 8B 5,
DHQIZ & % W5, 3G & A fiy
FRRIG R B 53l & o> AH B FRAT

K, AHREEEME (DHQ)"W 12X o THEE

S N7z IR & A SRR R B 53l & o
EAEIT o720 LEPAEERDODTRTT
Y, NGB CTRBEERE ST 7% 8 g
fEDFHTIEF B (Pearson ® M B 42 %= 0217 ;
A EME (W) p=0022) (Fig.3), fanEE
U E EPA/AAL DSV IEHIE (»=0194 ; p=
0.041) PIAHZ, w 3%, B L Tw 6 RAMANE
1) R I & I A B AN R R 1 451l & o AH
B —tI e Do 726

3.4 MEARGRRT 27T 48] 2B 5,
DHQIZ & 2 WS, SFHEIGE & BMIFO
JESAT WL, AR T L & O H B AT

SCOPIZ M iGH A AR ZE 2 Fhi L 72 2k — b

Th D70, NG, IR ME BRI O 435 5 1E

female
j -
E 120
oY) -
3
— 100
B o
8 -
o 80 - L
T i .
B 60 - Ta. .t
£ o0- Tl
© EEE
£oa0- WL, o
o N ’
3 e
2 20
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meat intake (g)

Fig. 3 Association between meat intake and blood Arachidonic acid
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male

50

45 y =29.06 + 0.017 x

40

BMI

35

30 -

25

0 100 200
meat intake (g)
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Fig. 4 Association between meat intake and BMI

TR FEL TH Y, WS, AFHEtEL Z
O OB ENIT L & OB 217 - 72,

JEGVECIE, WEEINGE &, Bhir R (BML
WaistAve, Il Y, ARNRIIHERE, BTN R
DOENZHRWCIEFBI 2SR S 7z28, MRt Tl
HEAD Do 720 ZOWf, WHEEEGE & MHE DS
H5HDiE, BMI (r=0307 ; p=0.001) (Fig.4),
WaistAverage (»=0.302 : p=0.001), HHIRIYH (r
=0.269 ; p=0004), CTTWME L 7z&HIRIiH#H
(r=0327: p=0.000), B TFHRWIHER (=0209 :
»=0030), WEERZEL, FMLLCTTMEL
JEIENIENG (= PWIEIENG) TAE O MBI 25 7%
WZ EAL, WEEIU X 2 RPN TR
WA EDIREEI NG,

B 3 2otk & 12, WEERNGE & R IRE T
R, BRI & OFBIE o 72,

MM TiE, M7 7 % W R & G
(BMI, WaistAve, Milly, 4R, KT
PelHiRE) OBIZERCEMBEY D - 72 (IS T
TR L) H 7 7% F U@, BMI (r
=-0.289 ; p=0002), WaistAverage (r= —0.382 ;
»=0000), ME Y (r=-0347 ; p=0000), CT
Tl L7k Elme (r =-0316: p=
0.001), B TFIEMiHAE (r=-0322: p=0.001)0

female
45
40 |
S 35
m 5
0l
r- v
30 o i‘: #
. = Ja‘
25 .
0 100 200 300

meat intake (g)

w 6 ZAABIFIEIEECTH 5 7 5 F F BRI K
W, LNN=4EIZEL&Ehad, &9 LTH.
BHBIC R 200, XL 0h5%V,

Zhn 6, ML 2 % AL TR L
fehr, IOV, BOE, ETE, RS
WAWAIENT L7275, ARZDDIERSIT A
ol

PRIEIUC & 2 G HER PRI RIZOW T,
W OBIPUEE L TR & OMBEAHARANTH
HEINTWEY OT, BEHSPSSOT— 4 ¥ 2 —
25 F CHIBR L C & 72RIMERE:, MmfakiE, ~<
k7 ME, SR, TV T Y S o
AL R Z B LT, [&il] & oM % iF
Wi L7z TR, Rk, M, ~<
70y MESORMPT & OMBIZHRHETE %
o 72, 0GR Lk PRI IR & IV &
DOENZ, FHOIEHB (7=0230 : p=0025), A
LV CAEHERCE & FIMERE & ORI, SRVIEH
EAD 5N (r=0272 5 p=0007) (Fig.5).
MR EME R &, wihd, REMfOHEE (F
HHIPH) CIE S (/RS 130~349 %101/
ul s EMEREL : 3.3~ 9 x10%/ul)e 2D X S 12,
Db MEARNER T2 7T 4] OGS
ZIZBWT, RFILEMEEOITEICEFS LT
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Fig. 5 Association between meat intake and platelet (male) or white blood cell (female)

LLEZBND,

3.5 [MiAEEEEHZ 7w 7T 4] (45024) 12

BIFHFADS 1 £ Ok

[MEAERERFF 70 75 & (SHAP) | 134K
EHEDPKEST, FNHGE LA TROBEEE
%Mif%ﬁk&ofﬁb DA SR O B B
MEZITODICHELIzaFr—NTHA, FADS1
ZROMMB %3 572012, FIHBRE, #2200
NG DA 5 F 7 7 vt ®QIlAamp DNA
blood kit% HI\»C, DNAK® %175 72 (RIEE
WEFEBRIG AR SR 1,600 N 5 O DNAKE 8 % 47 - C
BY, THTAHEHI3B00ANS DDNAKHAZET
L7

MHAEPA/AA L Ik b A EGHEIE LN
rsl7454712 2w T, EFEOPCR-RFLPH#EIC LD
SHAP®D 3797 N D #AR T % B & fgp it L 7= (J3 1
2211 5 1586 N) o UWOWFEETH TlX, P
JH294EFEIC 2 0 TR — b D 5 ARG O BRI A AT
b, DI REBICOWT O REABSEOH R
PEONDLFEIEoT, & TAHD, LR %
7o TV IEAREGIHIEOFIFIC LY, BEED
L7 —5 LOHEERTERVEE, BEICES
TWwWab,

MR ARIEHEE (PWV) ZHEFRT LTS

5, PR EL VW) LT, T—F L LTH
ﬁﬁ’@%ii?ﬁ‘oto

4. E 8

EPASDHAD X 9 7% w 3 ZZAMA S Al i i
i, R o ERRifE A T, AR S SR
bz FRiL, Mg (k) L.OmmEEL <
&, SESEREHEEHB TR SN
Twb, fhiElF, BRBARALEECTSH S
FADS 1 Ot fz £ Bl % M L, I EPA %
DHAili%: & o MBI % 5047 L7245 %, FADS1 %
BEih7 Z % 8 MiE & OMIAHE R M % R
WL7e Zhid, FADS1Hw 3%, BLUwb6
ARG LIS L Cwb L %
RIET %, KIS, FADS1 48 L, i EPA
/7 9% F gl (EPA/AAL) & oI
b, AELMHEEZRE L7, EPA/AAMIE, H
Koo ar—+ (FzE, ALITHZE) 2Bw
T, DEREBOL L DML ST
WAHHTRTH Y, FADS1 ZRENLLIMAT R BRI
WETL1O0OBENETRTHLEVZ b, —

7. EHEEENE (DHQ) WCXkoTHESh
EHEICES, w3%k BIPw 6 RAHM
Pelitg s, & % WIidMABENE I, IPEPA
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RDHAfES & 13 & A EMBD o 720
WHERRUS & 2 A0 EH ER TR R IZow T
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Effects of nucleic acids from meat and other foods on the functions of

intestinal cells (IT)

moa B OH
(B s K2 K2 B DR e )

Yoshichika Kawai

(Graduate School of Biomedical Sciences, Tokushima University)

We usually eat animals, plants, and/or microorganisms as daily foods. Therefore, our
diet necessarily contains their biological constituents, such as proteins, lipids, carbohydrates,
and nucleic acids. However, as compared with three major nutrients (proteins, lipids,
carbohydrates), less attention has been paid on the nutritional and biological consequences of
food-derived nucleic acids. In addition, “standard tables of food composition in Japan” don't
yet include the information of nucleic acid contents. We therefore focused on the importance of
nucleic acid contents in our foods and of the potent functions of food-derived nucleic acids in
our body. Our previous studies have demonstrated that food-derived nucleic acids, especially
from soybean and chicken meat, induced the mRNA expression of claudin-4 and mucin 2 in
differentiated Caco-2 cells, both of which contribute to the barrier functions of intestinal cells.
Here, we especially focused on the effects of enzymatic digestion of soybean-derived nucleic
acids on the activity in the intestinal cells. It was found that iz vitro enzymatic digestion of
soybean-derived nucleic acids with pancreatic and intestinal enzymes decreased the molecular
weights of nucleic acids, and that the enzymatic digestion significantly attenuated the activity
of the nucleic acids for mRNA induction in the differentiated Caco-2 cells. We also found that
DNA, rather than RNA, could contribute to the activity of soybean-derived nucleic acids. We
also tried the chemical analysis of the bioactive nucleic acids using high-performance liquid
chromatography (HPLC). However, we could not establish suitable HPLC conditions for food-
derived nucleic acids within this study. These studies demonstrated that decrease in the
molecular size of during enzymatic digestion could be crucial for the potent biological activity

of food—-derived nucleic acids.

REDFKBENPEINT VDS, INLRBHEORE

REMEICDOWTIE, ZNFETICE L DMEN RSN

 MEE, WY, H5VIIBEDHROER  TBY, TSN - REENERIEL ST

HWHCERLTVS, Shb50aMIZIE, ¥ Wbo —HT, BRIGEEEHRE S EREST
VONZE, WRE, BEOE,PES IV, IERTL ELTIRTOEYIAFAELTEY, ThHzh

1.B ®
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i & LTS 2B, #iI—E o &bk
BBEEILTWLZ LIl b, LAL, i
DB IZ D W T AR RIS %, K
BEDDVIIHEEES T2 L TOREIIONTD
AWTH Do HEEOMEIIBWT, AFLLT
BINT 2 HBEEZHSTICT L7720, 150
BgEOMMTHIIOWTHRE L, SR
WCEENLEBRONE X RATz, T2, B
MBNZ & > TEBOG T A AMETTH2 LD
mENT, £, M EEETVTH S 5L
Caco- 2 Ml WG H 6, REEHEI v F
WHRERE TR 0N THEEL B0 5 2 LR
SNz, AEREE, AMHBDRBEERLETVELT
KEHEEZR 2 T, OB TPHEINS
ML RIS X 250194 A2 kL, BaEfa~
DTN DEBIZOWTHRFZITIZ L E L
72o 72, HEREMEICE T HBERST B L OBLHIE
DIEME55 72012, KREHERZEROHPLCH T
ATz

2. /7 &

2.1 HMRAm T

50mlF = — 7 I KGR K Z2 15 g &= 0 I
0, BB Ny 7 7 — %2 30mln 2 1L 72,
65C ™+ — & —/NZAT105 &2 FRA L3045
A4 v F 2= b, 12000rpm T15%5 %0 L 720
FEZBIL, 7=/ —=ViddE (72 /=02
BORVA AT INTNVI—=25:24:1,
pH5.2, nacalai tesque) % 15mllill Z T iz B {1 Al
L, VTRV EHIIZP- LD L20550RE D L,
4C, 12000rpm 15450 L7zs i % UL,
saaRVAEENAZ, 100X {EBIEIET,
4T, 12000rpmT15% %0 L7z S HIZ E%E
ML, Av7uxy—) (-20C) &%=z
T-20CT20%#IL, 4T, 12000rpmT15%
mlb L7z, EiEZzBREL, 0% % 7 — v

(=20C) #500ulilZz, B L7zo 47T,
12000rpm T1550&E L, TH vy T —Y a vl &
D BEAERREL, kA ERCTEESE2, #
BB O F NNy a2HEA — 7 VEH
(DMEM) %Nz, 4CTHMsSE,

2.2 BRoEsE

O % 513 QantiFlour® (Promega) % i\
THT o720 RNAZE#FQantiFlour® RNA System,
ssDNAE & (ZQantiFlour® ssDNA System, dsDNA
€ & 1% QantiFlour® dsDNA System (W3 1 3
Promega) % MH\CT4r- 72

2.3 BiEEo N T IR

B i 1& . pancreatin (TOKYO CHEMICAL
INDUSTRY) 50mg#% 1 ml") > FRfRiE i 2 i,
BB LML, B
acetone powders from rat (SIGMA) 100mg %
1mlY) > FRiE E - B t, 1% 3
ORBEPWARL, 3000rpm T 5 5D iE.O gD ik
ERHM Lz, £ LT LT L2 1, 10, 100,
1000, 10000REA ML 72D EHE LA, Ty X
YRV TF =TI, RUHRER (EHRiRE
1.81mg/ml) %100 ul& P& % 100 ul AT, 37C
TO0 R E 9 S8z, ZDtk, B100 wliminL,
37TCTIGRE 5 S8,

2.4 T7HU— AT VEKIKE)

2%T7 A=A NVEFR LIz, /8T T 4V A
126 xLoading’¥y 7 7 — % 2 ulfe¥, %7
VIoWEREL, 209 H10ul7 774 L, 100
VOMREL TKE L 720 5o~ —h =237
VOXSREBT L/ 2 ATk, UV
B CT312nm D P& 2 G LTt L 72,

2.5 M~ ORI

v bR Bk M Atk Caco- 2 #10% FBS & A
DMEMTH:#E L, FEERFHIICIS U CEEARL,
247 V7L =M1 Y72 VdH7) 1I1mldT O
Wwizo TL— MMz a r 7v s M

, intestinal
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o7z A S #MEDMEM%Z 28 L 225521 H H
Fagrfd, M EERICHbS g%, EBRIC
Awv7zo ASA U728 2 DMEMIZHE 2 L,
BEMMRAWE L2 247 2 V7 L — M T
NG FREARAR IS b S R o Mle e R L, BiEE
W% B CPBSTHES L7z &ana Dl L 72
Wk % ¥ &= (dsDNA + ssDNA + RNA) 281
mg/mlé 7% X ) BBULEHDMEM TARL,

17 = )Vvd720300 ulL L L 720 37C, 5 %CO:

ST T 4 ReRIEE#E L 72,

2.6 EmIRT-PCR

HPa A PBSTEER L, Sepasol-RNA I Super G
(Nacalai Tesque) = FHWTRNAZHH L7z, ¥
fin B U iZReverTra Ace qPCR RT Master Mix
with gDNA Remover (TOYOBO) % HwwT47-
72 o PCR (¥ THUNDERBIRD SYBR qPCR Mix
(TOYOBO) % HwCLightCycler NanoY A 7 A4
(Roche) IZTATo 720 7T 4 ¥ —DIFHEES %
VTR L 7z,

[GAPDH] GATGAGAAGTATGACAACAGCCT
(forward)
AGTCCTTCCACGATACCAAAGT
(reverse)

[Claudin-4] TTGTCACCTCGCAGACCACT
(forward)
CAGCGAGTCGTACACCTTG
(reverse)

2.7 B OG0 TS5
(RNA-richi 53> 3 )

Iy RY FVT7F 2 — TR E SRR 50
ul& Sepasol-RNA I Super G 400 ulZ# Mz 720 #
ZWrzua RV azl/SEMA, ISWHA VT v
7 A%AT, KKRA L7, EiT 3 4oaE L7z
%, 20000 x g TI15%s 0 L7zo RiF %200 ullnl
WL, 2-7anxy —VvaERinz CRE L.
R T 5 o EE L7z, 20000 g T104m0 L

720 LIEZT, 70% T 7 —VEMATHREL,
20000 X g T10%mm 0 L7z bl & 35 TRz L,
DMEMK;#h % w2, 4C CTHfFsE72,
(DNA-richifi 530 #5L)

Iy XY FV7F 2—7121mg/ml RNase A
(nacalai tesque) %% L, DNase®if% HIY
& L TI100C T 5 MBI 217 5 720 K. HIK
AT IC 1 mg/ml RNase AZ R L, 37CT
60 T RS &7, 7 = /7 — VikdE% VT
Fit 2 47 5 720

3. % R

3.1 ANTIHAGIC X 2 B o il =k & fk, 5
T4 X%

BT 5 /AMIEERNTOWHILEZTEZ Eh
5, NI L S N7z fah BRI % v TR RE
ZEMiT A2 & & Lz, 4, BEREAENS
{ claudin- 4 BIETRBMEBOAH B RMMASA SN
7eREIEH L, KREHRZE 2 T AL
FERAT > 720 AL 72 & B 2 AN I b
ELTHWT, KRUHREBRO N THILZIT-> 72
#, 7x/—N-zoaRViailEfT ok X
MEFEERE LT bR o 005 % H912100T T30
GrMER L 72 NTHALI S A U720 A L3 i %
mz3, ANLHEERULHETS v Fax—-bL
7otk 7z /=) - 7ok AL EBO
wmx100% & LTzt L2 25, 1t
WALEE-C83%, M2k L 7= N T{H b LB -T109 %
Lhrotze (Fig. 1) T72, BoMklx, 75
TR E WA AT L 2 2 3 AL b &
[ U4 CHiit L 7o K HsR %R I, JC4 DKL
HSRB T & X CTssDNADOE AWML 720 2
DNTIHAL L 7 U4l U 72 K i kA% e &
HARTHLBEOBBOMBII K & 2 kid % <,
INE L 72 AL & N 2 72 K 5 SRR T,
dsDNA, RNAOEIEA ML 72 (Fig.2).
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Fig. 1 Effects of enzymatic digestion on the extraction

rate of nucleic acids.
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Fig. 2 Effects of enzymatic digestion on the nucleic acid
contents.

|
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Fig. 3 Effects of enzyme digestion on molecular weights of soybean-derived nucleic acids.

