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Pk SHERAS AN Y 2 —fiE No.22 1-10 (2020)

X7 A TDA XY CPEHEG IR & Uk

s Rk
(R IS S b gt o 4 —)
Makoto TOMATSU

[Z44]

TN N=RAEAEWER (7T 5) O—FE, A XY ATF IFHEMICEZ S EENLTND
KEHEYETH Y . 207V N—RAELE HE) I3WPESC7 A 734 7 Wz k-
TRRDINNVGHER D, HEDRLR DL DODEEIK L 72> TS, iz, FKHREY
ITAETDA X AMEEEEDEDONRAAL U ThHhDH I EZRE LT, AR TIIRkHERE
TR ENEX 7 A TIBOFHETH L Z &, BIOHEEIZ L » UEEAEOEIAH
FI20% 2L LTS Z Evboiolz, £z, WEEDHIZVO7 T 7 M4 TFESFHE
PEHZ X - T 1.7 1%, R G HIE IR 1.8 D ENRH D Z &, S HICF—DpE, F3E
FThoTHEEIZL->TT7 77 A Y TPERFHMETH 1.5 5, IEEFEGEHME TR 1.3 1%
DENRHDH Z Enbhrote, U EXY, AR TIHRESEA XY U BAL U THDHZ &
XENFESR 7 A BT D H DD, A XU BB EA B oW B | JpE .
EH. FEICL S TRELSBERD N7, ML THEES 7 A0 XY
PHEE A PO R L -SOTERIERE R B | AR AT LTI 2 72 2 b 02N b 0D, INTIEIZ L - T
IIRE 2D HZ b,

[#=]

XU BDOX T A (Helianthus tuberosus) YEIZIXT 7 U BNE E A ETFEET, b
DiZEm MY 7YY RIVEICROBIRCOAEIMEPRE I TNEA XY URELSEE
TRV | i NEEOZER G285 . TaL27a—1a 2 Fifb) et
Shi, R R E L4 MLl ERRITHENTHD Y, A XV XTI h—
AEEE (7T %) O—FET, a—r1m—A (Suc) IZ7/V7 b—A (Fru) 7 B2—1
FEA CHESLRICES L2y & 3,000~5,000 ORFESFEC, ErAumciis/ na—2A
(Gle) BFEAL TRV Y | ZOHEEITEWFESL T A 7V A 7 M K- TRIRD AR
PENRH Y BHREDRRD HEDDOESIKRE 2o TS, EEOENLDIXT 77 M4 T
(Suc (Z Fru 2% 1~FlAES) M. B0l 7258 2 HREREN TR TX A ek
RSO > TN DIED, Bl CIHEREM R R E L Th N EmH s
VY %) 2) .

Kocsis Hld. A—A b 7 THEE L7=F 27 A TO MR OMESE (DP) 1%
13~18 THoEWE LT DY , FEHIT. MERES 7 A TRVt TI21Z7 7
7 A PR TRy & T ABEEOEV Fu EAEE (DP =3~5) NERICEFA TV
52 EERHLMMNCLTEREY ) AT, DPES/ NS OONFKAIRES 7 A E1200 O
FHE2 DDERRFETT D72, FRHREE L BAFED X 7 A FIZOWNWTA XV UHEHEASE



MR DR 21T o7~ FT-. EBEDPHELL CWD 7 T 7 "4 JfF (DP=3~5) X
PEFEEE OB OW T 21T o 72, £72. ROV A X - FRoE, B OINL
SHFEEEIC K A G EDZERIZ OV T LG LT,

[ 71E]
1) B} - A
AEHIFR 1., 21TR Ui, IIEEB 2 BRE . K313 e 7 7k4555 (OHAUS, MB35)

T 115°C, Auto *E— R THIE L, W EEZRDTZ, ¥7 A TAREHIE S Smm
(AT A AL CHikEGS UEYEas,. FDU-1110) #%. B CarEZ, I —
300DG) L., 5T CT v —2 —HITERAT LTz, BRSHZIRI 2D C b KR HIE L,
WS A RO, 777 MAY TPEES (1-7 A F—2X ; DP=3, =A h—Z ; DP
=4, B9 7T ) V=A—A (Fru-=A b—2X) ;DP=5) IFgLt7 1/
LFIEHREERNGEA L, A XV > (ZUFF) 137V HAREE N AT LT,

K1 FOIEEEREAHDUXE

No.  BRSTHEPRTEHh (EEHN) &5 & AFEA
-1 MEE EATHED) TR 2017.12.
1-2 " wEEARE 2018.11
1-3 " nmo | HE "
1-4 " no (K "
1-5 7 noINEY "
1-6 " Bk 202001
1-7 ER B AR "
1-8 1-6 DFFRELI-E "
1-9 1-6 DR "
1-10  FHEE JtFET (R THE 2017.12
1-11 " THE. BR#K 2018.11
1-12 " TE KRR "
1-13  FEE =7EET([E) Rbtth 1% 2017.12
1-14 " Wi +IE, KIETE 2018.11
1-15 " no KIFFRR "
1-16 AR &EFh(E) 2017.12
1-17 " KEHY. FAIXK 2018.11
1-18 " no AR "
1-19 " EIEL "
1-20 " 2020.01
=21 FEE BHFXRERE) 2017.12
1-22  FAR ik (&) 2017.12
1-23  FAEE FEH(ED) 2017.12
1-24  duimE fIEgH (R BEE, L& 2017.12
1-25  FHHRE TOMEE) MR T{tE. A JAS 2017.12
1-26  FIERILR fEHAT () \mEE TTE 2017.12
1-27  REARIR Zithh (D) | IR 2017.12



K2 O/ EMISEBD) R

No. BRFTEFRTEH (BEHD) foRE (R FARED) &5 AFER
2-1 MEE EAT(E) FyTA mEE AHEH 201712
2-2 " A—4 )Lk, IN—REA4F iR 201807
2-3 " =TI RIH84T  AEs "
2-4 " FvITR 2020.01
2-5 7 R—ZRk bl T "
2-6 FHEE JLRET(E) AYSON-{pACIES 5! 2017.12
2-7 " FYTA "
2-8 " Fy TR KLRH) 2019.12
2-9 n K. FLRH) "
2-10 7 R—RL:K=64FIFRH) LM "
-1 FEHE =FEE1(R) FERRE. SR 2019.12
2-12 " INOH— "
2-13 " L&oWiElT "
2-14  FHEE #HFHED IS — 2020.01
2-15 " T:Ta4—1\Y | 1ERT Bigmp "
2-16 " no KSR AR *2 "
2-17  FHEE Lt (&) IS — 2017.12
2-18 WARYFYTR

2-19  duiEE FHEEN GER) K T4—1\Y | IERT 2017.12
2-20 R¥HE fkEHEA)*Y BTA—I\VYJ | JERI 2017.12
2-91 %Etlﬁl% N AT (RA) * 2 (ME) (KBS 2017.12
2-22  FHE KFHET(RED) INTO T — (IR HH) KRRz, |EE 201712
2-23 FIRRLUE EEHEET(BEHET) INDH— XBFE 2017.12
2-24  REARR Fithr (R INTYH— JERT 2017.12

*1) . BB - tea bag1 81 (3 g) &% 500 mL (2 5 =& &. bag ZEVEL . U5
*2) 7K tea bag1 8 (3 g) 47K 500 mL [Z—HBf;ZiER . bag Z#EUHT
*.BESNILERT 41X (452 /100 ) EH]

. BESRILRE [4X)2 (4241 g/100 ) BH. EM BREZHIE

2) BIKHhHHR DR
BB Z 10 mg/mL (2725 X 95 85°C MEVKZMNZ., 85°C T 1 KifilinEh
L7z, Fnt%, 3,000 rpm C 5min /0578 U7z BIE 28 E, /K CAR L TBUKM: PTFE
D 045 um 7 ¢ VX — TR L, iR e L7,

3) FEHE AR & RS O & &
PHEE S EMALIE, 7SV A RT oa X N o 7 kit (PAD) 28 Li-A 4
7 v~ h HPLC Z WL FORMTOA X AEFFHOKDP E—27 DU T g v
ZALNE—ETH4 DP OE—VHfELE ENEIRD, 2O (B4 X V) 12T 5
FERTEE 2 A XY BESHE A AR & LT, BEOE & S [AIERO Z4CHIE L 72 Gle, Fru,



Suc, 1-7 A h—RA, =X b= BELWRFru-=A h—ADKL DE—27 U T M HAERK
L 7= B 3R D T2,
A7 I : Thermo Fisher Scientific, Dionex ICS-3000
717 I . CarboPac PA1 (4 X250 mm)
BEIFH : A=H0
B=0.1 M NaOH
C=0.1 M NaOH/0.5 M CH3COONa
7T (AR

-17 ~ -14 min = A0%, B0%, C100% FEIE : 1.2 mL/min
-14 ~ -0.1 min = A90%, B10, C0% P ¢ 1.2-1.1 mL/min
-0.1 ~ 0 min = A90%, B10, C0% FEE ;1.0 mL/min
77T~ (50T
0 ~ 20 min = A90-20%, B10-80%, C0% it : 1 mL/min
20 ~ 21 min = A20-2%, B80-98%, C0% itk : 1 mL/min
21 ~ 40 min = A2-0%, B98-40%, C0O-60% ¥t : 1 mL/min
40 ~ 55 min = A0%, B0%, C100% JiEi : 1 mL/min

MitH25 : PAD
717 NREE - 30°C
AoV M 25 UL

DRGSR & B2

X7 A AN, BLOINLROFESH 7 v~ ~ 77 7 OB 72613 1 1I2R Lz &
212, Gle, Fru, Suc, BLUOKDPEDA XU L USNADOE—27 11T L A EFRD B2
770 BRBHIZEENAE DPEDOA XY DO — 7 TfEE FHEnsRd, Z0f (&1 X
U2) \Zxd ottt bbb, BEHESEMEMIE TR LIZONK 2 Th D, 2017
PECREOAEM AT D & FEMIC X > CEAEEMRIT R > T, 1EFE
TOET DP KR E < 2 D1 M HLOEDV NS < 72 o THRY | BEEED/NI VA X
VUMAAL U THDZ ENPKHIRFEX 7 A BT ORHR T2V E VRSN, DP =3
~5 DA XY DB 40~50%% DD HDNENS T2 T, 80% % DT BN b -7z,
TIDHIE 2019 HEEFETH V. BIHEEEPE E TITHER 20%A0E B @V MEIC /2> TN 22 &
5 (No.1-6~9,20) . 2019 FEEIHMKEEEDOA XV L OEIENZIVE TITHABREITHY
MU= ERFEE 7o TWND T R EZXBND, —F, DP=3~5 OA XU OEIGEN
#130% & F/ N OFRENE, BEAEOD/NESNEDONHREVEDET, FARARLEENT
WHZ Rz (No. 1-12,27) &

INT RO TIER DA X ) o PHEO B B LZ LR U7=23, I TIER O RS
RWEERehoT- (KM3) ., BEEEORNEARAURLLEENTHDHOIL, BEAEE
TE—PBRHEHENTEY, IETDP =41 £ TOA XY o E—7 BN TE 7= (No. 2-
8) o

X 7 A ML OWERERE OITHER 2R 3, K4AITR LT, 2017 FFEEX 7 A EDT7 T 7
AU DEAFHENRL, FD BHE 100g H720 OF31% 18.78g T, £ Ak 23.07g (No.1-22) &
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1 #EATIOINT S LD
DP =3:1-%7 A—X

DP = 4:=Rh—X

DP =5:Fru=—XF—R

/1376 g (No.1-27) IZIF 1.7 H50ZENRH Y . Fio, AfFEE 100g H7- 0D TH T
393g T, &N 546g (No.1-22) EFh2.58g (No. 1-16) (ZITK 21 L DENRSH Y | FE
HIZ K DEDRENWZ L3 o Tz, HHEFEAFHETH RIERIC FD EH& 100 g H72 D DO
%) T 34.86g T, ;A 4090g (No.1-22) &&/v25.12g (No.1-27) 113K 1.8 5D =N H -
Teo IRNVT, FKHBANOR—FEZ OFEERIOEBZ TR, 777 MY TG
i, FEEFEAEHME S HIT, 2018 FFEFEN R bR <. IRVWT 2019, 2017 DIETH 7=, [F
UFEM, RIUHFEE THLRIEICL ST, 777 M4 U IREGFHE TR 1.2~1.5 1%,
FEAFHE T 12 (F0ENRH D Z ENbinotz (F4) , BIEERMENE L TH RiEDEE
EZTTNDHLOLEEZLND, £To. X7 A4 TRV A X372~ CH & &
KT E A EENRNT by o 72 (No. 1-2~5 [E], No. 1-17~18 [) . bl & wbthLisf &
DEFTFTEAEZR (No. 1-13~1-14,15 ) . WHIOKIZTDORRIZEDEBITE A LR
27z (No. 1-14~15 ) . BERRE LD LD TIE, 777 b4 U THEIITE A
EZEMI2NH DD, Suc IREIXEDITRERE LT2 b DO DK 71%1% E LD 7enro>7= (No. 1-8
~9 ) .



BEAH dERET =FEAT wBFm
a Q Q A
S LSS S S S SS
r L 1 r 1 r 1 r 1
100% BEEEEE=ETE =--==-===-------_-.-}DP=21~ SDF57
= -
FHHE TEEFTTEFEL EF i
I I I I I I l I I ) =DP24
] =DP23
80% I I I I I I I I I Lop=11~15 | DP22
DP21
) = DP20
= ) =DP19
B o y a
40 =DP16
e L DP=6~10 DP15
N\ DP14
= 40% A =DP13
28 =DP12
< ] DP11
7 =DP10
= DP9
DP8
] L DP=3~5 DP7
=DP6
= DP5
DP4
0% - J =DP3
\\\‘L\‘b\b‘\t’\‘b /\ % % \Q \\\ \‘1:\ N b:\ \6),\/ N ’\\/\Q)\/,\Q\/‘19\;‘:\\/,{):\/‘1‘:5\/‘1?\\;‘23\;&\;{/\
M2 EHRFIAEEEBERDOAX) ESEMAL
n-t*‘l' NO lj: ﬁ‘l /: "
00 FITA & oS- (FERIBD) 2. )84 o8- (ERBL) 2ot TR
T = = = — = T= = B T = ~ i
E_ECR ==E== ::i;l.- -llll=_'["°‘21 =DP40 DP39
1 o =l | I I HliEe I [ | i g | fOP=16~20 |=DP38 ~DP37
80% I [ I ™ I I | = I ] l 3 DP36  DP35
“ N I | I I ™| | DP=11~15 |WDP34 =DP33
% 1 l H I 1 I 1 d DP32 =DP31
o I I l =DP30 ~DP29
E( %1 l l ] 1 1 DP28 mDP27
4o ] | | pp=g~10 |=DP26 ~DP25
e =DP24 =DP23
AN 1 T b DP22  DP21
A
> =DP20 =DP19
A ] 1 7 DP18 ®=DP17
20% I . i =DP16 ~DP15
L DP=3~5 DP14 mDP13
T . =DP12 ~DPI1
0% ] i i i mDP10 =DP9
APANRDRD DO LR DL IA NP A 6 500 DP8  DP7
VUV W Vo Vo, =DP§ =DP5
DP4 =DP3

a)

X7 A TN LA Ol
INTIER TS % ERERIL 72 DAV

X3 FUOASEMILERDAX) U iEHESEHMLL
u-t*'l' No. [j: i‘l /m\

TR A 5 |

K 5IRLT-, 7T 7 MAY TESEEIT
ERECTH-7=, LU, ITIENNZGEHT 5,

K\ H— (KERiHY) ©O7 77 A THEAFHEIL FD EHE 100 g H7- Y £k 37.80

g, ERFEE 100g H7-0 TiX3542g TH-7= (No.2-19)

o A EAEMIL, KR

Iz




RS T VA EEHBRDPOEHESS
--

Ko -4 =X Fru— g 2L P oa I3 7 I Y a3 I3
No. (BZIR X k— =X )I/ 9 — 9 kFU Z I~ — | = Z )I/ 9 — 2 kY
;D)) F— X k— ao— +F— O — T8 +— X k— a— +F— O — I

S S S S S &t S ZS S A A &t

-1 801 750 468 573 ND 221 1585 1791 150 093 114 ND 044 316 357
-2 836 1000 739 981 079 119 2219 2721 164 121 161 013 020 363 446
-3 835 979 725 966 086 107 2081 2670 162 120 159 014 018 343 441

-4 811 999 762 1 0'; 077 101 2036 2838 189 144 203 015 0.19 384 536
100
-5 815 932 720 8 078 095 1868 2660 172 133 186 014 017 345 491

16 841 9.1 676 719 ND 105 1771 2306 145 108 115 ND 017 282 367
-7 839 982 599 618 ND 032 1786 2199 158 097 100 ND 005 288 354
-8 80 88 519 505 ND 075 185 1910 133 078 076 ND O0.11 278 286
-9 807 768 517 566 ND 096 1424 1851 148 100 109 ND 018 275 357

1o 829 598 372 547 ND 226 930 1516 102 064 093 ND 039 159 259

=11 794 817 702 10'3 076 109 1474 2556 169 145 214 016 022 304 528

i-12 789 646 591 955 075 102 955 2192 137 125 202 016 022 202 463
1-13 752 804 544 721 ND 226 1691 2069 199 135 179 ND 056 419 = 513
1-14 795 836 702 994 077 106 1707 2533 171 144 203 016 022 349 518

1-15 822 893 747 1 0'; 077 122 1709 2714 159 133 192 014 022 305 484
1-16 855 685 464 638 ND 228 1415 1787 099 067 092 ND 033 205 258
=17 793 929 755 10'? 084 116 1793 2775 192 156 226 017 024 3N 5.74
i-18 798 906 787 1 Z 090 127 1749 2829 183 159 230 018 026 35 572

119 763 800 669 989 078 119 1442 2458 190 159 235 019 028 342 583
=20 796 901 656 827 ND ND 1965 2383 184 134 169 ND ND 401 487
=21 727 669 439 601 ND 249 1148 1709 183 120 164 ND 068 314 467
-2 763 868 618 820 ND 237 1546 2307 206 146 194 ND 056 366 546
123 786 754 553 770 ND 246 1507 2076 161 118 165 ND 053 323 445
1-24  80.1 688 510 748 ND 234 974 1946 137 102 149 ND 047 194 388
=25 813 875 600 778 ND 225 1976 2252 164 112 145 ND 042 370 421
126 803 695 477 654 ND 261 1421 1827 137 094 129 ND 051 280 360
1-27 755 552 328 496 ND 261 875 1376 136 080 122 ND 064 215 338
¥ 803 819 601 811 023 245 1589 2232 160 118 160 005 054 309 438

ND: Not detected

L7 A4FHA XY UEBEOEEEZTIA, 170°C « 30 o OMEE Trabixizt AL
7257 b OO, 190°C LI ETITREN & < RN E < 72 D12 o0 A X U &'
L7ZZ & &2MEL WA F72, 190°C 15 OBV CIIARLER & 1 FIX[F UEEY
T Db DOOEER E— 7 HFEDS RN T D23 B4, 190°C - 30 73 H D
MEATIX DP =4 D= b —ALFEOHHE ' — 7 ITEHMEE £ TR L, [[ERIZ Suc @
E— 27 b L7 L BTV D, SEIOSHHER TS, G LIEEABIO=2 Fh—2%
Fru-=A b —ZADMENBEEITHD LT\ Z L1372 00, #EHZ K- Tid, Suc



70
BEATH tRkET  =FEHAT ®Fm
60
QO 2> N S 2 0
s oSS S S s
~ 50 | A o[ ' ' Oy a0
A 1HHH A HE - O —
[T o _ -
oo 40 B i - 5 N
% 30 BFru-=Rb—R
® B=ZA—R
B 20
H B1-7A—R
10
0

AU OHS XD 0N D390 XN VIO XL O AN D OO ANA D a™aD a0\
N NN NN NN NN ANV YGY

X4 FEMRITIAEEETRD FD EEHT-YDEEES
B SOEBARRIX. D59 T aEHEER T,
F No. (X, R1BHR,

el

BENT T 7 b4 ) TREAFHEOESLUTFOH O (No.2-11,15,16) . BLOL IREFR LT
MED LD (No. 2-19, 20, 24) 1Z50T BTz, = OEVITEEEOFEMIZ L > THT 5
DD T, RERISAE LB 7 A DM O ELZZ T TWDHEDEEZ BILD,

