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I A1 Z(INTRODUTION)

O. Ax 2 YAMATERIALS AND METHODS)

dWumnldZE ~EH(C elegans strain) ¥ v Fz=71

{141 5= (pathogen strain)¢} vl ¥Z71

smf FAA7FS 2R A% 54Y3EN A (GFP) Sekav = Az}

DNA d2 d&A Az 32 54932 (GFp) T4

MY 0w »
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a2} ulEf (out-cross)
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ABSTRACT

of| 8 71 u} M = (Caenohabditis elegans)S ©] & 3l
DAl HAT ZE v A= G dgig dF

Ju Lee Sun
Advisor : Prof. Hoon Jeong Cho

Major in Biology Education

Nramp(Natural resistance-associated macrophage protein) is a manganese
transporter in macrophage functionally conserved in bacteria and eukaryotes.
Manganese(Mn), which is required in small amounts functions as a cofactor for
most antioxidants, and also known as a superoxide scavenger. It is also known
that mouse defective in Nramp 1is susceptible to pathogen. Three Nramp
homologues, smf-1, smf-2, and smf-3, have so far been identified in the
nematode, Caenorhabditis elegans. GFP promoter assay revealed intestinal
expressions of smf genes from early embryonic stages and these expressions
were maintained through the adult stages. smf deletion mutants have sensitivity
to excess manganese. Interestingly, defective smfs cause hypersensitivity to the
pathogen, Staphylococcus aureus but not to the non—pathogenic Bacillus subtilis,
and their sensitivity were recovered by manganese feeding or knock down of a
Mn homeostasis related gene, the Golgi calcium/manganese ATPase, pmr-1,
indicating that manganese uptake is essential for the innate immune system. We
propose that C. elegans intestinal lumen provide a good and a simple model for

macrophage phagosome especially in Mn-mediated innate immune systems.
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(Caenorhabditis elegans; C. elegans)& EFA
= HiaAls BEY AFY dFer AAY A717F ImmA =olal g o] T ek
o] golsttt. g wig Hat 30070 AES gow, oMy AFAZE H 7|7t
A AeE Aol oF 39 FHe AGAE ZETtHIY la, b)Y dBmnia S
(C. elegans)& 1.1, L2, L3, L49] 494 §3=A712 AA AA7F Ddo(ad 10)%.
e Z(C elegans)®l A 245 A (hermaphrodite,§ )2t 7 (male, 3 ) <]
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DNA 7] A5 (microinjection) & ‘&3 3% 3 (transgenic animal)
13l RNA 728 (RNA interference; RNAD)S o]-&3le]l 44 54 4= 7]
A ¢ Qo] FHAE] Vs ATel A
fluorescent protein; GFP)< ol-&3te] A W(in vivo)oll A -z 2
AT7h Fhsster Y
ol¢e} & AUMuAZF(C elegans)® S ol&ste dArAE sF-HAdT
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Al=glel AFE& ol&ste] ATgstaxt s Aded AREHE o amtdF(C
elegans)® smf FAA7LS(smf gene family)S Al#eo]l 2pdA-A 3 A AE A3

G A (Nramp) 2 =2 FAFE[70%9] A= (identity)/55%¢] ¥ %] &= (homology) &
zt=t}, HYUTE A n A E AL A E (Korean Agricultural Culture Collection;
KACCO)ZHH HAZFo digt XAl&o] =2 HYif(pathogen) A=A+
(Staphylococcu  saureus;, KACC.11596)2}  H] ¥ i (non-pathogen)Ql L&
(Bacillus  subtilis;, KACC.10854)& ol Agstdth 183 HYddddS v
%3 oY 7HA] 2EYAZRY A3 URAdSs et Rl o Bankd s
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O. 215 % 4 (materials and methods)
A

2

WraulHFE 2EHA(C elegans strain)I WY ZA
AAE W Edwoel ME AEYQ(strain)[N2(wild  type), smf-1(okl1748)X,
smf-2(gk133)X, smf-3(0k1035)1V, daf-16(m26)12} daf-2(el370)I1]> v =< A u] 4
Eftfeto] A& oPBawtdF FH8 MY (C elegans Genetics Center; CGC) =
B Aot m o] o] 8¥ HdZF 8 (Nematode Growth Media; NGM)+= 18] E(L)7]
S 2 Tris—Hcl 0.55mg, Tris base 0.24mg, Tryptone 3.1mg, NaCl 2.0mg, Bacto—agar
17mg, Cholesterol 1ml(5mg/ml in 95% ethanol)E Y il HiAlZl ¥ 6cm =22 E
8 ] E(#10060, SPL, Korea)el 10ml¥ F-of =3 b5, LB A =] 12A]3F Hj
Gt AFo HolQl T E coli(OP50)E oF 100 =dsle] g2o]A 2UA
= 71 5 g Apgara
W (mating) ¥ A= LB AR Aol A 12413F a3 o+ (OP50)& A5 HiA]
o