X512, TS LABBROS A X 25k
AL WLBROBEECESTHEIRD /N Y KA
2L, 500bp LA T DS FFHIR D /N > F AV <
%o Tz, — 75 THNEL L 72 THALIE % i 2 7o 1
TIIDNAL A SN D @5 THBO N Y Fidiiv
BN E MR TE 22, RNAE &5 1L5500-
1000bpfF L D> /N ¥ Fidik L7 (Fig.3)o 7—
Z BT HH, AL Z MR 3124~ F a2
N—hL7z#, Zx/—N-zoafRLiaiiiL
7RO N Y Bik, KRUHREHBRO /N K&
TR T MDY P25 o T8I L
AEBALD o720 Lo T, HEPICANLIHALR
WX o TEBIHIL SN TWwD 2 EdvREhz,

WEAEEE £ TOMENC BT, KEHEREE IS
{bCaco- 2 MIfA~DWBIZ X 5 T, claudin-4 %
mucin-2 % 0N T F 237 ' OmRNAFEH
EFETHIEDRENTVD, 22T, ALH
L L7 R R R 2 e~ LB L, 4 i
claudin- 4 ® mRNAF B (22w CTEHl & 17 -
720 TORE, HALHALHEIC & ) K H kAR I
X % claudin- 4 ®mRNAFEIL O BN B (230
S, WL E S 5 LOMET 5 Z & TR
P2 RIG S5 L ZOMEER I % -7 (Fig.
4), TOZ L5, KUHRBEBREILRIZX S
G FALIZ & o THAEMII 3 2 BEREVEAMKT
T5ZEIRIEINT,
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Fig. 4 Effects of enzymatic digestion on the activity for
claudin-4 mRNA induction in differentiated Caco-2
cells.

3.2 KREHCRERIIBIT 2EEEICHES TS
AR DAL O 5

KUHRIEZEE Z VT, MBS HLPEERICS:
ALEERMH L TEL, 22T, BEEokhE
HICHG T ABBOMM AL ET A L2 HB L
L C, BilEDORNA-richlfi 4 & DNA-rich i 53 @
ATV, ZNENOMSGTHED /N 7
2B L 7B BRI D W TR 2 4T S & & L7

FEREVE DO MR I W 72 1.0mg/mlk . i kA% 1
1B L £06mg/ml RNA, 04mg/ml DNAM» S 72
52 &5, RNA-rich#4rF ORNA % 0.6mg/
ml, DNA-richlij%# @DNA % 04mg/ml & 7 %
X9 B L72d o2 Mgl L Tclaudin-
4 ODmRNAFEBEIZOWCEHE 2175 720 2D
fE4, claudin- 4 @ mRNAFE Bl ASRNA-rich i
5 CIMKF L, DNA-richlisCid¥hn L7z (Fig.
5)c TOZ ML, KREHRERICEIND W
D9 L, DNAVBEREIEIZHS LT 2 W RetE
N2 A

3.3 HPLCIZ & 2 KU H R D 54T

BRI OHPLCA M 2179 IXh72h, £

Claudin-4
T 27 %
ke
g
1.5 4
[%]
[0)
o}
d 11
<
zZ
o
E 0.5 A
()
=
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o |
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AEHBRI%EE

means+S.D. (n=3,*p<0.05)

Fig. 5 Activity of soybean-derived nucleic acid, and the
RNA-and DNA-rich fractions to induce claudin-4
mRNA in differentiated Caco-2 cells.

¥, ODSH J &% W7z #HHPLCIZ & » TH A
A OER L) TX 7 LFF KOS %R A
7zo WMHPLCTIE, +V) ITX 7 LA F FidsHnT
A ZXRKREL DI EBENRMIEL RS,
T—F AT HDS, A AY) IX 7 LEF D
GHCBVTYH, 574 ZAO/NS RN ER$
BT EDMERTE. TOLMIZBWTKEHIE
W DT % SR T2 2, BBy — v 2 1%
LT ENTERNoTze T2, TNFE TOHEERE
E0o, HEIBREOKE S 2 fo B T2 &
DECEEREE DD B L EZ D70, K
ERGFRDMETHOICELTWAT VBB 5
2 % H72HPLC/MT b ik 720 Sl DRRES T,
FVEBOWEERB LT, 5TH% 4 AT LITHE
Hueinlid 22 e 2ilknize T— 7 3EMT 5
A%, WO DNA ladder ® 7 Vi B HPLC 557 %
RATZE T A, FEPITHTHA ZDOKE BIHIHE
MENehs, ¥—27 o5 IRERETIE b5
Too REMT, KUHRBEEZE 5HT L7248, Bl
Y= OHHHIMRTE e h o7z,
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4. B 8

WEAEREDBFZEIZ I\ T, A n FHORAL R 73 4
JaoN) T RE R B SR AT A2 L %
WO L7ze 72, IMBGHEIC X 2O
TALLRERE S N, KT X B BRRETE~ D
b Sz, REFEOKEHIZBWTIX, BT
Tdh BB T & FEBRICEN & U THELL 2B
TRENDLHAL - I X 2 EREE~N OB
HERTTHEN 2 EE L7z ABIZETIZ&EmiiIsk
BRDE 7V & L TREHREIR Z v Tt
LB A X ERBIEDZEIIZ OV TR &
f1o7ze Al NITIALH 2 v 72 LS
ZX o THBRY A XA T5ELbIT, 41t
Caco- 2 ML IR § B AL BT 32 2 L AUR
ENTze £oT, fin& UTBMRZREIHERIL 72

e, WALRERIC K o TS, ARAT
LIRREMEDME T 9 2R E R b b Gk
PP EHL e FRBRTO I 52 5 MEPLETDH
B7%, FEBIZ M ERER O 2 I S 5
72012, R AT 2 ChEMEARER R <
FES D &) REPTEOREPLEEL 25, &
72, FHPRERROBEREIETEBIA 7 = X L 2D Wn
TRESTZAKAAYDELITH L. 4, KEH%K
BIROHPLCI/MT 2 ik 7228, Bbf e op kst %
B ENTE R o AL ST, &M
HUERAZROBRBENE I X FH A AV EETHSH Z
EDIRENT2H, BIROBEILEH| DO FEIENEIZ DWW
THESBROMRFTRETH 5, HPLCZ% 5 VI
LC-MS% M \W7REfl 22 AT iC & 0, WEPEFEB
HEL B0 H A XAREIERTN 2 S22 T 5
CEVEEERDLTHD )

© The Ito Foundation



107

BARIMBRE SR 70 ¥ o % o7 5 % F v 7>
EIMEIEDOUFHE 2 Hfg L 720 %E

Improvement effect of globin protein derived from pig red cell on the

blood pressure in SHR hypertension rats

SIS - B RS - I B
(BT 2 T RO AL 27 SR HE 2 1 — 7 e )

Aya Itoi, Namika Miya and Yutaka Yoshikawa

(Department of Health, Sports and Nutrition, Kobe Women's University)

In in vitro experiments, it was reported that globin protein products of meat-derived

natural components have strong ACE inhibitory activity. In this experiment, globin protein

products showed the blood pressure lowering effect in hypertensive model SHR rats.

Furthermore, from the measurement of catecholamine, it was revealed that the globin protein

product suppresses the secretion of two kinds of hormones, NE and Epi. But the suppressive

effects were not significant with or without globin protein product. It was suggested that the

effect of globin protein products on blood pressure lowering effect is mainly due to ACE

inhibitory action in the organ rather than action on catecholamine secretion.

1. H 9

JEAEGHBE D 3ET LICEL TV D [HBEN
| OFWEEORAEI L B &, AHEHERO
1 2 TH 5 mIMEERBEOBBER WREE %G
WEZIT D LIS EER &, 1,010
J38000 A & s S, HIRIOFANZHARTH104
TANBEMLTBY, AT 5P LR WIR
MATNT VDY, X512, FIR2BEE OIEA 57
B8 ORAETIE, SIIEEEBOEBEIZ 1K
830fEMTH b, ERBEHEDK S %% 5
TWw2?, 512, HAREGEERTHiHhE oM
ATk, BEROFEYIMED 4 mmHg FA35% &,
PHAHIC X BB E AR T A, OIS X
LRCHERERSOONES T LA TEL LD
SONTBY, MEZIERHLNVTHERET S L

1

=t

f

MNTEDLFELTTELRET D L IFREORE
Thbo
BAEOBIRBS BT, ERHERER OB
#16000 HUL L Y, Flix oBBEE 72 b
DOEFEFIEL LTHH IR TV DD, BRTHWS
NTWEE L OFEBEANL, B LR Shzi&
DY, HHAREAORBIIHL 2>TET
W, —7, FEREHEROSETIE, » 73
J BB WERE, 7 aa s VRS, MEATED D
FoLmE LTHEEEINTWS Y, S 5ILTET
i, TUURT oYV U EREREEHETAEE &
AT AHRTF FEDME RS 2363 2 2 & H3H
HEINTBHY, XRTF FEHORKRWIEH7-7%
MERFETEH O RN Z DTV 5, F4ld, &
PRk FICEEITH) - R LoY
TR Y MPEMIEATRE W ICHH L CifgE
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AT, I B R 7 TR E R IS B D B
¥MZ O & M L CT& 72> RIFFETIE,
INIETORLDOHIETHEO R 2L, #HEIZ
ACEMIEMERAN R SN z7ra e v ¥ ok s b5
W =7y FERKEDT, ST HRIEED
SHRZ v b % HWwC, IfiE _ES-PIHIw)H o 5l %
70720

2. 7 &

2.1 BMEETNVT v FOIERELEW DR
5

5 J o Wistar-KyotoF v b & 3 JL & HIR3E
JERIMES v b (SHR) % 8ILHEL, M7V~
F—2f B7T%7NV7 F—AR) &5z 2
WfE Lize €0k, ZD3IE 7Y ¥ IKIER
% H IS¢ 58 (SHR +HF + gloff, 4L),
7Y yIRER E BIE & 2w (SHR + HF,
4T8) 2 F10EMEE L, £, Sdak
(40% a2 v A% —F£) 252, 7ru¥ Y KER
ZE I & B v Wistar-Kyoto 5 v + 3L %
Normalfif & L, 10AMEHF L7z, 52570
YRIZOWTE, #2770 yoRN
400 mg/kg BW& %25 X 91235% 7 1 ¥ v itk
ZELx K THRL 729 > 7 &bk & LT
L7, MHERMGR, SE»S 28 % (PiREE
#H), fE»S 4EE, JE»0 7 %
fH 2 S 10 M %, AHETO 5 W, Mo HE %
10720 MEE, KNI NTY 7 - 547
ATV ) a—3 3 ¥ XD Volume
Pressure Recording (VPR) Tail-Cuff System %
R LTl L7z, 28, 35% 7 8 € Hiliwig,
ILSHRA AR BRI L T 7272w 72,

B O/ EFE1X, Microsoft Excel 2010% vy,
Excel# 71201212 & 0, Tukey-Krameri: %
ThUE L7z,

B, ARFEBRIL, WE L RFEWEE S

WHLIZIEV, MR RY B ERGHER 2D
RBZ Rz 2 CTHEML 720

2.2 M¥EHRATFa—NT I UNOMBIEIC X

5 5

6 WO Wistar RHEMET v P2 W, 7L & ¥
FRlE (AN VBT F V0T g/kg+ a-27 05
T — 2006 g /kgit & & BENKS) BIY, 1
V7T YRR CGEABREE4-5 %, HERFRE
2-3 % TWAEG) THHMAREIRA S HIM L
7289, oz E 4C, 800 g T10455 s s
SR 20479 S K W R T A T
=7 I YOREEIT- 72,

2.3 MiEhsra—L7IvoEk

AV TN VHREEFTRILL, 155071 %
4T, 800 g Tl0 M Lol x 2 MATH 2 &1
X0 MmAEE Az, M50 4 L1, 01 MOEDTA
%100 uL, WIEEHEW)E & L C36 uM®DHBARAL
REWM Z S5 ul, 15M bV A KM% i
(pH&6) Z#500uliNz, EHIHEMET VI F5
mgz72e 2o Z105FIRERIIEL 4°C, 800
g CLlorM@ELML, WMz 7AEL—%—T
W B2 L7z WEET IV I F % 1 mLOBHAT
WP L, WHETIVIFE 70T —
k% (MILLIPORE Ultrafree-MC Centrifugal
Filter Units) (2% L7, 4T, 1500g 2B 5
3 OE LA X BIEET IV I FOBKE,
2 % BRSO uL ZMRACTAHTA— VT I V%
i &7, BHHAELVF Y 7 2 IFH =120l
BEHEL, 47T, 2000g T5 5 MEOH LT,
FH10 u L 2 EEAL AR & o7 o
~ b9 74— (HPLC-ECD) #H\wT/ T
Y4271y (NE) BXOr*=¥+71 >~ (Ep) %
EmAIT L7z 7B, HPLCOSA:1ETable 1 @ &
BYET 2,

© The Ito Foundation



WRARIERHI K 7 0 € > 8 2 ox s ) & o 2 mIUEAE O S 2 Hi8 L 72ii%e

109

Table I HPLC conditions of catecholamine measurement

: EICOMPAK SC-50DS (®3.0% 150mm)
: EICOMPAK AC-ODS (®4.0% 5mm)

i AN

A BN

bineL ©0.5mL / min
SIATIRIE 1 25T

Tt g : EICOM ECD-300
POEMTEE  : +450mV vs Ag/AgCl
e H A s : Platinum electrode WE-3G
Z I : RE-100

ATy b : GS-50

Jid A e : DG-300

WA 210 uL

3. BREEE

3.1 rueryy Ny phEIic Xk 57 v
DR
3.1.1 HE~DEE
fH T REORE 913, Normal#f Ti3408 g,
SHR + HF# T13308 g, SHR + HF + glo# Tl
309 g & 725720 NormalBEIZ AR TIOR3
REIIMEMEE o728, BINVT P—AH%E G

A 72SHR + HF# £ SHR + HF + glo#fiZ 1T & A &

W R EZALE - 57 (Fig. 1(A) ).

3.1.2 #HaR - FRENOPKE

WEWEZM@L T, HHEEE S 2 72 Normal#
LHARTE 7V b= A& %5 2 7-SHR + HF #f
& SHR + HF + gloff I3 A &SP 2 WHITIZH -
oo Fz, BEKEIEE, MEBEMMEAELCT,
Wistar-KyotoJ v b+ T& % Normal# 12 lEX T,
SHR + HF %, SHR +HF + glo#: T W EH Iz H -
7z (Fig. 1(B) (C)).

3.1.3 IME~NDZE

I ) I (systolic blood pressure ; SBP)
I&SHR + HF#£, SHR + HF + gloft D3 X T O #
THHE 2 MM % (PRfEREH) FTICEAL
720 ¥ YK Z G- 2 72SHR + HF + glofif 12
BT, filE 5 HEMBZICTIZKT Lz, 40
DFERZ, RO a e vy v o8y MR

HAEOACEMEEH 2 AT 2R EBEGWICE
ZAHETD, SEERLZOE VKERPICE T
NDEEDONTF FH, KA+ O ACE%
F5 2L TMEMRT S U AZIME - A-EHIRh R
wFHLeEz6Nn5 (Fig. 1(D)),

3.2 Mg A Fa—n7 3 Vg R

Bk DR

AV TNT VIREREY L Y VRERE O H 7
I—=NVT I VLRV EFHB L@ H 720 A
Fa—)T7 I YOREIZBWTIZZ DM EH DR
MO LZ T EFMEINTEBY, Ty
Ly VRIS IRETH D 2 LM ShTwiz
B, AVING YORBET S ZDENZNI L&
MERTHIENTE

3.3 IMHEhATFa—N7 I v OREEL
M4 ONED B EEIZEpiDHEEE & ) B o 720
NE - Epi& $ 12, Normal®F v b &, SHR
W7 N7 b—=AZERNSET v bTIR, Kni
xR L7 72, ZubEry2ENEE5ENE
HEpid &SI T L7 (Fig. 2(A) (B))o

4. E 0B

WEEDOIFFEIZ BT, in vitroFEEBRTIZ AR H
KRIRE T b, 70 vy 57 it
BWACEMEE DN H 2 2 MG E N TV
W7, REBORRE LD ST E 7IOVEIY Ol
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Fig. 1 Changes of body weight (A), food intake (B), water intake (C), and systolic blood pressure (SBP) (D).
Significance : *p<0.05 (Normal vs SHR + HF + glo), *p<0.05 (Normal vs SHR + HF), %p<001 (Normal vs SHR
+HF), and “p<0.01 (SHR+HF vs SHR + HF + glo)
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Fig. 2 Changes of serum catecholamine, norepinephrine (A) and epinephrine (B), concentrations after dissection
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MDRELIFIENDLZ N, Fravy sy vy
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Study on ensuring the safety of meat by phage and food components

HOAR A
OUA A B B2 )

Takahisa Miyamoto

(Faculty of Agriculture, Kyushu University)

Presence of Extended Spectrum Beta-Lactamase-producing E. coli (ESBLEC) in food is
a risk to human health. From 9 meat samples, 10 lytic phages against ESBLEC isolates and
enterohaemorrhagic E. coli were successfully isolated by using ESBLEC strains and
enterohaemorrhagic E. coli as the hosts. The 10 purified phages were spotted onto double
layer TSA embedded with each of the ESBLEC isolates for the determination of lytic spectra.
Among the 10 phages, 2 phages showed the broadest lytic spectra against ESBLEC. Viable
counts of ESBLEC in liquid medium with the phage cocktail reduced by 2 and 1.3 log CFU/ml
at 25 and 5C, respectively, after incubation for 6 h, compared to that of control without phage
cocktail.

To identify the genes involved in phage resistance of bacteria, the phage sensitivity of
single gene-deficient strain of E. coli was examined. As a result of screening using a 96-well
plate, 10 strains including 4 rpe strain showed strong phage sensitivity among the single gene-
deficient E. coli strains tested. The time-dependent changes of the viable counts in the
presence of the lytic phage, viable count of E. coli A rpe was 4.7 log lower than that of the wild
type E. coli after 12 h of cultivation. The viable count was 2.6 log lower even after 24 h of
cultivation as compared with that of the wild type strain. The same tendency was also shown
in the other 9 strains, suggesting that the inhibition of the function of these genes might

suppress the growth of phage-resistant bacteria.

