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G protein—coupled receptor (GPCR) ¢}
A=d X571 F9 #AF lFo nX+=
FF AT
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A= AAREEH Aol A3 A st 459 AER, 4
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el WEew AE WHaEE opylsisith. 1 AEe Wk

A ARl A stk webd 2% PEd ddudE $A4
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FoA Wl A 5ot o Aom o] Folx gk g
7|24 ARE AT Foltt. o] AAiE WA} ofBavpds
Caenorhabditis elegans(C. elegans)® dauer A]7]el%r YE}E=
nictation®] k= A dEol sl Atstazt Sl

C. elegans= ©°ld¥ &7 (high temperature, low nutrient
availability, high population density)el] 3t therd A kA ¢l

dauer A|7]Z2 E917tt}. Dauvere Thekst AEg A Asto) AdHES 7}

Ea

274 5 A7E, e e dA el = YERA] @+ nictation©]

& s (s AA Aot el U1 = olgAE T B 9]



He s T T A7t 253 28 b8 s=259 w5l
A e 4 Aok kA C elegans® nictationS A= H Ao &
et A= MAARE olFshr] A AL LA 2 FEoE o
=3 vk

A
ﬂ
re

o

A Lol A= G protein—coupled receptor (GPCR) 4 <l&¢
M35 2HE wWio] AFHSITE o5 AETF ofEA AAFAL] A
s F3l Bes 2dskeEA del ) skl

Nictation<> o & 7}A =2]4] - 3}8t24] 2p=o o Fi¥= B Fo
t}, thekdt AT E Qe 4= Qlon (O elegans® AA| fHRA = W
2 +E5 2A = &4+ G protein—coupled receptor (GPCR) ©| t}.

GPCR Aol Exjets GMAR A vlgeor 2= ATE A

kd

FOZ AGAAFE 93-S gt Nictationol] dojst 342 A=&

QA& 7 o7 o=5E GPCRZ STR—-2, ODR—103} SRA—6 =4

Insulin—like signaling pathway”} nictationS XA 3slth= AlAS &
3 2 AFoAs owd & 2ZF=7) nictationol] o] dhi=A] A
HR ek, 1 A ins—27, ins—28, ins—34, daf—28 A7} ol
= gt

o] AlZ 7} dauer A]7]°l nictations A FAOo R FAS 4+ QA
olyw dauer ©] Al7]e| nictatione & & F Q=F AF

WSS FEA W glo] Bestth wer FAY Foew B AT
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Caenorhabditis elegans+ 2172 WA} 5 Ao Qo] =&

2
;O
=
rO

wa Agaolty, 2 MEZS A X (cell lineage) 7F ¢d

AR 7l & M "ok BF C. elegans®] A3

_IC_l)_
A ABA = AAEZS 372 1d%<1 302708 AAFAEZ= 56719

£}

R ZA ¥ (glial cel) & o] Fo]A v}t (A9 A+ 381719 W

I 92709 REAMER o]FAAAY) C. eleganst AFgolyt FH o

_4

Hlabd w7t NAAE A Qgels Ereta, 3y ubs
S TP A oE P oYk BRG BES T 5 U

C. elegansv ¥-& 249 W7AUSE st 223 A7y

ki

At} (Meisel and Kim, 2014).

C. elegans® nictation PF< A HI7F HF F(Croll and
Matthews, 1977) 3xk2] FxtellA @& 5 Qle A|AE TEe]
Aojz Qs A7 MBEA FEiv a2y 2 Aol =
micro—dirt chip assay system= =3t AA FEZ nictation
B MA Tl Aoz A6t o] s Aofst= 4

2ok AAgA L] gl thall g ettt (Lee et al., 2012).
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C. elegans® &9 % A17]1Q dauer JHoA = HolE x| ¢F
1 A9 FHOIAE 9=t vk, Al7|3HAIE nictationo] Bt FES

By, o-d =5 F3l C elegans’t nictations &k 7hEel

3 THE AYrte 259 2 g8 A ®Bo 4A StE AL
I A2 e A ZL AMAAR olFstr] F Ads &gkt 1
g o)y P e FgHgor F wEE ik dFUdS ol
9leith, T3 nictationS IL2 A AAMEZe] & S n [L2oA &
H| &= obAldE 9| nictation FFol HQ3S gkt
Ao = o] ZTRAES Z& AGE WPkl ofwsk 4l

T AGAJAE0] nictations FAstI Qe=A Loty ST 5
3] G protein—coupled receptor (GPCR) ¥} Q& A5 o F=F3}o]
nictation?2] #HA S A H Gk}

C. elegans= R 3}A 02 2 HEFH GPCRS o]&3& Hol9t A=
= 5 U eSS JAAstE Aor d# A Qlth(Bargmann
and Mori, 1997). Wb A S AT Aoz BZ4H+= GPCR=
grol, nictation?e] #HYS A E= AS w7t Qs Aol A
Zhstal 7hd& Al T

qux  FINE Fdee 2 Z 4 insulin—like
signaling pathway+s FH Lol AAAMEL 71AAd SHoA g3
71990 el B2 A7} ol FH AL AtH(Chen et al., 2013). A3 A

T& %3} insulin—like signaling pathway”} nictationS F43Ith=



AR S kot (Lee et al., 2012). ¥ Adzt= A4l A5 714
upstream= A3 2, Ayt elad =7}
A AR ST Bk ol el oju st e o3 sy Qe

9 eres) BuE e dobr ) s,

nictation®l] ¥#o3s}k

r°*'