(NGM)ell oF 10 AH = dojrme] =gt & A2oA 2dA4%= 719 AFg3skint. ol

o

= Ut ZE(C elegans)o] & bl M2t A o zM wujrt o] Fof

B. ¥ Y ¥ (pathogen strain)$} vj¢Z4A

S5 A r A E 2D A E (Korean Agricultural Culture Collection; KACC)Z €
WA el &M X T At (Staphylococcus  aureus ;. KACC.11596) ¥ w4 Ad <l
T (Bacillus  subtilis;, KACC.10854)= FHESH o5 HAGZA WA
(Brain-Heart Infusion; BHDo A v &3ttt Mt wf<fo] o]-&w BHIA B A

N

al

= w2 Ae A2 (Bacto'™ Brain heart infusion; Becton, Dickinson and
company, USA)S 119 37¢ ©€9om, BHIZA WA= 3712 33 (Bacto' Vagar;
¥l 6cm EHoh~E £
tol A&
O AR ALt 37T A 6417Hs <t BHIA A wi Aol wj kil BH

k)

i

rot

Becton, Dickinson and company, USA) 15g& <]

ol
ol

o] E(#10060, SPL, Korea)ol 10ml® Y i 31 % dlggjols =

—



aAM A 10p0% Wolme wuwsl F 37°ColA 627, 25CAA 6A7HEeH A
woFA) A Ao Abgskg o

C. smf 3RS Z22H 2 543 F39 A (GFP)
EFAv = AF

smf-1, smf-2, smf-39] 5’49192 oF 15~2kb DNA 7S A FFaHus
s
[¢]

r?L'
ol
[
il
©,

(PCR, Biometa; personal cycler AF&)& o] &3] 53, A
F2Y(cloning) 3Rt AHTTE AW (PCR)S 3 DNA(template DNA)=Z
smf-13 smf-2= Z2v= KIG124, smf-3% Y69A2ARAZS A3 a1, glo]o] W)
Bl (fire vector) pPD.77°] ©]5 AT E LW (PCR) 2 EES A& A[Sph
I7} Xba I(New England Biolabs, Inc, USA)]S o] &3}o] AF¢lsld ).

thee Aol AREF A Al (primen)e] M el

smf-1 Z22¥ 3 :Zglo] ¥ (smf-1 promoter left primer):
5'-GTGT GCATGC CCAACATCAGTACCAC-3;

smf-1 Z25EH Q9 E2H >xglo|v(smf-1 promoter right primer):
5'-TGCCAT TCTAGA GCCAAGAAACTTG-3'

(15 F&4Nk8-(PCR) A3HE =17]: 1.3kb],

smf-2 L2 RH 938 oW (smf~2 promoter left primer):
5'-GAAA GCATGC CAGACACCGTTTCC-3';

smf-2 Z22EH Q8 2Zgo|H(smf-2 promoter right primer):
5'-ACGCAATGCTC TCTAGA AATCCAG-3’
(A5 F a2 (PCR) 2= =7]:1.4kb],

smf-3 L2REH 938 oW (smf-3 promoter left primer):

5'-CATTGGGGGCATGCTTTGTGGA-3';

_5_



smf-3 22 Q23 xZlo]v(smf-3 promoter right primer):
5'-ACTCTAGGTCTAGATTTCCTGACG-3'
[AF3aad-8(PCR) Z¥E =7]:1.45Kkb].

D. DNA 33 A3A Az € =4 FJAWRA(GFP) T3

A E A2l Ag] ZEban| E(plasmid) DNAS F93te A d3AE w5
ot #& AA(young adults)®] Abgol smf TERE ZAg =Adguuwla Zgs

"] = (smf promoter::igfp plasmid)¢} pRF4= 717} 30ng/ulet 70ng/pl s=2 40]
Folstgh A A3 A2 Zehan E(plasmid) pRF4E EdWold A

rol-6(sul006)E WiEste] FAAZAE HHA| A Whgko

E. @2 X9 (out-cross)$} °]F = AWl (double mutant)

A4 EdWol g1s 93 UAHE AT aisntS(nested PCRIWH S o] &

Tt UAHE AfFFaLNS(nested PCR)S 7+ WHoll 2% THELVES

T2 AHEET 73 DNAv AFS 9id 3 a4 Kproteinase K)7F &

43 A (lysis buffer)o]l ¥l -80TColA 15% dH H, 65T 1A7F &3
WSS AlA AdTh Sadysis buffer)e] AL oS53 2ok &3] Adysis
buffer): 10mM Tris pH 8.2, 50mM KCl, 2.5mM MgCl,, 0.45% Tween 20, 0.05%

gelatin.
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n:
1:01'

ok & wpA g 5aA R 72Tl A 5%7F Al A (extension)st Atk 12 Al

g0l ARE S0uls 1pls 22 AfTFaATEe FHoR o] &t AT
StE antkSo FHEFEAEY %S 50uolar wrEEo AL vy )l 10X buffer
5ul, ANTP 30 100pmol, primer 22} 05410, &8 1, Klen tag polymerase (Any
Gen Co-Ctd, Korea) 1y, <575 39u40.

thee AP AHEE A A (primen)d] Aol o,

smf-1 B2l A A|RHA|(smf-1 outer left primer):

