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Biological studies on the dissolved free amino acids
of the Ishikari River watershed as potential homing cues
for adult chum salmon (Oncorhynchus keta)

Ernest Y. Chen and Hiroshi Ueda

Division of Biosphere Science, Graduate School of Environmental Science
Hokkaido University

The unique anadromous lifecycle of chum salmon is rooted on the fish’s
phenomenal ability to locate their natal streams after residing for years in the open
ocean. Shortly after emergence as juveniles, the fish are known to imprint to natal
stream olfactory chemicals in the form of dissolved free amino acids (DFAA) while
initiating downstream migration into the ocean. As returning adults, the upstream
migrants recall these stream-specific cues for homing navigation. Over the course
of this study, DFAA were analyzed for fluctuations and stability in the Ishikari
River watershed, Hokkaido, Japan, and two of its tributaries: the Chitose and
Toyohira rivers. The riverine DFAA during the homing season were utilized to
determine behavioral homing preferences for adult chum salmon by way of a
Y-maze 2-choice test tank.

Monthly water samples were taken from strategically chosen sites in the three
waterways.  Statistical comparisons between the vital imprinting and homing
months for each specific DFAA revealed substantial annual variations between the
imprinting months. However, only a few significant differences were detected for
individual DFAA between the imprinting and homing months for the Toyohira and
Chitose rivers. Total DFAA levels were positively correlated with discharge rates
in the Toyohira and Ishikari rivers.

For homing behavioral analyses, adult male chum salmon from the Chitose
River were exposed to artificial stream water (ASW) reconstituted with DFAA
compositions identical to those of the Toyohira and Chitose rivers. The majority
of the fish showed a preference for Chitose ASW over Toyohira ASW on initial
first choice entry and tended to stay in the choice arm for a longer duration. The
total number of entries into each Y-maze arm, however, varied as the fish did not
exhibit any unequivocal inclinations for either arm.

Although this study discovered substantial seasonal fluctuations between the
three waterways, a previous study showed that only a few stable compositions of
DFAA in the Teshio River, Hokkaido, may be sufficient for chum salmon natal
river recognition. DFAA appear to be influenced by discharge levels during the
snowmelt season, which likely induced bedload transfer, scouring, and fluvial
erosion. During the Y-maze tests, the chum salmon from the Chitose River
appeared to be able to discriminate DFAA from their natal river as they showed a
preference for Chitose ASW, thus suggesting that natal stream DFAA act as
potential waypoints for upstream navigation.
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SY-A2
Central effect of metformin on food intake and glucose regulation
in mice

Hyun-Ju Kim, Mi-Jeong Oh, Sang-Hyun Choi, Boe-Gwun Chun,
and Dong-Hoon Kim

Department of Pharmacology, Korea University College of Medicine, Seoul,
Republic of Korea

Metformin, a widely prescribed anti-diabetic drug, reduces body weight and
food intake in humans and animals. However, the mechanisms underlying the
metformin-induced anorexia remain unclear. In this study, we sought to determine
the central and peripheral action of metformin on energy balance and body weight,
as well as the potential role of key hypothalamic energy sensors, including
adenosine monophosphate-activated protein kinase (AMPK) and S6 kinase (S6K)
in the metformin-induced anorexia. Furthermore, we investigated the central action
of metformin in glucose regulation in mice.

To address these, we performed meal pattern analyses and conditioned taste
aversion (CTA) tests in obese C57BL/6 mice orally administered metformin and
lean mice administered metformin into the third ventricle (I13V). We compared
energy expenditure, the levels of c-Fos expression in the brain and the
phosphorylation of hypothalamic AMPK and S6K in the mice. In addition, we
performed glucose, pyruvate, and insulin tolerance tests in mice 13V administered
metformin.

Oral administration of metformin resulted in weight loss and anorexia
accompanied by transient decrease in meal size and persistent reduction in meal
number in obese mice, and produced a CTA. It increased neuronal activation in the
nucleus tractus solitarius and central amygdala compared to the pair-fed mice. 13V
administration of metformin caused weight loss and anorexia accompanied by
reduction in both nocturnal meal size and number compared to the control, and did
not induce CTA. I3V administration of metformin increased phosphorylation of
S6K at Thr*® and AMPK at Ser*®®! in the mediobasal hypothalamus compared to
the control, while AMPK phosphorylation at Thr'’? was not changed. 13V
rapamycin pretreatment reinstated the metformin-induced weight loss and anorexia.
Interestingly, 13V administration of metformin lowered glucose levels only in oral
glucose tolerance test (GTT), but not intraperitoneal GTT compared to the control.
Moreover, it increased glucose levels in pyruvate tolerance test.