1.B ®

W PR 8 2 SRR & 3 % fo g iE, |
#HR (VD) EAMKBWOIBTHEICLY Y, Ki
Fr—VEOER (P a0 A7—F) RhEE
W, Tyr0L) aHERRSEEERE LTHAEL
TWwbo FINEREIEIIARRNOEAT LVT
OMMLREEC X 0 Yk IR B e T 7 &% S8

LCHEGE/L, BCTE2ILEIDHE, 2HIC
Extended Spectrum Beta-Lactamase (ESBL) -
HERGW % &, JAHE 2 PUEY B 7 A rh i
WOEELWZTETEY, BREFORBEIIBY
TRELRMEEL 2o TV D 72OPUEWE KRG L
HWEHRHEMRENRDLEL SN TVE, ZoOx
KO—DODOWEMELE LTIy =TI 0H B>,
77— VIR RESE T, —foih
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BN IS OWTH WK T LT 7 — V&0
R b ePLn, 5%, MLEmoOT >y 77
4 74bidEL L Bbh, WBEBEWT Er RS
FV B X 2 MBBHEOEROT > 754
TSN TWB, D7, PuEwEnE
WL EOEELERFMEOERN 7 7 — Y O Hijf
2TV, ARRIEE A SIS BT mh AR 2
WEER KRR 7 7 — V% R TR ERDH
Bo EHITT 7 — TITHE B T A AR R
W FAOBGEAET HDT, ZOHIEO DI
PEAL DO BERE RIS ETH 5% AWFFETIX
77— VI BRSO BRI O R 1T &
T57:0, KbWO—#8ZTFRI\EERTA 7T —
IZDWT 7 7 — VIR A 1T, BEKRI D
bEZEO S VBT RIEROMEKZ1T5 T
77— VIS 5 & b b @A D
T RAT.

2. 7 &

2.1 BUEWHERYERBRERN 7 7 — ¥ 05k
B L O

TN CTHEA L 72 B & OV % 30k &
L7z #K50 g 2 1 mM CaCl: & A LBE #1200ml
LIRAL, 15secA b v —MBLL 7. B
MPERE #0157 © H7 B X OESBLEEA: K %
GHEERMBALI00 12 2 h~< v 71— IHM
L, 371CT—Mdk& H)HE L 720 HiEWI0mlz
e (12000xg, 4C, 5min) %, 74V
7 —2# (022um) LT7 7 — VERE%E R
L7z 77— VHBRWI0 Wl E Rk L 2B 1
W00 ulZ < 4 7 uaE LAENTRAL, 37CT
30min¥i#E L7z, TNz, MEEMH L T50C 12k
L 7-Top Agar5mlice&HESGL, 1 mM
CaCl> & A TSAR: HICH g L, 37C T—Muks 2842,
BWIOR ML R L7 AR L7 7 —VEBR
20 ul% SM buffer180 ul TEFE AR L, Ay BRI

100 pul & FIRG 28 L7218 W 100 ul 2 A L T
37CT30minks# L7z, I, LEit&FARICL
TTI—r 2 s E7, HREINTI—0 %
WRFEAO A AT )R E, FikEEE L 720E F Wil
1mle & B IC15mIF =2 — 7R 72 TR
VT 7 A L7441, 3TCT—HkRE )KL
77—V RS B R D 4 B
(12000xg, 4C, 5min) &, 74V ¥—5
(022 um) LCTHEWAEMINL7ze S 3D
BLTT7 7=V 0fLEA T 720 #ALL7ZT 7 —
DBRAEHE 4 CTHRAFE L 726

2.2 77—YOHKRER

1 mM CaCl: & A LB Hi4.8mlIC a7 78 L 72
100 wlB £ V7 7 — DBRAFHL00 wl & N 2, 46
FHoORHEEFTRE, S5CTBIU2CTRE )5
L7z HRERINCY V7)) ¥ 7 &RfTwv, PBS
buffer AR L 72#£12 1 mM CaCl: & A TSARHiIZ
WA L7zo 3TC TR L, Bllian=—
Bzny oy s LTERBEER L,

2.3 77— VIG5 @ s T ol E
E. coli BW25113 (Y4:4k, WT) B X UE. coli
BW25113 i — {57 R IEE3,909 1 #k 13 |5 7. 8 2
FIERF A SEEA L72e S OXRIEMKIZ, KBEO
TRTCOBETF D) LIWHAREBETE, v 7T
FLZZAEBWRERKRTH S, 1mM CaCl-HH
LBY; #1200 ulZ RN L 72967 = V7L — M2, R
Ptk & Bl CEP AR & RIEMR A 3RFE L, 37C T2
higE I FEL2e 77 =210z dnL, 37C
TA8hRL HIRR L CTHIEZ 0, 6, 48h 12l
L7ze ZRAZ ) == 7T, —RAZ ) —=
Y BVTA h IS AR & Il L Y
Do 72 RKIBHRIZOWT, W5 R % 10°CFU/ml
I2Z5 %2, 1mM CaCl: &4 LBE; 11200 ul % 70
L7296 = V7L — MIHRIOulZz#EAEL, 10
ERNL 727 7 — VRAFIL0 wl Z RN L T37C
T48hilkE H KL (n=3), WEXO, 6,
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24, A8 h ITME L T D¥EHH & J 7z,
3. BREEE

3.1 VUEMHEMMERBREERN 7 7 — Y D5
Bl - R

TN TEAL2ARWE 9Rer s, BEN
Mk KB 3 & CESBLEA KBH 2 FE & LT
100D 7 7 — V5 EES L7z (Tablel )o 209
5O 2 3 FHEREDIA <, ESBLEAE KW
Z)h W L7,

3.2 T 7 — Y OMKE T TOBRRBME

JE Vg 38 % 7R L 72 PBL66-138 X ("PBL116-1
D77 —=VREWEHNCT, 5CTBLUO5TCICH
\F 5 ESBLEE A KM 213 2 B 2R & f A~ 72 fs R
%ZFig. 1 IZ/R T, 25C DK CTIXESBLE A4 Kb
W OAER BT WFBEEUIRT 2 h #1122 KT
L7228, ZDth7 7 — VRN E HBREOAF#
T L, S LT5TCoRETIE
ESBLEEAE KRB M ORI 2 h &IZ10H7, 4 h
21347, 6 h 121347, 24 h $RIZ22HHME T L 72
3.3 77— ViHLIZB 5§ % B F Ol E
77— VR L TR 848 h B2 I BP A vk & o
L Tl BEAME A o 72 RAAMRIZ3 909K R D 9 B
MMTH o720 77— VRS L ) BTk R
% HBE &R LRI RIBRICO W T R A 7
V==V 7%, WIHEEKIOCFU/ml, 77—
DI PFU/mUSFEE L THT o 720 S ORER
I0KBRRIZBNT, 77— ViRINL72354E, B4
FRE IR L TR A8 h R DB EIME A - 722 &
5, ThHIE7 7 — ViAKW g AR S
72o UL, SHITHFEZMGET 5 LAk L [H
BET CHESHEMLZ 20, Bt
PHHENRTVw W LR ENT, ZOHT
e KIBIRIZDOWT 7 7 = ViRMBEO AW B OE
L% flsE L7558 % Fig. 2 1R T rpeRIAMKRIZHRS
6 hBEBLIUCL2hBIZBWTAERHIHI0?

Host range of isolated phages against ESBL-producing E. coli

Table 1

ESBL-producing E. coli isolate

© The Ito Foundation

No. of
infected
isolate (%)

CTX-M9
group

CTX-M2
group

CTX-MI group

SHV group

TEM group

Phage

33 110 116

98 129

9

50 65 126 134 145

64 66 81 88 108 138 29 40 42 45

36 95 100 139

31

5/27 (185)
3/27 (11.1)

PBL42-1

9/27 (333)
21/27 (77.7)

+

+

+

+

+

+

+

H

+

+

+

+

+

PBL66-1

—

2/27 (74

PBL42-2

o~ o~~~ o~

10/27 (37

+

+

+

+

H

+

PBL5-1

10/27 (37

+

H

H

H

+

PBL126-1

6/27 (22.2

+

PBL42-2

5/27 (185

+

+

H

+

+ +

+

PBL116-1

(+) : Strong lysis, (£) : Weak lysis, (—) : Non-lysis
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Fig. 1 Effects of phage cocktail on viability of ESBLEC isolate at different temperature
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Fig. 2 Effects of phage S127 on viability of £. coli wild type and 7pe deletion mutant

CFU/mlE b A L, kRO 7 7 — VLR
LR E THW SNz, Ttk EREIEBm
L, 48h BICIXEERR L AR F TN L 72,
rpeRIMRIZ T 7 — VR EYS ¥ 26, 6 hik
MH12h BIZBWTHERBOWMD A SN h o
722 e 7 7y — ViR OEE S EBEL /-2 L
BE R HND o rpel IR OMETH LY b —
AV YBEEFKIZBWT, VT7u—A51) VEEx ¥
Yvua—A5Y YBRIZEWT HD-Y Tu—A-5
-) V3-TE AT —¥EI—-FTLBIETTH
D, ZOmEIINADPH® X 9 2@ oA
WEETH L rpe®RIFIZLY, XY F—2A

) CREIEEAREEEE S, TOMKR, KBWOLEE
P BB I ENHRESINTNWE Y, Ldo>T,
rpeRIAE 7 7 — VIEROEFIZIERY F— R
D YRR ICEETHLEEZ LN,
MBI 27 7 — VBB L LCidd Tl
WL OPDOFPHE SN TV B25, RAOFRS A
%\, ZO—21%, WHRERIAETSE 77—
VRO RKIIZ L) 7 7 — VAHIE A T &
R, MW7 7 — Vit 2 A 5 iR
WThsrd, B—BIzTORBICLY 77 —V%
BERORBEEHEECTCENE, MO 77— Vit
LD —EAHIH TGS R 2 L& 2 B b, fhofh
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HHEHE & LT, JE1S 0% MM T & 5 CRISPR/Cas
VAT ANDHIF BN S, CRISPR/Casy A 7 A4,
77— AD L) HRAVGKYERAZF SRR
BAT R L, To—#x ) L CREL, sk
PR T OFRARICEIN T 28HECh Y, MK
DT 7 — VBREANOWBEICH G- LT B 2 &
W EhTWwb?, ZTOCRISPR/Casy A F A
53 5851 & L CemrBlnt b, LHL,
emrBIE T ORBIRIZH L7 7 — V& EGe 8272
LI A, B 6 hBICBWTHEDRA A S
N72b DD, ERHEAShBICBWTHEITRE L
WimL7z. 2oz &h5, CRISPR/Casy AT A
ML T OE—RETIET 7 — Vit b & fE
THILIITELRWEEZ bNTz, Z DM
MR LT, Mg~ b))y s AEEELT
77—V EZFRE O G R YEICHE T 55
W, 77— YDNAODORA%LMET 2 #H, Al
WIZRALZZT7 7—V% 7 2 &S 58
B R), MBENEZFL7:07 7 — VEGR
PHBRTH2EE R EBH L, el dbns
OB EBERE DT I3RS, 77— Yk S
TR 14 DT T 0 £ A3 & 7z KRR DS 10K
Ak TH D EEREIND, SHOEETIZH—#E
BT RIBREMR L7220, 7 7 — VIRt R
BG- L7726 0BT 2 ARG b - HEER
TRIEBREER LT 7 7 = VitE 2<% 2 L 12
X0, 77— VIEORERE D] S 7% B & ITE
EX AT

4. E 08

o i ML K5 11 35 & OVESBLZE A2 KW W % 1id
FELTCIOMD 7 7 =V s iz 2o9H b
D 2 318 A RMEAYR <, ESBLEA KR # %2
Jh KW L7z JRWEFER Lz 2D 7 7 —
VIREWEH VTR, 26CoRETIE
ESBLZE A KW W O £ R B FE W B R T 2

h BAZ3AMLT L7228, 2oL, Th
2 LT 5 C TIIESBLEE A KW i D A W E 2
h 2121047, 4 h 121317, 6 h &ICL3MH7, 24
h #ZIC22HF T L, iR THEEL, 77 -7
DYEH T RE R IR E L2 B IR T 5 2 &8
RENTzo KW OB — 85T % K S £ 723,909
HD ) BIORIBHRIZBWT, 77 =YL 7%
&, PPk & R L TR 48 h RO WAL o
723, S OITHERRIIIE AN E MR E CTEE
L72o TRHDI0KIMEKKIZ T 7 — Vi PEA ]
RETEAVR SNTze TS DOEAET DOERE % W]
L, Totfieziiilds 2L THRO 7 7 — Vit
PALZIH T E 5 L HF S5,
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Analysis of disinfection mechanisms of drug-resistant bacteria by gas

plasma using molecular theoretical approach

(M BRERR AP TR IR AR AR AU 220 B, 2R R R TR ZE R R T TR

Akikazu Sakudo! and Tatsuya Misawa?

(1Laboratory of Biometabolic Chemistry, School of Health Sciences, University of the Ryukyus,

2Department of Electrical and Electronic Engineering, Faculty of Science and Engineering, Saga University)

We previously demonstrated that gas plasma is effective against both drug-resistant and
non-resistant bacteria in a study using Escherichia coli transformed with a plasmid encoding
an ampicillin-resistant gene and treated with a dielectric barrier discharge (DBD) plasma
torch. In the present study, we further investigated the mechanisms by which the DBD plasma
torch disinfects drug-resistant and non-resistant bacteria. A DBD plasma torch was applied to
suspensions of E. coli transformed with a chloramphenicol acetyltransferase (CAT)
—expressing plasmid and cultured in ampicillin-containing or non-drug containing medium.
The results showed that CAT was reduced under both conditions in a time-dependent
manner, suggesting that the gas plasma similarly inactivated proteins in both E. coli
suspensions. Electron spin resonance spectroscopy has shown that the plasma torch generates
reactive chemical species, including hydrogen radical (H+) and hydroxyl radical (OH*), which
may contribute to the inactivation of proteins. Taken together, these findings suggest that the
protein inactivation, possibly due to oxidation by reactive chemical species, may at least in part
contribute to the mechanism of action of gas plasma. Consequently, the mechanism of
inactivation is unlikely to differ between drug-resistant and normal bacteria. Therefore, this
plasma method may be especially useful for eliminating not only normal bacteria but also

drug-resistant bacteria.

1.B ®

LA, FIVE A T 7% & OME O FEHN LA
FHE & %2 o T b B, KRETIZEAT
eV E AL T D% LA AR R TH D,
51250% L EASZHIER CTHh % L #is ShTw
%', Fi, KPEDOHFIVESRT DL HEEHA

MR ThLEENLY, TNHOZEhs, #
AN S T WIETORMOBERM LT L I
TWwa,

Wi, WEEHE O, WIEWLIEEAN O—>Th
BHATIARENNT, FLVEATEGLEFE
SE MR OREIII L7z 51T, KA
75 A= b —F % H CHAPER & IR

© The Ito Foundation



FEHRMER O A AT 7 X< ARV 720 Fammy 7 70 —F 119

DHAT T AIEZMEDPFR L THE L 2WH LD
L7227,

—J, AT ITARIZLLBHEA N = A LI
WE AR DL L, AT T A AR
e B4 OB X ORI fEA
ENTVB\V, TDO LX) GLked, HHEM OISR
X0, WEALEIUES X A = X L DRHNDITF-
T T —F 2GR L ooH LT LICEHL
720 AWIETIE, FTRRIET I AT b—FITB
JAEHAT T ARORIGBFEE BT ALY VLG
(ESR) 12X W AT LNV THM 21770 X5
2, PATIAIHBHEERIZED L) ITET 5D
PEBBEL, PRATTARICEIDZBRE A=A L
EFPHSLPICTLHNT, TATIAMIIZLD
LB ENBRDY V87 BRSO AL
AT L 720

2./ &

21 KARETFTIATb—FERKBHE
Escherichia coli®D 77 A 7 5 X< QLB

MR TH L EROET I v 7 ZADFPH % K
THWY, FMNBICEROA Y V2 2REBLALTT
XX M—=F &Y, @R E X v ¥ 2 MIZEILE
10kV, FWEE10kHZz O &Mk Sv 2 2 Elm L,
FHEAR N 7 JE (DBD : Dielectric barrier
discharge) QLA H AT T A=A S8E72,
R LI AT T AL, =7 =Ry 7 OKIE:
AKSSPP-2S) % H v T iSEHE 2 5 3.5L/min D
wE ORI E 720 E. colith 7 IVIZREETIL_1220
uLi T L, fidein T CoMEE%20mmiZ[FE e L
PR % AT 5 72,

2.2 PEEUHITN & 5548

fit s W & L TE. coli (DH5a Competent
Cells, Takara bio) # 72, 75 X< ALE |24t
THH TN, TEY) VIgEEET L

Chloramphenicol acetyltransferase (CAT) i&f{z

T2 >7 7 A3 FTdh %pPRO-EX-HT-CAT
(Life Technologies) # b5 Y A7+ — A=V 3
YRBIZT ¥ v (50mg/L) %&TLB (Luria
Broth) #EX¥HTEL 7 ¥ a 247w, L
lcau=—%¥vy o 7y TRIITIEYY Y
(50mg/L) % &L LB AR 2D LIET v ¥
V) Y& E R WLBHARE M T37TC, 2413
WAL TR ONLE. colix i L7z,

2.3 FIUVARTF—A=av

TIAIFOEAN (FFYAT =A==V 3
V) ATEE T o T2

2.4 Enzyme-linked immunosorbent assay

(ELISA)

CAT ELISA (CAT No. 11 363 727 001, Roche)
EHWT, A VAMT 7Y a VITHEWCATDRE
wmEITo 72,

2.5 B|FAE I (ESR)

7 T A NVHAI & LT, DMPO (55-Dimethyl-
1-pyrroline N-oxide) (GE#A Y > 5 K) % i
L7e 9, 20mlo~ 4 785 22— 7H121.0ml
»100mM DMPOW & di% L, < 2SI IRHE
ERETH0ICZT Ry T2 T 55 HE
FAA (fLElO0L/min) TNT) Y7 L7z, 2D
%, RRET 7 A= b —F OfE5EH 7% 5100mM
DMPO DR & O Fi#E% 10mmiZ PR 77 X
<P (BHE A AE]IOL/min) 2{7-72. 7
A< W% DODMPOBE A H A~ ~ 7 1) v M
EHWT—8HEZRWL, Ihxa#EE0 LICHE
&, ESR4OGET (TE-100, HABT#H&H) <
WE L7z WESEHE: <470kl kER
9428GHz, 75 [WEfHI60%), #:¥5335.6+50mT, %
FF0.10mT, 253 i #4100k Hz, IéE £30msec,
Bt #s 74 >~ 125~500) 0 ESRIE 5 D5 % Hix
TH72012, Mo () 44 X 2B~ 2T
L ORI F— 7 L7 R RE (ESRA R
MVOLELATHICBI S NS 2RKOES) i
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L. TOESRF v Y7 4 —N~Of ALLE O Hl
WCIFHABE TS BTy V= vy~ —
H—%MMHL7z. INSDY 7 FVERT gffi
DHEEZ AT 720

