Z1BAFATAY HAFHRIA

AREA 1 2EA (E9H)

(FAH= 0810070 )

AT HAE (F&): Held EGFRe 93 A% F

A Al B 9@ mudE wa )

ATFHAE (F): Development of C. elegans model for the mutated

EGFR induced cell proliferative mechanism and EGFR inhibitor screen

AAALA A A 2




O oon =

A HERTAYY .

93 of

(14 pont, 114




B A
w <
~ ™
il
3
cU =
No
No
PHl ™
~| 7
o T
CIEY -
— = 3 ﬁa ;ot o) Lo._
2 = = T T 4w
E.._ num ™ S WO R o
_z_.e mo M T ok
o Ko = on
B oz o8 oo s s
3 - 1mr o =
~ai i 7B
T %
1 L B oF
nh ok
N O e Mw
= T
< * W
— 3 m
~ 1Ju — fie)
e 0 ﬂ T
! M e
o TH T




N E———— 5

B
o

2.

P 37

Y
oR

XH



AHEA 4 292 (F2)

8 % F >
N3

AT HEHAE) NxA§3A7B-4) | FAUS | 0810070
o Wold EGFRel o3k A% F29 714 a3 ¢
‘T”]f Zﬂ o 3] 1S o o3 = 1w H)
Xionﬂ 1:}/}11]& ?l' Zﬂ-u}‘]ﬂ'{ a = 7HE
3 20089 1€ 19 ~ 20109 12¢ 314 330,000
o 7] 7H/<d ;Lu] 1Hd s 2008 1€ 19 ~ 20084 12¢ 314 110,000
(A< 22 = 20004 1€ 19 ~ 20099 129 31 110,000
A E 2010 1€ 19 ~ 20109 12¢ 314 110,000
] ™ ] )8 = ‘:i _ ;
A 9] 7 J 8 A A 7 FUEEHE T10605 # sk s
ABPHS | 031-920-2262 A 2 £ A jaegal@ncc.re.kr
ol eol o |ZmpAE Wold EGFR, AE 54
0515— C. elegans, Mutant EGFR, Cell proliferation, Inhibitor screen
L J R
<HITHE>
o17ke] =4

WHoldg EGFRe wdo| o8t mulHdZ(C elegans) 284 (Hyperplasia) 228 A 2}a}
I AE S22 NEadds 24dete s SaEsta, Wold EGFR Alsd
Aol AsiA &AM THsAd AF.

<GddE ZFE>
3E9 &% H/E T3 e HitS AAstr, SURO-13 SURO-49] MAEZA sk %
4 7

L 77 @r?%%ﬂ A 2449 1280F ] e 7ol Bghe 239 AaE FEske] AEajgA
X

2. SURO-19] *—élﬂ 2rgels BAS ZHu =
3. SURO-4E H| &3 th 3t collagenE©] AlXSA o n]x= Gk tjs] &4

[
=3
X
Lo
X
ke
Ix
1>
L 9
=
ro
o2
o2
M
1%

¢ ATHE ¢ WY
(1) 770 e FeAl 244F 3 12805 gk vl sHtE 23 ARE FHst] A xS
Ao 55e A7

- F7H4 FE a9 0 Alavtel A e 12809 steEo]l FHEo 9. oldd HalA I}
F=o] grYE e 238 38 A

- TN FFEY FEA 244F) tig 24 Gt SEtA T vE Uhsd FE 549 f
A7V 244F . ol E 244F ] EGFR A3 AE=E jgls6 straine ©]-&35te] A7 AY.

- EGFR [L858R:: T790M]¥ EGFRIA™ ™ol €]t hyperplasia ® el A Aaf&de] vla 23
< T3 A4

- EGFR 399 U= <17te] E4AHo]d RasE ©| &3 hyperplasia modelS A #3te] TH &
2 o] EGFR }\—]F/U/H
- EGFR 2@ A3 wjes A
MAEE o] 83t Iressast &
gokel A S4L Poslol

01

(<

l‘UO

AYAs #3 &% W7l 1 EGFRS #¥dst= A43159 EGFR #d
=13

245 719 5% Hrtsta, EGFRS 2dslA &= AEE o]
== H =




(2) SURO-1°] AA &&= 24S 2o, I 249 AlE S0 digh 33 24

- SURO-19 %% AA mupA e EREE rol-9, sqt-39 2 rol mutantES suro-1
mutation®] suppression® = A=A Flste] 1 FolA SURO-19 xA o] & F v AS Al
sk Aol

- XM A% collagen®| carboxypeptidase®] ¥4 A <ES 717 peptideE A 2tste] SURO-19 2] 3f
AHA=A], dbgEo] AFS FA31 g A,