R4 F—FRE (F—EH) OFEHGEHEZEDO LS (3f 2017 FE)
M 2017 &EfE ' 2018 [ ‘ 2019 4EFE

T3UMAY) | WEENEET  T3SONAY)  WEENEET D3SO EERERERT
OHERT ORERT ORERT
B 1.00 1.00 152 1.38 1.15 1.07
JeRE 1.00 1.00 157 141 — —
=7EMT 1.00 1.00 1.27 1.14 — —
BFh 1.00 1.00 1.50 1.33 133 1.27
Iy 1.00 1.00 1.46 1.31 1.24 1.17

b) N HX =R (RFRI7Z2 L) Tld, WHIEEET D No.2-12 Z#[R&, %777 b4 Y THETIE
VER CIBEE Cdh > 72723, Suc JRFE 1T 22.04 g/100g FD B &: (No.2-21) | i/ 9.41 g/100g
FD #& (No.2-14) ERI23fEE RE72=nH o7,

c) Ty FAMILTYH Suc BENT TV bA Y THESFHE & FIEF UEIZ 72 0 i8R &
BEOHLD (No.2-1,4) &, KI6EFNT2 0 IFHHFEEE EO B D (No.2-7,8) 12501 T
7o ZOBEWIFESTSEHIZ L > T BN LD T, F v 7 AT &R 7 A
FTOEICEDbEDEEZBND,

d) FOMOITIETIX, ~~—Z MINTIEEME (No.1-6,7) & IXIZE[R Ul & &4~
B (No. 2-5) &3 L HRREEIZZ2 2308 (No. 2-10) 23& 1 ~—A MINLEFDZE
IZEDHDEBZBND, WS ELTIIEME (No. 1-10) (2, 777 A Y IfE
DA L CFru ML TWd (No.2-6) ZEMnD, A4 XY VEAENNSL 2>TH
HZEDIRENTZ, L DWPIET (No.2-13) TiE, 777 AU TN E A CRHS



T, Fru BENEWI LD, NEHSH D WIRFHICA XU AREAEAEZ 5T
WhHEEZBID,

e) BKH T DEEORIH A & U TR & ok & big Ltrf*%'%f 1%, 2GR 0 J7 28
&5 #74%71[11.:;.430) WERENES

g/100g (FD &) g/100 g (FiFE)

2-1 57 853 | 538 662 ND | 245 1979 | 2053 | 804 @ 507 | 624 ND : 231 1865 : 19.35
2-2 — — — — — — — — | 031 023 : 029 : 004 ND = 031 084
2-3 — — — — — — — — | 011 009 : 010: 005 : 002 ND . 0.30

2-4 65 810 461 466 ND . 060 : 1797 | 1737 | 757 @ 431 : 435 ND = 056 @ 16.79 : 16.24
2-5 842 783 569 678 | 031 : 037 1216 : 2031 124 1 090 107 005 006 193 322
2-6 671 . 474 . 286 377 | 259 38 260 1136 | 156 094 : 124 085 127 086 374
2-7 60 362 170 299 | 000: 242 338 831 | 340 160 : 282 000: 227 318 @ 782
2-8 620 . 245 : 223 409 | 043 035 554 877 | 230 209 : 384 040 033 520 822
2-9 54 557 477 759 | 061 064 1079 | 1793 | 527 : 452 : 718 @ 058 : 061 | 1022 : 16.97
2-10 911 | 079 034 045 018 @ 031 055 158 | 007 : 003 : 004 002 003 005 014
2-11 31 245 196 402 | 029 : 029 321 844 | 238 190: 390 028: 028 311 818
2-12 40 | 438 177 365 011 : 018 231 980 | 420: 170 351 : 011 017 221 : 941
2-13 89| 008: 009 013| 610: 603 622 030 ND: 001 001 068 : 067 069 003
2-14 69 | 596 506 @ 671 | 043 @ 061 941 : 1773 | 555 : 471 = 624 040 : 057 : 876 : 16.50

2-15 57| 494 . 415 718 | 000 076 @ 539 1627 | 465 392 677 000 072 508 1533

2-16 50 | 412 453 . 622 000 084 : 250 1486 | 391 430 590: 000 080 : 237 1411
2-17 54 | 75 @ 530 730 ND @ 238 1334 2017 | 7.6 @ 502 | 691 ND | 225 1263 | 19.09
2-18 33 | 812 557 703 ND : 270 : 1531 : 2071 | 785 538 ! 6.79 ND 261 14.80 : 2003
2-19 6.3 | 1453 | 1057 1270 | 001 @ 261  37.76 | 3780 | 1361 : 990 : 1190 . 001 : 244 3538 3542
2-20 62 | 1200 . 844 1031 ND = 247 2802 : 3074 | 1125 0 791 | 967 ND 231 2628 : 2883
2-21 56 | 847 552 691 ND | 242 : 2204 : 2090 | 800 : 521 : 6.53 ND @ 228 2082 : 19.74
2-22 50 | 810 533 735 ND &= 253 1390 : 2078 | 7.70 . 506 | 6.98 ND | 240 : 1320 : 19.74
2-23 65| 634 423 607 | 092 265 951 1664 | 593 : 395 : 568 086 : 248 889 : 1555
2-24 63 | 807 521 6.89 ND . 235 1604 : 2018 | 756 @ 488 . 646 ND : 220 : 1503 : 1891

ND : Not detected

777 NAY TPEGFCR 1L £5, IEEEFE S TR 1.2 f%, Suc IREETHI 2.2 f5EVME T
HY (No.2-15,16) . BNGHIHDO G NOOHAARE L H 2 & & —F L7z, Suc iEEHEMN
DOFRE LT, BRI OBRIZ 1-7 A h—Z Suec & Fru ~9fiR L7- &9 1F Suc &
Fru EH 5 B X 5139 CTH DA, BEINE Suc DA T Fru (TN L TWRWZ Enb,
NG X o T Suc DRI IRBNH N ~T2T2d B2 Hs,

[F45E]

AL, FKH R 6 IRPEFAUIR G X (PR 27~30 4FR) O—#3g%2% 7T, &
XTI Y27 b (47 4 A NORIMAKI, (BR)ZMIFE, £ Navi A7 —3 3 >, @ILE
. RO AR L SNTERE) OWI120W=REnWTEBLZHOTHY, A7uys b



FIIR # 1 S —(RERISHY) -/ S —(JEREL) ZOAth

45 90 50 35
— 0l a—n—X
H&H oIV —R
g’ ng)la—R
% OFru-=A—X
ﬁ O0=Xk—R
% B 1-7A—A
X5 ERFITIOAEEEERD FD EEH-YDIEESE
BT SOERATRIE. 250 TREHEERT
S No. (&, R25HE,
BRIZEGH N - LET, F£2, 55k - e niaiinic Y o 2 — 8 TareEarE
R BRI L FEE tSsoAatditis IO fkm IR ESER R B BRI
JEHNTZ LET,

(51 CiER]

1) [ESCARRE - SRFFTET, TR OFMIGFHRT —F X—Z : 4 XV > (2020-06-04
BT https://hfnet.nibiohn.go.jp/contents/detail 565.html (ZHd 2020-8-20)

2) HEETT. BEREMFOR A OJE HIE IR (2020-09-02 B8
https://www.fld.caa.go.jp/caaks/cssc01/  (Z:H# 2020-9-10)

3) AR, IIERKEE (1984) b REd, plae, HEUEYARIAL HUR.

4) Kocsis L, Liebhard P, Praznik W (2007) Effect of seasonal changes on content and profile of
soluble carbohydrates in tubers of different varieties of Jerusalem artichoke (Helianthus tuberosus
L.). J Agric. Food Chem., 55, 9401-9408, doi:10.1007/s00227-009-1136-y.

5) PRk (2016) X7 A BEUKINHIRO 7V b—AEERE  MH RS RS
s —HiE 18, 17-20.

6) AERIE T, BT (2018) KEFRUC L DXV A EHORY 7=/ — LB IUA XU s
O AARRGEI AT FREE 65, 7-14, doi:10.3136/nskkk.65.7.

(&)

DP : Degree of Polymerization (EEAE)

Fru-=A h—2A : Fructofuranosylnystose (777 77 /L )LV=A h—2X)

Fru : Fructose (7/1'7 h—X)

Glc : Glucose (7 /L=3—X)

PAD : Pulsed Amperometric Detector (#/S/LA K7~ A kU w7 fgHigR)

Suc : Sucrose (v =—7 B—X)
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Faak, i KEERAE AR E 2 —H% No.22 11-18 (2020)

T HE T OFAXRPELE & 7 oA F U sREE

PRy Bk, EREER* MG
(B EAR G REabgtt o2 — *HERKER~E 2 —)
Makoto TOMATSU, Kana TAKAHASHI, and Nobuyasu NAKABAYASHI

[Z5%9]

T, BEZRDER SN2 b0, RESMTHICOT IEZ (F3) 25K
ELTRES B AN 72> TN D, THET DR RKOFFETH D0 12OV T, EHFIO
RA NGB LD A A ST )L REGEER &2 T2 A R CHl L7z & 2 A, Bk FED M
IZHe_E oz, ROWT, FRARBEEEO 2 HXIZBWTHA L TWA T I T 7 & M
Bl - RRRFROICERI L . AT - R - MERERI D AT 21T o 7o, FEREREEE DN B KIT 72 D IRf
IR DO TR R, HKIZE > THEDORIT R > Tz, 7ax o F U a&iTH
KIZ K-> CIIMEER TERH Y, K IS FIFEHENERETHDL Z L, WTHLAAE
AR HET T ETRD LT T E b o Tz,

RNT, BEEMEN SR E SN TV D BERDOBIEZIETCH L 7 aA X 2T DT DD
AL TS 5 TEAET L. 0.05 N Hfed TR, 2 Frfijfhih42 2 & T g
DIBAPIZE AV ERNEREDO 7 a4 XU NG TE 52 ERnbhoTz, LrL, 2O
A CITMRPREEME R L2 &b, 7aq X dMEASRETHL L EZ DN D,

[#51]

AARREIZIRS ML TWDHICHED LT, BRHOEEE, GEX 7R & D B AR D —Hi
WCTLPBRHIN TIPSR XU IROBET 7€ 71, FKHTIEF Y LS
o T EENZE INTEZBIRAOH DHFERETH O | MR S MEN D D, T4,
BEIZEENDS 7 ax T Un, BT T VB ONIEEN (BalE) ot
> 7327 UCP 1 (uncoupling protein 1) ZFEL I 25 Z & TIRITOBRBEZ BT 2 2 & 0B8R
FRRE~ U ADMAFENEF LAV E TR T T2 2 ERHED SNzl &xiIto, 770
B ORFIRN~ A IHETHRY EFohi=z2 bbb, 2EMNICHITOT €7 %F]
BAMTUIREmnsMELN D K)o Tz, D), —HFHICERIRE L oD
Hol=Z b, KEBRANOT B8 7 AESE INTEE K OVEEEE 5 T 2018 FI2vihH |
F7e, THEXT=OXF gt T, g, SEE, S E L O 72 O O H i
BRI IR L E 21T 5 2 & CHlFmAIHEEXOREABETZ LIl T P, Uwai b
L. BAVNEGIZE ST 57 07 13BN ERR %S OEMIZ TR . BAYE
B & B - 1AL O KR O T 1 7 ERITHIBERZ /b L T d Efids LT
%3 HBMRE D HIX. FKHERPET BT 7 1R PE, BRIC A TEERIPE I e~ 0 23580
EDFENRHDHI NG, EFOENBEMICERLTEOTHD Z LM TIEOEWVIZE DT
DTHDLHIEREREZLNTWVD,

_11_



KHENICBWTT E7 OME CTROEEH I THDOIE TREY ) THL, i
WD X0 ) 1% TeAR) . [0 | DREIEME) 70 Efix 2 RO E LTH
WHENTEY ., MRFY ] OFMEEEIRZVNLOOMBEEL LTA A N UL REES
ERWEHIEY 2282, THEZ TOEMAZO S LU ChROBESRIEZ M L, BHIRE & fih
WPEDTHIR S Tl 21T o 72, F72, &b [F0 | BSESTHESt2mad 5720, R
BAZOWTEEOMBIRE - B ORFE21T-o 72, BFbN BB THREEND 2
WXKIZEBT D7 IEr AFSGIT, R, MO ThiXy ) oF#EhziE> L& blz, 7=
YT UEROEBHLIEST,

BEHED (X0 | 17 a4 Z 0T ARV BICHRTHEEND, 7aA4 &0, 7
a— A& FEMREEL L, thOSBE L E- THilRL 7 29— 22 2< GF T 5 2 & 2 FH%
T DRI E S CTH DY, BT v TN AER R &7 a4 2 OBREMERFSE
MEEHDH DD, ZOMHERFEOMESCELY], /7, WREREOFEAIIE., . n &R L
NIEIERDTFHETHY, S OICHE, BE, 0, AFRHICL-Th RSN 5D,
D & DBEREMEMIIC N 72 e IR L7 WK & 7> Tl 0 | HISRT Dl | AE Y
L7 aA X LIRS TNDEORERTH DY, AFETIE, THEIDT7 a4 X
NTODOWT T IVX UEEDIR AN 72 W EiE e E et LT,

[ 25 051%]
1) #kk - 5K
NN T 718 7 G U dn | iR OWEEEIN LA A H TN O A —/3—70 & Clig
AL7 (1) ., 7=aFx¥% 2 F 0% Santa Cruz Biotechnology @ Fucoxanthin, 7 21 4
> I% Sigma-Aldrich @ Fucoidan from Undaria pinnatifida. 7 /v > f213[F U < Alginic acid
sodium salt from brown algae low viscosity Z HV 7z,

2) ARREREEEIE 5
RO T BT 7 RA NZ Db GRS 1 g2k 19 mL 2z, k<EEH.
I T 30 ERiE L, 2 EHAU— BRI LK SmL 24 A F UL REERHCHE L, 3R
TR 2N BB 0 A i3 2 R OMIE % 3 Al 0 K U=, FExPRE () 1% (1) KT
EFRENDD, BHERAEDTD, d=dw &L L, MxPEEZ (2) RTHEH L,
F1 HHIEHABOURNFRSG)

nr:l: d.t ...(‘])
Ny dw'tw
t

nr:_...(Z)
tw

n o EAEBROME [g/m-s]
Nw: KDOFEE [g/m-s]

d EHEROEE [¢/m’]

dw : KOEE [ke/m’]

t  EMEROBEBYHEE [s]
tw : KOB@EY HEFMHE [s]

_12_



HR 55 & P 7E ith (EEHh) B & AFEAR
1 FEAR (FfF.#HA) T HhEYRAILZ 2019.02
2 MHERE (ME.FH " 2018.11
3 BMEE (FA) FTHEIRAIG ., 5E 2018.07
4 AR (FF.¥HA) T hEIRAIZLH 2018.08
5 MHEE (FA) FTHEIRAIG ., 5E 2018.06
6 THE (BXE) FTHEIRAIG . HE 2019.02
7 AR (BE) THEIRAIZ A, A& 2019.02
8 MHEE (BH) TFHEVRAILZFH 2019.02
9 BEWER (=) " 2017.12
10 EWE (FRE) " 2018.11
11 =ZEHE (PE) THEVMEE 3 FEAVERRST 2019.02
12 #FHEE (BX) T HEVRKST T 2019.02
13 MHEE (BE) JHAAGRAIL) | A& 2017.12
14 #HERE (E#F TAADH S (BBFE) RAILZ A 2019.02
15 FEE (Ghig) TR (fRE) 2019.02
16 FHEE (FAA) AERXY(HOE) (RAIL) . B2 2019.02

RFICREOBVLDIT AR

3) FEXEREEE O F i SRR o FR Y
FKETNA—/R—IZTHEA L7777 % 30°C Tk Rigsg, mikl-b
IRBE 40~100°C OFEE M AT 15~90 4rfE), RpxfE#F LT L, 2zl

DIz,

% L 4°C T—MefRAFR. 2 EA—BIEE Lg%

4) LB« R - MERER OO R PRE BN E RORH O

i

AEE L7,

KB - B bR O B B HIXIZ T, HERERIZ 201925 A2 H~6 A 8 H, RIL<
FEFEOFEMIXICTA H 11 H~6 A 20 HE TR 1 EMBEITFEEZ BRI, WBEF
L7-s 22 mis s Rt L 28k, FDU-1110) % . ¥y CERPEZ . 2 L3 —300DG)
L, BfATCT o7 —& —FIRfF L2, ZHUZ 60°C OBE#MZ T 10 mg/mL & L,
Rf 2 $EE L7223 5 60°C C 1 IeflmiER, K L C 2 A — Bl L7k 27k & L

77‘/’
—o

5) 7aFx¥rF U HIEE

4) THRTHREER RN A # ) — L2 2 T 10 mg/mL & L, =i -

AT C—

Wefhit L. 10,000 rpm, 5 53 DB L7z RIS 2 ot e e Lc, 7ax o F oo
BiE, 74 PAAF— R LA ZWRREMEER (PDA) Z#fi L7 HPLC & fV /o 5"
AR L TUTORETITo 7,
VAT A BHERVERT  Nexera X2
H7  YMC-Triart C18 X # /)7 U —7 7 2 (1.9 um, 12 nm) 2.1 x 150 mm
B : 0.1%HF./77% 7k h=hK UL
#H : 0.3 mL/min

Y
Vit

_13_



FitH2s : 450 nm (PDA)
T NRE =il
ATV ME 5l

6) FeMEZHEE O ERVKEN AT

ZaAg X o —2A7 87— MEBKIUKE] (Cellulose Acetate Membrane
Electrophoresis : CAE) ([ZX 50811k 8 #—5EFE L YTo7=, T78bbH, 6x11 cm
v hLickrm— X?ﬁ? Mg (CR¥FEIEAK, SELECA-VSP) % 0.1M 7 =7
U T LOEMRIZK 1 2R L THhE5EH L, RITOKGZERO TG G, 26
%%m%M@mmgﬁmmy$&6£o B CIEDS L7218 1lem OJEHKZE > b

o BRI OEGAND 1 em OALEIC 3mm FFE, 3mm g T 0.15pL AR > FL, 6mA T
1 H#FH?(K@@“ 0.5% RV A T N—D 3%HEBEIE T 1 pRREREA L, BTV
DMERNC 72 2 £ TAREK THAZBR VIR LTz, A Y = v MaREECARY e L oMl
DI VT HRry NTHRATY—U 7L, A% v —CHERF LT,

(A5 & &2

RO T 778 7 RA NAN BN LS ORI X, F4&, KEEREO O (K1 H, 1~
7. ¥ 3.00) BSRSCIEAMEREI OB O (K1, 8~12, ¥ 1.55) [Tt~ EmhoTo,
W U7 E T RANZBBGE TH-> THRESH T LI T TRENPRRDLZDT, 260
ENFELOENDOIIZH KT 2D TlER Vb oo, FKHEEFEZ G e85 o 7 Mt b
&mﬂ%fﬁﬁm:&ﬁb#otoit finDFEEAN T o0 (X1, 13~16, F¥) 2.09)

WZHERTH, BKHPEREN T 17 RA VLB T OFKPREE N @V 2 ERbhoTz, 7
ET DERRKOFHATH LR X, MHBRANIZE > THROEHRTLIEATHY, MLHEED
M0 BT OM T AEZMBICERE LB EE LTWD, il b&bEBRROAR
VMR W TIEL, XX & LAERKEEEH L TWDH720 Y | thousin T5m &
[FUWENLLFORD LD X OBREI L TWDbDEEZIBND,

T HET OMEERRKICH S HTREERD D720, W7 E 7 Z2FEEHIMESGM %

B2 CHRBLUZHIHR ORI E 2% & 7 7 7 R L (K2) . Btz m4 10
1L 60°C 60 53 & 80°C = 15 53 LA T D 2255 Z & 80°C UL b TIEdi <o) ZFHERERE EE 23K R
T5HIENIRENT,

BN T-E#SRM (60°C - 60 4y) TR L7=AFSHAT. R, HERER] T B €27 OFFxHks
Eai Lz (X3) , xEOE— 7 3 GIXNEEMX L B HET 52 &,
HERR D & — 7 13RI BN CHBLT 2 Z e &z (K4) . 707 BBl ek
SN AR O R S I3 EHIX T 4 A FRAICHERE T 58 mm, MERR THI 47 mm (23 L T
H—H 20 mm UL B FL RoTc ik, RAICRLSRY 5/9 ITITMERR D —50 CAETHAR IR )3
¥WWEMTEDNS &b mWﬁ% LS AV SMBIZIET R TTHINL TE YD (P L EiE.,
R L 5/9 D 53T THERR OISR E N A L 72 R & — 3 L Tz, 73
Yo F U REITHIXIZ L > THEER TENRH O . T AKX CIIBERD BRI TR 1.5 %
otz (M4) . o, 7axH o F UAIREILTZPIH 3 b @IRE T, lE - BN
ETIF LD LT Z b ote, &L, WBEEREDO 7 ax o F U EREH

_14_



R ARRLET T2 T165mg/100 g (FrffE) | KoEE 83.8% L MG L T
510, ZNEGBERTERTE, 1.02 mg/lg & 720 . B PEDERBAIIL OB D J5 A3 5 i B
ThoT,

5
4_
# 3
£
&
22
77
%
0 o gl
I EEEL R
&
SETELES FFEES fﬁf@r
X g Rgro o s sl d
Qo N g W G w R &l Koy T 0
& & o> & o T N v o 9 o v & A & A
xR R © & ' o
~ 0y " L TR
o & o o
F oY
&
S
M1 EEMITSOMEIEE
1 ~12 [E7HEVMI &G, 13~16 (FthDEEMT &,
HEDEMIIRI1SEE,
a0
c &0
E
o
E
= 30
13 T
40 G0