2.6 AT

GraphPad Prism 7 (GraphPad Software) % H
W TNon-repeated ANOVA followed by Bonferroni
correctionlZ & W HEAEMEEITo 720 &b, B
fii 1% %3 = SEM (standard error of the mean)
TFR L7z

3. BREEBE

5, WAT T AWIDE. coli DR 5312
H25BeWoMICT 57012, CATE%BL
THLTIAIREB NS VATr— A=V arylLiz
DH5 a I L TREIET I A~ h—F 2wz
WLEE % 4T o 72#%, ELISAIZ X W CATOE R Z 1T -
72

HARM 21X, % 9 DHS5a 12 pPRO-EX-HT-
CATZ NI VAT —A—=Yaryl, TrEY
) UEARLBERK T L s Y a vk, 3
U=—%Yv 7 v 7L, Z0au=—%1LB
TR HICRE L, 7Y ¥y Y E&HLBKR

05+
0.4
E 031
eTo]
k=S
% 024
O
0.1+
0.0-

s & OIS A LB AR Hh i C24IRE B 28 L 720
ZNoP RN L72DHS a 12K LTRAE T I
A b=F AV ET572, 29 LTHEDS
N72DH5a XL v bHDOCATD & % ELISAIZ X
DR LRE, 77 ALY wTFho
DH5 a THCATH A L, pPRO-EX-HT-CAT
ENTURTF—A=Vary -kl rTarlLiz
DH5a % 7 ¥ ¥ ) ¥ IE& A LB RN 1 TR &
L72b D3 H AT 7 A< HH] (0min) OCAT
#130.3961 = 0.0182ng/ml (Omin) TH o 7=DIZ
L, Imn®d7 I X< L D 0034 =
0.0004ng/ml~&, 2min® 7 J X< WUH Tl
0.0339 £ 0.0004ng/mi~ & B EIZCATmAIHA L
7z (Fig.1)o 72, pPRO-EX-HT-CAT#% k5
VAT A —RA—=Yarv-klL s TarylLi
DHSa %7 ¥ ¥ ¥ ) Y G AHLBHRAR TR L
72 OIZ 2w T B 3147.7302 + 224.9762ng/ml
(Omin) & 0.0325 += 0.000lng/ml (Imin) B & O
0.0335 = 0.0009ng/ml (2min) TH Y, VWFhD
FEENCBWTD Omin & IR L THE L CATOM
Pas@igts iz (Fig.2),

KIS, RRETFZAR bP—=FIZBILHATF
A= DU Z X5 728, ESR% v CTREHT

Amp(—=) Omin  Amp(—=) 1 min  Amp(—) 2min

Fig. 1 FE. coli cells transformed with pPRO-EX-HT-CAT and selected in ampicillin-containing LB agar were

proliferated in non-drug-containing LB liquid medium (Amp(-)) and then subjected to plasma torch treatment
for 0-2 min. The quantities of CAT in the cells were subsequently measured by CAT ELISA. **p<0.01 (vs 0 min).
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Fig. 2 E. coli cells transformed with pPRO-EX-HT-CAT and selected in ampicillin-containing LB agar were
proliferated in ampicillin-containing LB liquid medium (Amp(+)) and then subjected to plasma torch treatment
for 0-2 min. The quantities of CAT in the cells were subsequently measured by CAT ELISA. **p<0.01 (vs 0 min).
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Fig. 3 Electron spin resonance spectroscopy (ESR) detected radicals generated during DBD plasma torch operation.

ESR spectra of spin adducts in aqueous solutions irradiated using a DBD plasma torch with nitrogen at 1.0 L/min

for 10 min after bubbling with nitrogen gas. ESR spectrum of DMPO showsal : 2 @ 2 :
(*) and several other small peaks due to DMPO-H (7).

Bifolzo RAET I A b —FICE o THEKX
N7V = I hNVEBNTE72012, FIHN
HHAIDMPO % H\W CESROWEZ 175 720 125
N7ESRANRYZ bV ERS L, BEEEkas1 ¢
212 1DAKBOBBNMETVEEDITH Y,
COMIZEINE S (AT 5K, FEEIZIAR)
MBI S 7z, AT OKR, T#EIZDMPOD 2
fLCOHT 2 VA L 72DMPO/OH T ¥ 7 v

1 quartet of DMPO-OH

THY, HHEIX, DMPOD 2 (LI KFEE T 34)
ML7=DMPO/HZ YA VLB E N, Thb
DOREREY, TIATHEFHZLIYVOHT VA VR
HI IV HUPKPTERELZbDEEZ SN
(Fig.3) o

KifFEICE ), FAT T A<, OH
FIUNNRHT I HNDPEET S EDRERS N
720 EHIT, HAT T AIWBEZEDE. coliDCAT
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ZEE LR, MIFIICCATARA T 5 2 &
PHLNELR ST TNHEDOKKIY, HWATT
ARG (79 H0VEE) ORRTHRILA ML
AR E DO LTH U7 HEAREILL,
ElZRLIzbDEEZ bz, LiL, OHZ

IHNVEHT T ANIEY V7 BPACH S FE

F AL L RO U CER AR & S B ]
BU2RH L, Leh>T, INHDTFTIVHIITK
0 & VR BEUND ED X T B D%
LB FEEINLEDONPITONT, ST
HBIETHRRANZ AL L VLT AL DL
ZEzHNb,

4. B 0

IhFETIE, KRET I A< b —F &7
Wi, HATS XM X 2 3EA0T M & FEnt
TR OEZ I ENR W ERH SR T
Who KIFFETIX, TOBRKAN = AL %HLN
29 572, ELISAICX AR % V82 D%
WEESRIZE B AT 5 X< W5 DRI %47 -
Too ZORERE, CATHEHT A TS ABIZ LY
WALTHZEEHATFIAHIZIZOHT VAV
RHIVINDBEENTSLZ LD h ol Z
Nz e, OHTFVANVRHTI VAN Y
DIGHRED Y 2 X7 BIER LT, WERW L7
WREVEAE 2 bz, — T, MRS v o8y
BUNOBI ST 2 W REMEA D % 720, b
DWRE G DT D LE L EZ BTz, ¥ 30
BOEALREINETHL N LR/ HN AT T
B X B BRSO AL IZSEA T o A e &

IERIRICAE L BB TH B 720, HWAT T AR
AR IS LTH AR EEZE Z BN

X Ok
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Evaluation of meat freshness based on measurement of its electrical

properties

7o — ¥

(TIERFETO T4 TELEE Y 7 —)

Kazuyuki Saito

(Center for Frontier Medical Engineering, Chiba University)

The author has been studying biological tissue characterization by the electromagnetic
field. Possibilities of characterization depends on frequency of the electromagnetic field. For
example, aspect of cells in the biological tissue can be observed by mm wave (around several
tens of GHz or higher). However, it is not easy to realize, because it must be employed several
expensive devices and is needed high precision measurements. Therefore, in this study, the
electric current around several hundreds kHz is injected into the biological tissue and relative
permittivity and conductivity of the tissue are derived. From measured relative permittivities
and conductivities of the tissues, it has found that these values depend on their freshness.
Therefore, it is considered that the meat freshness can be estimated by many measured results
under various conditions. Moreover, in this study, simplify of the measurement have also been
studied. At this time, the relative permittivity and the conductivity of the tissue which is filled
into an acrylic cylinder have been measured. In order to simplify the measurement,
measurement system without the acrylic cylinder has been investigated by use of numerical
computations. In this case, using the various shapes of a pair electrodes can be considered. As
a result, possibilities of the measurement simplification could be found. As a further study,
more simplified electrodes should be investigated and the freshness of the meat should be

measured by the simplified measurement system.
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Fig. 4 Calculated input impedance under various electrical properties
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Smart quality management of meat processed products using visible and

near-infrared multispectral imaging combined with deep learning

% % oE H-FxFIAL TxT
(HURUR R B B2 2 G o BFSE )

Yoshio Makino and Chao-Hui Feng

(Graduate School of Agricultural and Life Sciences, The University of Tokyo)

The development of Artificial Intelligence (AI) is remarkable, and it has been introduced
in all fields in society, but its application in the field of livestock is not sufficient. Therefore, in
this research, we will develop a system that targets sliced sausages, inputs two-dimensional
spectral data measured using a hyperspectral camera into Al, and nondestructively predicts
the adenosine-5'-triphosphate (ATP) concentration that is an index of freshness and decay of
sliced sausages. The samples were stored for 5 d at 35C and 15% relative humidity, and
spectroscopic analysis and ATP measurement were performed over time. Since the ATP
concentration tended to increase with time, it was revealed that the deterioration during
storage was more likely to be due to rotten ATP than to the decrease in ATP concentration
due to the decrease in freshness. Furthermore, when an attempt was made to predict using Al
(machine learning), it is possible to predict the ATP concentration with an accuracy of a
coefficient of determination of 0.86 or more and an average square error of 0.14 mmol-L "' or
less. The method proposed in this study was considered to be effective for nondestructive

evaluation of the quality of sliced sausage by AL
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Fig. 1 Hyperspectral imaging system applied in the present study (JFE Techno-Research Co.)
(1) 12-bit CCD camera, (2) Spectrometer, (3) Lends, (4) Light sauce (xenon and halogen

lamps), (5) Sample, (6) PC Monitor
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Fig. 2 Appearance of sausages on (a) day 1 (ATP : 6.16 mmol-L~ '), (b) day 3 (ATP : 6.28 mmol-L~ ') and (¢) day
5 (ATP : 6.81 mmol-L~ ') stored at 35C and 15% relative humidity.
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Fig. 3 Statistical parameters as (a) determination coefficient and as (b) root mean square error of machine learning
with 125 raw (every 5 nm in the range of 380-1000 nm) and pre-treated spectra.
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REWAHEEDN LR BET 4 ¥ ERMEEH TR
BoBHIL, UERAEICOWTOR, EREICE
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Fig. 4 Statistical parameters as (a) determination coefficient and as (b) root mean square error of machine learning
with 10 raw (385, 390, 395, 505, 580, 670, 745, 780, 855, 955 nm) and pre-treated spectra.
Note : N, normalization ; MSC, multiplicative scatter correction ; SNV, standard normal variate ; der, derivative ; Cal,
calibration ; CV, cross validation ; Pred, prediction

HIRAE AT, FH LV T 2% & 725K %58 o CEESIIZO MY AL 720 O AR R EEEH
KDLV FRVPEZEZOND, )T, W ICHBTZ 2 E 26N 5,
HRNOOED 2L 2B ) 212, KEPIX Mo
HEIZ D 2% h %0

AWFZE T OB Z S S UL, HrEYFIH 51 AIDFERIZZELL, HATOHLW 25 H T
2B 5 ATFIH OSEHERPEASEG & %% PRI, DFADPHED HNTWDBD, HESTTOIRHI
HEp &R, AMEER, LI ERERE, 8% THLdF 2RV, ZTTARIZETIE, AF1 A
B CHAERCRELDDOH HAIE, & V—b—VRMENREL, NAIN=AXT P

4. 8 8
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B AT T L7z ZRIET W 7 — ¥ % ALIC
AL, AFA4 AV —t— Y DR O
L7 B ATPIREEZ I TP 5 ¥ AT 5 DF
e E ATz AT, HXHEELS% TS5 d i
B L, FERFIIC 650 AT & ATPRIE 217 5 72,
ATPiR B RE R I I3 2 I 23 H 7z 2
LS, BEAICBI A MBI T, BT
X5 ATPIREEWA & 1 MU X 2 ATPH o
HWBEETHLIEPHLN IR o7, EHIC
AITTFMZRAIZE A, PERE086LL L, F
¥y 2 Fei%0.14mmol - L' LLF O K TATP#E &
EZFUWETHY, S9aHirT—4% % 1stderT
BB L 72856 100k b B B2 ATE TV AMERL &
N7zo VL EOFERD S, R THRE L2,
ANZE B AT A4 AV —t— TV DNEOIEWEET
MilcAHRTH B LEZ SN,

X Wk
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Novel gene polymorphisms identification related to cattle economic traits

()

A NI NI
(R 7 B S0 T B B2

Hirokazu Matsumoto

(Department of Animal Science, School of Agriculture, Tokai University)

Various attempts have been made to improve carcass traits of Japanese Black cattle,

representative beef cattle in Japan. Genetic factors are known to influence on meat quality in

beef cattle. Therefore, development of additional DNA markers is useful for breeding. In this

study, we tried to investigate the influence of bovine SPPI gene, coding a multifunctional

cytokine, on economic traits in beef. For this purpose, sequence comparison of the promoter

region and CDS was performed, resulting two DNA polymorphisms in the promoter region and

one missense mutation in the CDS were identified. The missense mutation (g.58675C>T) was

predicted to cause amino acid substitution from threonine to methionine, suggesting a strong

influence on the function of the SPP1 protein. Association study between genotypes and
economic traits revealed that g.58675C >T had a significant effect on carcass weight (p=0.0078)
and C/T type was heavier than other genotypes. These results suggest that SPPI g.58675C >

T is a useful genetic marker for breeding in beef cattle.

1.B ®

HAREA OWEHMEZ A L@ 525 Ih
TIZHR TN - TR - BRI - A AR
DA M EEND, THNOHAFMEON, BB
AL ENAA DT AR O S TH ), B
FEIN TRl ST B WA 0#)95% % BB
0L, BTEMMORRE LT, WICHED &
AR S M B BRI EN TV B KA H T 5
%o MRIIZCHEZITNIC AN ZBR D RO KL 32
L, HRRHFY 2N L3€5Z LT, WOFAZ
WHEG A 5o 2 DIRNIZHEO Rl 2k ¥ HBMS

(Beef Marbling Standard) T %A%, Z ®BMS

IE A AR & DM E V20, BAHE o T
DIFICHEEH SN TWD, ZOBMSOM, IEI
FRALR R 7 3/ WAL, e, SEEL o
RFEEICEET 20, ThooBE %2 LSS
L9 ERNMICRIZFZEESHED BTV S,

— AR IR &S F S E BN
WX 2B EZT LN, BIAMERIZOKREE
BINDL720, HABEOUR TIREESNT 7
O—F A TH D, T T, HTAIHABEIC
B 5-3 2 B BL R T o [ 2 % e HE I B A5 T FE B
B X DikAaizt s ZORER, ACACARELOVLS,

© The Ito Foundation



136 M0 FTRIC B % DS A

(Vol.37)

FADS2, MMPI4, SPPI1% O58n¥HHWILY
WCHS- 5 EmMEETE LTHFLEL, 2o
WACACA, ELOVLS, FADSZ2, MMPI4® %
fZrciR7uE—% —#HBICB W TDNAZ RIS
FESN, ThoOLRNIBHOBRE IR E
ERHOZEPELNMIIENTZTY LA T,
TATFETA 2 ) —= v 7 SN BB TR A
WHEICBET 2 AN Thr L EZOND,

SPPI1 (secreted phosphoprotein 1) &imT132)-
86 Fg bk LI L, 8oz r v v bk
Wb, ZORFEY X Osteopontin & & I:1E
NLLEEEMEOT L S AL v THY, FRELR
PERS, TR =V AR ESFSFERAGHL %
T2 EDHMOENT VS, HFBEIHT %
MRLMGEESNTBY, FVARY A Y HOIGE %
PR AR A E R 23R ST b,
LLans, BEAMOBRIEEE DMLY X
AWTH Do KBTI DSPPLEILT % AR
& LT, DNAZMORERSL L 2 0RFHHEI
xt3 % KA & M L 720

2. 7 &

2.1 #kE

SRR 1A4E D 5 K 264E O ] 4 [E o e THLE X
N, BUSSBAHE (R & N7z B AN REAS4 4
EHUINE LTHW ., ZABRIEIILSON
MHRRIE Y 2572 &5 ITEM L7z 8 ik % X
G & L7z DNAJHNZ S NSRS 7 =
J = VaERWTE L7z, BRBE AR
O — 2N, IE5IE, R TIRIE, e s,
BMS) 1341 F3: A H AR AR A S o412 &
D Rl S 7R 2 vz E 72, EERICHEN
PG & O eG4 iy - x - kL, A2
o~ b5 7GC4000 (YV—ZvH A TV A, K
) WX ) ZFoMK (Cl4: 0, Cl4:1, C
16: 0, Cl6:1, C18: 0, C18:1, C18:

2) ZWEL 7

2.2 ZIRER
SPPI#{z¥ (AC_0001631) »&E T2 Y v %
FUDNAE ZPCRIFICKL D WIRS 577 4
<~ —+<% > I #0ligo7 (Molecular Biology Insights,
Vondelpark, CO) 12X W{E# L7z, SPPI#ET
TIE 78 E— ¥ — G2 O DNAFEIB A 5 5
ICENTWE7ZDY, Z OB RITRE L,
PCR % % 1% Go-Taq®(Promega Corporation,
Madison, WI) il L7243, £3, 47V VI

&% 5 K 12 1 EX-Taq® (Takara Bio, Siga,
Japan) % H\7z, PCRIEI1Z95C T 2 70821k
SRk, BN (95T, 308, T=—1U 7