- SURO-19 subcellular localization 2 SURO-19] &A= A ztste] g4 IS E3)
SURO-19¢] Az Bx = 3elgd AY. 2 WHoZ SURO-1:GFPE &5 AX wiuds &

rzr

Ao w Felsk A,

- Mutant SURO-1 @9 & g2l @ ofAF 7} suro-1 mutantsS @93
blotting S =3 3}%], suro-1 mutantESol A o @ o] w& 2y =7

(3) SURO-4E H| &3} t}okdl collagenEo] AEZ2o] nx= J3fo] s 4]

- jgls69} suro-4ijgls6ol A EGFR receptor®] @& &S let-23 A= western blottingS ©]-&3}
of vlagk A<l

- jgls69} suro-4;jgls69l A EGFR® localization®] W37t d+=A let-23 A E o] &3
whole-mount staining©. = #-21g A,

- let-23(sab2) gain-of-function mutante] suro-4 RNAiE &4 HIN phenotype] W3}= 9l
o A9

- let-60, lin-15tsell suro-4 RNAiZ 3}o] HIN phenotype? W3S el A9,

- rol-6, suro-4 %9 collagen mutant® vulval developmentel] #o]&}= thk3t mutantES
Hjate] ol 5 7he {FATA AsdAE 4T A4

=
[e)
il

=

& A7

T i %) /2 gAY oA % (%) H] 3
SCI =% A5 7/6 117 FAEZ 19U
IF 3 16.4/24 68.3 100% o] o4
EE

tlo
o
oo

of
ol

- 217+9] activated EGFR mutationg 233+ C. elegans Muv model& A #}3)aL, o] gl
Al ko] 7hsstthE RS drug screens S SHE

e A HEE, A, e
& FAdTd | ° °
(ﬂ%cﬂ_]}_ %01?_]_%]_) %‘U E‘itﬂi **************’ **************’ **************’
=0T skoskokoskok sk —skokokoskorskok
¥ QoHre] FES Jpage o= A oFF)




)
Y
A
x
a1
Fo
2
A
o2
4

Project Summary

) ) Development of C. elegans model for the mutated EGFR
Title of Project ) ) . . e e
induced cell proliferative mechanism and EGFR inhibitor screen

Key Words C. elegans, Mutant EGFR, Cell proliferation, Inhibitor screen

Project Leader Jaegal Shim

Associated Company

Epidermal growth factor receptor (EGFR) is well established target for cancer treatment and
EGFR tyrosine kinase (TK) inhibitors such as gefinitib and elotinib have been developed as
anti—cancer drugs. Although non—small cell lung carcinoma (NSCLC) with activating EGFR
mutant L858R responded well to gefinitib and elotinib, tumors with double mutated EGFR
T709M—L858R developed acquired resistance to those drugs. The C.elegans EGFR homolog
LET—-23 and its downstream signaling pathway have been studied extensively to provide
insight into regulatory mechanisms conserved from worms to humans. To develop an in vivo
screening system for potential cancer drugs targeting specific EGFR mutants we expressed
three LET—23 chimeras where its tyrosine kinase (TK) domain was replaced with either
human wild—type TK domain (LET—23::hEGFR—-TK), TK domain with L858R
mutation:LET—23::hEGFR—TK[L858R] (jgls6), or TK domain with T790M—-L858R
mutations:LET—23::hEGFR—TK[T790M—L858R] (jgls25) in C.elegans vulval cells. The
wild—type EGFR—TK chimeric receptors rescued Jet—253 mutant phenotypes and the
activating mutant TK chimeras induced a multivulva (Muv) phenotype in a wild—type
background. The anticancer drugs gefitinib and erlotinib can suppress the Muv phenotype in
jgls6 expressing transgenic animals, but not in jg/s25 transgenic animals.

We screened inhibitors suppressing the Muv phenotype of jgls6 using 400 natural componds
extracted from plants. We treated 50ug/ml concentration of plant extracts to the
synchronized L1 larvae using 96 well plates. As a result, 12 plant extracts inhibited the
Muv phenotype of jgls6 more than 20%. Among 12 plants, Eurycoma longifolia is known to
induce apoptosis of the breast cancer cell line and have cytotoxicity for the lung cancer cell line. We
further tested 12 plant extracts using two breast and one prostate cancer cell lines, and 8 plant extacts

inhibited cell proliferation. Therefore, jgls6 is proven to be acceptable for screening anti-cancer agent.




Next, we also screened using 7,680 chemical library, of which target and mechanism are not
known. Finally, 7 chemicals inhibited the Muv phenotype of jgls6 well, and they have the
same basic structures. We continue to test using 244 derivatives of these 7 chemicals, and
found that 15 chemicals are more effective than gefitinib. However, no chemicals suppressed
the Muv phenotype of the EGFR—TKI resistant model jgIs25.