HAN = sFe2 A7F AYE (connectome) = 813]7] 93gk <
T7F T2 olFoA i, HI F 4 71eA A Eel #s|
W A7 AL vk HA fFEAQl AA AYEeREE A
W oA dE A (wireless AT G A A 23 AF W JF %
A)sol 71521 AvEel o&] HAHEY] AlFstHA o]Zlo] &£ T
T3k JYdor WwolEodXu Q= AAolg, B AFE FI
A7 Y EB) A A" 23t wireless AT HAEA A7 ojH 2oz Y

Bl 9L XA Lohuual sheirh



[I.A% A8 2 49y

1) ®jA]

C. eleganss 719+ WA Z+ nematode growth medium (NGM) &
AHgEE o 2L o2 2ok NGM w4 1LE vHE 9 bacto—
trypton(Difgo) 4g, potassium dihydrogen phosphate(Shinyo) 3g,
sodium chloride (Fisher) 28, dipotassium hydrogen
phosphate (Showa chemical) 0.5g, cholesterol(Sigma) 0.008g<
Y e 2% F7Fsto] ARG

AWkA © 2 FEscherichia colis 7]$+ WA 2+ Luria Bertani(LB)
A5 ARESlGlth EHlolEo uANAIE wE wWe 3 7 (agar
powder) & 2%= F7tstela, 27t ke dFE AY5H]
Y= 4 ZtAv|=7F 7Fd vRA] wel ampicillin, kanamycin,

streptomycin 5% FAE AT}

2) C. elegans strains

ofA¥ © £ A Bristol N2& AFE3F3tt(Brenner, 1974). Mutant



straings< Caenorhabditis Genetics Center(CGC)$%} National
BioResource Project(NBRP)o| Q&3] AFEsITE E A9

AHE-E mutantE> o3 2o
@ G protein—coupled receptor (GPCR) mutant screening

testol] AFE% strain

srd—1(ehl), str—2(0k3148), str—2(0k3089), str—2(tm445),
str=3(tm2483), srab—12(tmb5583), srab—20(tm5830), sra—
6(tm2275), sro—1(tm3088), tyra—3(0k325), odr—10(ky225),
odr—10(ky32), gpa—2(pkl6), gpa—3(pk35), gap—

2(pkl16).gpa—3(pk35), rhy—1(ok1402)

@ G protein mutant screening testol] AFE% strain
gsa—1(ce81), gsa—1(ce94), egl—30(ad805), goa—1(n363),
gpa—1(pklb5), gpa—2(pkl6), gpa—3((pk35), gpa—4(pk381),
gpa—5(pk376), gpa—7(pk610), gpa—9(pk438), gpa—10(pk362),
gpa—14(pk342), gpb—2(pk751), gpc—1(pk298), gpc—1(pe372),

oac—39(gk145)

@ Insulin—like signaling pathway mutant screening testell
AF2¥ strain

ins—1m1888), ins—2(tm4467), ins—3(tm3608), ins—
4(0k3534), ins—4 (tm3620), ins—5 (tm2560), ins—
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6(tm2416), ins—7 (tm2001),

9(tm3618),
12(tm2918),
15(0k3444),
18(tm339),
20(tmb5634),
22(tm4639),
25(0k2773),
28 (0k2722),
31 (0k3543),
34 (tm3095),
37 (tm6268),
28 (sal91)

ins—10(tm3498),
ins—13(tm4856),
ins—16(0k2919),
ins—19(tm5155),
ins—21(tm5180),
ins—22(0k3616),
ins—26(tm1983),
ins—29(tml1922),
ins—32(tm6109),
ins—35(0k3297),
ins—38(tm2632),

ins—8(tm4144),

ins—11(tm1053),
ins—14(tm4886),
ins—17(tm790),
ins—20(tm1947),
ins—22(tm4990),
ins—23(tm1875),
ins—27(k2474),
ins—30(0k2343),
ins—33(tm2988),
ins—36(tm6125),
daf—28 (tm2308),

ns—

ns—
ns—
ns—
ns—
ns—
ns—
ns—
ns—
ns—
ns—

daf—

Ayfol] @A UFA| W testdt strainSEE ins—30k2478), ins—

3(0k2488), ins—7(tml1907), ins—7(0k1573), ins—13(tm5129),

ins—18(ok1672)°] Sltt.

Agar & "=

LA

aj #] ol

OP50—1 E. coli #5%

lawn & THEth 2 9ol Aol AFESE C. elegans 55 &

3~44

3) E. coli o5

Aoz A Al FAF kel

)

ol

A3



C. elegans 2] HolZ+ &+ OP50—1(streptomycin WA T+F) S

, ddkel EHEkAavm=el SEES 93X DHbe &

Micro—dirt chip & %F=7] ¢3] OCI Company 2] Agar Powder &
AFE3F9 T DNA 7] 9Eo+ Promega Corporation & agarose =

A}g3H9A e,

5 ®4&
At @i 7 gE g4AE2 T2 MBI fermentus AF9}
Promega, Boehringer Mannheim, Takara, New England Biolab A}9]

AEE AHgsA

6) Dauer pheromone

Daver % W57 98l 94 SIZEL Agsarh @4 Azee
[ascaroside C7 (ascaroside 1, daumone 1(JEONG et al 2005)),
ascaroside C6 (ascaroside 2, daumone 2), ascaroside C9