These results suggest that the activated neurons in multiple brain regions
may be involved in the metformin-induced anorexia, and that the anorexia induced
by central metformin may be mediated by activation of hypothalamic S6K pathway.
In addition, the central metformin may play a critical role in the alteration of
glucose regulation.
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Involvement of Olfaction and Endocrine System in Sexual Behavior of Goldfish
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Makito Kobayashi
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Department of Life Science, International Christian University
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Involvement of neuroendocrine functions on olfactory imprinting and homing
in Pacific salmon

W Z=
Hiroshi Ueda

AeHFE R AT EE 7 ¢ — v RV 2 — - REEBEEREE AL BT
Field Science Center for Northern Biosphere, Graduate School of Environmental Science,
Hokkaido University

KAEEEY 1L, MDA FENT)I (B 22 BHEIZ T A BRI ELERRC . ’E)IK
D=AA Zitd (MAZ) U, KR CHEMORERENEIC XV EE L, Bifan
FEIND 7207088 Uiz =4 A 248 - 35 L CRINENR T2 44 F I v 7 I ATES
e, MEFL OB [RIE K E IS e 2 18157 5 7 O 048Rk (smoltification) &
F 2B ORI EF IR & BHEZBIR LTV D 28, AN 0B RE I D\ T
iT%&Eﬁ%<%éMTwé v ERWT, HEARO TS S a5T
5 F COREFELEICAE D KM - TIEE - FRER (BPT) ROFLE L BLOHEHO
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DB 542 DHP (X Tk b3 TR LT,
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FRNCEEREE R LTS 2 ERHRE STV D, NMDA SZEROMZEY
Ta=v FThsHNRLEEFHEIEIL o HEAOEREREZ D, Tiks
{65 B i S BPT R2NEMEIL U721 ICHI M LIZ CDAFF)IR O TR E 720 |
Eﬁ%fiﬁ?btoéﬁ Bl OR—Y T~ FFFE~A T 4 7 IKHE~
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BRUL, AT AT VIKEND TR SMEGITTHE-EE ML=, > a¥ro
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Hormonal and pheromonal control of courtship behavior in the red-bellied newt

BH SHhE
Fumiyo Toyoda

7% BIRSEE R RS8R A
Physiology Department-1, Nara Medical University

RIBARE BRI NT I NT A E Y OBEFO > T2 KT Lok T3l 2 o
HEHEN S E D IAFETHRNZ A RN S5, ZD7H, T N7 A F Y O/
DOFTHMLLEZFBIEY . AU AKRIC 7z u®Tr 208 THO &R~ EY | M
ZUENAIZ U CRF3l2HEIC I D A 5, FA ITHEORBITENIRRBLO 3 /VE i
F2T7 20 OERRLENEEINT DA, EN D ZFREITT D NSUWSR OIS
BOATE 2, TORE, AT A K, 7n7 275 (PRL) , TA¥=0"U7
Y Ry (AVT) 72 &0 FEAFAE CBMICERT 2 Z LI i@%ﬁﬁﬁ@%%%
BT EEHLNT L, £, HIICHE LA TV OfFKITMEE2 75132
WENH D Z & HEOREALMARAERD) % BIbR T 5 & B /K OMEFE S IR HKT 5
Z & HERGRR DK I MERS 5 TR ME 2 sl L7z T IR 67 X VB2 10
P X VMBS IIEME A AT DT F REEEE - FEL, YT 7 U vrems Lz,
VT 7Y TR RN - FRFARMEZ A L, WAEBOET = ae . FHEEII O
TFRT7 T birots, BIRNEECH T 5 EEMROERIZIT Y T 7 U U HURE
MWWENFEELIZZ 0D, VT 7 U ATER BRI o< SR CTHIEICKE &
HEBEZOND, o, VT 7V OMEFHSNEESMEOMRTEIZ L VIEKTH &
0. VT 7V BRI X0 HEB SRR ERZICAR Y 95 EPEAMAE (LNS) TRKOE
Mt (RERISZE., EOG) CHEMR TR CalRED EANEZ 2 Z & bR L
72 FIZLNS @O G0 Z 2 /37 R BHINN Y 5 7 U VR8I B 54 % araerE<e LNS
~O DIIFEANC K DRIRER~OPEF DR S, V7 7 U U HIBITRIRER &2 I L CTH
WIABZE SN D ATREMES R STz, —H CTHAIZY T 7 U 05w %a5 b £72 PRL,
PERT oA R, AVT X DS TnDd Z E 2B 5T Lz, PRL &R LE
VIHEERE K OMEE S 1IEM: 2 D, EERRT O Y 5 7 U U HiERA mRNA &PV 57 U
VEAMINEED 2L HEO MM IR E R VR U AT D bR LT,
F7-. AVT DA EVERAZIGESE 2221280, BEASD Y F 7 U ol
BG4 52 xR LT, —J, MO LNS V5 7 U x4 5 REXIGZIL PRL &
TARNTVF =ML VKT DN, HED LNS TIX YT 7 VU Ak 2R E N IGE
MEEAERLGNT, RALEVUEICE > THIZEA EBERR ONRoT22 &
26 LNS O Y F 7 U VRENE & RLE VISEMEIIO T B EER TH D &Ny
ol LED L ST, FHRIT/EH L CREBETEIORBE LS SR ITHERAT 1A R
TFEERLE L, f% BT D7 =0 OO EMEOREIC D 5 72 &
AN A £ VA TE 2T 5 & E 2 6D,
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Behavioral and endocrine regulation by exocrine gland-secreting chemosignals in mice