We tried to screen using 1,280 small chemicals of which target and mechanism are known.
AG1478 (an EGFR—TK inhibitor) and U0126 (a MEK inhibitor) were identified as potential
inhibitors for EGFR—mediated biological function. Both chemicals inhibited the Muv phenotype
of jgls6, but only U0126 could inhibit the Muv phenotype of jgls25. In conclusion,
transgenic C.elegans expressing chimeric LET—23::EGFR—TK proteins provide a model
system that can be utilized in mutation—specific screens for new anticancer drugs.

We also tried to apply jgls6 which is developed for screening the anticancer drug to reveal
the interaction and relationship between the cell proliferation from the activated EGFR and
extracellular matrix(ECM) molecules. We planed to screen mutants which are involved in the
components or organization of the cuticle, then tested the change of hyperplasia in that
mutants by mating with jgIs6. For this purpose, we screened suppressors of transgenic
worms expressing dominant ROL-—6 collagen proteins. We named these Rol suppressor
mutants as suro mutant. Most mutants enhance the Muv phenotype of jgIs6, but only one
mutant inhibited the Muv phenotype of jgls6. We first cloned the suro—4 mutant, and found
a mutation in the sqt—1 gene. SQT-—1 is a famous collagen protein, and it is closely related
to ROL—6. We further tested the suro—4 mutant by mating with jgls25 and jgls26 which
express EGFR—TKI resistant LET—23::EGFR[T790M L858R]. The suro—4 mutation also
increased the Muv phenotype of jgls25 and jgls26. In particular, suro—4 increased the Muv
phenotype of jgls26 dramatically.

The suro—1 mutant inhibited the Muv phenotype of jgls6 and exhibited a different
ROL—6::GFP localization pattern compared to other Dpy mutants. We identified mutations in
R11A5.7, which encodes a zinc—carboxypeptidase homologue. The expression pattern in the
hypodermis and genetic interaction with other collagen modifying enzyme mutants imply that
the regulatory role of this novel carboxypeptidase for collagen processing and cuticle
organization. This result helps further understanding of the cuticle formation during larval
development and the relationship between epithelial cell proliferation and ECM.

In summary, we made in vivo screening model targeting the EGFR pathway using C. elegans
vulval development pathway and the activating mutant form of human EGFR. We
characterized and evaluated this model by the molecular genetic analysis and pilot screens
with 400 natural compounds and approximately 9,000 small chemicals. In addition, we tried
to elucidate the relationship of the epithelial cell proliferation from the activated EGFR signal
and ECM using this model. As a result, we found a novel zinc—carboxypeptidase A homolog
and reported the function of this CPA.
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callzation signal of SV40 ; & Crojj A s g,

hEGFRIL858R]l o3 #r} S48 Az At 5L 47] 8, A4 A

A R E fFHXE9 promotersS ©] 83 cell specific reporter”}t -éi{f?} *ﬂ_‘-j_o 5—*&% EGFR 4%
Wk ofyel, WNT®F Notch A& 50| #ofste] AAE= Zolm= P4

cell fate Tl A o= Aojufe we} e FRE A5 F U5 o8 ¢



AEZde TAANA S AEY F5 Acdr &8sk, Al

P
i

o] gH

il

¥ = T
= &8 A9
a9 4B+ olv] &4 8= 1° cell marker?! cadherin-3¢] GFP reporterS markerS jgls6ol A 23
A WokE. 1 A ofAY AFAAE vulvad T4 FH AT GFP7F YERY=d], jgls6el A
= vulva®}t hyperplasiaZl @A H HE ool = ZalA Ldy = GFPE s 4+ 2.
2l Eg 2° cell markere] &S jgls6ol Al gQlstx}t &S, ol E 9ste] dhs-313 egl-17
S MAEAS. dhs-31 A= AAY 2° fate cell oA Vul CE A 93F Vul Bl, B2, DA &
& a7 9=, dhs-319 TERHE o]&ste] NLS-GFPE 2@AZl AA A A&stA 3
A egl-17 FAAE L3 F5A4 1° 2° fatedl A=t
I ¢4, EMR-12 A% 2 emerin A= 39
oM FAHEZ egl-17 ZRZHEE o] 43te] EMR-1:RFPE ZdAZ A3 A9 2° fate HE
o] oMt # wEHAvE AL #BES lin-156% AF9 Muv mutant solA 7Hg Al
phenotype H.oE & lin-159} jgls6ol Al 2° cell markere] Hd& F=2 vl A& S kY
AZF3 2 lin-159 jgls6 EFolA 2° cell markere] &A% vulva AlE 29| hyperplasia’} ¥
ot FooH= #Fo] FHAS(ZH 4C). Ras® dominant mutant$! let-60914 % cell fate
marker?d] TS jols6et =Y 9S. wetA jels6l A= thE Muv mutante}t =372 2 g
d3t¥l EGFR A5 ddo] A2 WS vpo] fed ME F2S g do= Ayd.