(ascaroside 3, daumone 3(Butcher et al., 2007; Jeong et al.,

2005)] W7l wed AFAREEH A Wt A2 A=



W=7 Y8l 2+ 10uM ¢ daumone 1, 2, 3 & 4%lth o] HEE
Hj 2] 8] 24 sfellAl ok C. elegans ] %ol thek 80% X7t
daver Al7]2 2AsHA FHtl Young adult Al7]Q A =hge C
elegans & W2 Ao &3 25Cof| A w]Fstth, Dauer = #HZ
Ao & AHE 7FEo®E 4~5 A FHeo| #FHEATE. (Dauver & O]

bz Am §190] A k)

7) Micro—dirt chip
Micro—dirt chip®] F&o] ¥+ £ soft—lithographyE ©]&-3}o],
post®] Z7o] 50mm, Ho|7} 25m7} FHEE A28t (Park et al.,

2008). o] 3% petri—dishell F3 70C9 4% agargs %1, A=

kr

glofl 7] f1all slide glass®] ®W= olgal &= =l F3Uth 20

oX,

agarg =3 T T3 wojulal 37TelA 1AIF 30% A= &

che ARgSHAT

1‘
-

8) 71et

u] 4|5=%] (microinjection) = 93+ ZZAv|E  FZFo+= Qiagen
plasmid kitE A}E39 3, PCR AF&E2  AAlol= Bohringer
Mannheim® PCR purification kit, DNA agarose gelolA DNA F=
o &= Qiagen? Qiaex I} MBI fermuetus A}8] DNA gel extraction
kitg A&kl

.__:l'x_-! _'k.::l ) -I-]i -__.:.I.i o
¥ | I



H AFo & A3 dauer stage® synchronization A7 HElE
AREERQITE, HZ o] EZFE wiAe] U vEle young adult C.

eleganss 7] 25TCoA 4~549 <t vjoFsle] davuerE F Tt

2) Micro—dirt chipo|A] & nictation &%

H 2 wjx] oA TEolF synchronization® dauerE M9 buffers
0] €3] micro—dirt chip Yol %A ¥ nictations I FF T}
Micro—dirt chipolli= €A%t A OS2 postZ7} At} Dauers= ©|
post AlClE HFAolvrt welE AA Aol 55 FEel 5o &9 o
)& EX & nictation FES Wtk C eleganss dauer”} ofd @t
A dANNE Helg AF 5o &= Y55 stdl °lE foraging
olgbal 3ttt Nictation foraging= & W Ht} W& ¢ Zo] 59
=d™, dauvers 33 FFoE WPl E olgA g TEE SolAl
&= HQIth Nictation 54 flall 24 F 7HA W& ARESF3IT
@ Individual nictation test

HelE 59 &2l AlAS nictation FF AlFolgr st

countinge sHth F 1# #HFs= st & whel Y dauer”t W

9



i
i

=0 &9 Ao rRE tA] wErt bidte] "Wojrme = A}
AE 54tk (Figure 1A). 1 &<t oleldt FFo] #zE A7t
= B gsto] dA #ES A & vlES AAFete] nication
ratios T3St HAE W2 30~407te8]l9 dauerE micro—
dirt chipell &9 §, 20%°] A FAFH SHS s7] Al&EH 1

3] 54 Al 1578l E 373t average nictation ratios AFHESFA

o} N29] A< =k 30% A =9 nictation ratios H.QITt}

2 Population nictation test

A dauer FolA E wlE] 7} nictationg 3t U= Ao gt B
°

22 AT 407tE] 9] dauerE micro—dirt chipoll ¥ FH
2050 At HEH ##E35H7] AT Nictations shal A+
A= 17, 7l9gyz 9= dHdE ‘07 2% 3%7]3F9 nictation

ratios TRt (Figure 1B). 13] 54 A] o] 4= Al W wHE&}o]
average nictation ratio® At=EsIith ©o] WHLS F= GPCR
mutant screening % insulin—like peptides mutant screening
testell =2 AFESFSITE N29o A9 35~45%=Z 2] nictation ratios
e

3) Mutant outcross

Nictation®l] @3S "X+ mutantsS AWE3 5, sld 5829 =A
Ho|gk P73 Y] FHAAES AAFoE W=+ 24 (Outcross)
10
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5 dljokqt sttt 1gjste] Y A AFe] phenotypes AAF 1kl
2} &tk OutcrossZ 3H7] &l AHSZAQ g §dx12 24 S
ol g} N2 #7R-& mwujAlH Tt g Wel wulE B3 T FHAxe

RIS A FUTh

4) Mutant rescue

str—2(00k3148) ZAWo|A str—2 gDNA FEo] Lozt
fosmid (C50C10.7) & rescued}tith. ©] clones pTG96_2 plasmidQt
o psur—5::gfp7} cloning® vectorg marker® ARE3|] 37| wlA| F
o AT

ins—28(0k2722)& N2 gDNAZE template® 3} jns—28 primer
= o| &3] ins—282 upstream 2kb ©]%(promoter #]9)H-E] 3' stop
codon BFE St7h#] PCR< 3lith ol &3l ¥ insert?}l Green
Fluorescent Protein(GFP) =& &<l pPD114.108&% 77 Pstl¥}
Notl AgaisE o]&ste] A& F, AZAAA F3v. ©]E7A cloning
¥ plasmidE Al F WS ol&3dto] C. elegansel Tt

gy An| A S o] gt 1 IHd YA U rescue AHES ST

5) "M ¢ (Microinjection)
Transgenic animalsS T57] 98] vjA 3¢ 9HS AL 1)
Al 9= 3871 f18l DNAE Qiagen plasmid kitE AH&-3ste] 4|8