5 -TCGTGGTGTCAAAATAGCCA-3'

smf-1 vpzke]l @ 23 AA| (smf-1 outer right primer):
5" -GTGAAGATTGCCGGAAGAAC-3’

smf-1 ¢t&2o] 913 AlWA (smf-1 inner left primer):

5" -TCAGTTTGGCACCACGTTAG-3’

smf-1 ¢tZ2o] o W A¥HA|(smf-1 inner right primer):

5'-CGACAATCACCCACTGTTTG-3’

smf-2 kel A Al RHA(smf-2 outer left primer):
5'-GTCAACACTCGCTTCATCAC-3'

smf-2 vpzke]l @ 2 AHA| (smf-2 outer right primer):
5" -GACTTCCAAAAATGTGGTAG-3'

smf-2 ¢+Z o] ¥ AA|(smf-2 inner left primer):

5" -CAGTTTTCGGATGCCATA-3'

smf-2 9tZo] 9 & AA(smf-2 inner right primer):

5'-ACTAAGCATGTTTCTGCACA-3’

smf-3 vpzke]l 9% AluHA|(smf-3 outer left primer):
5'-ATTAGGGAAAAGCCTGAGATGC-3’



smf-3 vpe] 9 & AJukA] (smf-3 outer right primer);
5'-ACAGCAAGAGTTGGAAGGATTG-3’

smf-3 vpzke]l 9% AUHA] (smf-3 outer left primer):
5'-ATTAGGGAAAAGCCTGAGATGC-3’

smf-3 vp7zke] @ BZ AlukA| (smf-3 outer right primer):

5'-ACAGCAAGAGTTGGAAGGATTG-3'

Iz nH] (out-cross)
) v o] 1072 e] AAE N2(wild type) R ()3} 3ntgle] SHHEA =
o1 o] (hermaphrodite; )& 28 ¥il wHj7} 23] o] Fojx 24x7F & FA9 =

GEA@LI~L2 A7) Fo)E & vhA A2 ASiANGM) Ol F=th 39 5

ol HFES A Hol ¢ A HEd, oldHTAAY AFEAI AESE FOo
W Oz A 25%9 & HIdA(homozygote) EAWol7l oA Hruk Y AE=
AT a3 (nested PCR)S o] 83te] o]lE T FFHEA EdAHolE A

ot} ol nx} wEjE smf-1, smf-2, smf-3 o] Zhzbo| s 5% 3o A

0] % & ¢ ¥ o] (double mutant) A2

olTEANlE e WAL wxp wujel fFAbstth wak wElE AL smf &

T EddolE FH wwlE Al7]ar, 3Y Fo wwjE IMU(FDolA F29= =2
sk 7o) vz & gk mpEld 7]t olFEAWeIZE e FELS 1/160]a Y 2H
= A FE a8 (nested PCR)S E3fA o]F & WHol(double mutant) & 2+

o} ool#f 3k o R smf FAAIIEFE (smf gene family) & smf-13 smf-3, smf-2
s} smf-39] WS Eato] o]F ZAWol smf-I;smf-3% smf-2;smf-35 WSt
smf-13 smf-2= ol XA R F FAARM] F44 A= 0.02CMe= - 7}
M9 olFEA Wl (double mutant) Al ZFo] AMEY BIHs et wHlE FE UERS

AE59 FA% #0299 UZSEE AHFFELNS (nested PCRIS AHE3HS]

_8_



1F =4 EDTAS % (Mn*)4A 3
20mM EDTA (ethylene diamine tetraacetic acid)®]#] ¢} 20mM MnCl¥l A = o &
T (E. coli; OP50)°] Zd AdZF iAol 247k 0.5M EDTAE 400x¢, 1M MnClaE 200
w =ele] FEHlskgde) o] Add = S A A(young adults)E 407 ¥ %A 2
0C HiF7lelA 711om 29 Fo] AE&ES FA3AT AP T 6¥ 24 &
& & Ao

G. 59T 43 (pathogen test)

S5 v A B2 Al E (Korean Agricultural Culture Collection; KACC)Z5-H
oo W9l (pathogen) A=At (Staphylococcus — aureus; KACC.11596) 7}
H) W 91 7 (non-pathogen) &7 (Bacillus  subtilis; KACC.10854)2 37TColA 4l
22 (BHD A Aol A 12413 vieFstar, Az Aol =Tsdvt. =
T A (BHD A iAol 37T A oF 6A13F, 20Tl A of 6A1tS wfgd 5
AES 40veY SdEsk. 2432 F 6del 24 AAstdth

WEMn?h) A3 Bl 7 Ao L2 @A §58 ImMe EHMn?h)
ol gr¥l A A(NGM)ol 24A13F vlFet 5 Axk AFuiA(NGM)ol| &7 124
FoagE AsS Ao AEsEA

B F(C elegans)ol WA S 7HEA FE2= A<} (tapping) Fol&= wHE

o] g7t ¥ (pharynx)oll A A2t 2821 H3 (pumping)= sHA ¥+ B¢E =
o Ao FAgsta 7|25}



m. 23} (Result)

A. Bl XA Z(C elegans)¥ A7+ AA-Ad 24 A
¥ 4% @9 @ Nramp) F+&A FAHA, smf A A 715
(smf gene family)

AW mk N Z(C elegans) smf-1, smf-2, smf-37+e] F-AF= = smf-13F smf-27Fl
0% FAIES 67%2 XS Hola, smf-13 smf-32 54%9 FAME, 70%9]
DAEE wolth smf-2sh smf-37+e] FAHESE e 47k 7009k 54%e] ). o
W Z(C elegans) smf-19] obnal =2k /4= 56270013 smf-29F smf-3= 7}

7} 46571 ¢F 6667101 tH( ¥ 2a).