(4) jgls6ol A junction protein®] =&

Epithelial cell proliferation®] <ol ul, junction proteingo] Wo] WEoj A=), AwfdZo A
21 7] Aol = 2 4] S, Epithelial celle EAAF oz AXet AE Alo]d junctiono] 3

AE o] da, polatityE 7FE. mpAdZ9] epithelial junction< apical junction®] 2tz &gl &4, o]

AL A 9219 FA o] wi} CCClcatenin—cadherin complex)?} DAC(dlg-1-ajm-1 compex)
2 R,

L4 larvae Adult worms

complextf o= THEEE Y.

igls69] #Ed Fd A% junction proteingo]l Z WdE=A &7 98, arpdFe] diEAQl
apical junction marker¢l AJM-1¢] ¥3d& AJM-1:GFPZ Muv mutantE 3} 8] 2L

=R

1l
offt
=(I)I=v
i)
f
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I3 5% lin-159F let-60(RAS 9] gain-of-function) mutants®} jgls6ol A AJM-1:GFP2] & o] AHAH
1 AAT] wA et P FHoA AstA dojue AS BAFa S B dojupe R
oA AJM-1:GFPE L4 f5olAe & <hHom F§lo]l dojd FojolA yeun, FAdMEs F
B Aol dojt A Qoo wA 9 HAA HE .

fu o

th& o2 ¥ thE junction marker?l alpha-catenin® & & jgls6olA el B S HMP-1& A%
9] alpha-catenin homolog®]™, HMP-1::GFP= kA& L4 F53 A A4 vulval cell¥ seam celll
A ogbd g, olo HlE jgls6ol A= vulval B olyel hyperplasia Yo% A @ AS

gheld = (29 6).

o

L4 adult
i

DIC

HMP-1
=GFP

HMP-12 CCC complexd| &£8t= o-catening.

WT :

AJM-1::GFP$} HMP-1:GFP2] jgls6ol Aol vd A3}z Hol ttE Muv mutante} vpI7FA 2
jgls69] hyperplasia 919l 4] epithelial cell®] F2]o] &utslrii= Ao] &el¥ L.

(5) hEGFRIL858R] ]38l #=¥ #dd2 EGFRE 4 =e 243t ok A<l

ot

I hEGFR-TKIL858R] chimera®l ©]§ EGFR 7% Z¢] 24
T QY A2 EAets o8 FRA=9 RNAI 23s

jels6°l A1 Muv phenptype®] 87} =%
sholl ofgt ANA AZF37] 98, EGFR 41

SETE

100
80
- 60 -
§ = jgls6
® | jgls25
40
20
0

Control lin-3 let-60 mek-2 mpk-1
RNMNAi of each gene

8 7. jgls6 3t jgls25 0| M Hyperplasia?l EGFR ZZ9| uirh =Hdof ojst 221X U7| 2{F EGFR
HE0| RHXO| RNAIK o8 TH AF 29 = ~E22 ZR0jM EGFR AZ0| EXSs R
E2| RNAIZE D Muv phenotyped| E0lE& 22 =2IE. gis6 (LET-23:hEGFR-TK[L858R]), Jgis=5
(LET-23:hEGFR-TK[T790M L858R]).
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a9 794 lin-35 4159 EGF, let-60+= Ras, mek-2+ MEK, mpk-12 MAPK® homolog¥
jals6s} jgls255 ol g st fd#ke] RNAiol o & Ao s 44 {1+ Muv phenotype®]
#ags ¢ F A LET-23/EGFR 3F9lo EA3= let-60, mek—2, mpk-1° &Aj3l= FAA
= 9] RNAIi phenotyped A8 ¢ lethality® X ol 2=, vulval phenotypes E7] alxd= AA
7HA e ARARES shetsfob ahy] wiEell, BlalA °kskAl RNAZE Abs gk JRAINEE #EE
%+ o] % Muv phenotype?] #HA7F A& A 2L

ol’4e] AitselA LET-23 hEGFRIL858RIE 'T& st jgls6l A Aol hyperplasias EGFR
A3 Arel Awg A o3 ASdSs FAT F U=

m

NE

52

(6) EGFR-TKIO |3+ jgls6%} jgls2o R Ml #4

$e)9) BEE 44H0R e EGFR 429 Be 5014 FUA A%e 98 229 292 A 5

= Zlol7] wiel, A g jels6et jels2s e e 7]Ee] EGFR-TKIO o wh-3-4& vlal &
Mg Farh 9ls. NSCLCS EGFR-TKIe| tgh uhg-4e EGFRO| #dste Wojo wizhata, ® ve

gate keeper mutation®l T790Mel| ¢l&] WAe] WA, wpghA 2= o|n A-83td EGFR-TKI &4 <l
gefitinib®} erlotinib® ©]&3}le], LET-23 :hEGFRI[LS5SR]E &&= 'gIS6-T’f]- LET-23 “hEGFR
[T790M L858RIZ w3 3l:= jels25¢ Muv phenotypeo] 3t &35 gelsl gL