11
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AL, AAEE7F 100ng/w7F =5 StE3nh. dubH o2 pRF4 (rol—
6)E vtARE AFE3SF=t], nictation YES rescue dH7] 9 3F Aol A
= & B FstA LEstE sur—5 promoterES pTG96_2 plasmid
o cloning3t vector®E AFESITH . AF9 w4 F£¢ HAgE=
Differential interference contrast(DIC) @w|7Z S o] &3ttt A2

yvoung adult 3+ "}2]E 3% agarel] & AEZE #AFFHAA AF2A 2]

FAb vhs Fel TS AT F, DNAZH B3 FAF vhs e A
som A el ¥u ghgrlel F7I9E0® DNA §oo] 44 %o

2 BOIEE et vA F{lo] guH A= A& M9 fH 0o

2 o] mEA oA 5 Al wiA R &

6) 3% dv]7d (Fluorescence Microscopy)

Transgene® &d g2 BEs7] fa 4 A8 sE5<5 2.6mM
levamisole® "FH]A|Z] & mouth pipette= ©]83l 3% agar pad $°l
L= AL §33dn A4S Axioplan 2 microscopett Confocal

LSM700 microscope (Zeiss) & ©]& 3t}

12



1. A% 23

1. Nictation® G protein—coupled receptor (GPCR) 2] A%
g

Nictataionel #ojstm] 84 255 1A ek GPCR= o} o]
gA49] A5 7F oJEA nictations ZEdE=A Lolr izt ok ZF
oA &= GPCRe TASE olF FdA=4 24 =AWl
nictation screening test® T35t Y FAAE FHuA AT

(Figure 2). 71 A3 % individual nictation testE £33 STR-2 &

A& 23} (Figure 2A). Population nictation testE =34+ ODR-—

10 €A 2 (Figure 2B) SRA—6 A= zkokth(Figure 2C). str—2

o} sra—6 A A4 FAWOIAES nictations # SHA| Eok= R®E
A, odr—10 FAA A4 EAHOIA = nictations T F I
phenotypes K.t}

ODR-10 &A= 45 E3ec AWA AAZAEY ciliaolA &
HAE = FEAIZA diacetylsS QAXA| st} oFelAl= CEP Al A EA
e stoky 44 Qlth(Sengupta et al, 1996). odr—10 %42
AWA FHolA2 &2 non—dauerA| 7| BTt dauerA] 7)ol S7}5 o
2t} (Figure 3).

str—2 A2 A4 ZdAWHoIAE outcross? HolE % nictation

13



phenotype°] #&ES FAsIGItE ok o] FARolAef str—2 4
AHE FAT oz T phenotype®] rescueEH Atk o]EH STR-2
Z=8A7} nictation®] #HAsS =g 4 AT (Figure 4). STR-2

TEA+= dauer Al7]ol= ASI oA @EEIF 1 9 A7)+

1‘
el
ol

AWC oA wadsttty & Aok (Peckol et al., 2001). & A%

b A w1y ArS #18 uh 9l (Figure 5).

ruo

GPCR2] A5 7} nictatione o8 A FA3=A TAHOZ o]&3d}7]
AWM str=2 FAAZE ofd Alg el REgeh=A] YotH= A T Qs
At} STR—-2 AR+ Drosophila®l methuselah(MTH) receptor}
paralogs”7} Ut ¥F& 4 It} (Nagarathnam et al., 2012). ©] =&
o4 MTHx ddws A Zojgta HiuFgn. of Edi=
STR-27} oW Gi& AAsk=A gotr gkt ofnt F53k g
TolAY %2 2 JFES STR-2 &7} AA & nictations
Zdst Aoz AZtE oMY, C. elegansi= & %9 #7] 243 v|A
=ev H1 At wtE el ofe FF T 55 (pseudomonas

A S do7|= AR ARAnAFTS F9|

aeruginosa) & s=of &

= dFE2 #Z deA QP (Tan et al., 1999). &9 AFQl

PA14 (pseudomonas aeruginosa strain) = Wil A&t dauer® A5 E.
5

colis M1 A&t dauer©] 8]3] nictation®] F71ES APAST=
oFokt} (unpublished data). ©]o] a2 GRS QXT Ro7 it

¥ STR-2 $437F FA] PA14S QA& Awn

}11
2L
2
5
\\)

14



AR AAEAHOAE PAL4 wWiA oA 719 dauer Al7]olA 9

nictation ratios FA3Sth A3 AHE F3 STR-2 FEA7F &l
T PAl4E AT 5 Sl (Figure 6).

2. GPCRY downstream?Q!l G protein¥® nictationd Q&4

STR-2 &A= GPCRo|E=Z o] Az E HAYsle GuNA (G-

protein W AZAFEAN BAHL U= FoF Gl A

R o§a459 44 Bduoldt $49del A7 Ao Yrhd),

c

o =

Nictationg FAT 4 Q= 24 ddHo|AlE T ~2a8dS 53

Zto} A G proteine §1 T (Figure 7).
3. Nictation® Insulin—like peptides?] ¢34

= oJgA A Qe dotr7] S8 Y ded YIEE e

AXEl Ut C elegans® vtE ) ¢l&d $AA 44 AWl
1

[t

= o] &3l nictation screening test® 3y} T}

ins—28, ins—34, daf—28 +AAE 2kt olg A Aol A <

i,
92
X0
mlo
o
e
4»
X0
¥

74 N2 thxef B]8l nictation ratio’} 4
t}(Figure 8). ins—28, ins—342] 74-% N2 Bv|&] 33| nictation

15



defect phenotypes M.t} ins—273% daf—28 A AW A=
°] 7%, nictation testE & wWu}t} nictation ratio #ko] LIE A o