AUWmul Z(C elegans)®] smf FAA7IS EdWolE

o

A

rlo

2
r o
I
2
ot
=
1>
=
b

A A (Nramp) FAA9bE 70%H =2 FAFES 556% A= A =S HAaL
B (yeast)® smf 753 50%9] FAH=SE 30%2] dA=E BEATHLE 2b).

smf-13F smf-2%= A AAA XAl £ smf-3 A NA Vo] =43t X
AAZANA smf-13 smf-2 A= mdl-13 acr-3AFolel A8t F A ARLE
of FAA Aget =YA Agd= 47 0.02CMHA oF kb= w-$- ZHETHLE 3a).
smf-3= A A VAA ngn-13 nhr-2424 0] EA (2™ 3b).

B. smf ZZ 2 (promoter)o] 98 ZAHE A3 Gy
Z(GFP)9 Td Y

F2v = (cosmid) KlIG1249 YE9A2ARAE 22t smf-1, smf-29F smf-32 3
oz AHFTFELNS(PCRIS ol §sto] ZREEZ 5= 539 o 15~

of b ABANM A He
A

_10_



AL o5 x7] wf FAGA M FY A o] 27]74A]

o A

WAl

-
L

I smf-13} smf-3 =2 Z}

23

—

o= s
A g

AH At smf-29 AS =

-
=

2t 21 = (smf-1 promoter::gfp plasmid)

3T
4 =

I

3o

B Aol o] 27]7HA] WAl

=]
T

Z7] w2 SA oA

o, w5 WA

HAHZH 5A-E).

Ho
E

aid
ojm

al

A

173

A, we & A

5T
i B

2t 21 = (smf-3 promoter::gfp plasmid)

=
=

Fe 2

Al WA

'
A @ektH (1| 5F).

=
=

?]sﬂl-

smf-3

X

HAEA o

34

>
yir
o

_—AE
H

o

A &

3 (reverse mutagenesis) &

o 2 310}

AE(C elegans

= WHol(deletion mutant)®

Al
=

¥l
Genetics Center; CGC, ®]=r¢] wY|4EF tigte] 9x)=

o] Al

Aol

L zF ol (out-cross)7F & A

(smf-1, smf-2, smf-3)=

=
=

PRt A5 A smfs &

N2¢} 3% ol

g Aol

Foote

AeFarvs

A

s

%, dl2=H

5}

A€

=
=

2~ Ki(proteinase K)

(nested PCR)®] F3 o2 A&

__Q“ﬁ

uj

A ol

¢}

tol smf &3

S

Ayt

o
T

} vl (out-cross) <t

o] F & < o] (double mutant)

=
=

belol ma

b4

Al

i

dAF AEEAE

&

Amo] o] g7

11



gelstr] A8 vlaEHE AT E LTS (nested PCR)S o] &3sFATHLH 7).

smf-12] 7% 12 AAFTFELLNSol= AIRAZ smf-1 vpge] A ALA
(smf-1 outer left primer)®} smf-1 w2l Q2 2H AlFEA(smf-1 outer right
primer) S AF£3FR 3, 23 UAEE A S E AW S (nested PCR)OIA = smf-1
orz=o] AW AlWHA (smf-1 inner left primer)®t smf-1 ¢tZ 9] @ &R A1WHA (smf-1
inner right primer)& Al&A|Z AL-&3tAh A4 49 UAHE Adsgdas
Hk-3-(nested PCR) ] o 4=7]%= 3158bpe] i smf-1 =W o] (0kl1748)= 959bp 2 A
HRornz Edwol FYHTA] A9 2199bpe AIEo] vl smf-2(gkl33)
oF smf-3(0k1035) EAWolY AF UAEHE AT HTEALNS(nested PCR) A%
B9 Arle AP A Bddelo] sl 77t 1248bpel 800bp, 1L oF
3500bp<}t 1700bpo] th.

s
lwl'

M
i
re,
rE
9
i
1o
i
rlo

D. smf A A 7} = EDTA, %7+

(Mn?%) oA 2] AE&

AF smf AT EdMelEe] FRHMn?)e FgAel BEse] =
solgly] 98 27k o] Zelo|EQl EDTAS A @ #7443 nrms] P71e A
Aol el AEgs F4earh. Agolt gk A5 A (NGM), 20mM EDTA

r-?ﬂ

7F 23 A5 A(NGM+20mM EDTA), 20mMe] #7HMn*")e] E3He A 5u) =]
(NGM+20mM MnCl)el 747} 40vte] o] dEss SdFS 5 20ToA wietad
i, 3 Fo] AEES AT 2dEs o] AdS 68 WEste] Hdgew
Uetd Reltt smf A 2dWolEe Yxdor ded dd EdNeldd
daf-2%t daf-16°] A& AT obF- A= AdshA] 2 du A w A (NGM)Ol A
Attt AEES AYEY BT oF 98%4 =2 ASES UEUWI oY 20mM
EDTASHE A= B4d AE&(F 80%)ol Hlal smf A7 =

w2 AEE60~70%)= EA 20mM MnClyes i3 szt oAM=

smf 7FE Sl AEgol FFHel Wi FHHAL 53 oFEAMolE

0.
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(double mutant)> @Y smf FHAAIS EdWo] B ¢ & WS HATH(

H 8.