R Fpk

Kazushige Touhara
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The University of Tokyo / ERATO Touhara Chemosensory Signal Project
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RASFORRRG IR 7 v 22— )L Z5-14:0H |3, A A~ 7 A D EML R OB 52 25K Olfr288
WX - TR S, F5iTEI 202827 [3], £/o. AT RADREN HIRIC
DWZINDHTF RESPL (K17 kDa) &, A ADO#I&EIFE TSI, EZA
NATEN 22 S ¥ 5 [4], MERET 2RO D~ 7 2 DRICEBRIICHWEND
ESP22 (#J10kDa) (X, A~ ZADOMEATEN Z#H+ 5 [6], 2B ESP 77 XV
—IIRZRAEVIR 77 2V =2k o TGERk S, T OB HRITRHRIECHRIE TEB
B0 | EROIATEINFER SN D, MOBERHEICH ESP B T7 7 I U —1F
FELTRY, x RITERCHNDWHIENCE D > TnD Z ERRBIND, KT,
ESP 7 7 X U —LIAMT b= D V2R MR 2 IE ML T2 % L RV BB FTHIC N D
MRS T[6], ST Wd HVNTIH S DT F R H W I & 37 EIT,
wEEAOaII 2= —a VIZEDAEMRRF Lo TWAD Z ERB BT
URSIOY.SVN
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EFEEDMER SN TS, — 7, BEHEEAEORN T I/ BRITEIE O & 1357
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FER ORI, FrloBEEEAEERIEHRZ © L1277 2V BOHEEWIHEIL &
AR EVERERE & 217 O &2 I LTAL A D TFAET D, l~D AL O EN Tl
i I R AR A L2 R TR ClaaskEmMmRR 2 LN Th 5,
BHEEEAEZERTLT7 I BOhTIALE I U (Glu) &7 VF I UANER
LT%<L ., MMBGHFECHLRIGERE TALT D Glu BL O Glu 28T 4 U X7 F
NI EFEMHEAE 2T 528 M <Th 5, W T Glu 1THEARED—>, 9
FRE U TR SIWVERBHMEZ &6 5, RAEMREROERRHE OISENED & /MG
AL EARNICT 2 Va2 ED EOREBRICHIGET HH0, BT Glu 2O HL
KL, EHITHmEN5MbE (FR) (Ciih 0¥z Glu 23 0 LRI O
EERND D & & 27, kT O Glu i o 7% 2 o 2465 (73 F—)
FIREASER W 3A A Glu (S UEESEJRER I B8 L W OB AN WA s E o1k,
B Glu ZRIE T RIZRB L, A7 — RRIOSWME LT 5, RIS WA
THHEUDHARDAET D, 2D Glu s 7 F U v I ERED 5 W IEE N LT,
MR, HR. PRI, RRIR. TSP EIREE DM AR L, LB DAY Y —HEEE L p
HAE 21T WOIE R OEERINOMENWT L F 25, HREMREREZMN L Glu #i
PRV b AR & 2 AT Glu 28R T 2/ L C—@f{bzEFE (NO) % rEA
L. Za X @ifmtEiasnstn =2 (BHT) %W, &R0 5HT 3 B2
RIZE DFREA VLR E LTRMIC AT SN D, TEREE T » - OJMESRE D b 2 1
e MRI (4.7T) THIZIT 5 LHERICED DK M MAEr, S R & E4T
PEIC B D PRI T OEE . FEREAGH 2 13 2 AL . (RIRFRETZ B 2 REA
PRERATEF DS L2203, IRIFMEIC B D AL IS EE T, EAEEIUCES AF
PEPER (FrEEEOMER) 1X Glu > 7 F ) v Ik B aeEEn b, 2 TT7 v b
WCEE SRR 2 B (1 A BREEZEMEET VIC1 % (wiv) Glu T
FU T AKEKE ZTBIRBER S E- L 2 AR Glu BELEZ R L, 6B (koD 2)
A CEAEIZ L 230 B9 JERHEFAE 2 ] . RENER L 72 = 3L X —JRILR
Bl LTt Li=eE2bND, £20 1% (wiw) Glut b U w7 NiRINEENZ Z
v MZHEXTEZ A, BOO/NG~DIRE, 7 VBRI EFFTCOT VT I VES
%% i O BEMEAE ORROFT 2R, TVE IRy 7T ) o TR,
IR & BAZIE s L O OFRENC HE D 0 . BB I ORI Z .
AAREFTEICEE AR Z R LTV D,
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Integrative studies on the mechanisms underlying the palatability of foods
based on chemical senses