(RO, 308), MERL (72C, 308) %
3BHA I NTo Tz 72720, —1004~ 57D 71

— IO W TP R SUS DR [ % 608 &
L7ze 794 =58 X OPCRSA: 1L Table 1
IR L7z,

15 5 1L 72 PCR £ ¥ 13 Exo-sapIT (affimetrix,
Cleveland, OH) # H W TR L7z, R L 72
PCR # ¥ 1% BigDye Terminator v3.1 (Thermo
Fisher Scientific, Wilmington, DE) T % Jf £ %
L, ABI 3500xl (Thermo Fisher Scientific) (2
X DR HNPE Lize 2O BIUSIZIZPCREGIELC
HAwdbotR LTI 4 <=2 L7 (Table
1) 887 2PCREW % 5 K & 3K D
Jila2e S EIERHITE T 5 & TEBRO M %
A L 720

WHERNPIEEIZIDHEONL T — 21
XML L, ClustalW% v Tl
952 TEIMRREIT- 720 COSTHIRTRHE
L7232t ¥ ZZFIZ DWW TIEClustalWiZ & 1)

Chromas{Z

AR L 720 T e — % —fHCRE L 72
LMD WTIE, BER AR~ EE L

ALGGEN-PROMO % VT Tl L 72,
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Table 1 Oligonucleotide primers used for sequencing

Target region Primer (5'—3) Tm (C) Size (bp)
Promoter F: TATAGCAGTTATCAGATCCAT 60 919
(-1863~-990)  R:CAAGAACAGAAAACTTATACG
Promoter F : AAGAGTATAATGGTAAACACT % 990
(- 1004~ —57) R : TGGAATCTTTTCTATTTTATA
Promoter F: ATATTTTCACCTCTGTATTTAG 55 657
(-655~+2) R : ACGTCCTTTTTAGTAATGGTA

F : GAGATGGAAAATAGAGGTGGC
Exons3, 4 R : AGCAGGCACACAATAAATACT 60 539
F : TTATCACTTAGAGACCCCTGT
Exons5, 6 R : GCCTGGATAATCAAAAGGTGA 62 97
Exon? F : CCCTGACACCCATTTTTCTGG 60 281
X0 R : TGGGCTCTAATCATAACCATCTGA
Bxon 8 F : GGTGTGGAAGTTAGAAGGCATTA 51 167
xon R TGCTTTAATGTATCCTTTTCGTTTT

F ! forward primer ; R @ reverse primer

2.3 BEETRYE
AT IH 52 IS IS PCR-RFLPE 2 8- L 72,

c-1117G > A % & T DNA #H I X
5-ATCACAGGGGACTGGACTCTTCTCG-3 B
X O 5-ACCTTCCCAATGAAATGAGGCA
GCG-3DTIA~x—ty PTHWIHEI T, K
DNAZ B % & ek OIEELRCH % G833 5 # )
GHIREERAFAE L e o 72720, I ATy FHE
#x (F#) =&AL, FuudHl (New England
BioLabs, Ipswich, MA) TRk Tx 5% X 9 12eh%
L 72, g5875C > T % & T DNA % 3 1
5-GCATGACGCACCTAAGAAGACGA-3 B &
* 5’-TCAAGGCTATGGAATTC
TTGGCTGA-3®D 774 ~x—+t v F CTHIEXE
720 ADNAZ RT3 2 il B R AL I3 N 1T
(New England BioLabs) % H\:7z, PCR o
95C T 2 B8tk S & 7o 1, BN (95T, 30
W), 7==1r7 (EEOMRE 308), MEX
& (72°C, 30F) %3594 7 ViTo 72, c-1117G
> AT APCREEIEO 7 =—1) ¥ 7 idJE1358C
T, gbh8675C>TDOT7 == ¥ 7iEiZ60C 7 -
725

2.4 SHEEHEAT

IR FRIAEIE R & i WNIREG 2 3817 2 Il
AL BT TR R ICOWTRE T 5720,
JMP7 (SAS Institute, Cary, NC) % JH T4k
G EITV, BROR/NEEEYMEICHT LT
Tukey-KramerDH B AME 2 i L7z 90T
TVIEBIETFROM, ERAEB X OEOEN
A 720 FANTENI TR O 234 %o

72729, ZORMBRIHET N SERIL 720
3. BREEE

3.1 SPPLEETIZBITHDNAZRIOFEE
MR & A% FH v 72 FE LY P s o fE AR,
TUE— ¥ —HIRICBNT 2/ (c-1121C>T :
rs110329232, c¢.-1117G> A : rs110254070), CDS
BB W T 1 MODNAZHE (g58675C> T
rs133929040) %= [l % L 7z (Fig. 1), 710 & —
5 — I ODNAL BNEIEF T W E TllE &
N7z, B L TWA I e FHRENT, ZD
728, BEMFE30ME AR Z G & L 7R e
W) IS 0GR EMRE L7z, W
KT c-1121C> T o CH %2 Fpo ki c~1117G
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E-TTHCT c-111TGA

TEBE:E:T

CTICTCBCOGCOGCAS E K
| GAACTEACBECAMNG

l |I| |||
ALY
CTTCTTRCCACCGCAG EJ‘LQELK

GAACTCATELCAAAG

Fig. 1 Identification of DNA polymorphisms in bovine SPPI gene.
Sequence comparison revealed two DNA polymorphisms, ¢.-1121C>T and ¢.-1117G>A, in the

promoter region and one missense mutation, g.58765C>T, in Exon 8. The missense mutation was

predicted to cause amino acid substitution from threonine to methionine.

>AEGHRTHY, BISHIATEL =h o7z (data
not shown)o Z M - DODODNAZLRIZHEE L T
5 DR R SN0, DO BEHENT T
Fc-1117TG>AD AR EXN R L L7z IRWT, c-
1121C> T B & Ce-1117G > AP RE N T- O fs &
BRI AT T B2 TR E, C/GRIET/AR!

BREEPPHINLIBERTFPRES R o7
(data not shown)s L7z25->C, MEEINhizIh
5 ODNAZRUISPPIEE T ORIRITHET 2
TENRMBEI NI, CDSHIB TR E S 7z
gh8675C>TIZI Ak VY ALRTH Y, #218%F
DT IWBEAVFZ U HS AT = VIZERT
BT EDPTHEENT . AL F = VAR A
BT I VBTHY, AFF = VIIMBITHE 2 &
GBOKMET I VR TH D, 7z, FSPP1 & v 8
JHEIIBTLE8FHOT I JBRICHY T LT
I BRIIMEEHCIIREEIRAE SN TS Z &N
sl S 7z (Fig.2)o MAFMEDRWHILTT 3

JROMEZKRELHET L7280, ZODNA%
AUISPP 1 % ¥ 3 7 B OBRERCHE S ISR ET 5 2
LRI E NIz,

3.2 SPPIE{EZT ODNAZ M A HWILE I K

ERES

PCR-RFLP:IZ & % c-1117G> A O 3E Az 714
DR, REMMEE R84 D - HG/GRD
R 252204, G/ARI23259M 1k, A/ARIZDS5
E7E 5720 L7225 T, @i HSHEE I G/GHRI
730451, G/ARIA30532, A/ARIH0016TH D,
b 37 AR T L G ALAN0.771, ARIS0.22972 -
720 —77, 58675C > T TIZC/CRID k13404
ik, C/TENI77MEMR, T/THEIZ 3 A S h
7zo L72h¥o T, #BIZFRUHEIZC/CHIA%0.829,
C/THI250.164, T/THA006TH Y, =T
BHEE 1L CRLAS091, TAIAN00972 5720 Th b
DNAZ MO R EMFEERII BT 2N ES &
OWRIRALISAZ 083 2 &2 & 73 B AT I & ) f<

© The Ito Foundation



FAREFB D 2 FBIDNAZ R o (1) 139

\

cattle (T type)  ETNSSELSKELTPKAKDKN

cattle (M type) M

yak

water buffalo R

sheep D EES
goat D QEES

Fig. 2 Homology study of SPP1 among Artiodactyla.

2.58765C>T was predicted to influence on the 218th amino acid (arrow). The amino
acid sequence on this region is highly conserved among Artiodactyla, yak (ELR54943),
water buffalo (ABC02202.1), sheep (AAD38388.1) and goat (ABY21280.1). Dots indicate
the same amino acids with above sequences.

Table 2 Comparison of carcass traits and fatty acid composition
between genotypes of the ¢.-1117G>A and g58675C>T

Trait ¢,-1117G>A 258675C>T

Carcass traits
Carcass weight ns * 3k
Rib-eye area ns ns
Rib thickness ns ns
Subcutaneous fat thickness ns ns
Yield estimate ns ns
Beef marbling score ns ns

Fatty acid composition
Cl4: 0 ns ns
Clda:1 ns ns
Cl6: 0 ns ns
Cl6: 1 ns ns
C18: 0 ns ns
Cl18: 1 ns ns
Cl18: 2 ns ns

#5<0.05 ; **p<001 ; ***p<0.005 ; ns (non-significant)

Table 3 Effect of the g.58675C>T on carcass weight

2.58675C>T
Trait C/C (n=407) C/T (n=83) T/T (n=3)
Carcass weight (kg) 4592 +28b 4739+6.02 4120+ 256"

Values are expressed as means with standard error by least squares estimates.
abMeans with different superscripts differ significantly at p<0.05 (Tukey’'s HSD analysis).

=y FOFER, gh8675C> T TIRHNERIIBY ORI HAFTEHMH A LKL, C/CH I
THVWAEZE (p=00078) 25#bd SN2, c-  4592kg, C/TENI4739kg, T/THIZ4120kgTH
H17G> A IEWTNOBEICKH LT AERZR D, C/THZFFoMkiIMo = TR oAt
RS %ol (Table2), g58675C>T ORIR  NEEICEN o7z (Table 3), SPPI#IAT 13
REHNCKETT 2720, BETHSEICHERAER  FRA5FVOLERRTTHL2DT, TOY7F
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MEEDZALIZ L ) BAERIEP 2L E RS
N7zo UL EORRIZg58675C> T S HE LR
HDO—2>THHHHNERIIN T HDNAY— 7 —
ELTEHMRETH S Z & 2R L7,

4. B 8

HARZMRET 2 W CTH 2 REMEETIIHEA
ZEOMEEZHIE L7ziADEAIIThIL T
%o BWILEIZS EE BRI L 28 22
L, ZOURICITEEFNT 70 —F2FR)T
HbHo TIT, AWRTIIHAEICHS$ 55
HiBARF D —DSPPLBIA T § 2 L RIER B
X Ol %€ L 7-DNAZ Bl ORF I E A3 5 303
DWFEZAT o 720 ZOKER, THE—F —FIRIZ
BOTHS T2 2HODNAZR, CDSHHBICE
WCIMHDOIAL Y AEREZFELZ, TNHD
DNAZ R H WA B & OIRITEERLR 1 K133
WA E A L7z E, CDS#HIE TRHE S 7
g58675C > T I KW BRI % H H &R
(p=00078) %L, C/THIA MO B TANIZLIL
NRTCEWZ EMRINT, YLD, SPPL#E
fZT D g58675C> T IEDNA~Y—# — & L CiHH
WHETH D Z LAURIE S 7z,

X Wk
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ATEY, KL, FREL, RIlE=, HERE
BB O i Feffh & H W 7o MR M s T S BURAT,
B, 41(1), 7 ~14, 2013.
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Development of pig breeding for disease resistance with antimicrobial
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Yoshinobu Uemoto

(Graduate School of Agricultural Science, Tohoku University)

Mycoplasma pneumoniae of swine (MPS) caused by Mycoplasma hyopneumoniae is one of
the important factors of economic loss in the pig industry. The objective of this study was to
evaluate the genetic effect of the serum f -defensing 2 concentration (DEFB2), which is one
of the antimicrobial peptides, and the relationship of DEFB2 with MPS lesion score and the
serum concentration of interleukin 17 (IL17) for genetic improvement of disease resistance in
pigs. The Landrace purebred pigs selected for MPS lesion score were used in this study, and
these pigs have the phenotype of MPS lesion score and IL17. A total of 298 pigs reached 105
kg body weight were measured DEFB2 by ELISA, and then the genetic parameter of DEFB2
with selection traits and IL17 were estimated. Heritability of DEFB2 (0.04) was lower than
that of MPS lesion score (0.08). The genetic correlation between DEFB2 and MPS lesion score
were negatively moderate (—0.39). In addition, it showed moderate positive residual
correlation between DEFB2 and IL17 (0.54) in spite of low genetic correlation between them
(—0.07), suggesting that non-genetic association of DEFB2 with IL17 was shown in our study.
These results suggest that DEFB2 is not suitable as a selection indicator of disease resistance

in pig, but may be indirectly related to MPS lesion score via IL17.

1. B i

PAFEDFEIKIETIE, #EE O RBIBALR % v 22
LR AHEA TEB Y, MR ERPEEVERRN I X 2 4%
BEHREDPKELMEE 2o TWb, ZONFELE
HEERERWBE O — > & L T, Mycoplasma
hyopneumoniae \Z & A< 4 37 5 A < PHli %%
(MPS, mycoplasma pneumonia of swine) 2%& 17
b b, MPSIZ X 2WZDOAIRIFE E LT,
it O WA V2 L3 T S5 B MPSIZEE: L

7o AEARIE, ARBE B REAMR T LTI o ME B 5
VI A VAR LR T kb, TORE, il
BT, MAEOWD, Ko, #%
fHFOKT B L OB OR KR &, BKERIC
5.2 2 RFNIRKIIR & v MPSORHE LT,
BB Tl 7 F B HUR TG M o filRHA
I X B3R R EARWENT VDA, T7F %)
RAIIERAD D 5 2 &, BUEYREER O HBL<
BERNOHEWE QKRR MELR E0 5, PRETER
INPARAE L 22 WHUORTERERE O 18] B AR 5T
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Who £IT, FEHGOPIRMERRE % Bz
5550 B PR A ST & 7z, FORIRE
A TIE, MPSIEZE % 2 a7 b L2468 (MPS
WWEZAAT) ZHOTMPSIHZE A 3 7 254§
% X ORI L - MPSIRSIET ~ F L — A4
MZERL72Y LA L, MPSIRZE A 37 DK
T, KD LEDB L UM RA 25 L BEA ]
RCTHY, ZHAROFRAEILEEL < KA OB
AR>S EBEMNET L ENTER Y, T2, —
B ETRE EBEEFELS, ToEHD
MPSHEZE A 2 7 BIEFRIZ007T TH - 72 ZD72
W, BHICHETE, MPSEERICHMEL, »
DR & VI EAMPSIHZE A I 712
Kb B 7 EBHRRE L LTROLN TV D,
MPS#HiET ~ F L — A MR TIE, #IIC
o TiEHR A » & —u 4 V17 E (1L17) %
E—EDHFA A L OBEIBEBIELILL T
5%, ILITIEH A b A A v o—D2THY, KYeb
HISEOBE & LTHRERT T FOREAFEIC
X 2 EHN 2 AR B X O ER DAL -
EN X 2 HEN R WEIER 7 EXHIT 5N 5.
IL17D@EHIZHRET, MPSIREAIT L H
WBE{AME (-086) RO L5, ILITIC
Lo THEAFEINDLHWERT T F2MPSH
BAAT ERERMEREZRTWREEND D, 2
T, PIREMERTF R, wEARE B L TR
G35 EFRICHRDZREEN R0 FTdh
D, REWZIREESTF FELT, T4 72V
DURARNV VI U RENRDITFONL, ZD)
L, TA 72y VIZHABEOHRIEICBNT
HELE X 2 FORG FROIEERTF FTH
%o KIZBWT, BN THEA S NPURTEE 2 Ho
BT A7y y Y 2PRAINTEY, TOEE
AL X ORIA WL H B O RIEIC L 5T
HELBHGTTHH I ENHEINRTVSY,
L2L, MEHR T4 72>y 2@ E

(DEBF2) DA 2\ BB B B 5 H Ik
MTHbB. €I TR TIIMPSIRTLET ~ F
L —2fEF %2 HwT, DEFB2IZ2DWC#ERFE
aETH L L BT, BRPEB LOUILI7TE O
DEEAE B L ORAEMM % 2 L, DEFB2%
FEEE & L - MPSHEHUEEE RO v REE 2 Bt L 72,

2. 7 &

2.1 fEEY

AWFFETIL, B IRIR 50 BB 12 T 2003~2008
A5 HAGERIC & o> TR L72T » FL—
AFEHEM 1395 % H\vwize ZOHEMIE, —HF
¥ 8 1k £ (DG, g/day), & Mg I JE (BFM,
mm), MPSWHZZ a7 (%) & X s an
F = VigE (CORT, wug/dL) O 4 HE % 5%
L LT, MPSIRZE A 27 DMK T § 5 F Ik
L7-MPSIHEEFTH 2 TD9HH, MPS
JREEA T T R E L 7oA, BRIWATEA LIS
CVary 7)) — MRIEEB L ORI EAE LT
WY ZRED 2 O DRE 5T THE 21T -
7oo MAAIKIE, RE105kghICIMEE Y~ 7)) »
7L, LERICMPSIHAEA 2T ZitikL TV b,

2.2 WHILHE

ARWFFETIEMPIRZE A 3 7 % F#0 P A K630 5H
D9 H298FHIZD>WT, ELISAEIC L - TDEFB
2% E L7, ELISA#: L, il F v b
(Cloud-Clone Corp.) ZHWT~x=a27 VIZfto
THio 720 HONTHERIE, 20k, HANEZE
Wafr o7z,

AHEHTIE, EHBE THHDG, BF, MPSZ
I7BLUPCORTEZHLTWAL I ERnDL, b
DILE % 72 MPSHEZ A 2 7 1%, Goodwin
and Whittles” 23 Mi%E O MPSHHZ HifE E & % A
IT7AL LRI CTH B, TS DOILE ORI
Kadowaki et al.” IC TSN T Wb, T/, KHE
105kgRF DILI7IZ DWW T b BERMIZTT TITHHDS
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NTWD I LhBREHRIT I V27,

2.3 HEHENT

MR, BEHE B X ORAEHBEOHEEIL, #
WG 4 E, L1785 X UDEFB2 5% 5%
B7 =< NVETFTVREMLIEIZ L » THEg L7z, #%
SHEIT IV 2 RAETVIZD T E B ) TH 5B,
Vikim= Uit G+ Sict Rt Uin+ i

CZIT, yildEE i OWEM, widBEi o
WY, GldBHE 1 ot ), SuUIBE 1 otkRl
k, RUIEE i O BRI 1, u.ldBH 1 O
HEmOEHEM, ewnlIIRAETH 5o BIRE, R
BB X O EMHBE OHEEE, VCE67T 1 7 T 4%
w7z,

3. BREEE

AWfFe T 5 N 72 DEFB2D 3 A% 51 & % Table
1R L7ze ARERITIEE 3oy~ 7 v
EAELTOWEolz720, 61,2, 4BXU°5

RoOMERE V7, BAKEIROME, KT
—EOMAEREZESL S, I 1R TiERd
PEHERAT B WEEZ R LTz, 724, 514L
T, 1, 2RISR, IRWEERAEEZ R LT
Wz, TNHDOZ &ML, DEFB2IEE RN
RIS R SN, BIIHES T S 2 D2 L A%
Z o TV A RREARIE S 7z,

K12, DEFB2, #HILE 4 HE B L OILI7IC
B9 % (5%, DEFB2E b & oMoz
HHBE 3 X OFRZEHH B 0 3 7 il % Table 2 \27R 3,

AREFTIX, DEFB20#EE3130.04 & Kl %
mL7. ¥7, DG, BF, MPS, CORTH & O
IL170# s 1%, Zh21060, 065, 008, 020
BIXU02TTH o7z Th D oHEEMIE
Kadowaki et al.”’ 8 X OFSato et al.?’ & JEF T
Wl /R L TWwb, DEFB2E £ILH & O ik
ZHBIZOWT, DG, BFB X OIL17 & i3 vk
EHEERL TV (FhZ2h-003, 0048 &

Table 1 Descriptive statistics of the concentration of serum f -defensin2 (pg/ml).