80 100
temp., C

X2 MxthEOEEMEEHE CRE. FfE)
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6 6
: 5 Bt
133 HEw
N 4 i 4
i i
' 3 R 3
= = )
2 2
1 1 bk
0 0
u\\\ u\\% v\c{o (0\% %\% (0\.@ (3\.-{,5 %\,50 %\@ ro\\fb %\%Q u\\\ v\\% v\‘ﬁb %\‘L (0\% (0\\% %\q‘,b @\%Q %\Ga %\\fb %\‘9
EREA EREA
H3 HFEIGAT- b - MR O L E
N
® 35 = 5 w 3.5
€ 30 # 3.0
B 25 HE# S 2.5
5 2.0 M i 20 G
s H; 1.5
fr 1.0 0O 1.0
T 0.5 0.5
N 0.0 N 0.0
CIA)
W P 6l G P P g RRCRIRCIRAIER OGP S O g
REE £REA

M4 AFGAH-HH-MENOIIXTHFUOEE

RBEEE&RIT, ~ a2 TR RN OEEE T N U U A (pH4.5) THH L7=7 24 2 ic
VB2 A A RHARIZR A U7\ oy & RS T 2 B DMEE L, BT I E e O BRI, %
FITMEAE M DO RE AR T, BRERIIMBEE O ENENIZ R D L O REmkigiEz & > T
HEHELTWD W F, BHEIR T a A X 3NN X » TRA[ICREAIRIZ 2 Y
B d 4 ZHIRIHEG LI e b, BHET oA XU ORFREIIMBC L v FmICEEH L
T DFEZZBRNTND, KS5AITRLIEGENETT €7 ) BIERRIRE & G224
2 CHB U7 GRUBE a) OFRXPREEE I, SERRIRE S TIZ SR T L, MUz k- Th
BETFLTWE (K5B) . &6, #kla, A7 AR L= 7 VX e sy (G
Ble) . ZhaBRWierigo 7 a4 2 @y GRUEFD) | 2R ZE T2V T CAE 4ot L7z
fa . AR IEINEL - KA TIEIER IZ R & S AR N ROVEEGEED BTz ns,
85°C MG B L 7 U T =722 0D A A X R ENTZ (K5C) , 7=, kD
0.025~0.1 N i < b, FEMB ORKIZZ V7 —7 e R L THRNTE T, 7
aA XUy GRUEF b) DA A Ny RITEREIREEIZHH] LT 220 e L8
BITBEENE L QN2 ENDBREN y FREEIZHATWD EE X bND, TIF
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A HIRTZHEIRAILZIA 5 B
+HCI &k (1:1)
f2EE 0~01N z5
I 1
=8 o 85°C
2 h(EEEEEM) ! 2
1 AT, RZE
3,000 rpm, 5 min
| 1.5
sup. E ; 21°C
1+ NaOH & \
N 2B ' "
! 85°C
RIERIIR
+ 7K 0.5
+ #RE 0.5% CaCl2
4°C, —HR o . .
l 0 0025 005 0075 0.1
12,000 rpm, 5 min HCI, N
r 1
ppt. sup.
1+ 1% Na2CO03 !
12,000 rpm, 5 min [SFH b
!
sup.
EA4 C
C ] ]
#H a B b B o
®
) ° ' . ) 4 ' . .
. . ‘ A .-
. ‘iﬂ““
©]
> ¢ - - - P =
009'150 063 Q"\ © BQP&J Q,Q% B"\ %\bQ %\b?‘ QQQ:O Q.Q(D Q"\ © 061?) B'Q(O Q- %@Q ‘_o\,bv %\bQ © Q"ﬁ) 096 Q"\ N QQ(I?) Q.Q(g Q"\
HCI (final N) HCI (final N) HCI (final N)
21°C, 2 h 85°C, 2 h 21°C, 2 h 85°C, 2 h 21°C, 2 h 85°C, 2 h

5 BMSHEODIBEESHT

AEOTA—Fr—k(A). ¥ a DHEXTFEE (B).

(C)o
Std. F: 73442, Std. A:7)LF B

»:origin

DENADTaf BUMERGFEL TWVWAILEZRLTNWAEEZ NS,

FENEL » 0.05 N MR 2N 7 A X DN R BIRS . TAFUBENITE A ERT
AL OfRES IR T a4 X U HiETH
DT BT, Fio, TORMTERMELSND Z L1137 a4 2 ORERROERIE

= =N
===

SN2 T2ZEMmD, THEINHED

_17_

¥ a, b, c D CAE 7347

Femmisy GUEE o) LIERSREEICLEI L TS 220 MMEVL 72 53 FEMEV L U H 8 R3R
Mole, 2B XD THEY 7 a5 mitEOEEGRD) CAE THBRZR N RIZR b7
WX~ a7 7 a2 e R MEBEN S TFHHICHRWN TS 2O TH D EHEE I
Do I, TAAK DAL LN ROBGRBANC T 71— R7e/N0 RBED Hiv, it



Pea ESHIERTX B, %I, THEZO—EZ2@E U EES 7 ax o F - 7a
A XU EBEOEEIBED & EHIT, RENHLUIMERIRT o4 X OMREMEIA, £46
K7 a4 X OmEmIREERI & REE DR 72 EREA B OBRLANMLETH A 9,

€irz3

ABFZEIL, BOHE RIECER RS & A HE RB G R AT5EE o 2 — o LR (2018~2019)
RO—ETH Y | [FMEG DIEELRRIEH N LES, o i -hErnici2uni-,
bEOXATIEE FKRRBEEBFFLS. RERM, RFBEEAE. (R =mKE,
EHKE®RR), ) BEEBES ., HAKE, WKE, RKBEIA, BRFBERO, JKKEF
FIOKPERR). Bk H IR REGTAKERER) o2 B KITEH V- LET,

[ 51 3CHR]

1) B FFIR (2008) MM T /A4 R, 7axhrFroOLliEt: L% L4y 46,
483-490, doi:10.1271/kagakutoseibutsu.46.483.

2) FKH R ARSI v ¥ —{E#iE ARIF Letter Vol.24 34 (2019 4F 4 H)
https://www.pref.akita.lg.jp/uploads/public/archive_0000010320 00/ARIF Letter Vol.24.pdf

(& 2020-08-12)

3) Uwai S/, Kogame K/, Yoshida G/, Kawai H., and Ajisaka T. (2009) Geographical genetic
structure and phylogeography of the Sargassum horneri/filicinum complex in Japan, based on
the mitochondrial cox3 haplotype. Mar Biol, 156, 901-911. doi:10.1007/s00227-009-1136-y.

4) FENCRERE - SREMTIERT,  THEERR L) OBMIEHRT —F4 =2 [T7aA(Z ) (2020-
06-01 ¥ 37) https://hfnet.nibiohn.go.jp/contents/detail750.html (= 2020-8-15)

5) Fitton H. J., Stringer D. S., Park A. Y., and Karpiniec S. N. (2019) Therapies from Fucoidan:
New Developments. Mar. Drugs, 17, 571-586, d0i:10.3390/md17100571.

6) EARZ2M, FIlE  (2014) 77 = A HSRGREIRTEA R L OV = A R OREVEZ R OHh
M55 FFEF 5481036

7) BEARZET (2010) VI ADT7 axV o F o P ORISR Tk~ =2 7V

(U [E ) N—a CAH &S s - RS S
https://unit.aist.go.jp/shikoku/food forum/manual/21T.pdf (ZPf 2020-9-25)

8) HAMEE - REBRMWHE (2017) 7 31 ¥ o OffgsdakBiis (5) | JHFA SfiFai &
TaAf XU p35-37, BRRESHEY UL B

0) FEBIE.  TPHEOFRIK b rb <7 by b
https://www.pref.kyoto.jp/suiji/documents/akamoku.pdf (Zff 2020-08-12)

10) GRFE (2012) ERN THEZ BT 28 InT /4 Ro7ax I
AAR MBI Z T HA5E 59, 49-55, doizorg/10.3136/nskkk.59.49.

11) REFH . @RI (2015) HEE BYIMHED & EIEOMESL, FFTERCRE 529 £ TRAMOK
PEBIRZIEMN LR BRI 7 n o =7 b (BMKERINSEEE Rm)  pl44-150,
RS AL FHEIR, @ .
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FIERDRE. M BKEEREAEMFEE 4 —HE  No.22 19-28 (2020)
HEwea e 2k DPP4 [HEME DWW T

Gk, ARl PAMERET,
(M HERERMIIIEE & — "BKHRKERE o % —)
Saori TAKAHASHI, Keishi HATA, and Nobuyasu NAKABAYASHI

[ER] Folr, MBHEZFE T 2R E & LTHEERLVELO—2ThHDHA V7
1/3:/7%/}_5 SNTWD, A7 LF Ui, BENLMPIZow S, B B ik
CHERLTCA AV i RET IR LVECORHKTH D, —J7. DPP4
(Dipeptidyl peptidase 4) (%, A > 7 VF o &5+ 58 ) 7 a7 7 —E T, DPP4
@ﬂi’i’ﬁﬂiﬁ‘é EA T VT UaERIIHRI S L, fERE LTI A R Y PR —
IR D 2 & T ED EA-2IH s (K1), ABF5E Tk, &Rk
%:ﬁﬁu\f DPP4 [HEGEMHZIRR LIz, T OMRK, KHARERRDO Y LT T A ITHRN

DPP4 JHETGME RO, IEWEORKRAZED-HER, VAT T ABERRY 7 =/
—/VIE) DPPA PAEME TH L Z LRGN E o7,

DPP4 [HEM'E

ﬁﬁ ‘

S

P r——> AT VFV AT I
- (GLP-1 & GIP)

s

A R MR
(MLEEE DIET)

X1 DPP4 FEEWE OABREH

[#S] EATEE Ok 28 /£ (2016) [[EEMRE « Sk iid ) OFEETIX, HER
WA E BRI PR EL, 59 1000 T A EHEFFS LTS, F72, BERIE O ATREME
EHEHFRZZWVE LR 1000 T A LHGFFSN TR, WihZ2AbE 2 EEERO 2 ElT
SHVBERIF S L ATHESRIF O RTREMEN S 0 | EIRE A U TR E It E L 7n
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STND YV, BERFETIL, A AU OGN LTA AU OERNEEL 72
HZ LT, T a—ARENEVIREED K L, RIS 5 & 28 Dlifias
(A IefEENE Z 5 TL 5, MPHEZRHET T o LESLVE THHA 7 LT
NI ARV DG ERE L IFEEEZ EFICROEARH L (K1), (7
LF T, BYEBUTIHE > by SR O BAIRIZ/ER L TA R Y 5k
ARHET BRI TE L ORI T, L a— ZREME S Wl A LVE > (GIP: Glucose-
dependent insulinotropic polypeptide) & 7 /7 I £k~_7'F K 1 (GLP-1: Gluca-
gon-like peptide-1) NHIHILTWD, A > 7 LF 0%, MiEH DPP4 12 X 0 #<o0
RSS2 L, DPP4 HEROBRFEMIERIIThIL, HEFERTNSHZL O
DPP4 SN PERIF OYIHIERIL L L CEIK Tl T\ 5 29, —J5 DPP4 N7
FH—=BTHDLZ b, KL T ENY)ND DPP4 BHENTF ROHEK
1TONTND 50, Fxld, T E THKHREERM OMRIEERRO—RE LT, &mill
JEREEE R L = ORFEWERR 21T\, REHRYR= v Nk U Lo
A R EEK BRI 2 E 2 FIE L TS T, £, KEFR=IZEL
TlE, SIMEET VT >y hTEOMEMHEZIR I RSN TN D 12, SE FKHRE
MR x5 L LT DPP4 [HETEMEAERR LICRR, YT 7 AW ILEE &2
RWZE LT, HEWEORRMEZEDTRER, YT T AHKRRY 7= /) — VD,

DPP4 [HEME THAH Z L& W LD THRET 5,

[ 5ik]

(GR3EEH)

Gly-Pro-MCA & O* Diprotin A 1%, (#k) ~7'F N#Fgept Cedli, KEU) #z, &
7z, ##Lx B DPP4 |%, Annoba 8 (B515) MW, 7=/ — L aldE AT —
IKFNP0ZF O OFRETEIL . FEMSE RS 2 - e,

(DPP4 iEMERIE )

Z1VE T, DPP4 OIEHERIEICITREAEE TH S Gly-Pro-pNA (p-nitro aniline) 73
Ao Tz, AREER, BRENMEWZ EbEEEETH D Gly-Pro-MCA
(methyl coumarin amide) % F/E & U 7= Bl @ BRI E L2 B Lz, 40 pl (1 pl
10 mM Gly-Pro-MCA in DMSO + 39 pl 50 mM Tris-HCI, pH 8.0, 0.1 M NaCl, 1| mM
EDTA, and 0.02% Tween 20: Assay buffer) (Z 5 ul ® DPP4 (50 ng/ml Assay buffer) 2 T} 5
ul DERER (22 b —/LOFEITIE Assay buffer) %12 37°CTC 30 43 B Sist%
200u] D 1% FERRTAIR 2 RN LR 251k Uiz, = 0%, & 380 nm M OV e
1 440 nm THEOGIRE ZHE LT,

(R 7= ) —VERFIE)

RY 7= =i, HERICHES L 20U LoKBELZH LI LEWORKETH
Do ARV 7 x ) —/VElT, EFREERK ISO 14502-1 ITHEHL L CTHIE L 7= 13,
HAREIZIE, 0.1 ml OFEAEL A TFREER (10, 20, 30, 40, 50 ug/ml) & L <IIHREE
BHZ 0.5 ml @ 10% 7 =/ — ViR Z M2 |IRT 5 ofRFF L=, 242 04 ml @
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7.5% IREET B U U AREZTML, SIE T 60 25 BG S 7214, 765 nm DWW E
ZRE LT, BEFHROEMEMRS, AW EORY) 72 ) — ik B4 % IR
W0 ITHE LT,

GBI H)

VILT T A B EEME GE, EXROR, M4) ZLICHT TSR L%, 59
— T LT, SRS ARREE 5 g 12 300 ml =% /) — L& N2 T, ST 2~3
e ¥R, TOYO No.2 JERCCIEIE L7-, I§ikA v — & U — /\R L — & — T 20
ml £ TEME L, EZ2ELDHECREL, HFEr—% U —x R b— % — T -
LEEZXHIE LT,

[RE R & B %]

(DPP4 1&EMERIE 57 15 D FEAT)

Al O TR TR E 515 . DPP4 FLETEMEAIE L < §HfiHI K 2 a2 RE
75 HBT, DPP4 ORERAERITH % Diprotin A % H\\ T DPP4 DHE % it
L72, ¥ 2127”79 & 912 Diprotin A (Tle-Pro-Ile, Mr =341.45) D K712 DPP4
IEPEDAR TR0 B AL 50%HEREACs iE, 12.56 pg/ml(36.7uM) & KD BT, =
DEIE. BECHE STV 5 ICs 8 24.7 upM EIFIERI%TH Y W, BEFEEZIEL
<FHMiH D Z &R noiz,

IC50 = 12.5 pg/ml

0 |
1 10 100 1000

Diprotin A (pg/ml)

DPP4 activity(%)
=
(=]

X2 Diprotin A 12X 5 DPP4 [HZE

(&4 2k DPP4 BREWE DIRFR)
ZIVE T REDEE IS, % 2 5% < OKEEMME D FE STV D 15717,
LU S| MEEEBIIIBRS o T REVE DS RV 2 S T e o iz, Alal, e
Z—NRAT DR DO T F 22 T, DPP4 BAFTEMEZMET L, £ORE,
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VT T ADALR ) — VR IZ DPP4 THETEMEE RN L (K3),

Relative activity

)

20 40 60 80

=

00

>
%,
2
q
17
)

|
S0

o IR S o S ———————————

I

X3 SREEEMHKIC X 5 DPP4 AEFEML

(VL7 T A HiHK O DPP4 FEREREMIZ DUV T)

YILT T A IHIRIZ R DPP4 fRETR N RN Sz 2 o n | mIRD L OERNL
PR ETEMEDNRTE L TV D 002 et Lo, AR R TR L 72> v T 7 A 2 {#
K GUEFA ZOYB) 23, XNURIC/pmEL, ENENEasig L7 (K4),
e S R — T RIE L, =% — /L CHiH# DPP4 [HEEMORMEIZ AV
776
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BN OBAF R E R

A AEB
iE 56.7 g 53.1g
%  83g 71g
R 155¢ 26.7 g

K4 IYNTTADOEERDER (£, BFA) KOKEHMOBREEHEER

VILT T A BRERR RN SO N Z ) — Vi o Bix, REBF A OIEN
241 mg, XM 262 mg, R 176 mg T, et B O 268 mg, XS 237 mg, RN
216 mg TH Y | B A KB & HIZKENL O ORI EIZK Z R EITFRO bl
Dolz, WIS, KEALOHHWIZ X 5 DPP4 FLEEM: 2 1IE L=,

100 r
90 r
80
70
60 -
50 ¢
40 r
30 ¢
20 r
10

O | |
20 200 2000

Extract (pg/ml)

DPP4 Activity(%)

X5 HEA (&) RUFRE B (O) OEmMHMIC X 5 DPP4 FEEEME

513K A RO B O EREMIC L 5 DPPA [HE Y — L %Rk LT-, ke b
IR FEERTEHIZ DPP4 IEMEATHE L, ICso fEIE. 30k A 23 345pg/ml K& ONGE B 23 375
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ug/ml &R BT, —F, Wk A DX LR O ICs0 AT, 340 ug/ml K& O 500 pg/ml,
e B DX EHRO ICs fEIX. 340 pg/ml LN 640 pg/ml ERO HiL, YT T Af#
RO DPP4 BHEWE L, EICELEICHFELTWD I EIURENT,

(VT T ABEME OV a~ N 7T 7 4 —IZ X D5rH)

YILT T A (566 mg) & 50 ml D 20% A X —IVICIERR L, ZREE K A
{t. L 7= Sep-Pack Vac Cis 35cc 7 7 LH(Waters fEEDICHIN L=, BT L& 15% A X
J —)L 100 ml THeE%. 100% A % /) — /L CWEWE 2 LTz, B8 HTR % 180 i [
L. $200mg OREIZEEG L=, 507280 ICs fEIX, 280 ug/ml &R 5N
776

Wiz, BoHN-3E 20 mg Z7KBEKIC 2 ml IZIEAE L. C1s0DS (A7 25y
Uh) 51725 (Waters f£8, ¢ 10x 300 mm) ([Z¥RIML7TZ, BT L &7 /K 20ml T
Weidt%. 0% 5 100% A %2 7 —/ND 90 o U =7 7Z > MZ XY, DPP4 [H
EWE AR Lic, WL, 2 ml/43/53 e L, 280 nm OWHELRETHE LD
(2. 5ul Z T DPP4 BHEEME 2 H1E Lz,

10 ] 10

9

8
g DPP4 activitv — ~
s 2
s 7 )
) =
8 3

= 6
:
s 5 —1s50 =
£ g
s 4 =3
< ol
3 :
=)

2

1

10
0

1 11 21 31 41 51 61

Retention time (min)

X6 ODSHIAICX?DPPAEEHMEDOHE (£D 1)
70 5y E TOWHARE — 2 EBFE R L, (O) 1%, 280nm OWEEZ . (M)
IZ. DPP4 fHEEMEZ R LT,

A X ) —VIREDO ERIZHEV, 280 nm OWSEE Y — 7 NWEEIRE Lz, WEED
v — 7 2%t L C DPP4 BHAETE MRS Bz, 280 nm OWIIL 7 = 7 — 1 LA
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MDA Z TR T Z LD, AEECLVEHIRORNY 7= /) — Bz ER LT,
M 7TIZRY 7=/ —)VEDERRRZR LI,

1 100
= 09
g _
B 0.8 N
C <
= 0.7 %
2 2
§ 0.6 §
= 0.5 <
5 . - e
= 50
= 0.4 a
< q.a
= 2
_°:) 0.3 E
0.2 S
_& &
p? 0.1
0 1o
1 11 21 31 41 51 61

Retention time (min)

K7 ODS ALk ?DPPAHEMEDOLE (D 2)
70 5 E CTOBRHARZ — 2R R L, (@) 1. R 7=/ —L &%, (B)
X, DPP4 fHEEMEZ R LT,

X6 L7 2L TS L9, 280nm OWINERY 7= ) — /L EMEIE—
ELTEBY, AU 7=/ —&iZxbhis LT DPP4 [HEIEENGRO I TW5, 720
B, VLT I AHK DPPA FHEMEILZ. YLT T ACEHEENDLIRY 7= ) —VEHT
HHZENWTRENT, %, FRY Tz ) — L E— 7 OREHL L fEETIC LD, RY
7 = ) — VEOREERE BRI N T D

(BFEWEREORY 7 = ) —ILEHEICONT)

