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Secretion mechanism of GLP-1 from enteroendocrine
k 2 L-cells by black tea theaflavins

Kevin Odongo', Naoki Harada?, Hitoshi Ashida’
('Grad. Sch. Agric. Sci., Kobe Univ.,
2Grad. Sch. Agric., Osaka Metrop. Univ.)

[Purpose] Glucagon—-like peptide—1 (GLP-1) is an attractive hormone due
to its anti-obesity and anti-diabetes effects. GLP-1 is stored in
enteroendocrine L-cells and secreted by certain stimuli. Its secretion
mechanisms are complex and differ from the stimulus. It has been reported
that various nutrients stimulate GLP-1 secretion. However, little is
known about the involvement of plant bioactive compounds. Here, we
investigated the secretory mechanism of GLP-1 from STC-1 cells by black
tea theaflavins (TFs) and confirmed their effect in mice.

[Method] GLP-1 was analyzed by our developed ELISA. The secretory
pathways were examined using protein inhibitors, receptor antagonists,
and reporter assay. Ca’ response was examined by fluorescence
spectrophotometry. Animal experiments were conducted using male ICR mice.

[Results] TFs increased GLP-1 secretion. Significant effects were
observed from 1 nM and peak effects at 100 nM. As for the secretory
mechanism, TFs increased intracellular Ca® response and activated the
CaMKII- and MEK-ERK-signaling pathways. Moreover, pretreatments with
inhibitors for Ca®" signaling, PLC, CaMKII, and MEK-ERK, but not PKA
abolished TFs—increased GLP-1 secretion. GPR55 antagonist also reduced
TFs—increased GLP-1 secretion, while antagonists for GPR40, GPR120, and
TGR5 did not. Consistently, TF2B significantly activated SRE-mediated
transcription only in the presence of GPR55 by reporter assay.
Interestingly, oral administration of TFs-rich extract to ICR mice
suppressed acute hyperglycemia in an oral glucose tolerance test
accompanied by increased plasma GLP-1 and insulin levels. Moreover, co—
administration with exendin 9-39, a GLP-1R antagonist, canceled the TFs—
increased glucose—lowering effect. In conclusion, black tea TFs activate
GPR55 and prevent postprandial hyperglycemia by mobilizing GLP-1
secretion via Ca*/CaMKII- and MEK-ERK-signalling pathways in
enteroendocrine L-cells. We, therefore, demonstrated a novel biological
function of TFs, and provide a molecular mechanism for GLP-1 secretion
mediated by foods
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BEAR L2 2 R G RS T A BRI TIE R EIC IR 3B D1ED,
B NTEEDEDPRL BT/ DEN ST &R K2 FEL TV Figure 1.

Do T T, B EEETITEBAA L HX T E DT /R The structure of TM1459
FICHEHBEEMSELZETIVEEICA T BBER AR T2t HIEL C&2, -
BHRTBEL T, ADDEARF VUi b & B G a2 3 5B EVE Th D
Thermotoga maritimaf KRTM1459% L RV Ea WD LT kA 2B S RAT %
B SE DT LD T REE 72D (Figure 1), ABFIETITBRILAT IO ZE TS Diels-Alder
BOGRZE T )V BOGIZ L SEAERIRAIZRAE ) DAED 53T AT D N L& R iESR D
EE HIE LTz,

[k A5 3]

AREA R TIE S LUL = BOE R RN 2N —RELTERNAIZ Wb L
MENZEIZER L 4DDERT VU EREDIB1OHH W 252 RIFHZET
Bk & 725 — BN B A B Do A SR T A7 TV —ZAERk LTz, RIFEBL21(DE3)KRIZ TR
BL, BONE R E R, 774 =T 4~ N7 40— AT AR a~
NTTT 4 —H R WTERRZ RGN, FMEEL CoB-REFT A4
V= e Rn 7 70 W T, (DI B BARS R  E A IR SRAEAE T TN
HENFEANEDEBIRTIIISDET LR ST, 52F B DODCATF V&7 7=
(B I T-HS2AZ BARZ W25 B TIE RO EIT LT, SHIC, 5 — B2 a7
TR, RIS AFE T DB O T R RL T T = IR R gL
TR YETAZIERL, JVREOT 7B AEARMET HLI70E BAREERU TR, &
U89 %, = T A W24 % TEHK T HIENTE, SAREIR AU Diels-
Alder i Z it 9~ 2 N L4 JB I 38 DR ERIT A LTe, ARIEER TITEBIRDFLFHP
FERES OOV T 5,
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Collimonas fungivorans N4 ET5ERBERDEELEE
*4 [CHEZRIZTIEZRF

