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Figure 2. Synaptic transmission from ASER salt sensing
neuron to AIB interneuron reverses depending on previous
cultivation salt concentrations.

In the animals that had been cultivated at low concentrations of
NaCl in the presence of food (left), synaptic connection from ASER
to AIB shows an inhibitory transmission property. On the other
hand, in the animals cultivated at high concentrations of salt (right),
the connection shows excitatory transmissions.
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Figure 3. EAT-4 acts in ASER for the experience-
dependent synaptic transmission between ASER and AIB.

Calcium responses of AIB (upper panels) and moving velocity of
animals (lower panels) upon the stimulus of salt-concentration up-
step after cultivation at 0 mM NaCl (A) or the stimulus of salt-
concentration down-step after cultivation at 100 mM NaCl (B).
Wild type (upper panel, inlet), eat-4(ky5) mutants (gray) and eat-
4(ky5) mutants whose ASER was solely rescued (dark red). Shaded
region around the lines represents S.E.M. n = 15-26.
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Figure 4. GLR-1 acts in AIB for the experience-dependent
synaptic transmission between ASER and AIB.

Calcium responses of AIB (upper panels) and moving velocity of
animals (lower panels) upon the stimulus of salt-concentration up-
step after cultivation at 0 mM NaCl (A) or the stimulus of salt-
concentration down-step after cultivation at 100 mM NaCl (B).
Wild type (upper panel, inlet), glr-1(ky!76) mutants (gray) and glr-
1(ky176) mutants whose AIB was rescued (dark red). Shaded region
around the lines represents S.E.M. n = 17-24.
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Figure 5. AVR-14, an inhibitory glutamate receptor that
acts in AIB, is involved in the inhibitory synaptic
transmission between ASER and AIB after cultivation at
low concentrations of salt.

Calcium responses of AIB of the avr-14(ad1302) mutants (A and
B) and avr-14(ad1302) mutants whose AIB was rescued (C and D).
Salt-concentration up-step (A and C) or down-step (B and D) after
cultivation at 0 mM or 50 mM of NaCl. Shaded region around the
lines represents S.E.M. n = 19-22.

4. BRESEDORE

AW TIL, #ri C. elegans DYERIEFEH B G35
/7“7/’<Tﬁr$0) TTHERELL T, BRI DD LS
VB E, Ry T T ANEMRRICB T S EE
(AMPA Z 24K, GLR-1) BLOHIHIYE (GluCl, AVR-14)
DZRBEDITT-DEDLEERZEZ BTz, GLR-1
XU, PO T OIEEICE 5L, AVR-14 1340
MARIBIZH G L QW IFHFADIFEALE D=2 —ar R
AT > TSN E T D0 LITEARY, FRowh
AR LB PSR M 275 3 (graded synapse) Z &3 F15
TS 16 F70bh, 7 ARTHIIZ AT A NS
THEIHHSNAIBEME I L > T 7 A% MR
FENELN, VT 7 AR O EENIZISC TIEEY

B O ERE LT 7 AL AL O I Z S B A 1
FAEISID, GLR-1 SN, M1l 7 OfR i IC 2
72DV, B SRMEICEHT AIB RO B BRI
RS TWDTDEEZBND, —T7, MfMEZ %
K CTHDH AVR-14 O FIL, IRIEIR R B % ICBHE 8L
Noo B2 o T, RIEIREFRBHIZO A AVR-14 3
TEMEAL T DA A BN 572, AVR-14 D3 ET
D7 WAL RO L GLR-1 OSSR ORI &
720, ASER #RMNLD T NHAI R HL ~ VTR
REFRB#IRL, SEREFRTRIIENIDENIE

EARTAERDELN, IOOE R, KIERERE
#1213 ASER fF#RDIE®E) 7S GLR-1 & AVR-14 Ol E %

ML TAIBY st FEXIL, GLR-1 |ZH~XT AVR-14 D% 5
DREWVGEITITIHIMARE LD EERIEL TS,
—7, mi’ﬁﬁi%f“ﬁ?é?‘ﬁ IZT NAIERL AL E N
® GLR-1 NFEEL U, WEMREEE25 (Hiroki et al.,
in press) . ZORPUTE BRI EITKAFL T F 72D
FRPEA SRS DA 2D EFICE D, ZBRIRDFEL
LrULRey T T AND FTED AL B 532 al REPEL 7%
ST,

BB ORISR L2 DT AR YD A =
AN, T T AOFRRESOE L, R ROFEIH,
R DEACIRERR % Ieb DB HAL TN D, Z<D
A, VT AR BRI Lo TREN RN LT TH2E
1Xd > T B M L INHIPE G0 DA BT Th D, A
WFFEIER R A VT, EO R RN 52
LIZRO T T T ADFFE AT D175 & B 57T
L7z 2O F 7 ARTEBMELT, (B RANE EITRRER L7