X 8 IZKFfEERORY 7= ) —EaFEER R LTz, —RALTH»bLH12, Vv
7 7 A OMHEIEMS ., O ORI R THREICR Y 7=/ —VEOZ W2 &R
RO, YT T AOMBERTRY 7 =/ —)LEIIH 400 pg/mg Y &Ko
SNTEY., iEWH 0K 40% N R) 7= /) —NVEHTHD, N 7/ — VI
B2 RHSREERN I B TERY YL T T AHKARY 7= 7 — /U DPP4 [HETRS
NIz & 572, BERB TR DPHIRE SN D, T —ZIZITR L TWRWR, VLT F A
OHRICITEIMFEREEREE THI L =T VX AT o Bl M 7
ELRWESNTNDZ ENG, YIVT T AR/ REEEM & L COREEMER &
0. SHROERBIIFIND,
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KEDAIZ G 2 5 MBKM DO EE

uni)

iR, BB Al RIS A
(kA ERAERELEE ¥ —)
Toru TAKAHASHI, Masanori KUMAGAI, and Fuyumi MATSUI

[# =]
KEOHMBIZEFTOREOABLEFTROGEET 2N, 77 A F v — (BIK)
DELGENRRKREL, KELEAMOILNZORBZELAT DI EENATWS D,
KEAEMOAL T, BERFPICAERD KB KEKICENLL, TDORKAIED
FERICE - THI &R S, EHd oKy S &S0 b B O ks M2 1k
R BEZITL 23, £, WbEm EXE 5 HEM T, BEK LREATIC
RA B EMEIND TIHMATEPIREINDIZ ENHLID, Z 0 TEIZ
AHBEO ERICE 2K EERESCEMOBIENELZMEE L, &b
BRAEAWUESTHOOBEERTERTHDL, LLLARRL, TMASE
HERKEOAIZE 2 2BICETLIREZT I LA LR, BIOKRRKIC
O TWDHONRBRTH D, £ 2T, A TILERFEEZHWTTH
INBGRE EBRERIREORBERIEZHERET LI HEME LT,

E PR

FEEBICITE K (HE) 2 LEEFOKREAM (K 49X43mm, JE
EH 1mm, BPEH TEBME) 2H 0, LT MY ¥ AERAKERK
TT v —4—WNOMRE % i (756.3% . 25°C) Y&, ZOHIZ
RifFAEMZH 1 »r HMSE L CAEM KD EZRE L, Z OO RH 4
DR EEIT 11.4% Th o 7o, RHFAEHO THMEBUIEREZ (DN-600,
Y~ FR2MW) 7 VI RERICAMAEES, TEORE T 15 M2
MA LN, BROEEBLZHAONIT A EMEE - - ERKX %2 &
J e, BERRICIE A — T LY (NE-BS900, N+ Y =v7) ZHWw, ff
J& D RN TR IMEAL O A 2, PrE OIRE T 8~18 47217 N
L, BERB ORI AR, MBIOESE2 /X XATEHEIL, FEND
RKOVEBERELZTOERBECHRLTANTOREBEZEL L, BILoKEA W
L7,

BRI TAME S L OBERSETE 2RO 2 7-DICERFEILEICES T 56
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2l E o O & o F1 FLEASHEICIDN T KU

< DA E :
N S LS TATE

D% . KB T K- 1 0 1
XA T RICE B L X, TAEIEGEE (°C) 40 60 80
T 2 W+ (71 2GE X, BERKIEREE (C) 170 210 250

JEF L OVBERCIREE) L 3

AKHE (T MEVEFE © 40, 60 3 X O 80°C ; BEARIRE : 170, 210 B L O
250C) DFER (£1) zFEHLEL, FLATO 2RO IRLERZ S
teaR 10 BIOFEREZFEmM L, HRMELH 20 ot a2EHL, TD
IEHME%Z Shapiro-Wilk BRENLREMM L 72 & 2 A, Wb EHMEN Lt
L TWhholeled, YHEEZZOEEMATICH W, £, (1) Kic
XD EME PO AEIRERICRDIRERELZHRRE LT, B, EHRO
FrEB X OIS Y 7 b =7 (JMP14.0,. SAS Institute
Japan) MW7z,

Y = bo + by X, + bXy + b3 X, X, + by X2 + bsX,?2 (1)

[ 2R & & 5]

Tl MARIC A ZEBDFICHB T TMALEZRMFEE (A) H L. 7T
WIRESEEMICHSE, FRANEZATLLRVWERMAEZ (B) 50 &
T5, R22ICHPESHBILABMO T L ZRLIZ, EH00HTIHE

F2 OFEBPEIFHHLAEEO BT R

(A) H7 L
R H B Rt R F{i plE(Prob>F)
TV 5 5630028.1 1126006  32.29 0.0025
e 4 139491.4 34873
HTITEY DHEX(LOF) 3 135806.7 45269  12.29 0.2060
R 2= 1 3684.7 3685
NN 9 5769519.5
R%= 0.976
(B) &bV
ZK H it D FfE pfE(Prob>F)
ET IV 5 2751687.0 550337  32.65 0.0024
AR 4 67426.4 16857
HTITEY DHEX(LOF) 3 19809.9 6603  0.14 0.9253
AR A 1 47616.5 47617
LN 9 2819113.5
R%= 0.976
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BERRIREE (C)

(A) #|L (B) #dH Y

250 250 /
240 240
230 2304 .u)(mk
22042690 220- S
Tﬁﬂﬂm?ﬂlﬁ 59.6
- 210 BERRIRFE : 237.7°C
= 3400 \ ff'.(Altﬁ-m 4080 mm®/ g
3800~ _ _—
20043200 200+
S e
190 000 190+ 3600 ————
7500
- -
1804~ 2600 1804 3400 - -
/’
——
17012200 3000 1800%@0; 170 3200 ] _,/"’4)“0 [ZMN'A
T T ]
40 50 60 70 80 40 50 60 70 80
R M#ELEE (°C) i MEREE (C)

1 MBS AR R D FBEE B A O F &N

DX 3 < ﬁ%fﬂ—?@&%‘%b\ (R2=0.976) Z &6, (1) Riz+ 47
/\a“é T E e, (1) K ié%{%ﬁﬁ%h?pﬂt%%ﬁl%l 11z
~T. & (A) i@h’%aifﬁb\@@@ﬁﬁéﬂiﬂﬁ&fiw\ LR FE D e K
ERDEMHITTHMBIBEL L ORKRIEENZNLEN 40.0CHE LW
238.0CT, 2D & TR IND AT 36983mms/g ThH-o7=, —F .
&k (B) oA, W OREHRBIZR>TEY, REEMEITAA 2 iEE
N 59.6°C., BERIEE AN 237.7C T, Z 0L TH|HEIND LERMEIT
4080mm3/g Tholo, £Z T, HBEHFRMHITHRBITWVEREE TH 5 TN
BURE N 60°C, BERKIRE N 240C TAMEZ R LR, TOLEREIT
3976mm3/g Lo lz, Z OfEILER K THAE 4080mm3/g O 95%1F #H X [
TH D 3873~428Tmm3/g IZEFNTHBY AETALRICE > THAEMEIT
THIRAEECTH D Z & &R LIz,

R0k AT v 7 BEFAMOKSEED 11%ATH O L X112, £ Ok
FENRRGDIZR D, E T TR TITAMKD Z 11.4%ICFTHE L 7228,
TRMEARFIC L > TEDOREBE R o7, TMMBUZ T W 7 5 R %=
Al AN TH D7D, £ (A) 2BV T, E#RICK 240
@ﬁ@ﬁﬁé&%k%hko%#(A)@mK%ﬁ IR A 2N fEAE T
LWRBEARKE D PHEMBEE X 40CTHY , RELEZF TRLEN
BETH T, 2O LT, PHMBEEN ER T L5IC LN THAER
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2 LR DOBERLFHIMEE 2RO VR T F X —1, B38-CAP #RAMH L7, £
7z, B38-CAP O KIGHE CTORBLARZAELET D & & HIT, M MEEE ORI IE % ik
N LT,

2) RHPDOLH . EEINSHEEEMILBER X OZOR A
FOAFE O ARME—, TR B, BE BERRE (K IR AT
T W (T—T7 N ~—7 KR Eth)
NBAZE A FEBE 2019-198270
ABHH 2019411 A 21 H
[Z559]
[FRE] FHEsNZPE (exopolysaccharide;EPS) AFEMEOHBEH . MO, i4FLEEH %
E e B LY DFRE

[fRIRFE) 27 bav WA T30 T 4 A B TRAE—V—X TG T 4 A
KLC4192B K (Rt & NITE__P-02581) ; 77 hav R « I 07 4 A_ BT AL
— =X _ 77 4 AT/ L., KLC4192B ¥k & B2 E N R—CTh D EE, £
. 7 bavh AT 0T5 4 A BT A= —X_ T35 4 AIZBL, BHED
BLH DX 7 LAF RS E 9 8 %L DR —MEE2HTHX 7 VAT NEHN B2 5
16S__rRNA BT Z2 A9 D HEik, BRI ZHEAERALBE. KO, #8Eh42 505N
HELRA
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3) DA : AEHMOREE

FWE  ARFE— (BKH RGBT

AP FBA 2020-5588

ABEHE 12020 41 A 16 H (2020. 1. 16)

(%%1

FRE] AEMICE EN /BN RETRN) SWEEbT . REEXOARE T S
ThenaEMoREEIN 2Rt 22 2 BN E T 5,

[frikFEt] Fof OMTMERGR O . AR B Z I L TR o A PRER O
HEMRSERWVEMERLIZEZA, ZOWREE LA 7 ) —VEFREMLNDL W
Lize A7 ) —NEAERMLIZE Z A, AERTORRERE MR LR R
HZERFHIZEWE L=, A7 ) —VOEEcNEZBa+ 52 & T, iREEHE
w7,

4) BROLHR . T XA T VvV VEREER 28R A T A REMAEYR KR Y X7

F FOEFKASE

FOAFE  AGEE] (BKEK - 2), 4EE3E (JRCAS), HEFIZ (JIRCAS) |

é#m%%<E%%%ﬁﬁ EfEI R (Bk H IR £

ABHZE S ¢ RFBA 2020-37538

ABEH 202043 H 12 H

[Z549]

GREE] 7o 47 o v OB ER 213, MEREICEE &R E2H->TnD, B

E%TV%%?VVV“@%%Zi SRR BEH A FFORE X R ETH Y . BUKME

#Hﬁ@ﬂ% WAEE &2 FFOE X R B TH D Z LD, Bin R S 2RI L TK
WCEETEDLHOBROLNTWE, £2TC, 8N ETHERET LT 4T

//W@%%2®%%%EM&LT EI L L CHRIHTE 2WEOBREEZRAT-,

[fRPFB] ARZBBAE S, BANC Y Bacillus subtilis RIS NVARF S RTF X —

VRT U XAT UV VB 2 L BRI SI A E 2 RO L & in silico AU
V== 72k 00 CRIE L, 230\, KR IBARFEFRAEY (BFEFS 4775997
) Td D Paenibacillus sp. B3SKRICH b "UT X453 25 Hakss 2 L Rk
DEZLFHIE B FF O NV R X v R_RTF X —8 | B38-CAP 2R H L7z, £7-. Ki%
O CHEL L, R L 72 B38-CAP & W CHAFREN) FER A4 Sl L 7245 5. B38-CAP 23/
M EAH], O IERIE] SO O BPERIEIHN RO H 5 Z L RSl
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5. PLRKHITHE (2 24)

1) BRFES: BAREFESEIZE 85 Bfis - VU ART T LA
FFH ESPET 0 2019 4F6 A 8 H, HIALKRFERES v XX (iHT)
L - VB VT SBPI BinT DI B B e BUT BT 2478
R OBRIL MRS, Pk —"°
(CEFRPE - BERF, PRKEEREN, CEFR - kAT 2 Y)
2) BEFE . B AFHERFEEEAL - AbE ST S
FRA LGP 201946 H 15 A, oL A M7 gz onh (—E)
EL S OB & RO RGO BRI OV T
BELH  OOJIES, AL ALK, FfERe
("RKHIRST R, *BCH B =)
3) RERFE F 6T B ANEKEDFAELYESSE
FFHLGAT 201947 A 4 B, FHBRKESE (k)
L AT —H —DIRMIN L L 2D DNEICE 2 DB (5 2 #H)
— HBBAA R L X DD DOFFE—
BRF . OFEMGES ., BRI FiEb A EOlEE . BARM—
MAERORYE . (CBKH IR EIF, 2 BEFEK)
4) BRFE . BARERZES 2019 FERS
BFH LA 20194E 8 A 26 B, HAFEEKS: (R
B D FR - HikE OMEMERIC X 2 W R & ko ERp e & O BIfRME
HRFE Otk A)IETF > EiEfHe, BAR0—°
("RKHE ST KBS, PAKHEIRNI R, PR H R &)
5) HRFZ : HAFRERES 2019 FE RS
BFH LA 20194E 8 A 26 B, AFEEKS: (R
Y KR OFEERHE « BEROFHH ~EM AL e L2 E R~
FERE  OFERC. FERERN, ®Eilm 1 KREE 7 °, LW+,
=R/ BREET O, B TS RWEBTEC
(KR EE, PERER, P HARRARER, TR,
PTCRKH R, P RER)
6) REFEE . 5 66 B H A RBHEBZLFIMRES
FFH LA 2019 429 A7 H, BIIRESE (&)
L« A~ ANV T ROBAE R L% B 3RHEEOR Y A
HRFE  OfREH, RIFSDH (BKH IR A
) BRZELS B2 B AREZEEKRS
BFH LA 20194E9 H 19 B, Xy 7 ¢ affiiE (BiE)
B4 - T D-7 AT X UBER T T F 2 —F
(Nz=F—18) Ot EIT



FERA  OEBIE' . RAFEN., FRIE. BBEAETF, PEZ SfEbE
(CEBREME, 2JAXA, ° (BR) X7 F RF, BKH IR
8) BEFE : %92 BIEAE{FEKRE
FRHEHAT 2019 £9 A 20 H, /U7 0 2l (Biik)
[HEL  BREMEW Y ) BT D trans—resveratol di—O-methyl transferase
(2B D5
R OBRIL MRS, Pk —"°
(VEFRBE - BRERFE. THKHEEBREN, PEFR - kT 27 U)
9) BRFE : F 92 BIHAREMFEERES
FRH LA 2019 £9 A 20 H, /U7 0 2k (Biik)
BEA - BEWEY Y Y U O IR EI RIS T D AT
FRA  OBBRIAK ', M) °. Bz — 1°
(CEFR - B PHEEREAN, A FR - kIR 7))
10) HERFE  RMmBEAFERE 2019
FFHA LA 2019 510 A 3 A, HRE Y 7 ¥ A b CREHR)
A BEZ T EmARIE LT THER TR Ok
FRFE MG (BHIRBE)
11) BRFS Yk 31 EE B ABEFRS RS
FFHAEGAT 20194210 H 16 B, Jb& Ud  GRER)
A - RSG5 KB~ DORNAEY OIRIE & IR AAEY 35T E
(AT RO T M
FeERE - OFER, BRAEE, KREFM, EES, EhadE H R
12) HERFE : Vrk 31 F£E B ABEFS
FFHELAT20194E 10 A 16 A, AL FET CREH)
L EEO 7 2 VI, 72 VI T VR OEREY e 7 L2 I LT F RO
L~V ZEEN B R O
FRE OB ', FREE . AF&AR . REFRHEE L KB,
HERRE . [ 2 AR
(CRKHIRSZR, PR IR A, BRI
13) BRZFE : Fe2ReEEERMNEEEE GRS
FRH EGHT 2019 4F 10 H 18 B, TRAEFTES 4 585 CATHL)
A - BE TROMAEY 26T 5 2 LIk 5 BARRO & SE
FeERE - OEEadE, ., BIREE, KRIFMl, EEE
(BK B IR = bT)
14) 352 . International Congress on Biotechnology and Genetic Engineering
(Biocon-2019)
FFR A E5AT 2 2019 4 10 A 29 H., Paris Marriott Charles de Gaulle Airport Hotel

(Paris, France)



{#H4 : Inhibition of DNA polymerase activities of HIV-1 reverse transcriptase and
HIV-1 replication by Brasenia schreberi (Junsai).
FFH - Yuto Tsutsumi?, Keiko Ishizukal, Misato Babal, Kosaku Nishimura2, Keishi Hata3,
Saori Takahashi3, Shozo Sakuda4, Teisuke Takital, Kenji Kojima! and Kiyoshi
Yasukawa! ('Kyoto Univ. *Toyo Inst. Tech., *Akita Res. Inst. Food & Brew., *Teikyo
Univ.)
15) RRF= : THTEELERLEMES
RRH EGFT 201910031 H, S IFEERZ#HS (o <IE)
HEL 0 TWSD B> 2 ONERAE & RETRIZEET 5058
FRRE  Otex KT ELMESE (BKH R
16) BERZER:F 7 BEBEY— N7 77 2% (1C0ff2019)
FFHA BT 20194 12 H 1 B, M EBESES )
[#H4 : Inhibition of the DNA polymerase activities of HIV-1 reverse transcriptase and
HIV-1 replication by Brasenia schreberi (Junsai)

#7# : Keiko Ishizuka', Yuto Tsutsumi', Misato Baba', Kosaku Nishimura'?, Keishi Hata’,
Saori Takahashi3, Shozo Sakuda4, Teisuke Takita', Kenji Kojimal, and
Kiyoshi Yasukawa' (1Div. of Food Sci. and Biotechnol., Grad. Sch. of Agric., Kyoto
Univ., 2Toyo Inst. of Food Technol., 3Akita Res. Inst. of Food and Brew., 4Grad. Sch.
of Sci. and Eng., Teikyo Univ.)

17) BR¥FS: F7 BEEZ— K7 7 7 223 (ICoff2019)

FFRH LGET 2019 4 12 A 3 H, #AEERSES (W)

lHEH% © JUNSAIKOMACHLI, dietary supplement with water shied extract and sake

cake dry powder.
%%3% . Keishi Hata', Sayaka Tomatsu', Yui Umekawa', Akiko Takashima®,
Muketaka Sano®
(! Akita Res. Inst. Food & Brew., “Sano Inc.)

18) BER¥FR: H7 HEEKT— K777 #2# (ICoff2019)

FFA LA 2020 4512 A 3 A, MTEEESEY (W)

[#H4 :© Plasma lipoprotein profiles and free choline levels in NASH model rats

-Novel minimally invasive indicators for NASH-
%44 : Koji Kuriyama', Junichiro Takahashi', Takanobu Kikuchi', Kazuyuki
Hiwatashi?, Akira Sasaki’, and Keishi Hata®
('Skylight Biotech Inc., *Akita Res. Inst. Food & Brew.)

19) BRFER: H7 BEET— K77 7 #2# (ICoff2019)

FFA LA 2020 4512 A 4 A, MPEEESEY (W)

[# &4, - PXB-cells for the study of lipid metabolism: Robust and human-specific lipid profile

in human hepatocytes freshly isolated from chimeric mice with human liver.

%34+ Masakazu Kakuni', Masaki Takahashi', Akira Sasaki’, and Keishi Hata®

(‘PhenixBio Co. Ltd., *Akita Res. Inst. Food & Brew.)



20) FERFER  TTEE IARFSHAH BN R RS

A PRI IR T 2 TALBEK DO ANA T & EF R L OBRE AR I LT
TR

FE A YT 202043 H 7 H | Bk H K (FKH )

FEFRAE  Odbhhin ', HEENE, SRR MERE HHERE?,

KEFMI? . Phung Duc Luc®. Pham Viet Dung®. JEIEBMLY
CRCHEERE, 2RKHEESZR, PRRH R, ILER)

21) BERFS  F o FEIBAKREFZRFES

FFH EHGET  20204E3H 160, HTRF (EMTTH)

{EREA © G AE AR AT (238 2 T KALEK O Rl Fi i FHEDO BRI F T 72
FERAIRES

FRA TR WHEN SRR MER . EEIE SR
KEFMI? . Phung Duc Luc®. Pham Viet Dung®. JEIEBMLY

CRCHEER, 2RKHEESZR, PRRH RN, ILER)

22) % 93 [H] A ARBEZDF S

FFRH LG 02020423 A 16 H~18 H (RARZ—FK, EERKDOH)

WL 7 X AT L B HARESE 2 (ACE)RRTEM: 2 #7> B38-CAP (2 X 5 MEJE/EH
LA EUENEM  (Identification of B38-CAP as an ACE2-like enzyme to
suppress hypertension and cardiac dysfunction in mice.)