AR F
Toru Fushiki

TR KRB PR B S A R B
Division of Food Science and Biotechnology, Graduate School of Agriculture,
Kyoto University
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(2) MHAGCRVKE D K O 2 A HERF 28 2 72 TRAEOHIM I B3 DAL AR
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=3R4

(4) TR ZEE LT ZBMEOMRE 2 FF oo
ZDAODMEICE > THFOBNLEINAELD L OGRERE LT, Bon-%o
BHEOHATH DL, TOEFELZRD 2L CHBERS TE 5, FMRORRICE
STHOMEMFZHEET 2 TR BREONLARERELH D, I 5T, BMBIFIC
BWTiE, BV Lo b NCEBIIEHEIC L BN D
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The study on the non-invasive brain measurements of olfaction and taste
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Department of Medical Engineering, Faculty of Health Science,
AINO University
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BEITHIE U, BME CRMIGZE &2 il B9 2 O3 2 BRdG L 7=, BEICH WS
N T =BT O - BER OFFFENIED B F O, OB BN D T
2R BRI Uiz, B DH A F RS DS IS S LT D & ORGER
IZESE | T — X ICHGEHIZ R BT (R aiT7e &) & RO T3 5 0F
FwiToTo, £To, B - WAEEE T TR R R T RE ) 2 B85 LT,
WIRE, RIS H SRR & L FFE 21T, BB ~OERRIFZE~DEH b ARG L
T2 — 7. MBS FHICIREREEZ DWW L5, BIRBIEE 7213000 O
WA OB ~Dli 2R 7=, Z D=8 EOBRAMIETHIC L 5 KUHF5eE
EOEN (BYiAAHOMRERE « RiF— A PE) FHESE L, K5 EHOTFET,
USRI T T v o RV RBERIRNRG T & PERRFBE e & o & — T8 A -3 & LTz,
DIAR X FEREE DB « BREEEE O BRI 24TV, BV « BRORREIXI G T E) v
SRR DN FHEERAL D REITRE Lz, L L, Z OB HEER E2x 58 5em
FTOWS LOJIETERWO TR G 600270 o 7o, BUIK TR O 2 e 5
HZOTHIUE, R0 ERERERILEE (FMRID) FHUBLETH A 5,