kel 1A o2 84 A ZoIMol A nictation testell B o7 H Q)
w0

=

A4 stk o ¥ HAAES N2ol dugen fojud A
g Avt ebgeh S ot B fAEe] v 27 357
Wor7] wel dfol7h vhebek 2o s H e,

ins—28 FAA AW EAWeIAY Aol N2 thzzel ua

nictatione 2+ SFA EsF+=t], outcrossE 3t FHolx G nictation

0

(¢

phenotypes K Y= &Qletlvh. Ed &g EAROIA A ins—-28

AAE WolsozA 7s 5ol g5 it o= Qs ins—28

F A9 nictation #HAS &3] ISk vl k- (Figure 9).
Outcross¥® ins—18% ins—34 FAA EAWolA &2 H$ 39 A

T8 o)A (Fernandes de Abreu et al., 2014) 23 4 QI3dt} ol =

Aol A 9] nictation test A% A3} 3| mutant phenotype©] A&

ol
ol
s
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%
rlo
Al
o,
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o,
ftlo
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o] shibe vEZ ol Zlojth kA AW R Ro] PA14E C. elegans?]
a7e Wololth, Ma AFolA daf-2 dauerE 7HA I PAl4 AHE

shgith. o] Ad Ad deEd A5 7 PAl4ef 98] wi7fE &= nictation

=
olo
2
i
&
ot
ftlo
ruS
i&

t} (unpublished data).

E. coli W2 wjA] oA F=3 dauere] HIS] PA14 HZE 6=
A § %3 dauert nictation ratio’} S7FETh MY AHS ins—28
mutantE 7 A Hyth 1 AF} ns—-28 FAAS] A
PAl4e] #olstA ¢gg& & F AATFFigure 10). ins—34 JA
PAl4°] #oj3tA] &&=t} (unpublished data).

Nictation phenotype®l= 9 &o] AW PA14 HEEES wi7fsts= @
9 YIERE ns—7 FAAE F}H(Figure 11). o] w322 A
PA14 ##3}o] aversive olfactory learningel] #oidttlar B ¥l
ATt ASI FF#HolA w3 E INS—67F URX FrelolA #u|¥= jns—7
AR AL AT e ®EA RIA ol Hdsta Sl
A5 &3 AA sE5S FEstth= YE-o]th(Chen et al., 2013).

ins—15(0k3444)2] 7% dauer2° HAL  HYoY F&

rr

Asd

-

phenotypes Hth. AA7A ins—15 5442 7] % phenotype
of M= ATH Ho] gy B A7l 2S5O =2 dead dauer
phenotypes ##35}3tH(Figure 12). Dead dauer? 7% N2 dauer*

g 9] =99 Ho] cuticle® YoItt. AW N2 dauverd= < w

17



o
- I4

Ky
o
A
N
=
AN
N
™
o,
it}
32
A

. Dauver® o] HZA| = ins—15
mutant®] d-¢dl Aopgl= Aow Hop ins—15 FAAY AL
dauerr7]el AW FA1E f# BF2Hl Veg sk Aoz AgzEh

ins—24, ins—39= 'F A A 7 o] testdtA| EFFA T}
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IV.

L
0y

2 AFE O nictation WEF AT+ F9 A Ao g PFS
NAAAE FFo BExRFoR 25 =3Hola APE Al Aot

Micro—dirt chip assayg AF&3sto] MAl HZ=E nictation FF FF3}
FAS @ g A H3ld o] FA4ME o83 GPCRE nictation 3

249 74 ANE Ba 843 B%o] AAnZ BAA Fiof

off

A w3z sFh S QlEH AT HEA S nictation 2E 71 T
HE 3 wireless Az AGAA7E A5 @A FEFS v]A =

ot A skl

1. Nictation®} G protein—coupled receptor (GPCR) & <&
g

STR—-2 $8€A+= nictation®l] 83 daS 31 01 dauer A
7lol= ASI 4, 1 8 Al7]dlE AWC FdoA wdsts AL kel
3 vl ). AN dauer® S0]7tE Al7]E oW FRloA W=

A =3 gle] o Pepmi Zlo] Wtk STR-2 F§A7} o

 AlAAMEA Q] HE o] nictation®] FL3HA] cell—specific rescue
AHS A Fof At o] Fal 3 AAFAMEAA L WEHo] o] Al

o] Z Q%A stage—specific rescues LolE A Fof Ut} A7) o
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3t JHE= STR—2 5847} nictationel] o3 oJ3+s Falsty Q=
Aol gk ANFRE ATl = Aolth oE 59 dauer® =9

Al7] 3 1 oA Al7le)A STR-2 F&A7F D hd, o] =84
i+ dauer Al717F HSlS W nictations Z T F AEF AAHA LY
LA WstE oprlete s 3T AT 4 Aok wkeF dauer

A7 W] STR-2 FEAY #do] FQ3ttd, dauer Al7]e

ol
rlr
o,
2

S
>,
oldt
ftlo
rO
A
ol
ol
2
o
i
2
o
K

nictations & 3L F fFES
nictatione A5t 9TS st Y7 5 Q1S Ao|th

STR-2 F&€A9 s 37 & WA =% (pseudomonas
aeruginosa)= 7M1l AdE Rkt o] AHS F3 STR-

2
A PALAS QAT 22 & & QAT Hwd o) BE 27

71Ee 4 93ks F3 STR-2 849 2= Z7|E FAME
T S& Aolth. STR-27F ¥dE= ASI AAMEE dauer
pheromone, Na*, Cl7, cAMP, biotin, lysines QXA|st= 7HzHrH o=
ayA 9tk T3k AWC AIFAMEE benzaldehyde, butanone,
isoamylalcohol, 2,3—pentanedione, 2,4,5—trimethylthiazole< 1A

dt= Ao w g3 x 3tk (Lans, 2005).