FEFRE AR ST AEERE . MRS LR R A
H3EF1. mifak (TRKERE: - A4k, 2 EBREAT, PFKHER - B & R
FESILAROE, R R &)



1) BRFS . BAEEFESFEILXEH H86 BEfls - VARV A
FHFH LGP 0 2019 4£6 A 8 H, HALKRFEEX v XX ({LETh)
L - B VU SBPI s DI EFARRFE B 70 8 BLZ B9~ 2 AF%E
HRF  OBRRIK!' MRS Oks— "7

(AT RPE - REBF, TRKHEREM, CETR - i T 7 Y)
HWE B Y ITREORMEHNCAETHGE Th 2 AL FFRAITHE L |
ZOMRIEE 23 CREICHFEF CX 2 EEMMI TH D, VB Y U2 E TR EWER
MOBFEAIZIZI hary R TWEICRET DV 7 Vit PEMEREESE A0X
(alternative oxidase) NEHEICEI G T 5 Z ENH LM E - TWD, ARIFFEIC
BT, B Y TORBGGRICEB W T AoX L HERBL+T A B G FREARIET
L, BEWERFIEFF 255 & Lkt — o v —% /e RNA-seq &
FEhi L7=, ZORE, VB Y URBEIERFICBWT 40X L0 HE0WREL L~ L
R & LT, SBPI (selenium binding protein 1) % WLt L7-, SBP1 X
methanethiol oxidase iEMEZIN L7~ b OEEAHEEOD B~OBEERN R I T
WAHEETH D, VB Y UFMRRICE T 5 SBPI O3B A FEICT LT & 2
5. REBGF ISR R A0F LHEBH L TCWD Z LML, Ut
DFEFRIZHEAS X B Y T ORBEIIGIZI1T 5 SBPL OEREIZ DWW Tikam L 72
A

2) BRFE  BARRHERFRFA - a5
FHRA LG 201946 H 15 A, oL A T ogEons (—E)
A« R ORI EROERGIEO BIfRIZ DUV T
BEL  ORJIET, HHD Y ZJHAKES ., EfERe
("RKHIRSTR, 2 BKH AR &)
S R, HEE OBHEOZREE D | BRSNS D R NS
FEINTWD, BEITHEBIIE ) OB HESICEEL B2 5720, N DR
DE TN LB U DR EDZLICEN S LB X N5, £ 2T,
XV OUENEIZE D WREREA LR L OO R R 2. BREIHEB L O v
P b XOFHI AT o7z, MAKEICTREZE X T2/ URMRIFIREIC TRIKA A
R Te N 2 Ule, MER S E B REREmIS L OMERE o HIEE T o 7, 1H
IEEFIZIE U SN 2RO REG R IE, IKER DR EELEL bz,
W o RIEORE R, W, B a7 MR RS L,
AR AREAR A E TH D T = — N—H 20 %lE. BREET LY ICBITS B
PR 1 HEE D IZHHY T 5, A, B OBRSEEE LA UEMERE CHN 1 E-TEB Y,
AT TIC K S THROBEWEFRHRFTRETH D Z E R I T,
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3) BRFEE : F 67 BB A KEDFAHELESE
FFH EWAT  20194E 7 H 4 B, BrifBRKESEE CBrigat)
L  EEAZ —Z—DIMNMN L L >DO5DNEIZE 2 %8 (5 2 H)
— FHIBAZ L & > 2 DR —
FRF - OFEEES . BREC b A EiOkEsE ' BARM—
FAERORTE * (' RKE IR EAE, BRI R)
BEE . INETOIe AF I UAFEIMREZRBEA Y —FX—L LTIRIILEEL
oD%/ (1kg) BLERABRN G, AMERBEA X —F —DIRINCE 5 X
H 2 BRI O —E OB RIIHEER ST, BHIEEN 20% L F T A X 3
AR OWIFEEIA 10°CFU/g A— 4 —LL BTk, EEHELU Eoe 2% I )N
BREITAHZLEEZHLMNC L, £/ LE o0 TOlERET 2 ) B EITAEE
DO LTRIARETHY, AMERHEA Y —F —ZRMLTH 9 FHIZE
G357 I B THL I NE I VBB THZ 3o Tz, AR, BIEE
DHEIAHBEE K20 (FIZATr—NVT v 7 L TCL L2055 1ELTZBEOMEIZD
WTHRET LT, ILBEREEA Y — 2 —B L Ot A ¥ I U ARRGEEZ BT 5L E
BRERM U= L X >0 2 85ERBRZ L L2, WInoRBRX T e A
Z I UEREIFEEEE RIBIC TR -7, #EHET X/ BREITRERE IO D
OTRAKETHY, 7 VE I VBITHBERBEA Y — 2 —ZRML THED L
einolo, iz, ARERIC K o T, AREEE ESHEMNL TB Y | BREFHMEO#5H
MNH L E DR ER#REEIN D,

4) RERFEE . HEAFHEAFES 2019 FERS
BFHLEAT 201948 H 26 H., TAZEEKNS M)
RS O F0R - Hk & OFAEERIC X 2 MR R & sk Refe el & o BItRM:
HRFE Otk A)IETF > =BG, BAR0—°

("RKHE ST KBS, PRKHEIRST R, *BAH BB R
EE AN ET, EHWE (NaCl) & o FElR (FVFZI T MY UL LT
Glu) OMEMERICL VAR T L Z L, ZHICHWRT I VB (T7=2: 0L
TAla, 77Uy LLFGly) ZNT 5 &S DICHPHRIBELLND T &, B
FREEIZIIR DN T AR RN ET 2 2 2oL, ZOHMRET
F Lt EHEGHURIR E O B ~SHT 5 2 & T 10%2L EoRIE Z ATReIC L
Tzo ARBFFE T, $°B O 78 EHENEESREEORLOEEZ B L, &
TEERIEAKICRTT 2 9 Fhk - HIET X BROMIERZI R 2 i L7z, NaCl 1. 0%
BELOGLu 0. 137D IRAEWRIC, Ala 0.14~0.51%3 5\ ME Gly 0. 16~0. 68%%
WM U2 R AR Uz, 2 OIERE Glu USINEHE /K OMIRE & bk L=,
FTo, DICE ATEBRTIE U2 R 2 58 WIEIZ AR L, BRD/NT o 2 23l L 7=,
S BT TDS B L 0 BROFRFeRFR], BRI o Y HIE I THE 255 L7z, Glu i
K E DB X W BEREEH L= 2 A, Ala * Glu IRINEHE KL 20~

_58_



30%, Gly « Glu FRINEIEAIL 20% DN ATRETH 5 Z E XD o T, BRONT
AT R RIS, R D EERNE | A5 R0 RREE YT
HIREEDOFRERZ R LTz, L L, ZTNHOFRERICT IV BETOEWIIERD Hil
720 1o, TDS EIZ TR DRl 2 31l L 72 /5 3. Ala - Glu BINE /K I3RIE
LTCHEELRBRECHSTZDIZX L, Gly « Glu ISINEHE/KIZEHE T 5 &8 <
7polz, Lo TEBEAREKTE, HIRT 2/ BOEWIIRO R R I 22 L,
Z AU BR A OISR I N D T E SR X T,

b) HKRZELS . HATEBES 2019 FERES
FFRH LT 20198 A 26 H, HAZEREKY: (REhT)
HEL - KR OFERE  BISEORE ~EWE L& LIZE R~
HRF  OFEERE, REREAN, Eilr 2 KREEF°, (LHEEi+ ",

=&/ E A BREET S, BT S RWEETEC

(BcH RN, PBEEBER, PHERESLAREKR, nBEEE R,

PIURKHE R, P RER)
T . AAHER SRR 24~25 R [RIEARUIT2/#< BARDOFE
JEREE] o & FHEEHFALE L T, KARIZE T 2RI 2 2 & F ikt
ZHH L, TEIZE] IZEF B L TEORREFHBEHEICOWTHH LN T Z & %
HiuE L7c, FKERN 8 Gk (FEA - AbAk| - LA - Bkl - @F] - Aldk - 3
JE - HERS) 1238\ T, BRFD 35~45 AFEICFHBE A Y L TV ekt E 19 4 (K
PE, 742078 5%) ICHESEESRHELZEM L7, AENLELNT 110 OEELO
25, RIZRIZEY L7 RIBLO RS L OFRBRRFEIC OV TRRET L7z, BISEIZEEY
L7236 OEHD Y B, EMN 13 K 1/3 2D T\, AL Lo Tns
VinoZ ) Oz, TSN LRTET) ° PERNSOIEY ) %, KEEHEH
HIEHH RoNT, EYWOFERE D XA 3y, BT, FTRAMEHE LS A
HBITWD, £, LESOX ) 2 GEE T, [FAFVO—KE]), [HH7
VOO I VIFNZ ], NES AL, 1722 ERIREBA LOEEOY) |, 725
RENET NI, TlRoD) 1L, EYOREE bbb, BFEex/ aztL
HEETMATbDTHD, [TA (EZATA) I, T2, TEREE) (2R
FaINb, BR (M) ZFH LIRS TR SN TEBY, ToOMEDY
BECTHoTm, METIIHEMICEINTWS [E LY A, EH FEHL) <
ITHERORFE L TR STV AR S H - 72,

6) REFE : F 66 B HARREBEUEFZSFMRS
FEFHA LY 2019 29 H 7 H. BILRESE (810
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L« A~A VT T RBOBHMER L% B TR E RO Y A4

R ORKREBHI, 5P (FKH R

FE  [HM]KARCIX, 2017 FIC THETmA~A N7 T RBIFFES ) %L L,
FESAE N EHE L IR TR ED A~ A V7 7 BOBI%E & M KA I H
DA TND, BITE, A~ANT T BOGBHEN EDRFREE o TNDHZ &b,
REAEEIZE e, LN OEY #4456 L7z,

[ Fik] — e, B EELAm T, S LSHEMENTICENTH
BHARBY IR 2 it L. FEhia L7z,

(R R fEE NSO — R EE T IR, HAGEESA X MR S X
HIEZEB Ofl, A — =/ NEIEDOW 1 %215 T PR IREAEE L7722 LI X
D, ASANTTRIEAOHE LI X 5708, —EORENGFOLNT, Ll
M, FRRR Y 27 B 5128 L, A8UE, BIE2=—X T HRE L T\
TIT 4 TV =TRBIZOWNWTIER, A~A T T RIS ERLLZRME M 2NE T S,
AT O LRPDMLETH D, BMFEBRRTIZONTL, FRIISIZE D XA~
ANTTEBOBBEEML, BB LR, A~A 7 TR 1 ~—27FH
AL LR 10 FEE (21KD 28.6%) 34 fEin(A] 22.8%) & 720 | FKH R 4
Efk% & laoto, 2 HIE, HIGFERM OREMRA 72 BLY o UK O FORHEE 72
ErASANTTRERELTRMELTWDLZERRETHY, RFEA—I—R L
IZ X DML L DERUEE > TV D, — 0, BHERE LEHEMZEWITIZONT
%, RFETOFEFRES, MEREEMASESEA X F~OSI, AT 477
T—RARBIIBITDH T AMBEREEZBL T, A~A T T BOBBA 7R E &
XY, FEENHEICBTIBEBEIBEOREXELHE LAY A NVT T EOF
TEHR EER_E LT,

7) BERZES 2 B ARENEEKRS

FEAEEAT 2019429 A 19 B, v 7 ¢ affiik (BEiET)

B4 - AR D-T AT X UBBER T RXTF 4 —F8
(NT=F—EF) OflELERFIT

FRE  OEERE . RFEEN, FRIE, BBEAET, BEZ . SEm6E
CEBREMF, 2JAXA, ° (BR) 7T Fof, “BKHEIER A

HE . ZHET, —HWOMEOMIEC D BT I JBOFEET DL ENEbN

TV, T, WABOEERNIC OO D RT I VB D MY 2 e s

BT HX NI BEOFETHIENRARBEN TS, &5, Zhoo D AT

BB A IRRRE L BT S 2 EAVRIBI N TW D, FRIZ, D-T AT X R

NEEBENTEY., 7IaA4 R B XU 0B TIEIT AT XU iEio D RIS
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BT IvA RNV BEORELZFIZSEITZENRBIN TS, BfFD
X D-T ANRT X Ui NRTIF X —VHEPER (Paenibacillus sp. B38 ¥R)
oBET D L & bIT, EAT HBEFE L paenidase (NNm=F—1F) EmpL,
FOMWEAEZHLNZ LT 1)0 F7-. EES L. paenidase W=V UFEE X
NRIBEDO—FETHHZ AL LY, &FEFk L1, paenidase D{RkEE
ZHOMNCT DL LI, WERMAIA ZHEE Lo, Paenidase OfEALILIL,
BEFEH AT —vay TXIE D) AARERTITo 7o, FIHrERRIL, SPring-8 (It
JE A FHER) & O Photon Factory (KRR <ILHT) TITo7o, FHEBROR
H.. paenidase O ENWE MM AEESET 5 Z IR L, £ 2. 26 A DR R A
T D L LB, paenidase DEMKRIEEZELE L T-, D12, HONAEMIZ D-
T ARG XU R RXTF X —PERITH D i-DAEP (Bz-Arg-His-
[D-Asp]-CH,C1) %Y —F 7 L, BEFEHEFAES KGR ZEG L, Fohi
FEER AT L2 & 2 A, i-DAEP O D-Asp FREEDMISE & . paenidase D Argl21 @
MBEAFES L TWAZ ERH LN o7, SHIT, ERAEREICLY
Argl2l 44857 I /W (Ala, Ile, Glu, His, Lys) ([CARIE, HKFEAERK
(R121A, RI21I, RI2IE, RI121H, R121K) ZAERIL. ZH 6 OFEMEZHEIE LT,
ZOFER R121A, R121I, RI21E, RI2IH {E Wild-type (2T L < IHMEDMK
Tl —FH. RI2ZIK [ZMOERAK I D IEHEEZREFL T e, BLEOREERNG
paenidase DILEREFIZIL, Argl2]l NEEZRFHEIZ R L CND I EIURE X
niz,

1) S. Takahashi et al., J. Biochem 139, 197-202, 2006.

2) S. Nirasawa et al., J. Biochem. 164, 103-112, 2018.

8) ‘FEFELS . %92 MEARLENFEERES
FFHELEAT 2019 429 A 20 B, /v 7 ¢ affiE (BiE)
HEL - R Y ¥ Y 2B D trans-resveratol di-O-methyl
transferase (283 AL
HRE  OBARIK MRS, s —"°
(AT KREE - REFRE, *HHEERED, PEFR - kitRT727Y)
gg . ¥ v (Symplocarpus renifolius) 1XFEMERE TREL . AAKIED
EIHHED LT ZOBGEARE OIRE S 23 CREICHEFFCX 2HEIEMEZ A L
TW5, AV OMWERFFRARBEAIZIII b2 RUTHEICRET VT
VR SR (A0X) DOBIG-MEf STV D (Moore et al., 2013), AHFFE
IZBWTIX, VB Y UOBGEAMBRICER L, Yk A0 LR ED
HH AR TBIATIHEOMRB LREEZRA T, VB Y UKL X OIEREE
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AE W=k —7 Y —I12 55D RNA-seq fiEMT A2 T o7& 2 A, trans—
resveratrol di—-O-methyltransferase (ROMT) D3 IFEHHFRIZIBUNT AoOX & 25
LAYV TCRE L TWAZ EHVHIBH L 7=, ROMT |X resveratrol % pterostilbene
BB DO E MBS 2 2 ERMbNTWDER, ZRETHFE Y U EET
FEEEZ 33\ TREAT S L7272 0, ARBFSEIC W TR, ROIT OFBLT 1
T 7 A NSRBI FEMOT Y Y I8 A REEBE L2V,

9) BEFELS :F 92 BHAE{LEESKRE
FFH LT 2019 29 A 20 H, /U7 g ki (BRikh)
L EBWEY Y Y T OBELREI KB4 A58
FRF - OBBRIK ', MRS °, reksg— 1°

(CEFR - 2 TRKEEREN, CEFR - RMRT 2 Y)
HE B Y UERIIUD LT 2 REWEM L, FFIEMEOHRIZ LV R EDIRE
DIRE Z M LR S Z 08 MbN TS, VB Y o ORFEIER L. K
REZEUARIROENCHEL LT, BEUZ LD ZOMEIEEZ 200CNIMTHERF
TEAHEELEZHELTWD, ZNE TOMENL, B Y U aET WY O
BUEAIZIZI bay R TEARERICHIET S 7 Ve EESE A0X DB
EREfIN TS, RFEICE TR, kD AX 2 L7z b RU T
WER & H e DENGERE A T = X LD EZ R T Hlcd, VB Y v REEERF
(BT D MEHERR IR 35 B LT AT 217 - 72 BRI, iy — 4 o h—%
W BTN S, B o ORI D D 2lin R RIET 5 &3,
RNA-seq (& & V) FER 72 S8 BURNT 21T > 7y T OFER, BEAMMBRIZI W T PRE &
FbPase 73 AOX L LHRBLL TWHZ AR LT, ZNHORERIT, BV D
DEGEAERRRIZ IS T PFK & FbPase 7> HAERL S5 MR RIEE SHERE L T\ D 2
EETREL TS, LLEORERIZESE FEB Y U O 72 B A J1 = X A
WZOWTifgam L7V,

10) HERZER . RMLEAFRKE 2019

FFALEAT: 2019 4£10 H3H., gty 794 b CGER#E)

WA G2 T EHMRIE L B TR R Ok

FERE - OIS (B H RGBT

S kO AKHARET AEESDO—>Th A HSEEER ST, 2 h
F CTHAEREDORIEY & A -85 - e & S B B SRS fLA TX
7o WD T T R TH D g 2 LU THEERRR ] 12, AN, 2

_62_



LAETHREMFEME L TRHIEH STV S, AL, FKH B THH 800 t B4 L
HBUBHMEE 28 2 E AR b Uiz TR G R R ) Z2BA%E L7c, A llE, & dntk
AE CREE. B L & WNTEBERENE) OBLA D B UM RO Z /T D,

11) ¥EERFS VR 31 £ E A ABERS

FFHA BT 2019410 A 16 A, db& b CREHD)

A TEBERES T D KB~ DR A AEY D RIE & IR A IS
i B RIS 5B ORI

FERE  OFpERK, BRI, KREFM, EES, S (B ER A

5 [AM] HEELEICRS VTR, BERE, AR, BE O 3 F )N — R 2R
MBI BND, —F, 2 S UAORENRE TRICEAT 77— A5 %<,
Wb b V6 ORERKFELDOIRKERLGEND D, O, [HEHEY
ORI 2 @ U2 - fiAE L, el o mE 2 2 e st 5 2 & ITEETH
a3
AWFFE TR, KR IRNEGES O KBTS T 2 BRE LN OMED ZFREL, £ b
DOHGE TRERA~OBRADEELE KT TREZHONCT 222 M E L,
[ FE] KRN O —E OFERRES 2 GBI L 72 KO A RiK 4 YPD-Agar |2
WAL, BEERICBAERR SN an=—%2—F ATt L7z, — o

F%%ﬁllﬂa;ioT*%A@%lﬁé%%#ﬁ?éﬁ&%ﬁ%bkdﬁ

MNAEMZ X DB EZLT 5720, T/va— ik E N2z A
K1801 &*%ﬁ%ﬁ%ﬁ L7 aIn L, FEEERBRIZHE L 72,

LS EER O BB W TT L a— VR FHREES. T B, AU SEE
ST LTz, SbiZ m%ﬁEWQﬁmt*%%WW\%%ﬁﬁ%ﬁw BB ~D
OB S LTz,

[FE ) > — 4 o 2T D5 R . Staphylococcus J&. Bacillus J&. Leuconostoc
B, WO LB AL HLET D 16 MOMAEMKRNFRE S Lz,
Staphylococcus & Bacillus IZDOWTITAKBRE R Z BEHOT 7L —FE L
72 PCR TORHHNAEREE 2o 72, BEERBRICEB W TIX, Staphylococcus
haemolyticus (FEMF BRC) F 721X Bacillus subtilis (BEAFBRC) Z RN L 7=
%E’EWTﬁmeMi%W%it@&?éw@%®ﬁﬁk Glu, Ala, Gly

—HOT I BOHRPRBD ST, —F T — VR REEEE, AU

3*% CHRBRIX I CTEIT R D o7, UL E XY IEHERE BT 2 K~ DR AMAE
¥ Staphylococcus BRHLZRN S HIEASFIE L. BHRRDCT 2 /7 BEFLK
(BT D 2 PR ST,
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12) BERFE : ¥Rk 31 F£F A ABEZES

FFEA LT 2019410 A 16 A, db T CGRETER)

B TEEO7 2 VIR, 7 2 VIR TV R OERMEE e 7L Z I LT T
R D L~ VBB O fEt

FHRFE OBToa ', PHEfZ ', AFERk . REFSHE . KM,
HERRS °, JEEE . RS
(CRKEIRSIR, PRKHE R, AR

B JHEEE BT DO 7 2 VTR, 7 LT BT RN e

TNH IV (pGlu) XFF R~ B% LT T ERZ MR LT, £ ORER,

BB 7 = )V T BRIEE X, Bk 7 2 VT EAE L mWOFEEE (0. 78234k 1%4

B) oL, Bt o 7 s ve A v 27 7 —EiEE (0.804%x) KOV

xbaA A ) IFEARRTEM: (FSFA) (0. 619%%) & HEWHBZ R Lz, 2 Ok

BIND, AKDOT 2V IEBEOLEIXT z/la A )L AT T —F R OFSFA O L

NEEZGIEEI L, ENEaN L TEBEEO 7 2 VIR E N7 =V T BT L

REICREZ RITTZ ENm@BIni, BROME NV EEAREDOZEITIN

UTCEMRT DHERSRTF NIBEIIEE L, —EAER LZHERTF Ni3h A4

DEATE L HITERRTF RERE LT BEI LR R_RTTF X —BIz Lo

THREN, L0 2NN (Clu)L NEFBT D52 LRI,

13) BERFS : Fe2heEREEEMTEEHEE RS
FFEH LG 2019 4R 10 A 18 B, HRERITES 4 fH (RAHD)
A« S TREOWME 261+ 5 Z LI X2 BAREO W E R
FeRE - OB, s, BRAESE, REW, EEE
(B HH B ke 22 A7)
FE  AWFE T, {HE RSSO KBIZB I 2 BE LS OMAEY 2 RE L. £
HOBRLE TERA~OEANEESEICKIETEEZHONNCT A E2HBE L
72,

TEE RS 0> DR L 72 KB O 75 UK % YPD-Agar (284 L | P%% H 1
WINlcau=—Z =7 AT Uiz, S OITEBAMEMIC LD 28 %
P D72, HBEL7-MEME VTR L BEERABR AT o 710

I v ARNT DFE R . Staphylococcus J&, Bacillus J&. Leuconostoc J&.
Wb LB A REREZ T & 9D 15 FOTEMKNFIE S iz, BB AEY 2 H
W REERIRIC W T BEBRFOMUAEIRINC X 5 b A4k, FHE% OIS,
F 77 L= "= ORI D EE N TN E RO b,
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14) FEFEKF%E : International Congress on Biotechnology and Genetic Engineering
(Biocon-2019)
FFR A LG - 2019 4 10 A 29 H. Paris Marriott Charles de Gaulle Airport Hotel
(Paris, France)
[#&EH4 : Inhibition of DNA polymerase activities of HIV-1 reverse transcriptase and
HIV-1 replication by Brasenia schreberi (Junsai).