E. smf #2A7IE dHol &9 Hdd U4 HEE

smf FAAZES EAWolEY AWy #HAES A Y& WY HAE
= At H Yt (pathogen) &2+ 3 T A1 (Staphylococcus — aureus;
KACC11596)& AH&3atlal dzaroz ]
KACC.10854)3 <EAxglz =9 3 L =41 (Staphylococcus  aureus; KACC.

A
HoAdel wZxv(Bacillus  subtilis;

11596)& o] &3tHtt 40ute] o] AR uupdZ(C elegans)s WIAZ &3 39 +
o] AESES =Asgrr. v AT 1 Z 3 (Bacillus subtilis)o] talAs A=
o] 90% o]l AELS WA vhd AZo dis HUAdS et &

B2 AL = AT (Staphylococcus aureus)ol Al BAE N2&= 9F 75%9 AEES
AAZES EAWol= o 50%°] AEES Bt o2 7HA 2EY
FE APgPS et dER dof-2 EdWolAlE U o R 90%e] AES
o b orel A daf-169 oF 70%9] AE
5 BATh olyg W] A dAE F Abgsoh LgzeA K %ol

=
& A ¥ =T (Staphylococcus  aureus)S A e 3 A HH YA xR

> R
bt xR
K

nn

3

:{o

N

o

2E 2o W7

IB
i
rg
e
o
|t
o
ok,
(o,
el
g
o
oX,

T 7 Mn?*)F smf AR}
3ol A pB)
oko] WYt AdoA Aol A E A (Staphylococcus aureus)©l| T 8l
smf AR = e Bt M)A gl o8] WA
of g WiAdel S7FE Ao ddEm FMn*H)H v #AAE Sl

7] flall Aol A 34 F IMn®)E FoAsAdn smf AR EdW

[-40
(E
o
i
o
i
=
~
>

¢



=
4

5

ol53 xwe L2 94 e ImM MnCl7F $#¥ A Z A (NGM)o

)

bol o5 wh A

S

HE A A (NGM) ol A Bl <

&0°] °F 80% A =R 35

=
|

o 4

ﬁo

F A3 ImM

S
“

3

I pmr-15 RNAZHIWH(RNADSZ A

o
R

e mthag 10,

2

A

y

5}

HA g tol o

S

@} FA}
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712kl

ol Ak, AEE smf-13 smf-2 283 smf-3 Al

(C elegans)<

=
|

=
K

_]

A
LY

YA=13

Lo

H

o AA-A4% o

AR H

o]
_IQI‘

-

T

of 2] A
75%9] =&
59 Nramp FAH

o] Aol A
15kb A#=

IV. EZ(Discussion)

oF

=

or

Al Xl

=

BH

0

zty o smf-13 smf-2= &

glom  smf-3

=
=

o

fu

&l

S

o] %

—

o

WA A A AR smf 19 Zz

M

3wk
=

f

S

3 le

5

2
f-3 =

2, sm

s

7i7tel 9]

o

<+

f-1, smf-

Sk smy

°
Z# o] EQl EDTAA €

(operon) A2 smf-1 T+ A 9
AAE =4 7] & ol o

EREN

£

T

H

smf-13°] A&7t °F 1kb=E wj
27} o] &<

o

=

CRE

S

A
=

T

fuid

A

1E (CGC) =

=
|

st

(C. elegans)®]

=
K

sttt smf EdWol

ATt smf-2 A}

R

oFshl A Ak, smf-39)

smf-1 32 F el

=<}

[e)

]

B
A

A
L
-

el

o

“WO
I

P
=T

1

Al of] &

s

Eu

< -1 9 7 (host-pathogen)

o

0%
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I8 1. J¥EuelAZ(C. elegans) a7

a) AWunlHZ=(C elegans)s E AAste AEo dxoz %A 4

A9 F A e AR, AN G Wl Asd dFEe ek A
o 27)% o lmmelv] BHo] FHstel wo] goldth HAL A%, GAL 4
A, AT sh@Aelm e mepo EASEr 27 BE 0lmmelth,

b) AFe Adds HolFe ados WHAEES Bepdoz FASAT W
Z AEYe] o] Blol = W (lumen)o] X1t}

c) dBuntAF(C elegans)®] At WA= AA AGARE Uy B ampd
S(C elegans)®l &A= 20T 8] & oA oF 3d¢] AFAE zh=t) gah =2
Az GAE 28 A7HS et 48 w3 3 E Aol N AERE FaE
Fohgth olF LIGAIE 714 L2918 3ol ¥ar 8AZF $of L3, th& 8417t
H4dl L47F EH L4z 5H 10A17F Foll &g AA7E fek wkef wolr "Woj x| A
S L1gAlol A L2¢F L3v A= 7hA] e¥al th-9-of(dauer) TAI= 7HA] €t o] &
AeA of B & Fx Holg HA Fuk AEI F vk o] Hol7l THH