—

C. elegans® AWC 7wH 57} AAMEZA STR—2 iz o] vt

A fel wek MES $wo] webdth STR-2 #§A% WHse
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AX= AWC(ON) Alx=z whAo] Zsxls1 STR-2 F&A5 2ds)
A Feke AlE= AWC(OFF)7F w5+ Al¥x= 247 v ghst=d
< #AEHA Ao 23 F 3 ZF9 AWCON)o] Hw 9 F o=
Zo] AWC(ON) o= whao] A HAX= FA9=2 A et (Sagasti
et al., 2001). STR-29 IHE ZH AsE &3l &4JstE p38
mitogen—activated protein kinases(p38 MAPKs) walzlo] o] *
A& Tt p38 MAPKs= A3 478 22 vhdet 2B 2o vhbe
sto] Alzo] Fshel AFE 9 ArE E2 o Hojditta el @R
Al BE AR F BdE dmdoltt. sANE Al A el A 9]
p38 MAPKs?9| ogte] s« & LA JA| & ol =5
C. elegans°lX p38 MAPKs Z#3dto2# STR-2 3 xfo]= e}
FolME ofd AAAE $HE APA o] JTo A
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2. GPCRY downstream?! G protein

G protein screening testE &3l 2tolx G protein {UATE ASI

W AWC AAGAEA sl Q= Ga subunits< 3 A St
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(Jansen et al., 1999). Cell—specific rescue A8 ZAy= wielo g 3
T AIFAMES Ge subunitsE FANECO=EA UHA GE, Gy
subunits® #& F & Zolth.

G protein downstreamol|A] ©] A& E W= targetS Zolop g 7l
olt}. GPCRE A3 & W= AAHMEZA nictationo] T L3 IL2 A7
b ooloh stk 91e] Als

w9 Y= 7 284 ThsAo] lor R o] B AR & Z

R E e

o

AL AL A AnE Do

N

i

&3l

-

ko

-

3. Nictation® Insulin—like peptides?] ¢34

Aol o] 7] dwZolt), wkA Y FAAY A4 BEG JGU)a
2 & FAAE A AWM AIE E3 ins—27, daf—28 A}
ghelsfofqt st}

ins—28 rescue A3 ANE ins—27, ins—34, daf—28 +AA =

il
rL'l

Hol Ao A FHAE Yolsoz2x Ao Xd FHAZ Zole =X
2 AtuHlokst At
ns—27, 28, 34, daf—28

[e)
o
9] nictation testE dFal Stk TZZF oA FHlHE AdEd ==



Aat7] fsiA e Jdad FEAE SaARE ZAEsjor & Zojn. o]F
=dHolAIE F3l 3T ded FAAVE Y ded FEAE S
nictations FA3=A Flslw Qt}. ins—28;daf—2% ins—34,;daf—
2 mutants® A daf—2%F nictation ratio”} 2E7HAE %= A3

7} YEF Y (unpublished data). F7F ¥t A3 & o dofqt g+ A

r>~l
5y
N
-~
2.
(@)
=
Q
g
O
=]
=2
2
O
il
¢
>

e}
o
A pofol gtk AE A dEW AT HDES ASI T AST Al

BAEANA AEee ol vl itk ko2 ASIS9E ASJOlA siE <l
9 AT FeA golR izt stvy. a7 98| daf-2 AR
S YojgozZH o= AAFAMEM nictationFAo] IAFHAAE

ok o goltt. C. eleganselA A4 e Adadl F&A e
A= daf—-2 A7 Fdsttt. o]lF =AROlA nictation A¥ 4
B2 E3 d4d =7l DAF-2 3832 %3] nictationg 314
%=t C. elegansel| MEX Jd&Ed T84 &

i bsAlol AZlETh A%

r—{o

o]

it

g g v ey AEH

tr

5 o] = A7)l A9 k= ko] nictationo] RFEHAAE A

G REKS) o 1 S e R P B P B A = B A e & e B i |
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v AABAES 7t SHelA Fad ulE 7HAAl "tk Dauver®
AL = A7l Sld AdEd ggt=e] wdo] F Q3 dauer A7)
W nictations Kot Z & 5 JEFH AAUEL AL WIE FHEE
T A= ezt = 5 v o

Nictation?2] #ddo =z ZFropzl U /M AR (ins—27, 28, 34,
daf—28)=°] olwst &7of| ola =% ¢olrolof & Holr}
Ao FE & g APoR PAL4 HZE wiX A dauverEs W
59 nictation testE SRSkt AAN7MA] ins—28% ins—34 FAA=
PAl4el 2J38] wi7l® = nictation 3-& ¥Hgol #ToJstA] = ZOo=
At o] W FHAE (ins—27, daf—28)°] tisilA %= PA144 3
S ska = Folth. S nictationellE #OIEHA] ko PAl4e] 9
&l w7l == nictationoll= ¥l dEd YEE e FAHLE @