A Comtral Gefitmib

TRITRI0

B M e L
T cf:lm!ﬂ 1,| stinsh Worm stages of gefitindb treament

o
Adult i

i
tII

OF 8. EGFR-TKIH| 2|3t jgisé strain®| Hyperplasia 24 AH. (A gefitinib2 OFEE HZo| gpgdar 4
AT Y S0l 92 TR ES40uM 5= HI). (B) gefitinib0f] 2|t jgfss 2| Muv phenotypel| 01?(1|
2 25 () s=0 ME gefitinib® 2T jgisf 2] Muv phenotype?| S H| 2} jgls252| gefitinib resistance .
(D) =0 TE erlotinibd| 2|5k jgisé 2| Muv phenotypel] HE 2} jgis259| erlotinib resistance . (E) =
CrH o ME gefitinib2] sgisé 2 Muv phenotypes| x| E3b

l

% Muw

!

7b¢ WA EGFR-TKI®] oFAE Aol g 545 ®7] 98, 40uM 529 gefitinibe L4 fr5ol A
glate] Bete. 1 Ay iz vl R 2Bl oA & Aoy & s, AACA A7
A AAKAS & = IdS(2¥ 8A). welbA, gefitinibe] A% ©E essential pathwayS A & 514
ka1, 53] LET-23¢] sl ¥=2 AsstA e e A& g 459 EGFRS LET-232 hEGFR
B frAd el "olA olgldt AiE ¥ Sk il gefitinibe] @744 3tE EGFR Wel@olnt =& whgAd

O

_12_



& Bolts of#7F 8§ 2 A9

2o 2 gefitinibE jgls6oll 2#d 23} 1uM FEo|A % Muv phenotypes 2 JAlst= AL sl 3
AS(29¥ 8B). gefitinibx= §=o w} jgls62] Muv phenotypes 2+ &A= whHol jgls259] Muv

phenotypes 3 oA OPX] Z3le dds BAd(ad 8C0). ol#s Aze A7t NSCLCelA 9 EGFR
mutation®} gefitinib®] w&A# 3t & t}E EGFR-TKIQ! erlotinib® gefitinib® Sd3 232
el (29 8D). o]yt A= Kol LET-23 “hEGFR[L858R]E &3+ jgls63} LET-23 hEGFR
[T790M L858RIE wdsl+ jgls2d EHlo] 17He] ulAAEZHSte] EGFR-TKI ¥H&74d 5 2 vk
b= Rdolthe S AT & USdE

AZel A vulval developments 59 WA @A BHE AHS 7H. A4 7] HALS LIN-3/EGF 2l
%7F L3 molt ©AI9IA anchor cell (AC)olAl Yo7l EW, =L o] F VPCE cell fate’t AAH. whebA
jgls6 RElol Al gefitinibell €] Muv d4 A7t 5 LA @A #AA o] A=A Felsta, 53 A
AAQ A Eold uf, o= FF @Al IFES AHsfor st=AE ¢V A, 4 FF dA 2
2 gefitinibs #23dte] Muv phenotype? oA AEES B3OS jgls6d] AEES LA L4 @A 7HA
synchronizedt ©h, gefitinibs A8k, AN Muve ##sds. 1 A3, LldA L3ZtA=
gefitinibe] EHH oz 2Este] Muve & At W), L4901 = A 7t dA3] #ag (1™
8E). wehA], jgls6¢] Muv phenotype 842491 A2 7] A3} Dk Aol i, 3¢= ~23dE 9
a4 = LlolA L3 @A

_]\(

ofy
tlo
o
oo
ol
=)
)
4
rr
Py
o
LT
r'O
jud

<k Y HZF3 #&dsted hEGFR 2@ HAZFE o] &3 3IdA HA>

(1) mvbiEe] FUA FA) AxgozAe] el 0 F8Y AT

Doxorubicin?} Farnesyl trasferase inhibitor 52 A glo| &3] mwuld o] 440 @Az Ad7do] A

i,
i
rir
59
k1
N
%0
32
dlo
=
FFI

A% 5-FUS 22 pyrimidine antagonist®] & A3tz v} 3
o] s AATS & 5 AAJS[15] WA mupdFe) 4GS JAsE EES FASE Ao A=
=
=