W oA L4vA 2 Ay oY
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LHEAIZ
(intestinal cells)

! ] 1
Proximal gonad ]
]
I

C)

Adult (1110-1150 pm)
(capable of egg laying)

8 hf
utero developmen
(150 min)
Young adult

(900-840 pum)
Ld/adult molt «eeeieee

eggs laid at Gastrula

FW canvago A i) (approximately 30-call)

10 hr

L4 (620-650 pm)

L3/L4 molt -
wm onths
Dauer (400 |.1m)
{490-5$D 1) 13 hr
- Predauer (L2d)

{L1/L maolt)

L1 I:250 |.|,rr|}

Hat r,: hing

8 hr

12 hr

L1/L2 molt
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a9 2a. ARmulXZ(C. elegans) smf FARATIE Alo]9) FAIE
AW ul M Z=(C elegans)®) smf-13% smf-2% 80% Q%9 FAE S 67%9 93

55 Hola, smf-13 smf-32 54%9 FAFES 70%9] A EE HATh smf-29

smf-37+9] FAEE 70%, YA = 54%olth AFa Q17te] Ad-Ad diAAxE

A M E FAA(Nramp) A smf 7F53boll = oF 70%9] FA=9F 50% 9]

_20_



smi-1
smi-2
smf-3

smi-1
smi-2
smi-3

smf-1
smf-2
smi-3

smi-1
smi-2
smf-3

smi-1
smi-2
smi-3

smi-1
smi-2
smi-3

smf-1
smi-2
smi-3

smi-1
smi-2
smi-3

smi-1
smi-2
smi-3

smi-1
smi-2
smi-3

'NELIVFESKFENFSDNILTMEGEMECFPIEEIRE

SEEKLWAFTIGPGEFLMSIAYLDPGHNIESDLOSGAQA
—————————— MSIAYLDPGHIESDLOAGRQR
KPEMREAQOIYEVQVEVEDIPDI TFSWEELWAFTGPGFLMSIATLDPGHIESDLOAGALS

EARNNRRERERNENEN kN

AYKLLWVLLSAHIIGMLLORMSARLGVVSGKHMAEVAYQFYPRLPRIILWLMIEIAIVCS
LWVLLVSHIVGHMLLORMSARLGVVSGKHMAETAYDYYPLVPRIILWLMIEIAIVCS
KLIWVLLVAHIMGLLLORLAARLGVVSGKHMAEIAFSYYPRKIPRLVLWMLVESAIVGS

AN NEHE a AN e N e RN TN e r AANFNA NN NN ENT oW B s WW e RN e s ek HhE K

DMOEVIGIAIAIFLLSEGEFVPLYVGVFITILDIFIFLLIDRYGIRKLELIFGFLILTKIV
DMOEVIGTAIAIYLLSSGKIPLLY TILDTFTFLFIDRYGIRKLEFIFVALISTMAI
DMCEVIGTAISFYLLSNGVIPLWAGV LITICDTFTFLFLEKYGVRKFEAFFCFLITCHMAT

RAKNA AR AN s n AN E N skdk dhaddkd NAARAN s nn e KW ok =k Ak ¥

VIMPHNLYLHSALVESE
f _NubGCGVEE_ITLISIF,_fIH?FNFYLHSE¢
KMESGMEVE wuﬂELPHNHTHOuvaI'S VIMPHNEYLHSALVESER

TFGYEFGVSAFDAG

T pszE  KEKE kE - - S KEKEEEER cANENEKNE RN 1

VORKDRRRVAEANKYFTLESATALFLSFEFINLEVVEA KTHADVEEMCIARHDI
VORSSKIRIAEANKYFSIESAFALSVSFFINLFVLSVFARGLYQKTNGDV-————————-
VORRRAEKVIEANKYFFIESAFALFVSFIINTLVISVFAQGMYGHTHNQDIRDTCYNNTHN

L rr o HEKNEXR s XAX kX s ¥A ok X shsekARakedh ThE

PDADI----FPNNIERVEVDIYKGGI YLGCOFGAIAMFINGIGIFARGOSSTMIGTYIGY
——————————————————————— GEIYLGCOFGLFAMI IWAIGIFARGOS
GMPDFYKVEFPANNDAAQSDIYHAGIFLGCTFGIFALYVWAVGILARGQSS

HEEhE KE K 2k AN REANTAAENER X - EW

FVMEGFVEIEWPEWE
FVMEGEVRISWEPEWE

ITRATAITPTLVLIFYSQGV QﬂlTG”MDFLﬂUvQF'
LITRAVAITPTLILCIKAHGIKNLIGMNDEFLNCVOMVQ ?FA
ILITRSLAILFTLAVVIFSGGIDNISSLNDFLNCLOLIQLEFA
x

EeHERNE oo XN KEX = = = Kz Rz ~FNEXENz R oW LN

ﬂ
m
'

'1-)

IPIITFISSEKIMADFRSSKEVEQIFALITSALILSINVYFISDIVESRLGSEW

SQWQ'VHHFRTRVPL¢Y73I‘bGII”TGTNTYFIFCY"TEHF”TGKLL

SFIT"ImISZ ILFINFYFLYSWIGSTFGYNAV L_I I
e . Kk ke _ws . f

l'::"'.l.:."'