Bl F5 2 2 PAL4 fol® &l el RtErt o e

C. elegans®] wh& 71 A&d Fd2 & dEvte] AF7F Hles ¥
dvkre] ARkl taisls ZAs] G vk glrk. EgE nictation
7 F-Esto] Ftotd Qed §HdA(ins—27, 28, 34, daf—28)% ins—
27, ins—28% ins—34 A el A Ad vt glvk F
< JdeEd fFARE FAHCE odstde AU AEHI v
(Ritter et al., 2013). A=} B2 AF=0] 7/I'H &4 Zr=9 g

Hos= g7te 719 A #8S Ay R 3 9tk (Fernandes de Abreu

fx--! _CI:I_ 1_]| -_.fj]_ T]'I_



et al.,, 2014). 29 7] nictation®} #HH ins—27, 28, 34, daf—28

I

TFAAE e #AE VEHIAE et A woerx & ouE 7Hd
Zlo|th. toprt o] #aHA HAUFO] LfFolME oud dees X
Aot AFEE A dotRe A A F

s WHlste A2 de $ES Akl kst ded
s wHgo =y Aol (interneuron) A2 2] 54 (neural
property) & ZA3sttt= A7 HA R QItp(Chen et al.,
2013). ol AHel wFof & W, & A5 <Qded Zi=rt
nictation®] ¥#Hst= WAAEZS G4S WA Aoz Azdn

Aad ATALEAL nictation =& WAUSFS F¥st= AL 7™
A

Aol S WRIvkd, A A 71 AGRe] T)hke] H =
b Zlot,

o]2l % nictation C. elegans® dauer A]7]o|9F Hol= dFo]X]
AR Vs AEA i 9E SHoA olE AESH A

A Fso W3tE dotr7] 9 W orAM Fadt VHAE ZHIH.
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Figure 1. Two methods of nictation measurement. 2|
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Figure 2. GPCR nictation screening test. ZZI-7EH0IAM E3H5I=

GPCRE2 &2 & nictation test® &S3l, nictationol #r045l= GPCR2
5 4CL. Individual nictation test& &3l STR-2 =& (A), population nic-
tation test® &3l ODR-10 =& *|2} (B) SRA-6 =& E & ALCHC).
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Nic ratio
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0.2+

0.1

0.0 T
N2 str-2(ok3148) str-2;Ex[str-2p::str-2]

Figure 4. Rescue of str-2 mutants with str-2 gDNA. sir-2
mutants(outcrossed line) = nictationg &t X| 2 &L}, str-2 mutantsof|

str-2 gDNAE O/M=¢ i E 2t rescueIRACEH
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Figure 5. Pstr-2::gfp expression pattern. STR-2 &=
non-dauer A|Z7|0l& AWC w0 ZsHA E$stcHA). Of

=&X = dauer AlZ7|0l= ASI wEHO|M F2 LEHBICHB).
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I
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N2 OP50 N2 PA14 str-2OP50 str-2 PA14

Figure 6. PA14 could increase nictation independently of str-2.

str-2 mutants= 0{713| PA14& QIX|&tC}.
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ins-28(0k2722) ins-28;Ex[ins-28p::ins-28]

Figure 9. Rescue of ins-28 mutants with ins-28 gDNA.

ins-28 mutants(outcrossed line)= nictation® & &tX| £ 8tCt.

ins-28 mutants®| ins-28 gDNAE O|M|F &

TIALCE.
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Nic ratio

X KKK

00 T \
N2 OP50 N2 PA14 ins-28 OP50 ins-28 PA14

Figure 10. PA14 can increase nictation behavior. PA14 HZZ

H K]0 A EEA88F N2 dauer= nictation2 ZE8HCH PA140IAM 7|2

ins-28 mutants 23 A| nictation2 Z8tCt.
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Figure 11. PA14 can increase nictation through ins-7.

ins-7(tm2001)2 nictation phenotypeO| QiC} 3HX|2F PA140]

O|5Hf Of7HEl= nictation Bt S0i = #HEABHCE
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Figure 12. The picture of N2 dauer and ins-15(ok3444) dauer.
N2 dauer@t Z0| ins-15 mutants 2 A| cuticleZ FO0| ZMQAILCE.
SEX|EF ins-15 mutants= dead-dauerZ B2 ZEofAM TIAFZF

Zlz| 7 Qlct.
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Appendix

1. %9 wWE nictation

)

Nictation® 3ol st whgozM dojup= PFojtt. w7t
nictation®] H|X|= F&FS Lol 7] 13l nictations FA3tE vk
GAY EE VIFEGY. FRHA B HES 27TColv. 27TCodA =
nictation ratio”} WobA Qlt}. o] LA 9] nictation A& 234 <

¥ #AHE3 FAYd % 2t} Nictation AFA| Q] FA¢1%] ol 7] 23]

e

motilityE #2413 Hi= Zo] HQ3sHth Tk nictation S°]4 <l

Aepd 55 A sAA nictations ZE3E 54 o] A2 7}

sAol A3, O3 wHEY FHERES Fol nictation testE FEW F
4

T oldte] LEE T kA L& 2ol A

2. ¥X5°| @& nictation

4 FA 9 ex®u olygl FEE 7|=3l nictation testE K
ot SAT FAY F719 variationo] AA ol 40~50% -3kl
49tk 183l o] w9 nictation FgkelAE ojwst HEgAo] W
o|A] ¢ttt 40~50% T-rellA1e] 7] W3t nictationol & FFES

HAA ke v AR S WE 5 AT (Figure S1B).
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3. Micro—dirt chip®] ¥# A|7te] W& nictationd] ¥H3}