Generation N Mean SD Min Max
1 57 2,879 1,209 888 6,964

2 84 2,642 1,099 515 6,005

4 68 2,868 808 1,734 5421

5 89 2,090 837 811 5473
Total 298 2,571 1,045 515 6,964

Table 2 Estimates of heritability, and genetic and residual correlations of f -defensin2

with other traits.

Heritability Genetic correlation Residual correlation

Traits N Estimate SE Estimate SE Estimate SE
DEFB2 298 0.04 0.09 - - - -
DG 941 0.60 0.05 -0.03 0.29 -0.10 0.05
BF 929 0.65 0.05 0.04 0.39 -0.09 0.09
MPS lesion -~
score 630 0.08 0.04 0.39 1.01 0.19 0.11
CORT 1197 0.20 0.05 -0.88 1.10 -0.02 0.05
1L17 566 0.27 0.07 -0.07 0.55 0.54 0.06

DEFB2, f-defensin2 ; DG, daily gain ; BF, backfat thickness ; MPS lesion score, mycoplasmal
pneumonia of swine lesion score : CORT, cortisol concentration ; IL17, interleukin 17.
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=007 MPSE IFHEEREN R o72H DD

-039L PRECHDOEMEME Z/RL, CORTH
IR ICHE B RS A o 72D DD — 088D F AR
DEDBEMBEE R L7z FRAMBIZOWTIE,
IL17% B X TORE TRWIREMBE 2R LT
WA, ILI7TIZD W TIE R E O IE 0 R
(054) Z/RL Tz,

PR T F FOBEHFGICOWTRE L
WL, E MRERERETRTOFHYTINET
WX, 72, URERTF FESA P AA 0B
X OREIE & ORI % BT D W T b [k
I F TS v, ARFSRIE, PLETEXT
F FOBIZWEEZ R LMD TOHRETH
D, PUREBMEZ1T9 9 2 TOREBEHHERTDH
o BMBT47xvyvia— T 5EETIE
Choi et al.® |12 & o> T2 THESNLTED,
ZDH) bWV OPOBETITIE—IHESL R
(SNP, single nucleotide polymorphism) 7% 1% 1E
THIERREEZIN TS, £D72%, DEFB2
2B W T R BB 2R B E T 5 2
EREZ LN, LAL, RERTIZDEFB2ZO
BERDPMPSIHZE AT L) IV 05,
Z MR ZITN§ 2 BEN BTN, |
B BRI L LTIl S 2w EAVRIB S h
7o —HT, MPSIRZER T L IIHHREDOHD
BIEMHBEEZRL T2 END, MPSIHE A O
7 MR T T B H N0 #EIRIZHE > TDEFB2728 I
AT 2 HINBREN T B HEEAVRIE S I,
MPSIEZE A 27 LA 5 DR AET 5 2 &
IR STz,

t MZBWT, DEFB2IIEBED N A F~—h —
ELTHITHAZ LRz an”, FhILITE
DIV S Tw b Y RIFFETIE,
DEFB2 & IL17 & O [ O EZAHB K NETH -
7ohs, WREOEOERAEMMEEZRL T,
DEFB2IFIL17 D FEAFHEIZ & > TR S B3

WHENXTF FO—2THY, b FOHREFIIBNT
Z OB HE SN TVBDA, RFEICED Z
OB ICIEEIEN 2 b O TH L REMEIVR
WXz, REFETIE, ILI72SMPSTHZEZ a7
EEVBEHBAERL, BEELHRETH 7
ZEnH, ILITOREAFRIC L > THEB SN A
WHENRTF FICHEME YTz, L2 L, DEFB2
HAIL R & LGl S v 2 L ASRIF5E D 5
REEINI-Zehn, SHOBELLT, F14—
7 THINCHM % 52 52 &T, ILITZEET S
A= TH#IKE (Thl7) ~O5LFHEEZATH 4
vy —uAxr6 (IL6) %<&, ILI7TZHLD %<
P A M IA IO TEE R T 2479 2 L T,
MPSHUIRMEBFEATH N A F < — 5 — DK

AT RLENDHDEER D
4. 8 8

ARG CTIEMPSEYIET ~» ML — AH#H %
H\WTC, DEFB2O EzM e gHEEMET L &
12, BUPIEE B X OIL17 & O D5 7 B4R
%A+ HZ LT, DEFB2% R L L 72 MPSH#K
MHEEEO WS ZRET Lz, ZoME
DEFB2D#ZFIEMPSIHA A I 7 L ) b C
OB L LTS 2 WnWZ EAURIBE R
7o TDO—FT, MPSIHEARA T LITHRHRED
AOBIEHEZRLTWZZ &R 5, MPSIKHE
237 BT T 2 H A~ R > TDEFB2
A ST B HIAANER S LT 2 R 2RI X
N7z F72, IL17 L IZEEHBE MR NETH - 72
A, PREOIEOKEMBEERL T/ L
5, DEFB2&ILI7IE BRI 2 B 2 R 3 2
EAIRIE S NIz,

X Wk

1) Kadowaki, H., Suzuki, E., Kojima-Shibata, C.,
Suzuki, K., Okamura, T., Onodera, W., Shibata, T,
Kano, H. : Selection for resistance to swine
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mycoplasmal pneumonia over 5 generations in
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Rapid genetic mapping for egg production and eggshell strength in

Nagoya breed for production of meat-type chicken

PRIk

EEZ - BE OET N R - el B

(UFIRFRRERS: « 2ACH S A I ZERRAY)

Tatsuhiko Goto', Kyoko Kunishige?, Kenji Nishimura' and Shun Sato?

(1Obihiro University of Agriculture and Veterinary Medicine, 2Hokkaido Research Organization)

Further improvement of egg production rate and eggshell quality in maternal lines of
meat-type chickens is crucial to enhance amount of chicken meat. The aim of this study is to
detect genetic loci affecting egg production rate and eggshell strength and to collect
information for future breeding of meat-type chickens. We found that Nagoya breed has
8,563,560 SNPs by using whole genome resequencing technique. By whole genome comparison
with high (#=10) and low (#=10) egg production populations, 53 candidate regions were
found on chromosomes 1-3, 5-13, 15-19, 23-25, and 27. On chromosomes 1-7, 9-11, 19, 20, 23, 25,
27, and 28, we identified 42 candidate regions affecting eggshell strength using window-
approach for comparing genetic differentiation with high (#=9) and low (#=9) eggshell
strength populations. These candidate regions are quite high-resolution than those of previous
QTL reports. Further analyses are planned to reveal which variants of genes affect egg-related

traits and to search common regions sharing the other breeds of Japanese indigenous chickens

e.g., Hinai-dori.

1. B i

L, KEMiAEL, HHRPTRIFEDOD
DEWNEY T EDO—DTH B, FICHMS %
Rty OVEE) &, BINAEEHOL A Y —pEXIC
BULEZEHIIE) T THRWVA, BAREEH
TUAG—EEIIBVTY, av—Y X VEERE
FET HBMAD LY DIFHERICB W TIFICHEE
bolrd, $hbh, —EHHEHNIZ1004H O
UM % AR RE T RE 22 AR X 500 & AT B AR T
1, ZRINOEERRES 2GR R L70, LS

OAY— ¥ VHEEEET Z720121E, HE
BOMRPRKDOOND, LeLeds, 7222
ORI AR LT, PRI VIGEITE,
ZDRX) v MERRAKBICTE B R, oM
FEL PN T HRZR OB F 0720, #I &b
CHBTIRIRED B WIRAS KD b b, Tz,
PR AECINE, Z ORI 2D, Y
HoOHME & 12, JRE O FKHIRD 5
naY, 2%0, WHIBBOMRIZBWT, I
RBLOIRED S S50 I, HBARECH
7R FOREZEREDO—D LS,
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el OFRERE G TH B FFERIE, N FETIC
SFESFELYURNLEIN, WIBOBAAEEZ LR
TWbo BIFEICTD 2 ACHEE A S I FE b 35
RERS T, Mk L2 BT TRy, MR
ik, HARORHETH 2 2B b T
%o HTREOINZ, HFHIE T~ — 2 v LR
BEARLT-OICEE LB XL L Tw5b, U,
ST EMEOMI, FI5001E A BT HRACHERE X
NTW5B2s, Y — 27 %2& 180 H 2 5300 H #h
DREINFEIE, KD DT20%HE, HdoT
90% FEIE & 34T OHPADNE <, FII67%  (FLie ff
#16) L REBNTIENDH D120, 5HOLR
B RDONT V5, PWREO—DODIETH
5 INFRIE L, TH38 + 08 MEFEL I H B D
DAL, WEROFMDEH D, T o OHARE
¥l EERLZWEICHEGT 2 BIZTHENEETE
I, Rk, B oMR A EREO KR 2 %)
RKIPIZATH T EICHBRT 50

Z 2 CAWIZE T, HIIEDE X OYRRRE D&
B OL KIS T 2 8ETHEREL, 4%
DR EFEDOERZRHERBRT H7200
AR EHLZ L2 HME L,

2. 7 &

bt AR AT AR i R AR TRRACHERF S
T 2 3715 3 56 0 SR 4k = A o SR 9T o o
(n=488) % xFZ1Z, 180H 25300 H it o HH =

OFEBMOC 2 b7 5 2w L, Wik 2 A
AFAE S B AR (LA RE10ME A B X OV AEEELO
fER) %8 L7z. SEHISRO FIGREIN=RIZ67
168 #E R % (%) TdHho7z25, EA10fAK T
888+19%, THIOMEIARTIZ344+70% Tdh -7
(Table 1 )0 300 H iz D YRR IO WTHHET %
&, B Vv—7T40+04kg/cm?, Fhio v —
7 T29+05kg/cm®Tdh -7z (Table 1), HKIHAT
DAl V) el Tl O 5 - AV NL) BVl S S §
DRI SN BANTDOLERZNRIZ, Thbohk
HENZNDPRE T HERDONNY — 2 KT %
TLICE T, EIEB X OUNEREICHEE T 5
AR T HE DR R 21T 5 720

BAEOMPE Y > 7V 2 WEL, Mk
DNAZHI L, WREWEDS X OWmEEREZ1T-
720 RIAL Y — 27 = % — (illuminatk ®HiSeq
X Ten) 2747 ) 1) ¥ — 2 T v @M
X, ZIEBRMIIBWTITo 72, DNAOK L%
11\, 250-350bpODNAZKERL, 5475 %
TE U720 SRS, SRz RETE 5 X912,
TET =W ENG L RT Y KDY =2
IV A&, 72 A4 X (1Gbp) D580
I AhNLy Y (K5Ghp) Ik D X ITHEE
LT, ity —2r oy —EF—% (fastq
TrAN) BRAS L.

EF— R BEONLF L VT T4 7 A
1, WIRTE K FBIEMIIERE O Linux server %

Table 1 Phenotype and genome coverage of high and low groups in egg
production (EP) and eggshell strength (SS)

Group N Genome Phenotype
coverage EP (%) SS (kg/cm?)

Egg production

High_EP 10 52 = 04 838 = 1.9

Low_EP 10 54 = 05 344 =70
Eggshell strength

High_SS 9 52 = 05 40 + 04

Low_SS 9 53 = 05 29 £ 05
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Table 2 Number, size, and chromosomes of candidate genomic regions

Target Candidate region (Z-Fst>4)
phenotype No. Size Chromosomes
Median Min Ave Max
Egg production 53 30 KB 20 KB 232 KB 2.15 MB 1-3, 5-13, 15-19, 23-25, 27
Eggshell strength 42 20 KB 20 KB 123 KB 1.36 MB 1-7,9-11, 19-20, 23, 25, 27-28

WTAT o 72, Lawal et al ® T2 @ X 9512,
GATK, BWA, Picard tool# & IF'SAMtools & H
W, fastq7 7 £ VA ZHES] (galGals) 2% v
oy 735281280, BahfmoERnER
(SNPs) %[ L7z, VCFtoolsx H\W T, &%
J A AR 9TTD20-KBY 4~ R IZ40F T,
IR B L OISO R MROERIC BT 2%
RNy — O E, FaDfRE 2 12 L THK
L7z Fald B boRELZRL, 02U
XTI VBREICSH ), 1S AU
FERARCERECH B 2 L 2RT, KO
SROEFBOREZ17) ZEI2X 5T, WEH
P VCERECH 27 AEBEHLMICTE S
EATENR, BEERBAICHYS 3 28R HEE
ELWEEEATE WIS E L TR TE %, KR
Wgecid, EH#ELLFaTdhBZ-FaD &b
DTEHVHEIE (Z-Fo>4) ZEROEFBICE
WTHBEICR 2 2 s e LTt L7z,

3. BREEE

WY =z v —2nier /s a9 ¥ —
7TV ADRE, Bl EMOMI, E-E LT
8563560 SNPs% -4 L TWwW5bH Z & AH & »iC
holze FNHDOSNPs%, 20-KB™7 4 » N7 H
MOREARFIIT L IHERTL, £ 1 Y FoICB
W C30SNPsEL LS E§ 581542 4 » F o &
SIS, BRI EOREEZ S 22 AL
J BN R AT 5 720

180 H %> 5300 H s D BEINRAVE B2 70 B LA

10fEfA (888+1.9%), T 10MEMA& (344+7.0%)
Mok 2HMEHCTZEMT ) ARITORRE,
FEINHI B 53 % G530 Al I S S 7z
(Table 2), TN & OEMEIL, 851-3,5
-13, 15-19, 23-2538 X U274k FICAEFE L,
RSO 4 X1k, FI3232KB, #/M20KB,
K215MBT & - 720 BEAHHIRY 4 X el
MOKBTHB I LWL R LI, 3EA
EOFEREBNE, 20-30KBOY A4 X TH D, 1
MB% i 2 % it 4 > Th - 720
300 H it > JP 78¢5 B2 25 A TS SR 7r B AV 9 flal Ak
(40+04kg/cm?), FAZ9fEMA (29+05kg/cm?)
o775 2HM%E WM 7 D IRIT O R,
FH2D SR S 72 (Table2), 25
X, $1-7,9-11, 19, 20, 23, 25, 27TB LT
28%etufk FICAETE L, A SIS 4 X1E, P
123KB, #®/N20KB, #AK1.36MB, 1 Y:fi20KB
ThHoTz0 % OFEMEIZ20KBTH Y, 1MB
A HBEMEIIE 1 O TH - 72,
INFTREELDOMREINV—TIZLoT, =7
I OREINER I X OB R B B 59 % AR 1P
(Quantitative Trait Locus ; QTL) #5529
DR R ENTEY, (ERDOQTLENTIZ,
R EDOEBEX B IAHEMIC D2 EhD, £
NENOQTLHIBIZZ B OBMELRF 15T 5
NDZENHEME SNTELY RIFFROFEE,
FERER B L ORI B 53 5 % < OBl
DA X1F20-30KBTH o722 L b, HEkD
QTLAM ORI L T, EbDTYy Y

>~
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7 ORI DS IR A N5 2 L5 TE
S ZEDSH B, TDT L, SEHELTWS
KIS [ 2 RS L 72 RSN R B & OV see iR B
BT % BERNT 2 S L K D B DI i e
HREG25bDLEZLND, E5R LIS
Lo T, RWFFRIZB VTN S N BT 4
HEMICHRN R LD TH L0, WNELRED
DO HAKBIZBNTH AR DD THLDH %W
LML TVWELWEEZTWA,

4. 8 8

WA OMERIZB T, RS X OIIRE
DI 55510 RIE, FAREEICIT 2R E oK
HIREDO—DOThH b, AWETIE, HEIIESL X
ORI D EBIM DL Bk 2B 59 % i 51
gL, SROMRAEEMEOEN 2R E <
YRTL70OEMEMAZ/LZ L2 HWEL
oo MRy —2 v —2HE7r ) 4Y
V=7 I YA, AaNEROMIE, HEHEL
T8563560 SNPsx fRA L TW5b Z &AL AU
otz HIIFEORBIRICKES X LA10MMAL X
(O VAHENDE SFika 0 SN Ivil L (28 - { RIS ix
{COBEEZ T 7 274 FTHIBELZZHR, 81~
3., 5-13, 15-19, 23-258 & U274tk 11257153

DRI 2 A U720 SRR IE o KBRS
Wiz B 9 R X OV AL 9 MR o B E & R4S
LMY ) LTS E Y, $£1-7, 9-11,
19, 20, 23, 25, 273 X U28%tafk ICEH420 M5
WAL S Nz S OFEFEEIE, /R
DOQTLMENT & L LT, &b THRMEEIC~ v
Y7 a3Nnize 5HDOEISRDHIMICE->T, 4
HEHEOENPRAT S, E0L) ZliETICE
FAERNEINE IS LT 005250
1295 L EHIT, R EDOMO H A WIS
BOTHGET 2 B RRT 2RI TH 5

X Wk
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The study of polymorphism in the bovine HSP70.1 gene associated with

thermotolerance

ﬁ *
(1 ) L PSR £ SR 2 TR D)

Miyuki Mori

(Fukuoka Agriculture and Forestry Research Center)

Summer heat stress decreases in the livestock products production and causes low
conception in cattle. Strategy of breeding method is required to selection of the individual
having heat resistance. Heat shock protein 70.1 is a molecular chaperone that is responsible for
cellular protection against heat shock, potential candidate genes for stress susceptibility. In this
study, we identified single nucleotide polymorphisms (SNPs) located in the partial regions of 3’
and 5 untranslated regions (UTR) of HSP70.1 in Japanese Black. One hundred three Japanese
Black cows were genotyped ; 4 SNPs in 3UTR and 17 SNPs in 5UTR were detected with
sequence method. One deletion at base position g.895 and three transversions (g.1125 A/C,
21128 G/T, g1204 T/C) in 5UTR have relation of the linkage disequilibrium by clustering
analysis. Peripheral blood mononuclear cells (PBMCs) derived from Japanese black cows and
Holstein cows were isolated from blood samples and incubated at 41C in thermal bath for 3h.
Haplotyping based on these four SNPs (g.895, g.1125, g.1128, g.1204) were significantly
influenced the cell viability after heat shock, haplotype B (CC, CC, TT, CC) in SNPs of g.895,
2.1125, g.1128, g.1204 had heat resistance. However, the survival rate of PBMCs with haplotype
A (CC, AA, GG, TT) and haplotype C (C-, AC, GT, TC) were decreased by heat shock. There
were no significant differences in HSP70.1-mRNA expressions.