Folis] 98] EGFR A5 493 2& 54 428 ndow a A% ¥E

S A ol A 7P7<4% 4OO7H94 HE FEES ool kY
1

[
o
O
=
o
Jo
ofj
ﬂl\rl
o
=
©
o
=3
o}
il
g
o
>
1>
il
o
i
i
o,
ot
)
%0,
rlr
(@)
g
&
@]
2
ML
N
%
I

X 2v AFdA 22 HE FE5E 13FS MDA-MB-231, MCF-7 93¢k A9 PC-3 APA
ok Mo Agsle 819 FEA a9E Hole FH EHE e AR dAANA FE A
TARRD Bl HEANRIEA B2 AT 1 | X Stephania delavayi Diels.] FZ& & o]
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Lislarvae izhf
Mixed worms and eggs after washing off

T 9. 0p8E M0 48 S AHSs HUESE 239, (A) 4F =fF siR o HEe TY THE 52
oA SEs 'é!t” (B) 96 well plate0ff 4= =F=0 L1 BH {5 EF0 25, (C) AsDp Aol =

ﬁl%’"z-ﬁ'ﬁl dz9) d3= 9Asis Fold ArEl

NFkBSt COX-28 Asfstel ¢ AZ 24& st AZ Adg Fuohs 59 /1%4g 243

= = =2
TS S delavayi Diels. = muldFol A §5 44E mdA ot 5HE w9

No =9 Serial N. |MDA-MB-231| MCF-7 | PC-3 BH
1 Ardizis faponica PBECN10402 - * - +
2 Comanchum atratum PBCN10422 = + + -
¥ Folpgonum paleaceur PBCNI04G9 ND + + b
P Tetra:ztipmas Eypoglaeirs PRCNI04E2 /D + - *
5 E:ammnmbjﬁiwbm varsp| PBCHI000 WD = . &
& Millestrz ichehyochtona EBVNID174 = + WD +
7 Swietensa macroptyila PEVHI0182 = + N/ +
& Lhurid microcarpa FEVNIDLZE ¥ + WD +
# Anscardium ocoidantale PEUSION02 = + WD *
e Bombex glabrs PEUSIO0TE + + N/ ]
L Ceiba pestandra PBUS10003 * + WD +
iz Freus septica FEUSI0115 + + N/D -+
73 Sanswinaria canadensis PBUS10092 . . N/D -

# 2 HF0| FTe AN ots HA=H o A JEF0M| =1t

T A dA Edo ~3dS e E FA™oR FUd @A dAe 2E 49
mupA S dojol dF UHtH o R o] F A= Gravid adultE FoFA] Bleaching solutionS A
o, AAle AT & e EES BoE= AY. o] A= bleaching solutiond] 93 <&

o

=

ol wAlEy] P mebdE

jus)
(]
A}

FEES Ao W WS ARSElE. A fEe ASH
A FAel7] Wl bufferg FH HGA W L=2A ¥= gk, dEL2 Agar £

E
of 2ol glo] A 9@ Wols B A AEW W1l Heo|EE 8A A TW, BT o
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oM Zoirt L1 #F50°] =L, o4& Lif5ol vAl M9 bufferE %o thald o= 96 well
platee] 100ul H == FF3te] 30-50 HA7F & welldl Sl 7kAl 243k 40071 o3¢ A& F=
=5 Al I A7l=HE F7E e (2" 9A).

2) b Ee] FUA A AxgozA s R F8Y AT

71&9] EGFR AdAlel vls] 38 EGFR 4= AdAle &4 7S &Qlstr] 98, A& F523

.
jels6 B9 o] 8% 23902 NS AW THATAY AANE Aol BF e 40059 4

% 10. FBMO17-0370f 2|8k jgls62| Muv phenotype "*Iil 21f 400F9| & E FEEE S0ug/ml 5
E HEg 20 25 12 0| hyperplamaz E YHst=s de= LIEtE. 1 5 FBMOL7-037 (Eurycoma
longifolia)0 7FE & YA[BlE Z2 = LIEFE. (A) Control, (B-C) FBMO17-0375 2|0 2|8t hyperplasia 2%

a9 102 A5 FEE 5 FBMO017-0379 93 jgls69] Muv 94| &35 Hol= AY. FBM017-0372
Eurycoma longilia® &A% Q3 A T3+ 50ug/ml FEolA 45%° o]& HAE= wojd.