Micro—dirt chip& ¥&7] flallX= agars £33, T3°] He= &
< wojdll ok 37TCelA 1A 304 HL TRTh @ e Akl o
2} nictation® W37} YEup=X dold 7] & 30 (FA S E chip
= T HESH. Chips 30% @ uf By 1A 1AIZF 30% 29 o
nictation ratio’} &&=tk AR 2A17F ZH S Wl ThA] nictation
ratio”} S7Fsk= A& wFo] Kol Wyl AZhE ofF’ xpo]E LpER]
A XE v As & T AT EdE chipe @Eit B 2417k 2
AIZE REel A= chip®l 7|5 ARole] HAo] FolAl= wAI7E EAAF
2A17F HFS @& chipol A nictation ratio’} #F4st= 2L chip W2
7] EA7F old, C. elegans’} chipg 7]& Atol7F old 7]1& H&
Zlolvhy W& FYs]%] et7] wlEell nictationo] FHAEH Ao

A o} (Figure S2).
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4. 3+ A7+ B9 C. elegans® nictation &Z

Nictation ratio® =}Fo]7} C. elegans® individual Weol Sl&=X4]
individual 7Fell =% dotd 7] &l 3t =gl 9] dauerE chipel =9
=1 chipg B%3}7] & A7MA]E observation time (t>40%) o= F11
IAIZE &b #FSEATE Nictatione #ZsE 117219 individual W
nictation ratio®] standard deviationg AlAte] 2 Az} oF 28%°]
o] vgkx, ol#ig #H> "Hdevrtdt AR Individual 7]
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nictation ratio®] standard deviation< 13% JXoltt(n=11). o] 24
I}2 individual 78] nictation ratio®] XFe]lH.th= individual W9
nictation ratio®] xol7} ¥ Atk= Ae & 4 AT (individual 3+
9] nictation ratio®] #2 standing, quiescence®] AlZFE EZFE o] Q)
= #olgt standard deviation®o] F Aot} IYHE E 5L
individual W] nictation ratio® standard deviation #X.T} ZIth=
AL o] ARyt g FAsiveE As sWskes A Zh) webA
nictations # sfal Eote= HHlZb Sl Fol ofyzt ]l djellA
nictation ratio®] z}o]7} vk= AE25 WE + UG

Nictation®] F717} EA|ak=%] dotH z}b 11vt2]€] dauer”t # &
vttt o] A E 9] nictatione 3FE=A FAMNHE QLT (Figure S3A). ©]
Jg=E A eEe BAEs ey add A dauervhtt
nictations A|Ztsh= AlA Abolo] A& AAMS] Bkt Dauer”?} 1+
ol &AolA =ttH o] Ak A 2]SFAl nictation AlZrelA TR

nictation®] A|Z7}A] 2] Al +S ZAbe B.9kth (Figure S3B). o] A3} ¢k

\]
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Abstract

The role of G protein—coupled
receptors and insulin—like peptides in

the regulation of a dispersal behavior

Biological Science
The Graduate School

Seoul National University

Caenorhabditis elegans is an excellent model organism in the
study of neural development and behavior. C. elegans can have a
variety of learning behavior and a number of complex actions,
including withdrawal response, even though the nervous system
has a very simple compared to the human or rat. C. elegans has
been actively studied to identify the mechanism of action control.

When the food is limited or the population is too crowded, C.
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elegans enters an alternative stage called the dauer. The dauer
larvae usually do not move but show an unexpected behavior,
nictation(Croll and Matthews, 1977). The dauer larvae climb up
onto any projections and wave their head in three—dimensional
space. This behavior is shown by worms at only dauer stage. The
reason for nictation i1s easier to get on other objects such as
insects. C. elegans can move into a new habitat for the survival and
reproduction. This behavior could be wunderstood that the
evolutionarily well conserved dispersal behavior.

The study of nictation behavior did not progress due to lack of
system development, which can be observed in the three—
dimensional space. We established the behavior assay of nictation.
So we quantitatively analyzed the nictation and had identified for
the action of the nervous system and the gene involved in this
action(Lee et al., 2012).

In this study, we investigated what signaling factors regulate the
behavior of nictation. Especially this research will be focused on
how GPCR and insulin ligands regulate this behavior.

We found str—2, odr—10 and sra—6 genes as the GPCR that
plays a role in nictation behavior of C. elegans. The research that

determines a neuronal network mechanism of str—2 gene that
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participates in C. elegans instinctive survivor behavior will help us
understand the nerve system of animals with more complicated
structure. p38 MAPKSs that regulates the expression of str—2 gene,
1s a signal that is also conserved in mammal and we could examine
if the signal could regulate the expression of other genes in
different animals such as mammals. Along with sfr—2 gene, these
genes have a potential to act in neuronal development, and play a
role in regulating important behavior of C. elegans such as instinct
survival behavior.

Currently, insulin is studied in the aspect of neural plasticity that
regulates learning and memory. Among 40 insulin genes in C.
elegans, our lab discovered ins—27, 28, 34, daf—28 genes through
the deletion mutants screening test. Insulin genes that are involved
in nictation will suggest fundamental understanding of how
neuronal network leads to behavior.

Evolution, which is a form of adaptation to environments from
past to present, has caused the changes of behavior pattern in
favorable ways to survive. Those changes are encoded in the
genetic information. Therefore, the research that clarifies the
linkage between environments and the behavior in molecular level

will provide the fundamental information how evolution has
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processed. We will study a dispersal behavior called nictation
which 1s showed in dauer — an alternative developmental stage of

C. elegans — in order to identify this linkage.

Key words : C. elegans, dauer, nictation, GPCR, insulin—like
peptides, neural development, evolution

Student number : 2012—20294
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