JELERDIE RAH A T H8E FH BT, BE S ME
SERE A TEN O HI N R 575, GluCl X HEEN Y
IR RAFS VTN D, [ARRZR S T 7" AR EEYE O i Ei
ISR ICB W T WS TWAEHREESND,

L EIOMFFENG, BEARRER L 7= R B KA L7 THh
HIEH O RFERE DS SN e T2, B RO E £,
EHOF TIZ L > THBE A HES D, s v
HIBIEBMED S F T BRI Z T, T FRO
BG-GB T D, Fex i ASER #HfRIZIHSITS
AL AN VN EBE R R A T LA BRI BT
LTWHs 18720 DI DR T F R 5952
Lz LTS, ZhHDREIZALINITHZEI28Y,
R B 2 I DR D R ITEN D LB R T
WD,

Fex1E 2020 FFEEV VR A 2 ARG FBFZEBD AR
2043 [ MR FE DO VG AT A D T8 3 2 M T AR R[] i#E O Bh VE R
DRI ) 252 TR RO BRI 238 | S BB R 1 OB
REMERNIC AR A, CIC BRI b A A F % */v CLH-1
DD ASER FROHILZE, O TR EMATENC
B abieb T ZEEHLINILIZ D, ZORREERESE
Bz, 2021 EFEZLLT O 3 HA ICHVFATL, O
FE ST T RITBIT DIEA A R FE O EIREAE D fRIA,
QRTINS I TEA IR~ 2 F 7 A5 52 AT B O ]
AR O, @EFHEEI BT D EEEA AL DA
Mg OfiEIA, THH OIZ>W T, AIB #fRICB WK
RSB #ICOD GluCl 2ME7=bEED—oE LT
FIEBEMFIL D, T72bh, BB ERO7 L
HIFRIBEZ MEDENIINA T, MBEHREEOKT (£
I3 ASER #fROTEMEAL) (2> Ty F 7 REFH O
A PREN EFHL GluCl AHERE T DM 0N AT REME
NHD, FITIZ72> T, CLH-1 237 VT st o b1
A AREZFIEIL ASH AR OBEARRIIITISE % 5-
THIEDURBEE Tz P, HEMEIZB W TH B /-
WIFT=HE35, HHOIXEZFIRS T O~T 38l %
DHESIZHED HEEHIT, HBBAA L O HRE AT —
=TT DEFRROEEIETF LI, ZhHD2HBIIZD
WTCITELES TR BN/ ool AW EIZ
R L TR,

5. Bt

ARRFFE T AT FHIE N Uk Yo =0 2R ZE R R
WA =2 T CHEMSNE LTz, ZOH 20 TR
FLEL BIFET,

6. X #R

1. T. Inui, C. Inui-Yamamoto, Y. Yoshioka, I. Ohzawa, T.
Shimura, Activation of efferents from the basolateral
amygdala during the retrieval of conditioned taste
aversion. Neurobiol. Learn. Mem. 106, 210-220 (2013).

2. H. Kunitomo, et al., Concentration memory-dependent
synaptic plasticity of a taste circuit regulates salt
concentration chemotaxis in Caenorhabditis elegans. Nat.
Commun. 4, 2210 (2013).

3. B.J. Piggott, J. Liu, Z. Feng, S. A. Wescott, X. Z. S. S.
Xu, The neural circuits and synaptic mechanisms
underlying motor initiation in C. elegans. Cell 147, 922—
933 (2011).

4. L. Wang, et al, A gustatory neural circuit of
Caenorhabditis elegans generates memory-dependent
behaviors in Na+ chemotaxis. J. Neurosci. 37, 2097—
2111 (2017).

5. S. Brenner, The genetics of Caenorhabditis elegans.
Genetics 77, 71-94 (1974).

6. C. C. Mello, J. M. Kramer, D. Stinchcomb, V. Ambros,
Efficient Gene-Transfer in C-Elegans -
Extrachromosomal Maintenance and Integration of
Transforming Sequences. Embo J. 10, 3959-3970 (1991).

7. J. P. Nguyen, et al., Whole-brain calcium imaging with
cellular resolution in freely behaving Caenorhabditis
elegans. P Natl Acad Sci Usa 113, 33 (2015).

8. D.R. Albrecht, C. I. Bargmann, High-content behavioral
analysis of Caenorhabditis elegans in precise
spatiotemporal chemical environments. Nat. Methods 8§,
599-605 (2011).