¥ 32 400F9 AE FEEI jgls6 HFA ZAS o] 83 »~3¥ A3 Muv phenptypes] A A=
2

F20% o]l 1270 FH A& FEEo did Wes A2 A4,

N

PECHN10445 |Lespedeza cuneata 38% | Diabetes, chronic brochitis, acute gastrtis, dianhea

PECN10459 |Mucuna birdwoodiana 26% | anti-inflamantory effect, treat forthe stagnant blood

FEMO017-057 | Eurycoma longifelia 45% | testosterone-enhancingproperties, induce apoptosisin breast-cancer cells and cytotoxic to hmg-cancer cells.
FBMO17-081 | Sloanea hemslevana 34% | Roottreat dvsentery.

FEMO024-046 | Ficus septica 21% | Decoction as diuretic: poultice for headache and antitheumatic

FEM024-070 |Nauclea califolia 27% | forthe treatment of malaria.

FBMO024-074 | Euphorbia hirta 27% | anti-asthma herbs, bronchitic asthma andlarymgeal spasm

FBMO2Z8-028 | Cnestis fermuginea 27% | Cough Anaemia

FEMO028-030 |Cyatheacoopen 34% | Treatment ofeve diseases, skin disease, wound. veneral diseases. Anthelmintic

FBMOZ8-037 | Microsonnm scolopendrium 24% | Ulcers, skin sores, builds strength after anillness, purgative, seisures, headaches, wounds, bruises
FBMO028-072 | Pycnanthus angolensis 21% | Anaemia chest painsthrush, threatened Abortion scabies headache

FBMO028-091 | Tapinamthus globiferus 20% | Dysmenorthoea menrorthagia

E 3. jgls6°| Muv phenotypeZ %F|sH= HUER A32 21}
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12%F9] A% 7V, Eurycoma longilia®t #°] o= A% &% a7 A e Aol EAs)
] =

= Ao® Hob jgls6 BHe TeAs FEE Bolws A & 5 A

E}%ii 1A% %-4 E}E Muv mutantEd] ©] A& FEEEC] 9d&S Fv%, 22832 EGFR 429
o] =

60

50

40
30
20
10
9 1: control DMSO 0.5%,

@ @ 5 6 7 10 11 12 13 2 13: 12 plant ext. 50ug/ml

a8 11. jgis62] Muv phenotype% AHots HHEE9| fet-60 Muv phenotype 9] &3} LET-602
HE0| RAS HEHY. 0| 20t 24 ¥ EE 2 let-60 = 1 downstreamfij S5 A2 & = US

2 A3 lin-159] M= 12F BF ol A s Holx @kew, 9 ¥} 2o
;f—_;_]

let-60° 4 5 F9 &2 o] Muv phenotype2 Adlsle AS AT 4 U3 o] F 5L jgls6
ANME e EdE5o] vl& Al =7t =%, EGFR 424 let-60/Rastt L o3} ©hA o
gAY, Ae FEES oY EHES Ikl 7] "W & BERE A5 AT 7t
T A ¢ gle. ATHORE oF 12 ¥ AE FEES EGFRS #Edst= A431 Az A
g & A, 3F9 AE FEEC] FEI FEAA AE FAS A As sk s

o2 M, jgls6E ©]&F FIEA ~aAYo] Fhdttke AS Fele i, 2ade] Wi RS
HAs A F dAe. HAAdE A AR EFS FE 7MeAe =47 98 g§Eo] 49
ue] FEE dofF st HAgo] Rty We &S RV oH e Hol AU

(3) 7680% 9] saE ~=aYe| A

Mz EGFR dz29 AsjAE 27 9, stetd 949 ste=

i 3ol A tfEseHE 7680F ¢
BEs olgste] 2a¥s SIS, o e delEH Y= e
[e) [e)

2
o BHol} &g P2 Hol

R e W 3 : —
e ;ﬁ g ‘.1 19N & . Chemicals % inhibition Common backbone
e Sl (R ‘_J'I"' 1 J U-000572-B04 87.30%
% 2~ o . 4 il ~ _— —_—
s M L 2 3 - < U-000506-G06 93.70% /@
N

Mixed worms Wash Egg plate Synchronized L1 larvae U-000506-E11 76.20%

U=000512-Ho8 91.40%
Dispense L1 larvae
into chemical plates U-000511-E06 85.90% -~ N
—000511-C & g
— Obsérve vulval phenotypes U-000511%G07 a500% -

3 dayn of adult worms using U-000511-D05 94.60% N
the dissection microscope

2l 12, 7,6807|0] sistE 230| & soE 2lo|E 32| S 0]2% jgls62] Muv phenotype 2iH] 22 A2l (A) HH &
3T T . (B) 2uMe| sE0jM A3 7 T Z0t A F 770 22 S Y& 0|2 B F quinazoline 74|°"§ TE7F FAE
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sstE 239 AAHL AE FEFES o]&3 ~ad B4 {FAFst
do] F(2¥ 12A). BE SFES HuMe TEE =
Muv phenotyped o}F Z JAstes Aoz ERRS( 12B). ol& IFEELS 3719 3
7}21 Quinazoline A9 & gefitinib, erlotinib$} 7] A3 jels62] Muve AslEE= A
= dHEE 90% oo R AT, gefitinib+ 5uMolAl A2l 100% inhibitiondl=2Z o] & 33t &
E37F gopal wekE.