Z Z T KRBT EMH KD 1.5T @ £MRI 2 v, B - B A A —
Y IMREAT o T2, O T, HEOKTEET XV 7 1 ORI A 72 FEo
AT D2 Bl LT-, BIfE, FIROMEERERT & DS REEIR 5 BF DL T1Tdo
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Neural mechanisms of conditioned taste aversion
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OB EYELRITENC S W CEEREE 2R3, ROGELZ TR0 & L
T, REBEREEURME IR SERL, —F CHEWEOBR A BT 5 Z &M
AREE 72D, LTaMR-o T, WA ET DEENIAEMMERFICARAIR E VW2 D, R
BO—oDET /L E L THRRHEZE NG 5, AMEERGICKRTHIRR 28RS &
BY O ENBAPFEOFRER>E 2 FEH L, TO%RE2lET 5 X 91275, HHEIT
COWRAESLBEOPKA = XL EZALNICL LD & 2 E THFEICEY LA
T& 7, FRIC, R BEESE OFERCIZ B 53 2 B AL & Rkl 2 B35 = L IZ
Lo T, IRRFBEOMRIAR A ST 5 2 L2 BHIE L C& 7=, TEhE 20 )57
. invivo~v A 7 a X A7 U RAERE, v UER MRIER EEZRWT, K
PN A DA A & KR OB 52 DWW C BRI TR T X 7=, ZOFEER. N
R O—H T D HIAEE core T B REMNAEEER~D GABA MEMIRAREE DS MR Bk
B ORI S TEM LT 5 2 L & 2D GABA MEARRRGSIE A MK 5 & bRk
MWEHDORNEESND Z NS olz, £-. WRHESE oM L - T,
JRHE AR ELEAMUEE 2> HAAAEE core Ei~DEST = 2 — o U NEM(LT 5 2 & B S
I LTz, ZNHOHEEND, RHARILESMUE D HRIALEZ core #%Jr L CREMI
REERA~T D B RGERE PR R HE S E OBEICEETH DL Z LRI,
F 72 RIS 2 B 50 AR & R H DR ~ O 5 SRR I & MR T 4k
L ORISR ML T 2 2 3o o, 2D ORI 2l & LT R R
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Synapses without vesicles: 3-dimensional Ultrastructural View of Taste Buds
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? Department of Neurosciences, Cleveland Clinic, Lerner Research Institute, Cleveland,
OH

¥Rocky Mountain Taste & Smell Center, Department of Biological Sciences, University of
Denver, Denver, CO

Taste buds are complex multicellular endorgans essential for detection of taste. The cells
of a taste bud distinguish between nutritious and potentially toxic substances, and
communicate this information to the taste nerves innervating them. Despite recent
advances in understanding the molecular signaling underlying taste transduction, a
complete understanding of cell-cell interactions and transmission of information to the
peripheral nervous system is lacking. Previous studies have established that 3 distinct types
of taste cells exist: Type I cells are glial-like, Type Il cells possess the transduction cascade
for sweet, umami and bitter substances, while Type Il cells are implicated in sour taste.
Transmission of information from taste cells involves their releasing ATP as a
neurotransmitter which activates purinergic receptors (P2X2 and P2X3) on the afferent
nerve fibers. Ultrastructural studies show that Type Il cells form classical synapses with
vesicles and membrane specializations, whereas Type Il cells apparently communicate
with nerve fibers via specialized contacts characterized not by presynaptic vesicles, but
rather by large, atypical mitochondria, i.e. these specialized contacts may be synapses in a
functional context while lacking ultrastructural features such as vesicles, that classically
define synapses anatomically. We have begun utilizing a newly invented technology,
serial blockface scanning EM, to generate a complete 3D picture of taste bud structure.
This will permit detailed analysis and determination of several key features including: 1)
whether individual nerve fibers make functional contact with more than one cell type, 2)
what is the nature of points of specialized contact between taste cells and nerve fibers, and
3) whether atypical mitochondria are part of the greater mitochondrial network or represent
unique organelles lying only at points of specialized contact between Type Il taste cells
and nerve fibers. This greater understanding of the detailed structure of taste buds will help
investigators formulate data-based hypotheses regarding functional interactions between
the different cellular elements and a more clear understanding of how taste information is
transmitted to the nervous system. Our preliminary data to date from examination of
murine circumvallate taste buds, show that a Type Il cell can be embraced by a single
nerve fiber to form repeated specialized points of contact, each with an atypical
mitochondrion. In addition, we find that an individual Type Il taste cell can form such
atypical synapses with more than one nerve fiber. Further study is necessary to confirm
these initial findings and to further explore the 3-D architecture of taste buds.
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