PITFAYVLEVLYLRLYCLVSCEIIFDIVSIRGE SENKSYENDAFWLAVISSAVHDHAGYQ
?FILLY-AFILYL&;_ LVACELMNDIVNLPGFDFHRTLELDAFWITET--FVVHNDVIF -
FCAIFYIIFIAYLT

R Eo R CEREN: Xo G- H Hh e

DELSHMRY ©66

— 21 —
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60

33

120

Be
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180

l4g
Bl
240

206
141
300

ZE6

201

3e0

328
251
420

382
288
430

442
348
540

s02
408
&00



IF 2b. AREuAZ(C elegans) smf FAANEDHR & 9 FAAIZH
A= 9 FAIE

k]
=

o A= (C elegans)®]l EAWol smf-1, smf-2, smf-33 <17+e] =l -+ 3}
NAAE A d9d FHAAH(Nramp)e] FAMEE 70%H Eolal, YA EE 55%0°]

of A ualE F(C elegans)®] smf A7 G E (yeast)e] smf 71 Zboll &

50% 8 = AR 30% 4 =9 X =S Bth (Id/Ho)%kol Y3 A= dA =
(Id; identity)e] 3, H ol 91 =x= FAF%= (Ho; homology)©] th.
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Human

Yeast

Nramp1l Nramp?2 smfl(yeast) smfyeast) smf3(yeast)
55/73
smf-1(worm) / 58/76 29/47 28/49 30/50
(Id/Ho)
smf-2Xworm) 53/69 56/72 30/47 30/49 30/50
smf-3(worm) 57/73 55/74 28/47 30/49 30/48

Id: Identity
Ho: Homology
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a9 3. smf FAAIES EdH A Z(physical map)$t H A F A = (genetic

map)

smf-13 smf-2= A QA Ao Ay FH14 A =AolE mdl-13 acr-3
A2k Alolel -2, 52 CM3} -2. 54 CMeoll $ A%t} &2 4 A %= (physical map)’:
A= smf-12 WA X9 6723021 ~6719625bpell, smf-2% 6718419~6716313bp
of FEAsTE o] Ao AMgHE AM EAWo] smf-1(0kl1748)7 A =R
smf-2(gk133)e] ZAAHF9] Z+7Z} 959bpe}t 448bp 1A E WIHA Mo R T AR AL
DAAF o o] & ZERE e Mg 54 a2 5 THa).
smf-32 ZFAMA Ve 14 A} -6. 98 CMell A3t =24 A Egel =
2618930 ~2625435bpoll ] = gkth. smf-3(0k1035) AP EAWel= d& 40 F
7hA] oF 1800bp7t A H AT HAATE A= oF 2kbo] 59917 o] &5

AT 354 3}k 3% ) (h).
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ami=fH) 8] HA HH: 282 N
A 23] 5729021~6719625kp
amf=2(M)8 SAA s 2684
2ald 23] 7131367163 T
(a)
L L L . Chromosome X
dhs=28  seca-i WEEEEE _——ISE SEsE O oS eSS
/ Frer \
mel=1] smF=1 gaFs2 Eered  EeeE
Chromosome X
6725k 6?2=4k 672=3k 672=2k 6?2=1k 672‘=0k 6?1=9k 671=8k 671=?k 6716k
K11612.5.1 smf-1 (K11612.4a) smf-2 (K11612.3)
MITOCHONGr1al Z-0x0Flutartas nas-11
R !
ok1748 gk133
- 959bp S hp
deletion deletion
)
smi-1 promoter::gfp smi-2 promoter::gfp
(b)
emf-2(IV )2 A 5 -£.093 M
Ea1#d 3] 261893~2625435hp
Chromosome ¥
| | | | |
mdf-2 ngn-1 smf-3 sprr-3
Chromosome IV
261:7k 25!:.3k 261:9k 262:‘0[( Zﬁéik 262:2k 262=3k 252:4k 262:51( 25216k
Y69AZAR .5 smf-3 (YE9AZAR.4) ngn-1
e -
ok1035
1800bp
deletion

) 777

smi-3 promoter::gfp
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a¥ 4 smf ZEEY Z2Y 54 JF 99D (GFP) 2= AF

smf-1, smf-2, smf-32] 5’39949 S AT T E LS (nested PCR)S o] &3 &
dekoitt, ddAsFaLEe] FH o Z(template) T2V E(cosmid)  KIG12.49%
Y69A2ARA7} 717} o] 8913, o5& A& Sph 19 Xba 1S o] §5te] ol
o] #E(fire vector) pPD95.779 A4 =t A A g
2EE AfSTdE LN S(nested PCR)CE FEZHo] Frdd ZHzte =7|e=

smf-12 1.3kb, smf-2% 1.4kb, smf-32 1.45kbo]t}.