OdL#t i, bt Bk, BE BR

[BR0] LEPIzBWT, MEEER Ciﬁg;@;}/

HEBARMAEDTHY, B EEE By~
G 27264 B L TW5b, Collimonas
fungivorans Ter3318K1%, BRFERFIZ Y
OB 575 MR C

b5, Ter3318kIL, RIAALAEHTH
%collimonin A-D% FF{EHIIZEAL, A. niger
Aspergillus niger’2 & 126 L CTHRWHIE E AR T, CollimoninfHIZ /N2, Ter331#k
D) DT E O Z IR A S BB s 7 7 A2 —ME(EL, EEHEOM A A
HERCZNO D W ER T2 RIBEMEN B AT, 77 AEMEME T, EE
JEARAFOAR - H BUR AR Ch D7 4T L 7 (QS) M IR A Hil 32
BN\, Ter331kRIZT 2 VTR (AHL) Bl O QSHEME Z FF > Z & PHSIL T
e, ZDOREREIZ DWW TS 437> TN o T, £ TAMIZETIX, A. niger®d
TERERC AR 5 2 M E 9 Ter33 1R A SR DAL 22 R+ LQSEERS I DWW Tl e,

[ 515553 A nigerkTer331RA LR 358, A nigerDAEFITREPLEFEIN,
B R St TR LW I SRR S LTz, 22T, ZRHDH G ZcollimoninfH 72 L o
TIRAREEEW D3R 59 BB MREEL 72, Collimonin K HFk (Acold) EXHIRFL 72555,
A. nigerOEFEITEML, E-RoBIZBILERIN2</roTz, FT=, QSKEE
(Afunl) 13A. nigerl”xfL, EBAELH RS mﬁ@b\@‘ﬂ@ﬁzﬁﬁ‘bﬂ‘éiﬁﬁoﬁ_o $o
T, A. niger®D & 5K 57 821 ZcollimoninZH A3, A= H FHE (213 collimoninZH & QSHill il T
u&)f)ﬂﬂ@#/ﬁ(ﬁﬂfg%ﬁ@gfﬁﬁ‘éﬁfHb‘@i))mﬂﬁéﬂto Ter331¥kEAfunIfR D IR
7T a7y ANz 358, BRIRVARN T F R Thdtripropeptinfi & 731 E1339D
NRPSXTF RO —7 BRI THIL T, LT2hio T, Zb Db b inE
WM E 5352 e RIRME S LT, Tripropeptin KK (AtrpA) LA. nigerZ L1558
L7c&ZA, A nigerlZkE 3 24T HFIIBIE S22 o7, NRPSTFRITFH L

BEWTHLHET I, NMRIZEDHEIEFEHT 21D TS,

PLEDFERNG, Ter33 LD B H &L, collimoninfHIZ /12 T, tripropeptin
HHENRPS ST F R B 5952 L0350 o7, EBIZ, ZRHDA L, AHLR OQS
BB IZ Lo THIEI S TV e, BRI T HR-HELRIZIBW T, M QSHEE IZ X
S THEEDR T D5 ZHIEI SV TWDZENB BT o7,
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Cycloheximide A% 1x 108 M TiREF LY Orobanche
k 5 minor DIEFHF4MAET S

O%L M './kH EXR2 SH EHF2 BE g%
no miE e s gia e
("BRAKEE - 2. 2 BRFF KB - £ 8 IR1R)