FEFKFE  Yuto Tsutsumil, Keiko Ishizuka!, Misato Babal, Kosaku Nishimura2, Keishi Hata3,
Saori Takahashi3, Shozo Sakuda4, Teisuke Takital, Kenji Kojima! and Kiyoshi
Yasukawa! ('Kyoto Univ. Toyo Inst. Tech., *Akita Res. Inst. Food. & Brew.,
*Teikyo Univ.)

% 5§ : Human immunodeficiency virus type 1 (HIV-1) reverse transcriptase (RT)

possesses two distinct enzymatic activities, RNA- and DNA-dependent DNA polymerase

and RNase H activities. We previously reported that ethanol- and water-extracts of

Brasenia schreberi strongly inhibited not only the DNA polymerase activity to

incorporate dTTP into poly(rA)-p(dT):s but also the RNase H activity to hydrolyze the

RNA strand of an RNA/DNA hybrid. In addition, these extracts inhibited HIV-1

replication in human cells with ECs values of 1 to 2 pg /mlV.

We have been doing study to identify HIV-1 RT inhibitory components in the
extracts of Junsai. The fractions with strong inhibitory activity were obtained from the
boiled water-extracts of Junsai by reversed phase liquid chromatography (Sep-Pak and
Capcell-Pak C18). The DNA polymerase activity was measured by counting the amounts
of *H-labelled dTTP incorporated into the template-primer in the reaction with or without
Junsai extracts. Five compounds (named A to E) were detected only in the fractions with
strong inhibitory activity in LC-Q-Tof/MS. The structure of compounds D and E were
estimated to be gallotannin. Compound E, which is 1,3,6-Tri-O-galloyl-B-D-glucose and
was commercially obtained from Sigma. However, it did not inhibit the DNA polymerase
activity of HIV-1 RT.

1) T. Hisayoshi et al. (2015) J. Nat. Med. 69: 432-440

15) RRFE . FLEEL2ERLHENMTES

WFH LT 20194E10H31H, S IEEESES (o <13

AL 0 WSR-S 2 ) OFERAE L RE TRICET 2058

WERE O x REEF, DM (BCHIRR

TE: WSR-S 1d, EETRE (EY TR 2687 5M22EYWTH D,
HIROWSY 28> 21, FRLEEEME OB Y TR EEATRICE  fESH
TWDZEND, RT3 ENRNH D & TREND, BIRHIZ XKV 19804
235199042 23T CTHIAR S OFHENIZEM T T= 2. E D%, SHEIZEITIZ & A
EITbinTWienotz, £ 2T, MEMOREZITV, BOENOWNSD R 2
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DR ZA SN Uiz, £/, MY TR, MY IR &Y B o TS PSR
BRI ASWTIThbN TRy, EVIREE XA 2 OKSEILDERF A 2
DD EALIZ O TEIHE SN TW o 7=, Y TRIZEE = ha—/)
L2, BRI 2 W B T A Rn BB A B 5 2 LT X 0 | iR
JEDBENDZ A 2 DIKRGRITIZE- 2 HFEIZ DOV TRRET LTz,

16) BER¥ER: H7 BEKEY— N7 7 7 X2 (1Coff2019)

FEA LGP 20194 12 A 1 A, MEEESHES WEm)

[i/&4, : Inhibition of the DNA polymerase activities of HIV-1 reverse transcriptase and
HIV-1 replication by Brasenia schreberi (Junsai)

43+ Keiko Ishizuka', Yuto Tsutsumi', Misato Baba', Kosaku Nishimura!?, Keishi
Hata®, Saori Takahashi®, Shozo Sakuda®*, Teisuke Takita!, Kenji Kojima!, and
Kiyoshi Yasukawa' (1Div. of Food Sci. and Biotechnol., Grad. Sch. of Agric.,
Kyoto Univ., 2Toyo Inst. Food Technol., 3Akita Res. Inst. Food and Brew., ¢Grad.
Sch. of Sci. and Eng., Teikyo Univ.)

% E : Objectives: Human immunodeficiency virus type 1 (HIV-1) reverse transcriptase

(RT) possesses two distinct enzymatic activities, RNA- and DNA-dependent DNA

polymerase and RNase H activities. We previously reported that ethanol- and water-

extracts of Brasenia schreberi (Junsai) strongly inhibited not only the DNA polymerase

activity to incorporate dTTP into poly(rA)-p(dT)is but also the RNase H activity to

hydrolyze the RNA strand of an RNA/DNA hybrid. In addition, these extracts inhibited

HIV-1 replication in human cells with ECso values of 1 to 2 pug/mlY. In this study, we

attempted to identify HIV-1 RT inhibitory components in the extracts of Junsai.

Methods: The fractions with strong inhibitory activity were obtained from the boiled

water-extracts of Junsai by reversed phase liquid chromatography (Sep-Pak and Capcell-

Pak C18). The DNA polymerase activity was measured by counting the amounts of *H-

labelled dTTP incorporated into the template-primer in the reaction with or without Junsai

extracts.

Results: Five compounds (named A to E) were detected only in the fractions with strong

inhibitory activity in LC-Q-Tof/MS. The structure of compounds D and E were estimated

to be gallotannin. Compound E, which is 1,3,6-Tri-O-galloyl-B-D-glucose and was

commercially obtained from Sigma. However, it did not inhibit the DNA polymerase

activity of HIV-1 RT.

Conclusion: HIV-1 RT inhibitory components were partially purified from the extracts

of Junsai.

References: 1) T. Hisayoshi et al. (2015) J. Nat. Med. 69: 432-440
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17) BRF: H7 BERY—F7 77 #4255 (ICoff2019)
FEFRH LT 0 2019 4 12 A 3 A, WP EERSHEY (W)
% © JUNSAIKOMACHLI, dietary supplement with water shied extract and sake

cake dry powder.
33« Keishi Hata!, Sayaka Tomatsu', Yui Umekawa', Akiko Takashima?,

Muketaka Sano?
('Akita Res. Inst. Food & Brew., >Sano Inc.)

%5 : We previously demonstrated that administration of a dietary supplement containing
water shield extract and sake cake dry powder markedly increased the number of days
with defecation and defecation frequency compared with a placebo group. Furthermore,
the subjects simultaneously reported improvement of skin conditions such as "noticeable
pores” by intake of the supplement. Based on these results, we developed a stick jelly
type of dietary supplement containing water shield extract and sake cake dry powder,
named “JUNSAIKOMACHI”. In the present study, we evaluated the effects of
JUNSAIKOMACHI on the skin condition of 28 healthy adult females by a subjective
survey in a before—after clinical test.

The study was performed based on the following schedule: 28 subjects were
administered one packet/day of JUNSAIKOMACHI for 28 days, and their subjective
reports of 16 symptoms of skin condition were assessed using visual analogue scores
(VAS). Marked improvements were recognized in “dry skin” and “makeup finishing” of
healthy adult females by administration of JUNSAIKOMACHI in the first 14 days.
Further intake of JUNSAIKOMACHI up to 28 days significantly affected 9 symptoms,
and a marked difference in VAS of “makeup runs easily” was observed between Day 14
and Day 28.

18) HKRPx: H7 BEKEY—F7 7 7 25 (ICoff2019)

FFRH LGHT 20194 12 H 3 A, AP EESES (W)

[#H4, : Plasma lipoprotein profiles and free choline levels in NASH model rats

-Novel minimally invasive indicators for NASH-

#%3%# : Koji Kuriyama', Junichiro Takahashi', Takanobu Kikuchi', Kazuyuki
Hiwatashi?, Akira Sasaki?, and Keishi Hata®
('Skylight Biotech Inc., *Akita Res. Inst. Food & Brew.)

955 : Non-alcoholic steatohepatitis (NASH) becomes to be serious liver disease in

industrialized country including Japan. Recently, it was reported that increase in very low

density lipoproteins (VLDL)-sizes and plasma free choline level is highly correlated with
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liver steatosis and fibrosis, and might be minimally invasive indicator of NASH.
Methionine-choline deficient (MCD) diet fed animals are usually used as NASH model;
however, validations of these minimally invasive biomarkers in MCD-diet fed animals,
remain to be unclear. In the present study, plasma lipoprotein profiles and plasma free
choline levels in MCD-diet fed rats are measured, it was whether these markers also are
useful for screening NASH agents using MCD-diet fed animal.

The microscopic observations of livers in normal and MCD diet fed rats (control and
MCD group, respectively) revealed that numerous of large oil droplets and fibrosis
progressions were observed in MCD group. These results suggested that MCD diet
feeding induce NASH in rat livers. Plasma cholesterol, triglycerides concentrations in all
major classes of lipoprotein were higher than control group. Furthermore, increase of
VLDL size were observed according to induction of NASH. The plasma free choline
levels increased in MCD group, whereas phospholipid contents in liver, in which
phosphatidylcholine are more than half, lowered in the group, suggesting that the
abnormality in absorption of free choline probably into liver was caused by NASH

progression.

19) HRZE: H7 BEERY— F7 7 7 #425 (ICoff2019)
FFRHEGHT 20194 12 H 4 B, WP ERESES W)
[EH&E4 : PXB-cells for the study of lipid metabolism: Robust and human-specific lipid
profile in human hepatocytes freshly isolated from chimeric mice with human liver.
FEF44 : Masakazu Kakuni', Masaki Takahashi'!, Akira Sasaki’, and Keishi Hata?
('PhenixBio Co. Ltd., ?Akita Res. Inst. Food & Brew.)
%5 . We have previously demonstrated successful mass production of a chimeric mouse
model with humanized liver (PXB-mouse®) as well as human hepatocytes freshly isolated
from these mice (PXB-cells®). In this study, we investigated the utility of PXB-cells for
lipid metabolism-related research in comparison with HepG2 and HuH7 cell lines.
PXB-cells secreted 4.7 ug/10° cells of cholesterol (Chol) and 49.5 ng/10° cells of
triglyceride (TG), and these amounts were similar to or larger than those in HepG2 and
HuH7 cell lines. Strikingly, 80.2% of Chol and 93.3% of TG secreted by PXB-cells were
attributed to VLDL fraction, which was in contrast with the HepG2 (Chol; 20.0%, TG;
8.3%) and HuH7 (Chol; 32.7%, TG; 43.8%). In addition, high levels of gene expression

were confirmed for several lipid metabolism-related genes in PXB-cells.

20) ERFR  TTEEEIARZLFICHZIN RS
A KRR T D T ALK O ANAfT # AV EF Rkl L OB AT
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YA N-2 "
FEH ST - 202003 A TH, FKHEKRY (BKHTH)
FRF O, HEENET, mMERE | ML EHESE,

KEFM]? . Phung Duc Luc?. Pham Viet Dung®*. JEBfL*

(CRKHEEE, PRKHEESLR, PRRHRIERE, ILER)

EE . OPAKLBKIE, BE VY - BV LR EDORERE GO, EWFk
B ORFFIEEFE LTHWD 2 & T, IBBHE FH 0K & At oo K8 doE 2 Wi RF
TE 5%, BEEOMERIZENT, FARLHEKZ KFAEICIEHT 52 & T, 4
T, ARG ZR T L, FrE0d 2lEME K (BK) DS TXS
AIREMED RSN T WD, UL, AFEPCEAEDTKOAETRE, WE R
PEds KL OBREE AN I KIT TR IE BRICH LI STV Rn, 2 2 TR
ZECIE. TR ZTEH U7l KRG OB FrE, BN X OREA ST
DOFHliZ B E LT, FARLEKRZ B2 DA TRA LRy MlRE{T -
oo TOREE, T/AKMBELZAZEOREINCE B, AFREIEMN L, £
o, KRB E L TCIEEI RO N LFMEELZ R L, 60, HHEL
ZKICHB T HAEWMEREL, BEEICEMT 2 L5 RBEELERIIR O
Mole, —H T, KERREDNRITAOEHIRE . Oz ORI A
HE T o722 &6, ERERFHE O 72 OIZITARE O AW b F 09 BSOS O FE A
P LEL & B 2 BT,

21) REFE 854 BARKBREZESES
BFH LA 20204E3H 16 0, AT R (KM )
A ISR IS 1T 2 T AR O sl M| FiE OB FEIZ [ T 72
EERHR
FEE THMACK WHEESET, mREE R MBS, EHEE
KEFHI? . Phung Luc*. Pham Dung®. JE%fL*
("RKH &R, PRKHRSIR, PRKHE R, LR
WS I, BESTICET S FAKEEROFIERHICEENEE > TEY,
EHR-Vr BV TALLT, K EORBEEZ G FAQEK (LI, A
AK) OIEMZ, AEFEA - BERSMEEOBEICET S LI TV,
BEAEOWRICIHBWT, FARKUEKOIERIZ LY, ES&ROEREN 72, BEE N
HeaRfEl, KEARDOEHWRFEOH HiREHEK (K DAEEThHH I L
DREINTWD, —H T, WEKBEANZKOEFTRE, ZKWE, 22,
BLOBRBEARIC LT TREBIIERMICH L NS TR, AFZE T,
B DA T EB L OBAEZZE) I H 72230 — X Zbliz» T
1TV, UK 25 Uk RIS OV T, A 21T 7-, D

_69_



fEd, BOBRAREZ MW & T35 2 & C, BURAT &WE O
Wz, ZA~NDRROf 5 EZERTEEEZOND, —FHT, Lk
~OBEERN EAEWEOEZHEIIR ONT, et EOREN W LA
R,

22) % 93 B A ARBZFS

FFRH LG 0202023 A 16 H~18 H (RRZ —FHK, HEERKDOH)
A« 7 XA T v B EAES 2 (ACEQRRIETEZ 7> B38-CAP |2 X5k
JEVERH & DA 22U EVEH (Identification of B38-CAP as an ACE2-like enzyme to
suppress hypertension and cardiac dysfunction in mice.)

FRE AGWE] T B, JEEREE . A, LR R
SFmET, SRS (BKERET - A1k, 2EEEN, *FKE K - JEER AL,
TEAHARDE, OB R AT

%5 : Angiotensin-converting enzyme 2 (ACE2) is a negative regulator of the renin-
angiotensin system, critically involved in blood pressure regulation, heart function, lung
injury, or fibrotic kidney disease. Recombinant human ACE2 protein (thACE2), currently
clinically evaluated to treat acute lung failure, is a glycosylated protein, requiring time-
and cost-consuming protein production in mammalian cells. Here we show that the B38-
CAP, a carboxypeptidase derived from Paenibacillus sp. B38, is a novel ACE2-like
enzyme to decrease angiotensin II levels in mice. Comparative analysis of protein 3D
structures revealed that B38-CAP homologue shares structural similarity to mammalian
ACE2 without any apparent sequence identity, containing the consensus HEXXH amino
acid sequence of the M32 peptidase family. In vitro, recombinant B38-CAP protein
catalyzed the conversion of angiotensin Il to angiotensin 1-7, as well as other known
ACE?2 target peptides, with the same potency and kinetics as human ACE2. Treatment
with B38-CAP reduced plasma angiotensin II levels and suppressed angiotensin II-
induced hypertension, cardiac hypertrophy and fibrosis in mice. Moreover, continuous
infusion of B38-CAP inhibited pressure overload-induced pathological hypertrophy,
myocardial fibrosis, and cardiac dysfunction in mice, without any overt toxicity of liver
and kidney. Our data identify the bacterial B38-CAP as an ACE2-like carboxypeptidase,
which exhibits ACE2-like functions in vitro and in vivo. These results indicate that
evolution has shaped a bacterial carboxypeptidase to a human ACE2-like enzyme.
Bacterial engineering could be utilized to design improved protein drugs for hypertension

and heart failure.
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6. SRR SBE (8 1)

1) X84 e Y2 A BEHMOTEMY 7Y X2 b

EH4 - BEE (BH kR

MEREA PRS2, 114 (4), 174-180 (2019)

#4TH : 201944 A 15 H

2) W4 BRERAEZE T 5 RERMEER

~X ﬂF‘IﬂFX IIKGE ERMRRIZBIT B LA F U BRIELEEZIEELT A~
EH4  BEA B TE? EIHARTC
(" BKHE R, PREESLRT:, ° (B )

MEREA - Rudh L BAE, 54 (5), 78-80 (2019)

FEATH 1201945 A1 H

3) WIEA  KHEANP/ MRS LEXERIT E FERRRY X T LA OHBE

EHA e KRBy (BKH R £24T)

MEREA - Rudh L BRYE, 54 (8), 62-64 (2019)

FEATH 1201948 A1 H

4) A /NG LRI E AW TeHLA & N R R

ELA R PugE ., RACHE?, BER]

("AIATA ML AT w7 *RKHEGEE, °HKH R

MEZE4 : Foodstyle2l, 23(8) (2019)

#4TH : 201948 A 10 H

5) #m3CE4 : Factors affecting levels of ferulic acid, ethyl ferulate and taste-active

pyroglutamyl peptides in sake

244, . Katsumi Hashizume', Toshihiko Ito', Karin Shirato', Naomi Amano', Tetsuo

Tokiwano', Tsuyoshi Ohno?, Sho Shindo?, Seiei Watanabe” and Masaki Okuda®
(' Akita Pref. Univ., *Akita Res. Inst. Food & Brew., *Natl. Res. Inst. Brew.)

MeGE4 « Journal of Bioscience and Bioengineering 129(3), 322-326 (2020)
https://doi.org/10.1016/j.jbosc.2019.09.021

%847 H : Available online, 20194-10 H 28 H

6) w4 : Lipoprotein profile and lipid metabolism of PXB cells, human normal

hepatocytes from chimeric mice with human liver.

Z# 4, - Keishi Hata', Sayaka Tomatsu', Masaki Takahashi’, Akira Sasaki', Yui Umekawa',
Kazuya Miyashita’, Kazumi Ogura’, Gen Toshima’, Masahiro Maeda™, Junichiro
Takahashi4, Masakazu Kakuni® (lAkita Res. Inst. Food & Brew., 2PhenixBio,
*Immuno-Biol. Lab., 4Skyligh Biotech)

MEGE4 © Biomedical Research (Tokyo) 41 (1), 33-42 (2020)
https://doi.org/10.2220/biomedres.41.33



FATH 2020452 A 1 H

7 ) #3CRE4 : Examination of the influence of cedar fragrance on cognitive function and

behavioral and psychological symptoms of dementia in Alzheimer type dementia

EH4 - Yuya Takahashi', Sho Shindo®, Takashi Kanbayashi1’3, Masahiro Takeshima', Aya

Imanishi', Kazuo Mishima'? (;Akita Univ. Grad. Sch. Med., *Akita Res. Inst. Food
& Brew., *Univ. Tsukuba)

MEGEX © Neuropsychopharmacology Reports, 40(1), (2020) Open Access
https://doi.org/10.1002/npr2./12096

FATH : 2020452 H 9 H

8 ) ML E4 : B38-CAP is a bacteria-derived ACE2-like enzyme that suppresses hypertension

and cardiac dysfunction.