9. H. Sato, H. Kunitomo, X. Fei, K. Hashimoto, Y. Iino,
Simultaneous recording of behavioral and neural
responses of free-moving nematodes C. elegans. STAR
Protoc. 2 (2021).

10. E. Serrano-Saiz, et al., Modular control of glutamatergic

neuronal identity in C. elegans by distinct homeodomain

proteins. Cell 155, 659—-673 (2013).



11.

12.

13.

14.

15.

16.

17.

R. Y. N. Lee, E. R. Sawin, M. Chalfie, H. R. Horvitz, L.
Avery, EAT-4, a homolog of a mammalian sodium-
dependent inorganic phosphate cotransporter, is
necessary for glutamatergic neurotransmission in
caenorhabditis elegans. J. Neurosci. 19, 159-167 (1999).
P. J. Brockie, D. M. Madsen, Y. Zheng, J. Mellem, A. V.
Maricq, Differential expression of glutamate receptor
subunits in the nervous system of Caenorhabditis elegans
and their regulation by the homeodomain protein {UNC-
42.}. J. Neurosci. 21, 1510-1522 (2001).

S. H. Chalasani, et al., Dissecting a circuit for olfactory
behaviour in Caenorhabditis elegans. Nature 450, 63—70
(2007).

D. F. Cully, et al., Cloning of an avermectin-sensitive
glutamate-gated chloride channel from Caenorhabditis
elegans. Nature 371, 707-711 (1994).

P. J. Summers, et al., Multiple Sensory Inputs Are
Extensively Integrated to Modulate Nociception in C.
elegans. J. Neurosci. 35, 10331-10342 (2015).

M. B. Goodman, D. H. Hall, L. Avery, S. R. Lockery,
Active currents regulate sensitivity and dynamic range in
C. elegans neurons. Neuron 20, 763—772 (1998).

Q. Liu, G. Hollopeter, E. M. Jorgensen, Graded synaptic
the  Caenorhabditis

transmission  at elegans

18.

19.

20.

21.

22.

23.

neuromuscular junction. Proc. Natl. Acad. Sci. U. S. A.
106, 10823—-10828 (2009).

M. Tomioka, et al., The Insulin/PI 3-Kinase Pathway
Regulates Salt Chemotaxis Learning in Caenorhabditis
elegans. Neuron 51, 613—625 (2006).

T. Adachi, et al., Reversal of salt preference is directed
by the insulin/PI3K and G ¢q/PKC signaling in
Caenorhabditis elegans. Genetics 186, 1309-1319 (2010).
H. Ohno, et al., Role of synaptic phosphatidylinositol 3-
kinase in a behavioral learning response in C. elegans.
Science (80-. ). 345, 313-317 (2014).

T. Nagashima, Y. lino, M. Tomioka, DAF-16/FOXO
promotes taste avoidance learning independently of
axonal insulin-like signaling. PLoS Genet. 15, 1-24
(2019).

C. Park, et al., Roles of the CLC chloride channel CLH-
1 in food-associated salt chemotaxis behavior of C.
elegans. Elife 10, 1-27 (2021).

J. Fernandez-Abascal, et al., A glial CIC CI - channel
mediates nose touch responses in C. elegans. Neuron 110,

470-485.e7 (2022).



No. 2147

The Regulatory Mechanisms of lon Response and Extracellular Ionic Milieu

of a Salt-Sensing Neuron that Dictate Taste Preference.

Hirofumi Kunitomo, Hirofumi Sato, Yuichi lino
Department of Biological Sciences, School of Science, The University of Tokyo

Summary

Taste preference is determined by dietary habits. However, neural substrate that underlies formation of taste
preference, such as synaptic regulation that directs different behavioral preference of food, is not fully understood.
Since taste learning is necessary for animals to effectively search for food, such ability is equipped in the animals
with a simple nervous system. The soil nematode Caenorhabditis elegans migrates toward the salt concentration
at which it has been fed, while avoids the concentration at which it experienced starvation.

To understand the molecular mechanisms that regulate synaptic plasticity contributing to the bi-directional,
experience-dependent salt chemotaxis behavior, we performed simultaneous monitoring of neural activity and
locomotion of animals while delivering salt stimulus using synaptic transmission mutants. We here demonstrate
that the synapse between a gustatory neuron to a postsynaptic interneuron shows both excitatory and inhibitory
transmission properties depending on previously experienced salt concentrations. This bidirectional neural
response is mediated by glutamate released from the gustatory neuron. Glutamate acts through an AMPA-type
excitatory glutamate receptor and an inhibitory glutamate-dependent chloride channel, both acting in the interneuron.
These findings suggest that experience-dependent synaptic plasticity is generated by altering the excitatory and

inhibitory postsynaptic signals from a sensory neuron to interneurons.