[ BE IR FF AL, 8 Y ORICFHFEL, BARKDEEIZETEETHHEY
DB THY, T 7V A0 E % R HERREEREL KT T0D, HARTITE
EHEITRESNTCNRWD, B ATV EFET DR EFENY) Orobanche minor
PN HARS M EREL TRV, YHFIERTIL. EWH kDL &% AV T-BhERTE
BHFS AT TR 22 BB L TN, AL Tl O. minor OFET-FEIEAEICKIT
L3 7a~FINOE BRI 2 B S L TnD,
[FiE-FER] FTRUEE D, TR OHEERE A HEEL | B8R E 7B ML
7o I NEHWT, O. minor OFEF-FEFLZAE T LT NVEERER LT, fER.
992 VT NDFNG, O. minor DFEFIEEEERIZEETLILEOD, KIGHE
Escherichia coli, 38 Aspergillus oryzae 33O )‘ﬁ W Trifolium pratense DL
BBIOFE~DEEN /NN 7 L5 —FEEk L7, 16S rRNA DNA fi##T %
'0\ ZD5yBERRE Streptomyces sp. no. 226 LEIE LT, AREEEEIED D, 8 HFILE
B AT UoRER BAMIBIIEEAILL THBNA TWD Y Z7aAF IR
ﬁiﬁfféﬂf:o O. minor DT}, FEZLESTDHL7a0~FTIND 1Cy 1X 2.6
ng/mL T. A. oryzae ® 1Cs, D 1000 43D 1 THEY THAZEDHIH LT,
FZZTCARMIETIE, 7T IRMNMERE T O. minor OFE{-3FEEHET S
FEABIZ O WTHENT L T2, 7K INICKATERAE 21X, Saccharomyces
cerevisiae @ 60S ViR —LH L XIEDH 7 2=k 1> (RPL28) D 38 FHD
TNEIL AT IRV AN T HZENEETHD, O. minor® RPL28 7
Yya s Téhbd RPL2TA @ 38 ZBDTIVRIZIAT A =ThoTz, £Z T, S
cerevisiae %15 £.E LT rpl28 1 An 1 JE T, O. minor ® RPL2TA %3845k (Om)
BLO, RPL28 @ 38 & H DI NHAIL Z AFF =& # LT~ RPL28_.Q38M %%
BT 5k (Q38M) 22 NEFNAMEH L, arba— Lk EL TEHLIZNIED
RPL28 ZEHIkK (WT) & Om ¥k, BELOY Q38M DT 7u~FI INE R M ETo
EBEHE LT, ZOREE. WT BRELLECL . Om RS 7ma~F IR EZ R L,
Q38M FRIFT 7 mAF I INEHEERM T TETOY7u~F I INM L R~ T 28
MIABNNI 25T, ZOFERNS, O. minor DY 7 a~FIIREZ ML RPL2TA
D 38 F H DAFF = A5 L QRN e otz LLEXD, 7~ IR
(28D O. minor DFE{-FEEFMAET, BEROIEREIEL LR 8I2 50D Th
HTEDITRES LT,
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HEBDEIRILF—EBREESINLCER || OiEMER LR
*6 ZEDORREFRT /LREEXIZLLVOMXFTIFADE
EEA

SR EAMN B2 BN AT RE B .FR £
h¥ i#E S A4 RO EHO 54 FE BKED

(THEKBE- B 2R KB BE K- 468, * Kbk,

CHK-RCRK-STmb, T mRKE - TF R BALF)