54 - Takafumi Minatol#, Satoru Nirasawaz#*, Teruki Satol’3#, Tomokazu Yamaguchil, Midori
Hoshizaki4, Tadakatsu Inagakis, Kazuhiko Nakaharaz, Tadashi Yoshihashiz, Ryo Ozawal,
Saki Yokota®, Miyuki Natsui', Souichi Koyota’, Taku Yoshiya®, Kumiko
Yoshizawa-Kumagaye®, Satoru Motoyama’, Takeshi Gotoh®, Yoshikazu Nakaoka’, Josef
M. Penningerlo’“, Hiroyuki Watanabe3, Yumiko Imai4, Saori Takahashilz, Keiji Kuba'**
('Dept. Biochem. and Metab. Sci., Akita Univ. Grad. Sch. Med., “Japan Internal. Res.
Cent. Agric. Sci., *Dept. Cardiovascular. Med., Akita Univ. Grad. Sch. Med., *Natl. Inst.
Biomed. Innova., Health and Nutrition, *Res. Inst. Natl. Cerebral and Cardiovasc. Cent.,
Dept. Materials Sci., Grad. Sch. Eng. Sci., Akita Univ., 'Biosci. Educ. Res. Support
Cent., Akita Univ., 8Peptide Inst., Inc., Osaka 9Dep. Surg., Akita Univ. Grad. Sch. Med.,
""IMBA -Inst. Mol. Biotech. of the Austrian Acad. Sci., Campus Vienna BioCenter,
Vienna 1030, Austria.”Dep. Med. Genetic. Life Sci. Inst., University of British Columbia,
Vancouver, Canada.'*Akita Res. Inst. Food and Brew., #equal first author.

MEGES © Nature Communications, 11, 1058 (2020)
https://doi.org./10.1038/s41467-020-14867-z
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1)%i%%-@%&?nyﬁ4ﬁﬁﬂmfﬁﬂﬁfuxyb
FEFL  BEE (BH RN
MeE4 EK%L%KMHH4@)N4w0@mw
FITH 1 201944 H 15 H
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active pyroglutamyl peptides in sake
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Okuda’® ('Akita Pref. Univ., 2Akita Res. Inst. Food & Brew., *Natl. Res. Inst.
Brew.)
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ZHY © Factors affecting ferulic acid, ethyl ferulate and taste-active pyroglutamyl (pGlu)

peptides levels in sake were analyzed using small-scale sake brewing tests on eighteen

rice samples with differing cultivar variety, cropped year and area, and

polishing rate. Ferulic acid concentration in sake was highly positively correlated with

its content in rice (r [ 0.782**, double asterisk indicates 1% significance level),

feruloylesterase (FE) activity (r [ 0.804**) and feruloylated saccharide

forming activity (FSFA) (1r[0.619%*) in the rice koji. The results suggested that ferulic

acid in rice induced FE activity and FSFA, and these two enzymes accelerated the

formation of ferulic acid in sake mash. The concentration of bitter-tasting

peptides in sake was highly positively correlated with crude protein content in rice (r

[ 0.786**), and negatively correlated with acid carboxypeptidase (ACP) activity to

(pGlu)LFGPNVNPWH (r [ L0.612*%*), fermentation length (r [ L0.820*%*), and

pyroglutamyl leucine ((pGlu)L) concentration in sake (r [ L0.502%*; 5% significance

level). The observation suggested that bitter-tasting peptides are initially formed in

sake mash in accordance with protein content in rice, and are then hydrolyzed to

smaller peptides, such as (pGlu)L. An ACP specific to the hydrolysis of bitter-tasting

peptides was suggested by the observation that ACP activity to (pGlu)LFGPNVNPWH

was significantly correlated (L0.612*%*) to their formation whereas an ACP to Cbz-

Glu-Tyr was not (r [ 0.220). It was suggested that (pGlu) oligopeptide

ethyl esters were formed during the decomposition of bitter-tasting peptides to which
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the ACP to (pGlu) LFGPNVNPWH might contribute.

6) #m3C&% : Lipoprotein profile and lipid metabolism of PXB cells, human

normal hepatocytes from chimeric mice with human liver.

F# 4 . Keishi Hata! ., Sayaka Tomatsu!, Masaki Takahashi?, Akira Sasaki', Yui
Umekawa!, Kazuya Miyashita®, Kazumi Ogura®, Gen Toshima®, Masahiro
Maeda**, Junichiro Takahashi*, Masakazu Kakuni® ('Akita Res. Inst Food &
Brew., 2PhenixBio, *Immuno-Biol. Lab., *Skyligh Biotech)

MeGE4 - Biomedical Research (Tokyo) 41 (1), 33-42 (2020)
https://doi.org/10.2220/biomedres.41.33
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ZHJ . We investigated lipid metabolism in PXB-cells, which are human primary

hepatocytes isolated from liver-humanized mice, and HepG2 and HuH-7 human

hepatoma cell lines. Lipoprotein levels were higher in PXB-cells than in the 2 other cell
lines, and PXB-cells mainly released triglycerides and cholesterol as very low density
lipoprotein (VLDL), similar to actual liver tissue, whereas the major lipoprotein released
from the 2 hepatoma cell lines was LDL. RT-PCR analysis demonstrated that the gene

expression levels of apolipoprotein B100 (APOB100), the apolipoprotein of VLDL/LDL,

were similar in PXB-cells and HepG?2 cells, while the overexpression of APOC2, APOC3,

and APOE, which are components of VLDL, but not LDL, was observed in PXB cells. A

protein immunoassay revealed that ApoB100 levels secreted from PXB-cells and HuH-7

cells were similar; however, APOC3 levels were higher in PXB-cells than in the two other
cell lines. We also examined the anti-lipidemic activities of fenofibrate using this assay
system. Fenofibrate suppressed lipoprotein production from PXB-cells in a dose-
dependent manner mainly by activating the -oxidation pathway. These results suggest
that PXB-cells produce high levels of lipoproteins and are suitable for screening anti-

lipidemic agents.

7) #3C&E4 : Examination of the influence of cedar fragrance on cognitive

function and behavioral and psychological symptoms of dementia in Alzheimer

type dementia

#H 4 . Yuya Takahashi!, Sho Shindo?, Takashi Kanbayashi'-*, Masahiro

Takeshima!, Aya Imanishi', Kazuo Mishima'*® (;Akita Univ. Grad. Sch.
Med., 2Akita Res. Inst. Food & Brew., *Univ. Tsukuba)

MEGES © Neuropsychopharmacology Reports, 40(1), (2020) Open Access.
https://doi.org/10.1002/npr2./12096
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) © We examined whether symptoms of dementia are improved by olfactory nerve
stimulation in Alzheimer type dementia patients. First, a stick-type olfactory
identification ability test was performed in patients with Alzheimer type dementia, to
select patients without olfactory dysfunctions. Then, these patients were randomly
assigned into the intervention (n = 19) and the control groups (n = 17). To evaluate the
effects of olfactory nerve stimulation, we exposed the intervention group to a
disinfecting ethanol with added aroma extracts from cedar and the control group to the
ethanol without the added aroma extracts. Each group underwent the intervention for 8
weeks, cognitive and behavioral functions were evaluated before and after treatments
using the Neuropsychiatric Inventory (NPI), the Japanese version of Zarit Caregiver
Burden interview (J-ZBI), and the Alzheimer's Disease Assessment Scale-cognitive
subscale (ADAS-cog). A significant improvement was observed in the NPI score and J-
ZBI in the intervention group compared to the control group at 4 and 8 weeks. On the
other hand, there was no significant difference in the score of ADAS-cog. Exposure to
cedar fragrance improved behavioral and psychological symptoms of dementia (BPSD)
in Alzheimer type dementia and may reduce the burden of nursing care. In addition to
its effectiveness, the procedure is simple and minimally invasive and would be a

valuable non-pharmaceutical treatment.

8 ) FSURE4 : B38-CAPis a bacteria-derived ACE2-like enzyme that suppresses hypertension
and cardiac dysfunction.

FH5 4 : Takafumi Minato'”, Satoru Nirasawa®**, Teruki Sato'**, Tomokazu Yamaguchi!, Midori
Hoshizaki*, Tadakatsu Inagaki’, Kazuhiko Nakahara?, Tadashi Yoshihashi?, Ryo
Ozawa', Saki Yokota®, Miyuki Natsui!, Souichi Koyota’, Taku Yoshiya®, Kumiko
Yoshizawa-Kumagaye®, Satoru Motoyama®, Takeshi Gotoh®, Yoshikazu Nakaoka®, Josef
M. Penninger'®!!, Hiroyuki Watanabe®, Yumiko Imai?, Saori Takahashi'?, Keiji Kuba'**
(‘Dept. Biochem. and Metab. Sci., Akita Univ. Grad. Sch. Med., 2Japan Internal. Res.
Cent. Agric. Sci., *Dept. Cardiovascular. Med., Akita Univ. Grad. Sch. Med., “Natl. Inst.
Biomed. Innova., Health and Nutrition, °Res. Inst. Natl. Cerebral and Cardiovasc. Cent.,
Dept. Materials Sci., Grad. Sch. Eng. Sci., Akita Univ., "Biosci. Educ. Res. Support Cent.,
Akita Univ., *Peptide Inst., Inc., Osaka *Dep. Surg., Akita Univ. Grad. Sch. Med., °IMBA
-Inst. Mol. Biotech. of the Austrian Acad. Sci., Campus Vienna BioCenter, Vienna 1030,
Austria.”Dep. Med. Genetic. Life Sci. Inst., University of British Columbia, Vancouver,
Canada.'?Akita Res. Inst. Food and Brew., #equal first author.

MEGE4 - Nature Communications, 11, 1058 (2020).
https://doi.org./10.1038/s41467-020-14867-z
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%5 : Angiotensin-converting enzyme 2 (ACE2) is critically involved in cardiovascular physiology
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and pathology, and is currently clinically evaluated to treat acute lung failure. Here we show that
the B38-CAP, a carboxypeptidase derived from Paenibacillus sp. B38, is an ACE2-like enzyme to
decrease angiotensin II levels in mice. In protein 3D structure analysis, B38-CAP homologue share
structural similarity to mammalian ACE2 with low sequence identity. In vitro, recombinant B38-
CAP protein catalyzed the conversion of angiotensin II to angiotensin 1-7, as well as other known
ACE?2 target peptides. Treatment with B38-CAP suppressed angiotensin II-induced hypertension,
cardiac hypertrophy and fibrosis in mice. Moreover, B38-CAP inhibited pressure overload-induced
pathological hypertrophy, myocardial fibrosis, and cardiac dysfunction in mice. Our data identify
the bacterial B38-CAP as an ACE2-like carboxypeptidase, indicating that evolution has shaped a
bacterial carboxypeptidase to a human ACE-like enzyme. Bacterial engineering could be utilized
to design improved protein drugs for hypertension and hear failure.
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Lipoprotein profile and lipid metabolism of PXB-cells®, human primary he-
patocytes from liver-humanized mice: proposal of novel in vitro system for
screening anti-lipidemic drugs

Keishi Harta', Sayaka Tomarsu', Masaki TakaHAsHE, Akira Sasaki', Yui UMEKAWA', Kazuya MIYASHITA®,

Kazumi OGura®’, Gen TosHmma’, Masahiro Maepa™*, Junichiro TakanasHr, and Masakazu Kakunr’

" Akita Research Institute of Food & Brewing, 4-26 Sanuki, Araya-machi, Akita 010-1623, Japan; ? PhoenixBio Co., Ltd., 3-4-1

Kagamiyama, Higashi-Hiroshima-Shi, Hiroshima 739-0046, Japan; * Immuno-Biological Laboratories Co., Ltd., 1091-1 Naka Aza-

Higashida, Fujioka-Shi, Gunma 375-0005, Japan; and 4 Skylight Biotech Inc., 100-4 Sunada, Iijima-aza, Akita-Shi, Akita 011-0911, Japan
(Received 22 November 2019, and accepted 1 December 2019)

ABSTRACT

We investigated lipid metabolism in PXB-cells, which are human primary hepatocytes isolated
from liver-humanized mice, and HepG2 and HuH-7 human hepatoma cell lines. Lipoprotein levels
were higher in PXB-cells than in the 2 other cell lines, and PXB-cells mainly released tri-
glycerides and cholesterol as very low density lipoprotein (VLDL), similar to actual liver tissue,
whereas the major lipoprotein released from the 2 hepatoma cell lines was LDL. RT-PCR analysis
demonstrated that the gene expression levels of apolipoprotein B100 (ApoB100), the apolipopro-
tein of VLDL/LDL, were similar in PXB-cells and HepG2 cells, while the overexpression of
ApoC2, ApoC3, and ApoE, which are components of VLDL, but not LDL, was observed in PXB-
cells. A protein immunoassay revealed that ApoB100 levels secreted from PXB-cells and HuH-7
cells were similar; however, ApoC3 levels were higher in PXB-cells than in the two other cell
lines. We also examined the anti-lipidemic activities of fenofibrate using this assay system. Fenofi-
brate suppressed lipoprotein production from PXB-cells in a dose-dependent manner mainly by
activating the B-oxidation pathway. These results suggest that PXB-cells produce high levels of li-
poproteins and are suitable for screening anti-lipidemic agents.

Serum-insoluble lipids circulate in the bloodstream
as lipoproteins, which are macromolecular complex-
es of free cholesterol, cholesterol esters, triglycerides,
phospholipids, and apolipoproteins (Apo). Lipopro-
teins mainly produced in intestinal epithelial tissues
and the liver are separated into 4 major classes
based on their particle size and density. Chylomi-
crons (>80 nm) released in intestinal epithelium
cells are transported to the liver through lymphatic
vessels after their conversion to chylomicron rem-
nants by lipoprotein lipase. Very low density lipo-

Address correspondence to: Keishi Hata, Akita Research
Institute of Food & Brewing, 4-26 Sanuki, Araya-machi,
Akita 010-1623, Japan

Tel: +81-18-888-2000
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protein (VLDL, 30-80 nm) and LDL (16-30 nm)
with lipids and apolipoprotein B100 (ApoB100) are
mainly synthesized in the liver and transport serum
lipids to each tissue. High density lipoprotein (HDL,
8—16 nm) with ApoA is an important lipoprotein for
the collection and transport of excess serum choles-
terol. High levels of VLDL and LDL and/or low
levels of HDL cause dyslipidemic diseases, such as
hypercholesterolemia and hypertriglyceridemia, and
are associated with an increased risk of atheroscle-
rotic disease (11, 13, 24).

The attenuating activities of crude drugs or food-
stuffs on metabolic syndrome have been examined
(7, 10). In many cases, experimental animals, such
as dyslipidemic mice/rats, have been used to screen
anti-metabolic syndrome activities; however, studies
using experimental animals are very expensive, and
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Fig. 1
(uPA/SCID) mice with humanized livers (PXB-mouse®)

difficulties are associated with simultaneously evalu-
ating many test samples. We previously developed a
novel system for evaluating anti-lipidemic agents by
assessing lipoprotein profiles secreted from HepG2
human hepatoma cells (6). The anti-lipidemic effects
of water shield extracts were demonstrated in the
assay system, and their effects were confirmed in
experimental animals and a pilot clinical study (20).
However, a number of issues need to be resolved,
such as differences in the lipoprotein profiles of hep-
atoma cells and human primary hepatocytes (18).
PXB-cells” are fresh hepatocytes isolated from hu-
manized mouse livers repopulated completely with
human hepatocytes by transplantation (14). Advanc-
es have been achieved in the application of PXB-
cells to the study of drug metabolism and hepatitis
virus infection (5, 25); however, their application to
other fields, such as lipid/sugar metabolism, has pro-
gressed to a lesser extent. In the present study, we
examined the lipoprotein profiles of PXB-cells and
investigated whether they were suitable for screen-
ing anti-lipidemic activities in vitro. The results ob-
tained suggest that PXB-cells produce high levels of
lipoproteins and are suitable for screening anti-lipid-
emic agents.

MATERIALS AND METHODS

Cell lines. PXB-cells were isolated from humanized

Preparative procedure of PXB-cells from urokinase-type plasminogen activator/severe combined immunodeficiency

murine livers 16 weeks after transplantation accord-
ing to a previously described procedure (Fig. 1),
seeded at 4 x 10° cells in collagen-coated 24-well
microplates (Day 0), and maintained in Dulbecco’s
modified Eagle medium (DMEM) supplemented with
10% FBS, 20 mM HEPES, 15 pg/mL L-proline,
0.25 pg/mL insulin, 50 nM dexamethasone, 44 mM
NaHCO;, 5 ng/mL EGF, 0.1 mM ascorbic acid
2-phosphate, 2% DMSO and antibiotics. The HepG2
and HuH-7 human hepatoma cell lines were from
the RIKEN Cell BANK and maintained in DMEM
containing 10% FBS and antibiotics.

Lipid assay. PXB-cells on Day 13, or hepatoma
cells precultured for 20 h in collagen-coated 24-well
microplates (4 x 10° cells, respectively), were incu-
bated in 500 pL William’s E medium supplemented
with Hepatocyte Maintenance Supplement Pack
(CM-4000; Thermo Fisher Scientific, Waltham, MA,
USA) for 2 days. Intracellular cholesterol and tri-
glyceride levels were assessed using the Cholestest
Cho Kit and TG Kit (Sekisui Medical, Tokyo, Ja-
pan), respectively, according to the laboratory proce-
dure described in each manual. Culture media were
subjected to a lipoprotein assay using LipoSEARCH"
(22).

Real-time RT-PCR. Total RNA was isolated using
the QuickGene RNA cultured cell kit S (Fujifilm
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Table 1 Primer sequences used in the present study
Gene name Forward Reverse
ACC 5’-TGATGTCAATCTCCCCGCAGC-3’ 5’>-TTGCTTCTTCTCTGTTTTCTCCCC-3’
ACOX1 5’-TCAACCCGGAGCTGCTTAC-3’ 5’-GCTGGAAGTCTGGGTCGTT-3’
ACSL1 5’-AGCGGCGCCTTAAATAGCA-3’ 5’-CATGGGCTTGCATTGTCCT-3’
Angptl3 5’-CCAGAACACCCAGAAGTACT-3’ 5’-TCTGTGGGTTCTTGAATACTGATC-3’
Angptl4 5’-GCCTATAGCCTGCAGCTCAC-3’ 5’-CAAGTGGAGAAGGGTACGGA-3’
Angptl8 5’-TTCCATCCAGGCAGATTC-3’ 5’-AGGTCTTAAAGGCTCACG-3’
Albumin 5’-ACTGCATTGCCGAAGTGGA-3’ 5’-GCAGCACGACAGAGTAATCA GGA -3’
ApoAl 5’>-TGTGTACGTGGATGTGCTCAAAGA-3’ 5’-TGTGTACGTGGATGTGCTCAAAGA-3’
ApoA2 5’-GCAGCAACTGTGCTACTCCACA-3’ 5’-GCAAAGAGTGGGTAGGGACAGG-3’
ApoAS 5’-ACGCACGCATCCAGCAGAAC-3’ 5’-TCGGAGAGCATCTGGGGGTC-3’
ApoB100 5’-TCGCCTGCCAAACTGCTTC-3’ 5’-CATTGGTGCCTGTGTTCCATTC-3’
ApoC2 5’-GAATCTCTCTCCAGTTACTGGG-3’ 5’-GAATCAGGCTAGAGTTGGGAG-3’
ApoC3 5’-TACATGAAGCACGCCACCAAG-3’ 5’-AGCCACGGCTGAAGTTTGGTC-3’
ApoE 5’-GGGCGCTTTTGGGATTAC-3’ 5’-CAACTCCTTCATGGTATCG-3’
CACT 5’-GCTATCCCCAGCTTTTTTGCA-3’ 5’-AGCACTTGATCCGTTCTCCA-3’
CYP1A2 5’-AACAAGGGACACAACGCTGAAT-3’ 5’-GGAAGAGAAACAAGGGCTGAGT-3"
CYP2C9 5’-CCTCTGGGGCATTATCCATC-3’ 5’-ATATTTGCACAGTGAAACATAGGA-3’
CYP2B6 5’-ATGGGGCACTGAAAAAGACTGA-3’ 5’-AGAGGCGGGACACTGAATGAC-3’
CYP3A4 5’-CCAAGCTATGCTCTTCACCG-3’ 5’-TCAGGCTCCACTTACGGTGC-3’
DGATI 5’-GGCCTTCTTCCACGAGTACC-3’ 5’-GGCCTCATAGTTGAGCACG-3’
DGAT2 5’-AGTGGCAATGCTATCATCAT-3’ 5’-GAGGCCTCGACCATGGAAGAT-3’

FAS 5’-CAGCAGTTCACGGACATGGAG-3’

GAPDH 5’-GCACCGTCAAGGCTGAGAAC-3’
GPAM 5’-AACCCCAGTATCCCGTCTTT-3’
HMGCoAR 5’-TACCATGTCAGGGGTACGTC-3’

HTGL 5’-TTCAGAAAACACAGATGACCTACTACTTC-3’
Lipinl 5’-TGAAAAGGGGCTCTGTGGAC-3’
MCAD 5’-GGTGCTGTTGGATTAGCACAAAGA-3’
MGAT1 5’-CAGGGCCGATGTCCATTGG-3’

MGAT2 5’-CCTTCGGGGAGAATGACCTAT-3’
MGAT3 5’-ATGGGAGTTGCCACAACCC-3’

MTTP 5’-TCTCTACTCGGGTTCTGGCATTCTA-3’
PPARa 5’-GCAATGGAACTGGATGACAGTGA-3’
PPARy 5’-TGGAATTAGATGACAGCGACTTGG-3’