m>'
4
s
4)4
mlo
=
Suj
B
_Q
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sm#-f promoter::gfp b ¥ha | . .
crnf- JE 2 OF| ZE S AHSBICHEE — % :'-?— =i~ f pro right primer
e~ pro left primer—™ GEP

sm 2 promoter::gip Sph | xha

sf-fI S| BE S AHTHDICHHE W «— =mi—2 pro right primer
emi~2 pro left primer— W —"""_= I

~1.4kb »  GFP

smi-2 promoter::gfp Sph |l Hha |
omf-30 2 EE] Z2EF = A E B E ’ . «—— =mf-J pro tight primer
emi—3 pro left prirner—® Eimr-3

etk GFF

pPD 95 77
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a9 5. smf Z2RE (promoter)e] &3 2dAE= APt A (GFP)

smf-1 promoter::gfp(A-E)¢} smf-3 promoter::igfp(F)e] &3 o] &F33n 7
Sholl A A E At} smf-1 promoter::igfpi= ¥l LA GA(B)FE A A (A o =277}
A G A AetA LA JTHAS] stk mE ek D). TS wj A A E(AY] AR,

A A ECY AT HE), AAAECY 24H), SEAZES] EH)5oA 2
S A} smf-3 promoter:gfp A Fol A ZshA LA A

AbolZ vle] = 7]+ 50ume] o
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I 6. smf 24 9ol i nwj
waf wf Al A N2(wild-type) A 109k2] ¢} 2vtE] ] A& AES =%
24X 7 & At L1~12 A7 (stage) ALES 3F mg]® M8 A (NGM)

al
2 &7t 393 L1~L2 Al7|(stage)?] AFELS AA(adult) 7} o] &S 2
# 3

b YT ASEBA AL FoAA 3% FIUTA BAwelth o] U
2EE AHFFELNS(ested PCRIPHS o] §3te] o5 3 FRYTA Bau

o5 st} o] FdS 3 Wkt GAgd N2(wild-type)e 7] smf-12
3158bp, smf-2%= 1248bp 182l smf-3& °F 3500bpoltl. 24 EdWolg ol =17
smf-12 2199bp, smf-2+= 698bp L7 il smf-32 2F 1700bpo] t}.
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F1

+/+ 2 +/-=/-=1:2:1

sHULAL e
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2% 7. smf o)FEAW A F

of o] L&

t} o] 7]1A o]

nhe A 7] &

5}

Foul ] o

S
“

Al FlolA F29lz Zrol

Wel7h 1

o}

S (nested

smf-13 smf-3 1813l smf-29F smf-3 3t

o ol ol et
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sraf—(ok1748 ) X smf-Fok1035) IV

Po cross : Cf x :

' ¢

— e = T T
—_— | 0= | =
— — D= == 0= =
e ! ferrearu) vriares bnvulorm el
S33% ol 5B odlo|: /1685 E vthhbil Bk,

sm—1X) ; smf-AIV)

Sz 3
e &
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A1 Z EAWol daf-2, daf-16 18 3 smf f-AX}
9 L Fx 9 EDTA, 97 (Mn?H)oAe &S

€dH

1

a9 8 AEE N2, ¢

HolE daf-16 Ao}

£ 20mM EDTA,

A (adult stage)

T

Fig AFwA dombey Ll 20THA We

=
=

20mM MnCl,

=
|

B =] ol A o] A

di

S

=)

H

—

[e]

o) O

b

3} A

A

o
a

Mupelsl whe 3o E el
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B NGM only
¥ NGM+20mM EDTA
H NGM+20mM MnCI2
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I8 9. AAEY N2, € FAZIF EQ90l daf-2, daf-16 183 smf F 3
A7+E EQWE H¥HYTd I XTI (Bacillus  subtilis), 9 3

A ¥ &4+ (Staphylococcus aureus), F2 SAECATH
(Staphylococcus aureus) ZE A2 W&&

AAE N2(wild type), @Y smf A7 S AW o]

Mol 2% 2Ed o] ARAS 2 dif 2 Bl NAAES Hol: dof 16

olTE

0
3
Jo
2
5y
N
-~
i
r o

AWol7l Ao o] &FHAL. FF L4 GAS A Ad Fde AHAES HYd
(pathogen) 32 X =231 (Staphylococcus aureus; KACC.11596), HIH 1Al 1%
1t (Bacillus subtilis;,  KACC.10854)3 A E FA  FGHIELF
(Staphylococcus aureus)= B &gt A2 | A (BHD o 407t2]% &8 %3 20T
oA HjFEIATE 28 F Z}7te]l AEES FAFSIF A olef T AFS F 6
Aot AHgks adEZ=E Utk @AW= v¥ Y a1z (Bacillus
subtilis)o] A& ® WA S YebY 3 L =5 (Staphylococcus aureus)®F G A
g2 =9 M E=AT I (Staphylococcus aureus) SHAO A o] AEES Zhzp W
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