6,7
~

ot

[BR9] B8 LA ERA LW E A ES A B CHEE L 72 CO, Rk OFEY S A
A~ AZFH, A REEHL T —% ) — AT N TR RRE . Bl
AR/ IR BRI B TS AT 0B EA TND, ZDT2D, B AT =K LD
TROERRE A R h =R D EARD BN TS, S PRI (PSID 136 E &
EOMIER L H BT -Z T EBEAIKTHS, PSINE, T r/rF —2 v
TANOEFEROML TR E LU D KO iR~ FE 5234 SS ) i35 2 &)
B, FERO ST R —ZE WAL E L\ 2 D, ARBFSETIE, PSHOfREEH 0 (Mn,CaOs
JTAL—=) \ZDNT, PsbPH 7 2=y hORIFS VIV —7 55l (Loop 4) 232Dt
FRICIAZINDZEIZH B L, PsbP-Loop 4&48T 257 /B~ 28 FL3E A 73PSIIOD
TEPEIZ AT T B a T~ T,
[ kB R] KIGHEZ AV Cloop 407 2/ BRITKE & 7078 438 A\ L7=#A#2 % PsbP
o NTERVER L. in vitroF R RIZED . WE G ELEEL 72 PSINCHSE & ¥ T
PSHDIE IR AETEMEZ R E LTz, ZDHESR, PsbPDLoop AFEIKIZISIT AT/ EEZ 1
DIPSHDEE R ETEMEICRE BT HIEE LI LTz, EVDIFPsbPOD13INE
FZ Lo CPSHOEE B R TG ENBAFE T ) L322 && 58 A UT, PSIODOEESEFRE A TG
PESA) 3285727 LB TR THh T D, bk A TRTR IR T I AR
FEATEMEDORIE S, JEFHRFTIR L, Bamb Fr0FIEEZ W T, PsbP-D139NZ
B L DIEMER EAN =X BTGt LTz, ZOfE 5, D13INZ B2 o TPSIfif g
DIEBRITHRE& T 2Mf R - Cl OFE G NEELSNAHZEDRIBI T,
PsbPOD13INE FIZ LD in vitro CPSIDIETEDN ERBIZE0 005 T, i) D %<
TPsbPDD13IFRENRAFSILTND, ZOEHZILNIT A0, v aAXF X
FDPsbP-D13INZ BARZAEH LTz, <Dk EREY DA FH IR 2 O A
WA 2 LA ) AREIZREETHD, 2T, it S SN A v
T ) LOER) IR E B (TALECDE) 28477 MZIS AL, PsbP-D139NZ
RO NG, T ORGSR, REHEATPsbP-DIINE KN E R THLI
720 T T RFEIEY ) Ao — RSN s I SR B E A 8N 3577
JARREIELL TO A A THLZENHLNE o7,
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BERRXMGTICRIT 5RBEERBCLIEGBTROERB I T
T DHFIEBERE OFFAT

=W B+ (RAKEE - B)

X C ®IC

HFFREREC DS VMBI SE T, (RER R SF T CTHEFER O TUET 2. Z oG
FETA T = XL, ERBRRINE LG REICERT 22 enmbhTE e
Dy, ARERSR S TR D AR O E ORI RE D ZLF I O W TIIAB 7R
IR, R I 2013 4RI, HEFRER 2RI R S IC & B3 &Ml E PN TfiF
WERBER 2 Tl Z NV BEREDECREZIERT 22 L 20 THRE L, £81K
TERIT X o TRERE R MEE SN D rTREEZ R~ L7e V. Z 0BI&IT 2016 LA
e, 7 —TIZ K> T TF o v ORI D008 AVRIRERE >Y% TRV T
HHEGR X, AT Glycolytic body (G-body) % & 4 T Hiv7-. Ml O
BIEER DS, FFE DS T CHR-IRFETEEC X 0 BEAIR L BT 2 BRI B
ZEDTEY, G-body UUSD KBIBLZREEHREGIRAE LTI HeLla AN T de
novo purine & KRR Z 23030 D BERFEN KT % Purinosome 2385 STV 5.
%X G-body X° Purinosome % 1 {p—1WHIIZIERL S LA BERIE A IRIEL £ & O
C Metabolic Enzymes Transiently Assembling (META) body & & fHiF Y, Z DAL
RS DWW TR Z2 8D TV 5.

L EMRANTICRT 5 REBERRIC & 5 A KTRO%E R,

AR RS AOE S R R 4 0T LSRN TR 5 &,
T L I TN CRRBE R R TN E A (R R TR 5. AU, H53i R ok
SR AME T LI SRR A T OBl S S ShABETHS (1), MEERRE
EREOH T AN TORERNS T ) 5 —F oo T, EAHEHR
LAV 1 73/ BER (EAHBRTS) HEREE L CHIN CORFEA T
BRI ORINT 5% 2 WBERIEL L 25, BRs#  (BHEEE
EA U AU R < T ¢