SCD 5’-TGAACAGTGCTGCCCACCTC-3’
SREBPIc 5’-GGCTCCTGCCTACAGCTTCT-3’
SREBP2 5’-CTATGGAGCAGCCTCAACGTCA-3’

5’-CGGCACGCAGCTTGTAGTAGA-3’
5’-TGGTGAAGACGCCAGTGGA-3’
5’-CAGTCACATTGGTGGCAAAC-3’
5’-CAAGCCTAGAGACATAATCATC-3’
5’- CTGATCTTTCGCTTTGATGATGTTTTAGAC-3’
5’-ACTACAGAGCTGCTTGACGG-3’
5’-TTTCGACGACCAGAATCAACCTC-3’
5’-GGGTATGCCAGTCAAAGTAAAGC-3’
5’-GAGGGAGATGCCCATGATCTT-3’
5’-CAGAGTGACGTGAAGAGGAGG-3’
5’-GCTGCGATTAAGGCTTCCAGTC-3’
5’-TGCTCTGCAGGTGGAGTCTGA-3’
5’-CTGGAGCAGCTTGGCAAACA-3’
5’-CGGCCATGCAATCAATGAAG-3’
5’-CAGCCAGTGGATCACCACA-3’
5’-CCGTAGCGACAGTAGCAGGTCA-3’

Abbreviations: ACC, acetyl-CoA carboxylase; ACOX, peroxisomal acyl-coenzyme A oxidase; ACSL, long chain acyl-CoA synthase;
Angptl, angiopoietin-like protein; Apo, apolipoprotein, CACT, carnitine acylcarnitine translocase; CYP, cytochrome P450; DGAT, dia-
cylglycerol acyltransferase; FAS, fatty acid synthase; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; GPAM, glycerol-3-phos-
phate acyltransferase mitochondrial; HMGCoAR, HMG-CoA reductase; HTGL, hepatic triglyceride lipase; MCAD, medium-chain
acyl-coenzyme A dehydrogenase; MGAT, monoacylglycerol acyltransferase; PPAR, peroxisome proliferator-activated receptor; SCD,
stearoyl-CoA desaturase; SREBP, sterol regulatory element-binding protein

Wako, Osaka Japan). Template cDNA synthesis was
performed with 5 pg of total RNA using the Prime-
Script RT reagent Kit (Takara Bio, Kusatsu, Japan).
In a fluorescent temperature cycler (CFX Connect™
Real-Time PCR Detection System; Bio-Rad Labora-
tories, Hercules, CA, USA), 2.5% of each RT reac-
tion solution was amplified in 25 uL of 1 x SYBR
Premix Ex Taq (Takara Bio) containing 0.2 uM of
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each primer. Samples were incubated in the thermal
cycler for an initial denaturation at 95°C for 10s,
followed by 40 PCR cycles. Each cycle consisted of
95°C for 5 s and 60°C for 30 s. The relative expres-
sion level of each mRNA was normalized by the
amount of glyceraldehyde-3-phosphate dehydroge-
nase mRNA. The primer sequences used in the pres-
ent study were shown in Table 1.
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Western blotting. Cell lysates were prepared using
RIPA buffer (Nacalai Tesque, Kyoto, Japan). Cell ly-
sates (10 pg/lane) were separated on 4-15% gradient
SDS-polyacrylamide gels and transferred onto poly-
vinylidene fluoride membranes. After blocking with
a Blocking Reagent (Nacalai Tesque), each mem-
brane was incubated with anti-acyl-CoA synthetase
long chain 1 (ACSLI1, 1 :3,000; ab89854; Abcam,
Cambridge, MA, USA), anti-monoglyceride acyl
transferase-1 (MGATI, 1 : 3,000; ab38857; Abcam),
anti-glycerol-3-phosphate acyltransferase 1, mito-
chondrial (GPAM, 1 : 8,000; sc-398135; Santa Cruz
Biotechnology, Dallas, TX, USA), or anti-B-actin
antibodies (1 :3,000; IMG-5142A; IMGENEX, San
Diego, CA, USA). The membrane was incubated
with horseradish peroxidase-conjugated anti-mouse
IgG (1:30,000; W4021; Promega, Madison, WI,
USA) or anti-rabbit IgG (1 : 30,000; W4011; Prome-
ga) as secondary antibodies at appropriate concen-
trations. The enzyme reaction was detected using an
ECL prime Western Blotting Reagent (GE Healthcare
Bio-Sciences, Piscataway, NJ, USA). Chemilumines-
cent signals were detected using a Light-Capture 11
imaging system (AE-6982/C/FC; ATTO, Tokyo, Ja-
pan) and CS Analyzer (ver. 3.0 software; ATTO).

ELISA. Angiopoietin-like proteins (Angptls), albu-
min, ApoB100, and ApoC3 in cultured media were
measured using the Angptl3, 4, or 8 ELISA Kit (Im-
muno-Biological Laboratories, Fujioka, Japan), LZ-
test “Eiken” U-ALB (Eiken Chemical, Tokyo, Japan),
human ApoB100 assay kit (Immuno-Biological Lab-
oratories), and human APOC3 ELISA Kit (Abcam),
respectively, according to the laboratory procedure
described in each manual.

Statistical analysis. Data are expressed as the mean
+ standard deviation (SD). The significance of dif-
ferences was analyzed using the Kruskal-Wallis test
with Steel (Tables 3 and 5) and Steel-Dwass (Figs. 2
and 5) multiple comparison tests and the Mann-
Whitney U-test (Table 4 and Fig. 7). A value of
P <0.05 was considered to be significant.

RESULTS & DISCUSSION

Hepatic properties of PXB-cells

To clarify the differentiation stages of PXB-cells
and the 2 hepatoma cell lines, we briefly examined
the expression of 5 hepatic markers at the mRNA
and protein levels. The RT-PCR analysis revealed
higher expression levels of albumin and 4 cyto-
chrome P450 genes in PXB-cells than in the HepG2

K. Hata et al.

Table 2 Comparison of gene expression levels in PXB-
cells and human hepatoma cell lines

Relative intensity/GAPDH (-fold)

PXB-cells HepG2 cells HuH-7 cells
Hepatic marker
Albumin 21.6* 1.0 3.3*
CYP1A2 2451.9* 1.0 0.8
CYP2C9 7160.7* 1.0 86.3*
CYP2B6 1.6* 1.0 0.1%*
CYP3A4 1363.6* 1.0 15.2%
Lipid metabolism
ApoAl 3.1% 1.0 2.0%
ApoA2 0.1* 1.0 0.7
ApoA5S 2.6 1.0 <0.1*
ApoB100 2.2% 1.0 1.7*
ApoC2 7.4% 1.0 0.4*
ApoC3 81.1* 1.0 7.3*%
ApoE 2.6% 1.0 <0.1*
MTTP 4.9% 1.0 2.3%
SREBPIc 18.1%* 1.0 17.9%
FAS 2.5% 1.0 2.4%
SCD 1.8* 1.0 1.5
ACSL1 45.7* 1.0 3.0%
ACC 1.5 1.0 1.1
MGATI 16.7* 1.0 1.1
MGAT2 3.6% 1.0 0.1%*
MGAT3 1.0 1.0 0.8
DGAT1 3.1%* 1.0 3.3*%
DGAT2 6.0% 1.0 3.6%
GPAM 13.4* 1.0 1.2
Lipinl 2.2% 1.0 1.1
SREBP2 1.6* 1.0 0.9
HMGCoAR 0.8%* 1.0 1.1

Data are expressed as the mean + standard deviation (n =4,
*P <0.05 vs HepG2 cells).

and HuH-7 cell lines (Table 2). PAS staining showed
the marked accumulation of glycogen, an important
function in livers, in PXB-cells, and extracellular al-
bumin levels were 11.1-fold higher in PXB-cells
than in HepG2 cells (P <0.01) and 5.0-fold higher
than in HuH-7 cells (P <0.01) (Fig.2). These re-
sults suggested that PXB-cells maintained mature
hepatocyte properties more stably than the 2 hepato-
ma cell lines.

Lipid-producing ability of PXB-cells

We previously developed an in vitro assay system to
assess lipoprotein profiles from the human hepatoma
cell line, HepG2 and used the assay system to screen
anti-dyslipidemia activities in drugs and foodstuffs.
We examined whether PXB-cells are more suitable
for assessing lipoprotein profiles than hepatoma
cells. Intra- and extracellular cholesterol and tri-
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Fig.2 Hepatic properties of PXB-cells and hepatoma cell lines. A: PAS staining of PXB-cells (a), HepG2 cells (b), and
HuH-7 (c) cells. Note that the marked accumulation of glycogen is observed in PXB-cells than in hepatoma cell lines. B:
Extracellular albumin contents of PXB-cells (open bar), HepG2 cells (hatched bar), and HuH-7 cells (closed bar).

glyceride levels in the 3 hepatic cell lines were sum-
marized in Table 3, and Fig. 3 shows the lipoprotein
profiles in culture media. Intra- and extracellular
cholesterol levels in PXB-cells were similar to those
in HuH-7 cells and higher than those in HepG2
cells. When the gene expression levels of sterol reg-
ulatory element-binding protein2 and HMG CoA re-
ductase — a transcriptional factor and key enzyme
in cholesterogensis — were examined, they in PXB-
cells and HuH-7 cells were similar to those in
HepG2 cells. The intracellular triglyceride content
of PXB-cells was 5.8- and 1.2-fold higher than
those of HepG2 and HuH-7 cells. The extracellular
triglyceride content of PXB-cells was also higher,
and, thus, we examined the expression levels of
genes involved in triglyceride synthesis to clarify
why PXB-cells possess a high capacity to produce
triglycerides. The gene expression levels of fatty acid

synthase and stearoyl-CoA desaturase, which are en-
zymes involved in the fatty acid synthesis pathway,
were higher in PXB-cells than in HepG2 cells, but
similar to those in HuH-7 cells (Table 2). The gene
expression levels of ACSL1, MGAT1, and GPAM in
PXB-cells were markedly different from those in the
other 2 cell lines (>10-fold vs both cells). The re-
sults of a Western blotting analysis showed that
PXB-cells more strongly expressed these proteins,
particularly ACSL1, than the 2 other hepatoma cells
(Fig. 4). These results suggested that the transacyla-
tion step, but not fatty acid synthesis, is key for the
higher triglyceride synthesis in PXB-cells.

Major lipoprotein classes from PXB-cells

We previously reported that human primary hepato-
cytes mainly secreted VLDL-sized lipoproteins, and
hepatoma cell lines mainly produced LDL-sized li-
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Table 3 Intra- and extracellular lipid contents of PXB-cells and 2 hepatoma cell lines
PXB-cells HepG2 cells HuH-7 cells
Cell number (x 10° cells) 0.3 0.9 0.5
Cholesterol (ug/10° cells)
intracellular 41.5+0.5 12.3+0.1 41.0+0.9
extracellular 5.0+0.1 0.5 49+0.1
VLDL fraction (> 30 nm) 41+£0.1 0.1 1.6
LDL fraction (16-30 nm) 0.5+0.1 0.2 2.2
HDL fraction (8—16 nm) 0.3 0.3 1.1+0.1
Triglycerides (ug/10° cells)
intracellular 163.1+4.6 282+24 137.2+3.6
extracellular 53.8+1.0 1.2 12.1+£0.2
VLDL fraction (> 30 nm) 50.2+ 1.0 0.1 53+02
LDL fraction (16-30 nm) 3.1 0.5 63+0.2
HDL fraction (8—16 nm) 0.5 0.6+0.1 0.4
Hepatic cells at a density of 4 x 10° cells/ml (1 mL) were precultured in collagen-coated 24-
well microplates for 20 h and then incubated in William’s E medium with CM4000 for 48 h.
Triglyceride and cholesterol levels in cells and culture media were measured.
VLDL LDL HDL
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Retention time (min) Fig. 4 Expression of enzymes involved in the transacyla-
tion of PXB-cells. Proteins (10 pg/lane) in 3 hepatic cell ly-
§ 301 sates were separated by SDS-PAGE, followed by Western
2 o5 HuH-7cells blotting with anti-ACSL1, MGAT1, and GPAM antibodies.
wn
® 5 20
8 E 15
S 4o poproteins (18). PXB-cells mainly released choles-
s 5 terol and triglycerides in the VLDL fraction (Table 2
< o : . and Fig. 3) because these cells are primary hepato-
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Fig. 3 Lipoprotein profiles from 3 hepatic cell lines. Three
hepatic cell lines seeded on collagen-coated 24-well mi-
croplates were cultured in William’s E medium supplement-
ed with CM-4000 for 48 h, and the levels of triglycerides
and cholesterol in culture media were measured. Data are
representative of 4 independent experiments.

cytes. To clarify whether the major lipoproteins re-
leased from PXB-cells and the 2 hepatoma cell lines
were VLDL and LDL, respectively, we measured
the gene expression levels of Apo in the 3 cell lines.
Apo were classified into 5 major classes, ApoA to
ApoE (8, 17). ApoB100, which is encoded by the
ApoB gene, is synthesized in hepatic tissues and a
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structural component of VLDL and LDL. ApoB100
gene expression levels were 2.2-fold and 1.7-fold
higher in PXB-cells and HuH-7 cells, respectively,
than in HepG2 cells, while its extracellular levels
were 10.3- (P<0.01) and 12.3-fold (P<0.01) higher.
The results of an ELISA analysis on ApoB100 in
cultured media also supported the high VLDL/LDL
contents of this lipoprotein in PXB-cells and HuH-7
cells. Three Apo — ApoC2, C3, and E — which were
distributed in VLDL, but not LDL, were strongly
expressed in PXB-cells and weakly in HepG2 and
HuH-7 cells at the mRNA level (Table 3). We then
measured extracellular ApoC3 levels in the 3 hepat-
ic cell lines (Fig.5). The results obtained showed
that the extracellular ApoC3 contents of PXB-cells
were 302.6-fold (P <0.01) and 60.0-fold (P <0.01)
higher than those of HepG2 and HuH-7 cells. These

c 6.0
g 501 [ ApoB100
- APOC3
i_l% 4.0 T
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©& 3.0 7
© =
32020 -
Q
(8]
S 101
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e R
0.0
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Fig.5 ApoB100 and ApoC3 levels secreted from PXB-
cells. Extracellular ApoB and ApoC contents of 3 hepatic
cell lines were measured using the respective ELISA kits.
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results suggested that PXB-cells and HuH-7 cells re-
lease triglyceride-rich lipoproteins; however, PXB-
cells produce both VLDL and LDL, similar to liver
tissues, whereas the 2 other hepatoma cell lines syn-
thesized LDL, but not VLDL.

Evaluation of anti-lipidemic agents by lipoprotein
profiles of PXB-cells

The present study demonstrated that PXB-cells pro-
duce high levels of lipoproteins, similar to liver
tissues; however, the responses of PXB-cells to anti-
lipidemic agents remain unclear. Peroxisome prolif-
erator-activated receptor alpha (PPAR«) ligands, such
as fenofibrate, have been shown to reduce plasma
triglyceride levels by stimulating B-oxidation in the
liver (2, 4). We examined the effects of fenofibrate
on the lipoprotein profile of PXB-cells in order to
clarify whether these cells are useful for screening
anti-lipidemic activities in drugs. Table 4 and Fig. 6
show that fenofibrate reduced triglycerides and cho-
lesterol levels in culture media in a dose-dependent
manner. A real-time RT-PCR analysis demonstrated
that fenofibrate at 50 uM did not affect the expres-
sion levels of genes involved in fatty acid synthesis
and transacylation steps, such as FAS and diacylglyc-
erol acyltransferases; however, it markedly increased
those of peroxisomal acyl-coenzyme A oxidase 1,
carnitine acylcarnitine translocase, and medium-
chain acyl-CoA dehydrogenase, which are PPARa-
regulated enzymes in B-oxidation, without affecting
PPARa gene expression levels (Table 5). Further-
more, fenofibrate markedly increased the gene ex-
pression levels of ApoA2 and ApoAS5, but not those
of ApoB, ApoC2, or ApoC3. These results demon-

Table 4 Effects of fenofibrate on intra- and extracellular lipid contents of PXB-cells

Fenofibrate (uM)

untreated 10 50 100
Cell number (x 10° cells) 0.3 0.3 0.3 0.3
Cholesterol (ug/10° cells)
intracellular 26.0 4.5 255+1.9 21.5+4.2 258+1.2
extracellular 58+03 54+03 4.5+0.3" 3.9+0.2°
VLDL fraction 4.7+03 43+03 34+0.2° 2.6+0.2°
LDL fraction 0.8 0.7 0.7 0.8
HDL fraction 0.4+0.1 0.4 0.4 0.5+0.1
Triglycerides (ug/10° cells)
intracellular 175.7+26.7 182.4+£23.5 185.0 £26.9 189.9 £29.2
extracellular 68.4+29 61.0+4.1 41.5+£2.8" 27.7+2.3"
VLDL fraction 62.7+2.8 55.4+3.8" 36.9+2.7" 23.6 +2.0°
LDL fraction 51+0.2 52+03 43+0.1° 3.7+02°
HDL fraction 0.6+0.1 0.5+0.1 0.4 0.4

Data are expressed as the mean + standard deviation (n =4, P <0.05 vs untreated group).
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Fig. 6 Effects of fenofibrate on the lipoprotein profile of PXB-cells. Following the treatment of PXB-cells with fenofibrate
at concentrations of 10-100 pM for 48 h, a lipoprotein assay was performed by LipoSEARCH®.

strated that PXB-cells responded to fenofibrate in a
known manner (16).

Angptls are a family of proteins that are structur-
ally similar to angiopoietins, and its members are
involved in angiogenesis, similar to angiopoietins
(15). Since Angptl3, 4, and 8 from the liver are re-
sponsible for regulating the activities of plasma li-
poprotein lipase/hepatic triglyceride lipase, and a
deficiency (overexpression) in any one of these caus-
es dyslipidemia, their roles in lipid metabolism have
attracted a great deal of attention (1, 12, 19). The
transcriptional regulation of these members is well
known (3, 27), and Angptl4 (fasting-induced adipose
factor, Fiaf) in mouse hepatocytes and human hepa-
toma cells is up-regulated by PPARa ligands (9);
therefore, we herein examined the levels of the 3
Angptl members in fenofibrate-treated PXB-cells
(Fig. 7). Fenofibrate at 50 uM induced Angptl4, as
reported previously, at both the mRNA and extracel-
lular protein levels. This agent had a negligible ef-
fect on Angptl3 and Angptl8 gene expression levels,
and increased extracellular Angptl3 levels by 1.7-fold
from those in untreated cells. It currently remains
unclear whether fenofibrate up-regulates Angptl3
protein production and/or its secretion from PXB-
cells. Further studies are needed to reveal including
the involvement of Angptl members in post-secreto-
ry modifications to lipoprotein.

In the present study, we revealed some of the

Table 5 Effects of fenofibrate on the expression of genes

involved in lipid metabolism in PXB-cells

Relative intensity/GAPDH (fold)

Gene name untreated fenofibrate-treated
p-Oxidation
PPARa 1.0 1.1+0.1
ACOX1 1.0+0.2 3.6+0.3%
CACT 1.0+0.1 2.0+0.1%
MCAD 1.0+0.1 1.7+£0.2%
Apolipoprotein
ApoAl 1.0+0.1 1.0+£0.1
ApoA2 1.0£0.1 1.3+£0.1%
ApoA5S 1.0£0.1 1.7+£0.2%
ApoB100 1.0+0.1 0.9+0.1
ApoC2 1.0+£0.2 0.8+£0.2
ApoC3 1.0%0.1 0.9+02
ApoE 1.0+£0.2 0.8+02
Lipid synthesis
PPARy 1.0+0.2 1.0£0.1
SREBPIc 1.0+0.1 1.0+£0.1
FAS 1.0+0.1 1.1+£0.3
SCD 1.0£0.1 0.9+0.1
MGAT2 1.0£0.1 1.1£0.1
DGATI 1.0+0.1 1.2+£02
DGAT2 1.0 1.0
GPAM 1.0+0.1 1.1+0.1
SREBP2 1.0 1.3+£0.1%*
HMGCoAR 1.0 1.1+0.1

PXB-cells were treated with or without 50 uM fenofibrate for
48 h, and RNA expression levels were analyzed. Data are ex-
pressed relative to untreated control cells and represent the mean
+ SD (n=4, *P <0.05 vs the untreated group).
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Fig. 7 Effects of fenofibrate on the expression of Angptls. PXB-cells were treated with (hatched bar) or without (open bar)
fenofibrate for 48 h, and the gene and protein expression levels of Angptls were analyzed by RT-PCR and ELISA. The bas-
al levels of extracellular Angptl3, 4, and 8 released from untreated cells were 107.4 + 3.4, 3.4 + 0.1, and 3.0 + 0.4 ng/10°

cells, respectively.

properties of lipid metabolism in PXB-cells using
comparisons with well-differentiated hepatoma cells,
and demonstrated that PXB-cells are suitable for lipid
metabolism research, such as screening novel anti-
lipidemic agents.
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