In conclusion, we evaluated that the 3" and 5UTR of HSP7(0.1 gene have polymorphism in
Japanese Black. The SNPs of 5UTR region may be useful as genetic markers contribute to

selection for heat resistance in cattle.

BB T CHMmMER R LA E AT Ak
BHLBIE & V) 7 e T OB MG
ZHIL DA ML RAGAFTIIMARREIK  ND. FOFEBRKE, MR X 2 FREMMR
BUET, WHATRMAEORT 2L, BEWE  SNPsiEmE MW7/ 3 v 7O 25E A
EOMTRERBREL>TVE, B ML X TWaA, 2o Ol G E IE IR
WX OEEEKTREEZ R 5121, 2 =mAhEoEN - HHWEETHH, A ML AMER

1.B ®
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BIHMEIZ O W TR W E ZREL SN Th Ry,

Boa vy 8 BHSPT0.E, MK ICAE
TS5 V7 EO—FT, BHA ML A
LCRBETAGTF Y vRu vy v 78 E LTH
i, EMEEEH) SFSF Ly T Bl
Ve S IRGE, BT 5 E 2RO, EILTIE,
HSP70.1#15F D% % (HSP70.1-SNPs) & 3
T ORERR MM T e, G &
DI OWTHED D 528 ™%, HSP70.1-
SNPs® 7 LIV X AR i 2= 0% 0 ©,
£ L S RIETE & OBIRIZ O W TIZ W E 2R %
Hh% v, $£72, ENORTAME, AVvXy 4 v
i CIXHSP70. 12 T4 MIZOowTiklZE A Y
LTI TR,

Z ZTAMZETIE, WBMEICHE H L7 R
RLHEMYL BRI TE A2DNAY — 7 — DO RIFA
P72 2GR 22 HMWE LT,
HSP70. 18157 OSNPski 35 & OV ifil HA% A
Ha % F v 72 B iR Al & HSP70.1-SNPs & 0
DWW TR,

2. 7 &

2.1 BEMMIZBIF S HSP70.18 15T %1
(HSP70.1-SNPs)

FEPI LIRS H R O AR 2 D 5 HE SRR 45

LT OMMmAE2ERILL, -80CTHRAEL 2%

NucleoSpin Tissue (¥ # /54 %) % v TDNA

Table 1 Primer information

ZH U720 HSP70. 1851 O IEFRREEII A Y4
353 UTR (GenBank accession No AY626950.1)
BLUSUTR (M98823.1) D—FBECHINZ D THE
RIW7F4~— (Table1) % H\v» CTPCRE§IR L
72 o B4 OWE PE W % ExoSAP-IT Express PCR
Cleanup Reagents (+—F 74 v v ¥y —H A =
YTA4T4v ) THELZK DNAY—F >
A (2—=w 74 Y/ I AKRREM) 12X
WEARAEHRZ BT L, SNPsOMIEB LT L
WHEIZ D W TR 72, 3UTRIZ1028H, 5UTR
13103553 D BCH R & AT L 720

2.2 HSP70.I#{ZR & BHA b L A

& DI

10 Bt UL R AR SE R 3y Tl EE L T % RBA
FEMEZE 1B & ORIV 2 & A4 FEMEA-2388 & 9 i
& FRIL L, NucleoSpin Blood (¥ %1 5 /54 %)
ZHVCDNAZ AN L7zo 210 B0
B L FBkIC, HSP70.1#f5F3UTRB X U5UTR
D—EBREHNZ DV -CPCRIGTE, YAIREEY 2 /53 L
72#2ICDNA Y — 7 A0 & 0 35S ELHI 1% Ht % B
L, SNPsO#MB LT L IVIEHEE % Ji~72,

72, WA I ARG & LT, K
MM 2 T2 B o4 kin & 7 U5tz
FH LB E 1T 5 70 R IMEAZMIL O
BzHh7z->TiE, BDNF 2574 FCPTV =V #
Nalfitz gk s R IME (BAXZ b - 774 v
Uy RS BHOTRINLE EfiL 72, £

Region / Gene Sequence (5-3)

Product length Accession number

F: GGATTGCTCATGTTTGTTATGG

HSP70.I=3'UTR b C1TGGAAGTAAACAGAAACGGG 253 AY626950.1
} F: GCCAGGAAACCAGAGACAGA
HSPTOI-5'UTR o o o AGGTGOT 539 M98823.1
) F: AAACGGCTACCACATCCAAGG
18rRNA R: GCGGAAGGATTTAAAGTGGACTC 138 DQo668%6
PO F: GACAAGTGCCAGGAGGTGATTT » —

R: CAGTCTGCTGATGATGGGGTTA

© The Ito Foundation



152 TRSOMERE AT IS 2 B CRE AE

(Vol.37)

i, 3,500rpm T304 [ yat 055 i L C HUB AL &
SUREESEHESE, AN T RIOBER S
N % 16mlF o — 7 EIR L 720 AW I 5 A%
o Jg % L L 72 F 2. — 71201%PVPHMIDPBS (3
XTIV T, $—FT74 v ¥y —HP ALV
T4 74 v 27) 10mlZz, 800rpm TI5% [ &
DL C LA Z WG IBRE, ZO#Ex 2 bl
DRL THfEoE 217> 72, 1 x10°~1 X
107 oML v 210 % B 247 28 i
DPBSIZHEE L7z il E s 28 3R 13/ R E
Al (MD-MIND) ZfEH L, 28281754
RIS 241C (SiRX) <3k EE
f1o7z0 MEE LT, #WHOFAKROFMAEIC
M5 %385C T 3K #E L 72X (WHIX) %
it L7zo RERBORMIMEBMLE > 7)) ~
7L, HEEB X CHSP70.1#E 5 1383 % N
Too HEAEEIL, HOBTEGE (ANF R P 33342,
TUYETFA AL F A R) I Btz
W, HOBBEREE E TR & BRI o A &
A L7z, BIRTHBUENTIZO W T, RNeasy
mini kit (F74°>) ®»7 1 b a2—VifE->TRNA
il & 470,
Kit (375 >) &M CHlEE RS % 207 L 72,
MR HE &= T & L CT18 s 1) AV — < IVRNA
(18rRNA) % flv», HSP70.15%1z5 T (Table 1)
ZEBZ D W TPower SYBR Green PCR Master
Mix (F—=F74 v x—HA T4 T7427)
ZHWT) 7 V¥ 4 APCR (ABI7500, 775 4
FANA XY AT A ) WX QRN L7z M8
BEORHIZOWTIZAACTH:Z VT - 72,
2.3 fEts

FAY I HAZ L 0 A fF 3 B X OV HSP70.1# 1%
THBUBHTICOWTIL, MIRIX & B X E Tx s
OHbHtMEXTEL 7z RBEMAFIIONT
W&, ERRA RIS t Mo & FER L 72,

QuantiTect Reverse Transcription

3. BREEE

3.1 BEMMICBLHSP70.1# 5T %R
(HSP70.1-SNPs)

LR A ME B0 B A Sl L Z2DNA X D)
HSP70.18 157 O JFRFEMIUTR (S HE T
AY626950.1) # X OF5UTR ([MIM98823.1) o fic
FNZOWT, #IZ %8 (HSP70.1-SNPs) OFf
TS X 07 LV 24 L7z, 3SUTR
1213, g101 (A/G), g176 (C/T), g210 (G/A),
2215 (A/G) DEM 4 T My E iz
(Table 2), 5UTRIC &, 2895 (C/DEL), 2983
(C/T), 21036 (C/T), 21045 (G/A), 21058 (A/
G), 21076 (G/A), 21096 (A/G), g1117 (G/A),
gl125 (A/C), gl128 (G/T), gl1132 (A/G),
gl134 (T/C), gl1138 (C/T), gl154 (C/G),
21204 (T/C), gl228 (C/T), gl246 (A/G)
DOFNT AN LTS S 7z (Table2), BE
AL BV TN S 725UTR®Dg.1138 (C/T),
21228 (C/T) 22w Tid, ZhI THEADER
FRARINV AT A VBTG S TwRwn
SNPsTH 1), MOSNPsiZOWTH I 5D §Fl
EWXT VIVHEHEDR R 5> TW 2t RIgHT T
BONZBEMAEOSUTRICHH -2 H8ico
WCT TAY —GhiEERLI-ET A, 2895,
g1125, 21128, 1204 4 HFric 2w TIZH L
EE L, AT OBER, 29Ty g
TThbHEHESN (Fig. 1),

3.2 HSP70.1#{n¥%R L BEA N L ATk

& DM

8 2% o BB MR 11T B V» T,
HSP70.1:# 1z ¥ @ JE 8 iR #H M 3UTR © g.176,
2210, g2151CAF RO % 474 5 kD4
LTV ZE0E G KDL > 72, SUTRICIE
2895, 1045, gl1117, gl1125, g1128, g.1204
g 124612 M S izo RV A ¥ 4 v
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Table 2 Genotype of HSP70.1-SNPs

Genotype frequency (%)

Region SNPs Fukuoka Agriculture and Forestry Research Center
Japanese Black*

Japanese Black Holstein

101 A/G AA AG GG — —
735 24.5 20
176 C/T CcC CT TT CcC CT TT —

, 735 245 20 66.7 333 0
SUTR 210 G/A GG GA AA GG GA AA —
76.5 225 1.0 66.7 333 0
215 A/G AA AG GG AA AG GG —
775 19.6 29 778 222 0
895 C/Del cC C/ // CcC C- — CcC C- —
59.2 252 155 54.5 455 0 65.2 34.8 0
983 C/T cC CT TT — —
90.3 87 1.0
1036 C/T CcC CT TT — —
90.3 78 19
1045 G/A GG GA AA GG GA AA —
72.8 175 9.7 90.9 9.1 0
1058 A/G AA AG GG — —
90.3 87 1.0
1076 G/A GG GA AA — —
, 89.3 9.7 10
SUTR 1096 A/G AA AG GG — AA AG GG
717 194 29 91.3 87 0
1117 G/A GG GA AA GG GA AA —
66 204 136 81.8 182 0

1125 A/C AA AC cC AA AC CcC AA AC CcC
359 379 26.2 36.4 36.4 273 26.1 304 435
1128 G/T GG GT TT GG GT TT GG GT TT
39.8 359 24.3 36.4 36.4 273 26.1 304 43.5
1132 A/G AA AG GG — —
90.3 87 10
1134 T/C TT TC CcC — —
72.8 175 9.7
1138 C/T CC CT TT — —

90.3 87 10
1154 C/G CcC CG GG — cC CG GG
786 184 29 91.3 87 0

1204 T/C TT TC CcC TT TC CcC TT TC CcC
165 359 476 36.4 36.4 273 26.1 304 43.5
1228 C/T cC CT TT — —

90.3 8.7 1.0
1246 A/G AA AG GG AA AG GG —
81.6 136 49 72.7 273 0

*Genotyped from Japanese Black ovaries collected from a local abattoir.

23PH T, SUTRICEZMAMIB S e o 72 BNORENMES L ORIV A Y 4 U Rl I2D
2%, BUTRIZB W Tidgl95, g1096, g.1125, W, 5UTRO 7 7 A Y — 5l 51T 2P
g1128, g1154, g120412Z B A ke S 7z (Table B\ 4 D FT OSNPs (2895, g.1125, g.1128, g.1204)
2), IZDoWT, 289, gl125, gl1128, gl1204D¥E
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Fig. 1 Dendrogram constructed by HSP70.1-SNPs detected at the 5UTR region.

B2V ANTO ¥ LT A (CC, AA, GG,
TT), g895D A7 { g1125, 1128, 21204
BNERETEHRLTWVAEINTTY L 7B (CC,
CC, TT, CC), g895, gll25, gll128, g1204
DODANTHBEREINEZ > TWhHNTHEY L TC
(C-, AC, GT, TC) ®3 7 V=725 T
ARG L HAZ A NG 0 i B B 2 AT, MR AR
KB L OHSP70.]-mRNAFH B % W L7z &
I F T B A O R I EAZRI L O A AE 31, T
0y 4 7ALCTIRERX (41T) OALFEIK
X (385C) WCHARTIK T LA, "Tusy A
7B TSI & 2RO TIZRD SNk
Ao 72 (Table 3)o HSP70.1-mRNAZEBI& I,
n7ay L THICAEEREIROON Lo 72
(Fig.2)o g8%BD Y ¥ ¥ (C) KIAR & %l
P, AEEEICOWTIIHEOMBEND 5 L v ) s

D% <, FUFER AR O R R F A A
R &2, SRR 2T oD A R R0 RS

REOELVEDNLLHO ZEPMEIN TV S,
g.1125, g112812 2w T, Rosenklan®i3g.1125

MERTY g 1128E AL T AR pE SR AMK <, 21204
WOWTITMESRO O h o7zt LT
%%, —JiBasirico &1, g895M & E/KIAM, ¢.1128
BN, Wb SR ET 5 o KR A
DHSP70.1-mRNAZHL & AR E W EHE L
TW2", INHOWHFIZVTND HDOSNPs
ZOWTHGEEL THB D, TRENIEADHRIZD
WCONFEEATRIEEINT WSS, BEMMICE
FBAREHTTIE NS D 4 2T DSNPsIZOWT
THESAPEOMRE RS NTR S AL TTHD
EEZEZHN, EO SR>V TIIEED
SNPsH ST N7 1 7 £ TR %M 5 2
ENRDHDHIEIRBEENT ANVAY—H—T
& HHSP70.11%, @EimEAEIC & D HEHPSFEI 1
%2 EDHMBNDDY, AFHERO KK ML HAZAINE L
X9 %41°C 3 W o Sl B CTlx, HSP70.1-
MRNADZEDVHIR L Lo 7o A L HAZ
Jld % > 7z Basirico 5 O i TlE, 43C O iR T
Tl 1 BRI ICHSP70. 1-mRNAB N A58 &
72b 0D 4 FFHRIITEFENIRE KTL, @
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Table 3 The survival rate of bovine peripheral blood mononuclear cells after heat shock.

HSP70.1-SNPs at 5-UTR

cell viability (%)

Position 895 1125 1128 1204 n Cultured 3h
cC AA GG TT o 385C 41C ttest
cC AA GG TT 5 953+20 | 889+33 806+3.6 *
Haplotype B CcC cC TT cC 4 97708 | 90.7+30 882+27 ns
C C- AC GT TC 5 962+08 | 89.0+09 764+38 T

n : Japanese Black (JB) and Holstein cows (H) in Fukuoka Agriculture and Research Center.
Haplotype A (n=5;]B 2+H 3), Haplotype B (n=4;]B 1+H 3), Haplotype C (n=5;]B 2+H 3).

* p<0.05, T p<0.1

1.4

1.2

1)

1

1.0
0.8
0.6

0.4

(Haplotype A, 38.5°C

0.2

Relative HSP70.1TmRNA expression

1

1

[138.5C
m41C

0.0

B

Haplotype

Fig. 2 HSP70.1-mRNA expression of bovine peripheral blood mononuclear cells.

Peripheral blood mononuclear cells were incubated at 385C or 41C for 3h. Results are means = SEM of the fold change

relative to that on Haplotype A cultured at 385C as a control.