D I AR RAE AT, DI A e, ) ®
FAM T CRUMHIMORAE LIRS 52 LT Sechomees  gagin

BB S 72 B ARG & DFL LT 5 2 & c: oI E
&R DD TH Y, GEROETHENIN 2 T

PERIETFRET OB -2 s L THEEBEZED T | EEREEETFICHIT 5
AV LA
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2. EBBLXUETTE UV EDRERBNZITO IO DFHERAR

PERDIKMERE R TIRIIRERRE WD, —EIZZHor T veEf> 2 L
NREETH Y, EEEICEHARMETHL720, RO LT —2 &2 L 51
DIITRWHHZE L. 22 CTET, EAREROBIEL R 7 LT
1T25%, MG RIRBIEEEZERORNEIT- 100

o BEx R FRARB LI L 25, fRREREE B e Pyruvate kinase
FREOESRITFETE - A 5 5 E o | Erolse zq-‘?“% e
THELIZGAEORKEND Z &, BRA 38

ENA =AY B 2 L CHRARIERR S § /
LNDRMIN R RD Z LB LN RS § a ﬁ*fi;';;;mm

7-. £77, 96 V=)L L — K LIKERFE A 0246 810121416 1820 22 24
Fam— s —EBADES D LT, HH e aterhpora

B ARk DK 500 450 1 LU FIZH1 2 7 150 B 2. fiRHEREERIC K DESIREROREZA
puL 27—V TR ERNARBR AR B ZHERF TE DB R 2R T 5 Z LITHI L
7 O WEFE LT/ N A — )VRFR R R RIET, AR AEER OB 2885 213
0, REEBRRICET 2MEDOA 7 )V —= ZIC bR TH D, 22T,
G-body BT D 3 SOfEHR (/) 77—, vrbevisr—+1, mAKTY
U UL Y —B) IZOWTRIFIREIEZ B L2 & 25, KR DOERIEfT
T ICHESNTWD Z ERH NIRRT (M2) 2.

G-body DIERHIENIC X oMl O R L2 5121, VT zA
LTORBRUEN AR TH L. £ 2T, Ml SEIRICE LKA 7R T, EiFim
BC-NMR %% HlCTIERER R S T CRITEIC 22D IR EBANTHER O & — A —
AN—ZEFTRE 7R OS2 8 T 7. BRmIZIE, DNAMIRO =Wkoch 7k
IMEEZ TRT H & THRAMBIKZ I IRRREE TE 52 &, =Rouks
L7z A O CTRER R 51 T2 31T D iU BRIn 2 R & s C-NMR T
RAETE 22 L 2R L2 9 S 51T, KBRS T CREEAICZ D D U
G TH D, 2-8 Rax v Z A2 NVEOAREZ IR Z 5 2 LD TE D8
el a—T7#BFE L Y. T2 CHE LA, IR A VTR
PIZHEMAEETH 5.

LLEIWZEDY, invivo, invitro ZIVENDFRMETIZEWT, KEERSMH T
BT DR LR DT AU - e R AL 2 BB T & 2 R A HE T 72,

3. SEEATE A EERE OfET

ISR S T2 T DIREREE R L DA IR AR, BUEBIZIEN S

IR TV, EETEERZITER T 2RO T X/ BRELSI RS BIE
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OB A W= R LDEEZIES L EZ T, TRTOESEBHERESZN ST 2
J BEBLHNZ DWW THT A2 D TV DL iz /2 7 —8 TlE, N-KindD 5-25 FH
INLEST D7 XV BPEARERITIERS D2 DH 2 &, 22 FEHONY Ui %
T I = NEERT D EEARERNIES NS Z AR LY. = T—ER D
SEARERERIT D FERICMEL TWDZ End, =) 7—EBDELKE
PR VIR N Oy FRIFFA/ERNEE TH S & TIRIND. 5%, ik L7z
A — VR HF R BB P AR T2 2 & T, EAEROIEGIEI 03 55y
TSNS ARG N M2 % I T E S,

B

KRR TS T IR T DEERFEOESRIZARIZ OV TIL, HilEE % OEEIC
DWTARALRENRELEINTND. SBRIZAR TR LEFEREZHWD
Z LT, BEREAERNEG T 5 EMBIGOMIRC, BERESIROAIRELZ
b D3 D ~EREHZED TWE T,
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