ETRBEROZELBO LN TRV, iR
T, SR AR%41C 6 R O miRAg T ol
% & HSP70.1-mRNA A Z B L 725%, 48
BRI ICIZ IO SR Twawn®, i #H
kD HLE O FE I RIS BWLWTiE, 41T
3 W CHSP70.1-mRNAD A & 2 B389 &
NTW5Y, HSP70.1DEET L NV TOIRBE
B DB & FRehE oW TR AL R 5 28 e
WX DR ZWREMEDS D D, KA M HAL AL 0
HSP70.1-mRNAZEHUZ D W T ARER T oA
e & 1358 70 2 R RIHT IO 2L ASEE & T 72 ] Rk
WhHbHEEZ LN 72, RRFTIIREEX 5
2 & o T BRI O AL R AR & i L

T20% R HICTLTHB Y, Ml X b pEia
Td %AW MBI O EEERE R bR, B
3 v 2T AR OISE KIS TH 5 HSP70.1
BIME VI 5T v R v ARERE L 2o 72T fE
HLHsLEZ LN,

RIFEICE Y, ENOFEZRITMNETH 5 H
EMAEC B 5 HSP70.1-SNPsIZ B § % {5 1
BETVVHENHOLNERY, NTay {7z
£ BRI D B W REEARIE S 7z,
SRIE, BEA ML AR~ — h — @A,
INODHSP70. 1A T4 N BHA ML A
AR TR ORI AT T W TR %
HHLEBI, BEIICBY AEEOEENE,
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SR H L72ReEHE 2479 BB VD B L £ R
bk,

4. B 0

Rifgecix, FitEtEicBE T 2DNA~Y— 7/ —
B % HIW & L7-HSP# & T-OSNPshiR B L O
R E & DRI O W TR 247 > 720 BEH
FICBT Ay 2y vy EEEET
HSP70.1DJEFF B TH 53 UTR, 5UTRIZD
WTHRE A, JUTRIC 4 7Hi, 5UTRIC17
WPNISNPSSAFTET A 2 E LI L7z, Z
D9 L5 UTRICHAET % 4 HHi D SNPs I HSHA
Pl O BIRASERD S, AR L HAZHI A~ O & i
ﬁ%ﬁ%fd,h7n94iulbm@¢ﬁ$«
RO BTz,

0)5-/5.0 El/‘
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Genome-wide DNA methylation analysis for early evaluation of bulls

Wole Pk

157

S TN

(AL R R 2 B BRI A 72 )

Jumpei Yamazaki and Masashi Nagano

(Hokkaido University, Graduate School of Veterinary Medicine)

Aberrant DNA in spermatozoa has increasingly been appreciated as an important factor
that associates with male infertility and abnormal development of fetus in human medicine.
The aim of this study is to utilize the novel genomic screening system for DNA methylation in
cow (Bovine DREAM) to investigate association between DNA methylation and conception
rate of bovine spermatozoa.

We studied eight spermatozoa from bulls for genome-wide quantitative DNA methylation
analysis with next-generation sequencing. We had 22,246 CpG sites that were commonly
obtained from all eight samples by Bovine DREAM. Clustering analysis with these CpG sites
identified a clearly separated two clusters. Then, we focused on CpG sites that are highly
variable and that are located closely to genes reported to be imprinting genes in human and
mouse. We performed bisulfite-pyrosequencing to analyze five CpG sites of genomic DNA from
another set of 17 spermatozoa samples from bulls. As a result, four out of five CpG sites were
successfully analyzed. We found there were two CpG sites that showed higher DNA
methylation levels in a group of spermatozoa with high conception rate than those with low.
Interestingly, these two CpG sites are found to be close to “gene A”.

Bovine DREAM is found to identify candidate CpG sites that could be associated with
conception rate of bovine spermatozoa. Further study should be performed to validate these
result with a large number of spermatozoa samples. These results will help identify the

mechanism of change in sperm parameters and reproduction performance of bulls.

1.B ®

BIZTOA T 7427 (RIDiAKR) B
LRI B L OB R LR E NS
DRI S BMA 2 W B & 3 % 72D I RCE I
WMENTV LT, WHE, FETORE K
BARE L SICHETH D oML F S b

WAFFEDDNAA F ML TH Y, EHE, L boH
WAL & 7 2 ZHFHEIC 2 ODNA X F v
{LORFERED B I EIRBEEINDODHE Y, X
i B X OBl OMGEIETE N Z I THERAYIC A
FMEENTVEEN (L T v 714 ¥ 7 #Mz
T) e b7 ATIENI00EFTRE S TEY,
INHIERMBFEROBKE TR INSLD, Zh
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54 YT T4 YT EIET D@ % A F VLD
"ARB L TFNDEERE I XY Beckwith-
Wiedemann syndrome (BWS) &\ o 7238 5E R
WIZOBPHLIEFHHL TS, —), EF
V= XV AFMBEREL, TV AT A4 TR
TEHIZBITET ) AT FRNENS ESEI
By SO TWE, ZORRE, HTicBly
A TN T A Y TRIGTRT TR SESE
G IH e X F AL E BYEAIER NG TS ERE & O
ROGBEARI SN Tn S, FERREWT &
12, MBWiZe EOXBOIREN; RIS h, F
WZfED > T BLG 3 DNA X F WAL T BT AE
ThhbIEMPERINTVDEY,

BRI W &2, Fi2d e FOBWSE kD
FKBIM % 78§ Large offspring syndrome (LOS)
AHE SN, HIVREE WA E 0S4
EREWI EAHPH L TnD, SHICEER ML
LT, COREEZETIZFFICEE M ERKICA
YT YT A Y TRIRT OILERE VRS TV D
ZEMRENTWEY, ZOHFERZ, f v 7FY v
T4 VT RIEZBRILTH A TI2BIFADNA
A FIWALIREOZALDS, BRIRMIAFEAES B A fEH
DOFE, FICHEHE O RTRYEIR DAL & 2Rk
TEYEEDITAEELR AN AL THD I L %2R
BLTWDDTIERWIES ) ) ?

LIAWINETOWRETIE, b FOBETFH
AR LIRS N @A A oME R e MIB
\FBDNAXFNVALD 7 ) 5T 4 RIRENT 754 A
PRI N TH Wb O TH B 720, HHEEN
PORBEEDOH LT — 5 2T HZ LD TET
WiV AR VERTREICHE L THRGENT %
CETEEBMAET eI N KMo 7
) UT A4 Y TRIET RGO NRIREE L T
BWIEZ AT ) LENMED D %o

Z 2T, KHGEEE IVEEEORBIEBIC & -
THDDNARXFWVALD 7 7 5T A N Wi A3n]

fE & 7% 2 @M (Bovine DREAM) %M. 9 4
LTI L7z BARMICIE, 4R TDNAIRS
V1000006 BT i 472 2 DNA X F vfb L X)L %
Mg 92 2 ESHETH ), MERFRENE & RS
PYEEMIT 5 2 EMEETH > 720 RAEFEILIF
RN 2 S F S F A lath 2 oR 3 A R R
ZHWDHZ EIZL o T, FRZIBMEICBIE D
WDNA X F VLA I DK 5E & il A 720

2. 7 &

2.1 FOERSRIC BT 2DNAX F LD 7/
LT 4 FENT OIS

ARG~ 7V APBSTHE L, 2 x10°0
T fAbeEsr 7 ADNAZDNAHIH F v b
(QIAGEN) 2 X » THi H L 72 o Nanodrop
(Thermo Fisher Scientific) (2 & % & il %2 &
100ng% 1 % 7 7 0 — A DEKIKENC CTIkENE %
R L, 7/ ADNAIZKIRZYIW AT & %
MRS %0

WwIZ, e 4 ) ADNAIWZE LDREAM &9
WX BT 2T 572, AN LAZDNALD,
CCCGGG% & b IZFEFERALY) & 3 A DNA X 7 v1k
J&se IR &S VR BRI R X 7 Smal (NEB) (2
T25C, 3 WM, ®IZXmal (NEB) # v T
25C, 16WER AL LTS X ) EIWT L 720 I
Klenow (NEB) % M\ T Y)W Ko % “F g 1L %
AmpureXP (Beckman Coulter) 2 & % ¥4 %
fTotzo KIC, =22V AT %7 %— (NEB)
ZAHIML, DNAZKE#EZ, AmpureXPIZX Y H
oW A X (250-500bp) D Wih & KE#, 1~
7y 7 AT 4 ~<— (NEB) % H\7-PCRIXIG
WX D BEE T, RIS —27 2 2D T4
TIVEREfT ol BONTZTIAT IV %
Qubit HS (Invitrogen) & o TE®RZIT\, &
% (k) DNAF v 7WIZepichbE, N1
7+ 4% — (Agilent) T2 AV T14F v
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27 #%, Ilumina HiSeq3000% W72 —2 v A
FATolz. Bohicfastqy — 27 TV AF—F D
Bowtie 2 # W /e o7 ) A< v ¥ U 7,
Python A7 V) 7 N e /=4 7 4 RDNA X
FIALT — % 2t/ KB > 7V AT L, I
W34 > TV b IR ISIAT 2 L 72,

2.2 DNAX FIACZACL BRI RT3 5 FEGE TR

7 LT A T L » TSN, ZhatEe
B9 5 &% 2 5N ADNA X F VAL D ZEALHH I
Wxt LT, RATODNA A F VALIENTIZ B L C i
LEEELD Y, 7 574 FRERMEHT I
W T A N CTRNTASUITRECTH 2 N4 VT 7
£ b4y =2 Y AR HTRE 21T-
720 77 BT A4 FETICHWZ Y T e i3
BARWLTH > 7V & AT, DNAHIHR, /N1 4
V7 7 A bE#%innuCONVERT Bisulfite Basik
Kit (Analytik jena) 2 & o THr o720 W5 5HIK
EWET A XD T T4 v —%ikiltk, HESE
n"A4ay—2x % — (QIAGEN) 12X o T
DNA X F WAL L X)Lz kit L7z,

3. BREEE

I CDITH Y~ 7IVlisko 7 ) ADNA XD
B L7294 79 2ER- L7225, RilblHR:
DFBY, TXRTOHF ¥ 7 IVIZB W T400bp &
500bplli V=2 %y — U 238Nz, ZOHS%
BRERTHY, CONY FRY— v OREN
L BAEDPCRENZ L ET 5 2 & TR E
HoTWIERPTHL, TNHDFTATFT)H
TNy =0 VAN LI THFTRTOY
YT WTHI000TY) — K355 2 & TE, 74
75 ) OFEICIEN R W EPER I N2, RIS
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Fig.1 Hierarchical clustering analysis of eight samples used for Bovine DREAM in this study. DNA
methylation levels are shown in blue as low to red as high. Note that there two clusters

separated clearly.
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Fig.2 DNA methylation levels of CpG 1, 2, 3, and 4 analyzed by bisulfite-pyrosequencing between

conception rates of High and Low groups.
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Investigation of a bio-marker relating to pork meat marbling
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Masaaki Taniguchi®, Ikuyo Nakajima®, Aisaku Arakawa', Go Yoshioka? and Kasumi Suzuki

(!Institute of Livestock and Grassland Science, NARO, 2Gifu Prefectural Livestock Research Institute)

Previously, we identified quantitative trait loci (QTL) for intramuscular fat (IMF) content
in Duroc pigs. Introgression of those QTL by marker-assisted selection enabled to establish a
novel Duroc strain (Buono-Brown : BB) with twice as much IMF content as a basic strain of
Duroc at Gifu prefectural Livestock Research Institute. Today, the BB strain produces pork
meat with average IMF of 6%. To identify molecular markers which are associated with IMF
content in pork carcass, we aimed to elucidate a broad overview of metabolites profiles which
are potentially associated with longissimus dorsi (LD) muscle. Pork carcasses were planned to
be produced by Landrace and Large White crossbred sows mated with the BB boars. We
aimed to compare the metabolites profiles in serum between 3 groups of fattening pigs : 1)
control (0.56% Lysine level in feeding), 2) exp. 1 (0.76% Lysine) and 3) exp. 3 (0.96% Lysine).
We planned to obtain blood samples from the fattening pigs at 120 d, 134 d, 148 d and just
before slaughter. However, the outbreak of classical swine fever in Gifu prefecture hit directly
the pig farm at prefectural Livestock Research Institute in December 2018. Right after that, all
the pigs in the institute were ought to be sacrificed. Therefore, our planned examination was
forced to be cancelled. However, we intend to start reproducing the BB strain using the basic

genomics information in near future.
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Improvement of iz vitro culture system of porcine IVF embryos by gene

expression profiles involved in cell differentiation

Ken Sawai and Ruri Miura

(Faculty of Agriculture, Iwate University)

Although the procedure for iz vitro production of porcine embryos such as iz vitro
fertilization (IVF) has improved, the efficiencies of embryo development and offspring
production after embryo transfer are not high. In order to improve the efficiency of offspring
production, functional assessment of porcine preimplantation embryos obtained by IVF is
required. SOX2 is one of the key factors involved in the differentiation of mouse
preimplantation embryos. However, knowledge on the roles of SOX2 in preimplantation
development during porcine embryos is currently limited. This study examined the transcript
and protein expression patterns of SOX2 and attempted to elucidate the functions of SOX2
during porcine preimplantation development using RNA interference. SOX2 mRNA was found
to be upregulated at 2-cell to 16-cell stage, and nuclear localization of the SOX2 protein was
detected at the 8-cell stage, as well as in subsequent developmental stage. SOX2
downregulation did not affect embryonic development until the blastocyst stage. Results of
gene expression analysis showed that SOX2 downregulation did not affect the expression levels
of TEAD4 and OCT-4 in 8- to 16-cell stage and blastocyst stage porcine embryos. However,
at blastocyst stage, the total cell numbers and the rate of SOX2 positive cells in SOX2
downregulated embryos were lower than that in control embryos. Furthermore, localization of
SOX2 signals in the inner cell mass of blastocyst obtained from SOX2 siRNA injection were
difficult to detect. Our results indicated that SOX2 is an important factor for the
preimplantation development of porcine embryos. In addition, it is possible that SOX2

expression status is a marker for functional assessment of porcine IVF embryos.
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Fig. 1
embryos (n=5).

Relative abundance (mean * SEM) of SOX2 transcripts in porcine matured oocytes (IVM) and various stage

abeDifferent superscripts indicate a significant difference (p<<0.05).

Table 1 Effect of SOX2 siRNA injection on iz vitro development of porcine embryos™*

No. (%) T of embryos developed to

Number of
Treatment embryos Day 2 Day 3 Day 4 Day 5
cultured 2 —cell< 4 —cell< Morula Blastocyst
Uninjected 274 215 (785) @ 208 (759) 2 50 (182) 65 (237)
Control siRNA 271 173 (638)" 152 (56.1)® 32 (11.8) 45 (16.6)
SOX2 siRNA 273 195 (714)2 179 (65.6) " 36 (132) 41 (150)

* Experiments were replicated five times.
T Percentages of the number of embryos cultured.

ab Different superscripts indicate a significant difference (p<0.05).

3.2 SOX2%5& BLENH A3 KA IR o 9] 9] 58 412
YAES 7

SIRNAE AT & ) SOX2Z8 LI & 47 o 724
ZTable 1 IZ/RL7z0 IVC3 HHIZBWT4-Hilg
WD FACHA LR o#l41%, UninjectedX &t
5 L TControl siRNAX B & IFSOX2 siRNA X T
HE (p<005) IRV EHZR L7225, IVC4 H
HoOZ%M B L UTVC5 H B ORI~ DI 4E
BTIIRL ZUHAXBETEITRD LN L0572,
SOX2 siRNAXIZBWTIE, 8-~16-HigiHics

WTSOX2 mRNAFBL MO X & ik L TH &
(p<0.05) W EZ/RL, & 5IZUninjectedX
B & U'Control siRNA [X o> 16l i ] 1 o 5 i 5%
TIISOX2H B AR LN H DD, SOX2
SIRNAX TIZSOX25 B AR 5 1 5 Mg 34
Lholzs TNHLDOZ NG, SOX2 siRNATEA
2 X ) SOX2DFEJAPIH SN TV D Z LAURE
n7ze LEo#EEr o, KABIIKIZBWTSOX2
(BN L) NONORG AN 7 2o A =Rl 4
VAN (/s
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Fig. 2 Average number of total cells in porcine blastocyst stage embryos obtained from Uninjected (n=22), Control

SiRNA (n=26), or SOX2 siRNA (n=19) injection.

abDifferent superscripts indicate a significant difference (p<<0.05).

3.3 SOX2%&BLINH] AWK Wk > MLk 73 1L 12
aEwn-7

SOX2 siRNAX ® 8 -~16-ffg IR B & O
oA IZ BT 5 TEAD4B X FOCT-4 mRNA%E
Bl 1%, UninjectedX 3 & U8Control siRNA: A
XEELTHERZIRDOON o7z, —
75, SOX2 siRNAIX (2B 2 RSN IE O A1 o
#1%, Uninjected X & I L CTHE (p<0.05)
WA WEE R L7 (Fig.2). S 512, IRk
W2 B % SOX258 H B MM B2 28 13 Uninjected [X
3 X UControl siRNAX & i L TSOX2 siRNAX
THZ (p<0.05) 129 L7z 72, Uninjected
X 3 X UControl sSiRNARXIZEBWTiE, K
DICM & b B Mgkt TSOX2% » 37 B
DIRJAEDED HNT=DITH L, SOX2 siRNAX T
13S0X2% v 7 EHa B L T Al b
TH% L, SOX2% X7 EBBORELZD S
Ndoiz,

<7 ARIZBWTIE, SOX2& TEADAD .
W7 B BBEER S S 0 & e > TV B HY, K
DR, S, KIEIZB W TIZSOX2E TEAD4

OMEAEHERDO LNV EPHOLNE R
oo ¥ ADORMERMBEIZE W TIE, SOX21X
Oct-4 L HAEKREZEKL, Oct-4 2G5 FE
F MR AL OBl 2 W L Twb 2 &
BWPHL P ELR>TWDLIRNY, KKIZBW TR
SOX212 £ 5 0CT-4 OFEILHEIZFED b T,
R L FARORERY L o7z — T, REFFEICE
W, SOX2FEBUHIHING TI1&, Miiall <ol
BOHEIZHA L, & 5IZSOX2BO R D 72
OOLNLholze TNHDZ LI, KKRTIE,
SOX27A5Z M & IR BN 20 1F Tl 2 2 ICM
TR G- L, SOX2ZEBIHIHIIR TIZICM AL
SNTVLRVWIREEZRTIDOTHS, T4b
+, ARWFFECTILESOX 25 BUHIHIIR Tl B fa i~
DFENIE SN D5 7255, s IERTR
TRTERED RIS > TV B HEMEDDH 5.
L%, ICMIEE O~ — 51 —@fn T OFBHBE % [F
BRICIRNT 5 5 2 & 72 02 & 0 SOX228 IR W IR o>
ICMIEM % 3 2 #k 2 TH 5 22§ 2 LD D
5o

AT & T, SOX2HEMOMWIZEAE, F
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