e dAR seE 2o ol 7hed T FFE FAF SE 2448 Y ol
2uM =2 jgls6oll A ls] H k&

U, o 208 R 27
A3, 749 shek=el jgls6

e
-
BN
fr

fo 1 af

i

N

—_—

% Muv

2B05 |
208 |
2007 |
2D 12
2E06 |
2E07
2F06
2F08
2F 09
2F10
2F11 |
2F12
2H06
2H07 |
2H11
3A06 |
3A00
3A10 |
3A12
3C09 |
3E10
3F09 |
3H12
4A03

°
£
£
=
S
(]

Chemicals (2uM)

7l 13. slerE 2380 A 7123t 24471 2] quinazoline |2 slstE2 59| Z 1 H| . 157 EE 2 gefitinib2} H|mZ O], SA
SHALL O LIS o mutE ol

¥ 13 24470 3FEE Fo) A jgls69] Muvs 50% ol Asjsts &4 40*—«] 2y E vug
A TZ=7F 2uMOolBE, 100% Asist= 15719 &3-S gefitinibe] &5 F53AY 2

.

o PN
IR % T AS
-

A

o] g3tEE0] gefitinib W EGFR ®Woldd uigt a3& do} H7] 93, 4059 JFE=S
S5uM 552 jels250l] Agslgde. 2 23 2% jgls?259 Muv phenotyped 9 A|8}A L= A
o2 yeErd. mWekA quinazoline ﬁlc’ég] sgtEo] 7HA = SAE SHIe AP aAz TS
o

(4) 12805 9] & 7]Ho] AHA 5FT ~a9 A

g ARE BEE 7630 SFE golregle ~3WU ARE jels6 Edo] v I{E 23
do] 7hsetths FEAQ Hav 2GS MRS 2480 oA &v olfE gFE golx
7t 4] ¥ olfE S F AAAG, 23 23] HAHSEHA EUS vteAde] ¥ Ak
3 ALY kA, A8 7AS REE IgE golryy] Bus #E 7)ol 4 gho] By



]o

g5 7HA L 23dste] 2318 e o] frYdttal AdEH S Bkl A3 A4 whAbsE
Alzruabell Al Qi gk 128071 shekE ghelB e ElE FMA, o3& 7HA AL jgls6el 5uM sEE 2~
Ag sl 1 An, T kA #§Ee] jgls6el Muv phenotypes # Ash= 2o R
st = AGl478E quinazoline 7% & 7}A 1, ©]H] in vitro A&l A dg AF&EHE EGFR-TKI
. T & sy U012622 MEK inhibitor(MEKDZ 4& A g, 1 7% 138 14A9 9

EQL m

oo o

AGIATE
P

[
™ P
e _.-'\_.exrn\/f' N

g e

Gefitinib
L."*t: Cantrel u0128
wire  C e ™
n..l,v__r._‘ 44 ;
.Da-\;,-\.*:'l
AG1478
109 L |
" .
= 3w i
2% =
BN ® 40
L]
St 294 " Conttol Gefitnib Ediotinb AG17E L0128
AGTE .

JE 14.1,28070] &8 A=} Y{E 3B2 ejojue 22 0|88 ~3 B}, (a) gefitinib, AGIATS, U01269] &8
TE.(B) AG1478, UD1269] owg tl% deaiol CfS @0l P2 (40uM HE). (O U0L262 jgls258] Muv phenotypel
T (D) AGL4ATE, UD1262| B ME gisa2| Muy phenotype HEIED (B) K2 == 20| 2T jgls252] Muv
DP‘EHOWPE H =24 28 E1b w%at?ﬂ Up1260| HHE B5uM 5EZ HE[).

AG1478% U0126< 40uMe] %= ok o] AElstd, gefitinib®] 29 np7tA = A5 9
HEAS whaf el A] k(1Y 14B). AGl478L tHE quinazoline A9l 33HE I} H|L=3 EXAHE U}
2 RAolm=z Ao 71E&x &on] U01262 EGFRY &9 Al MEKel #&3hy,
EGFR-TKI W4 EHolx 283 7hsAo] s Aoz AdEAs. AA=E U026 jels259l
Agetd Muve 2 A3t E A4S & = (27 140). AGI478%} U0126 2% & o] o &
Ao jgls6e] Muve Z AT AGI4789 49 92 sLdlA % Z A st U0126<2 5uM

QLo A # 0421154% e Fed + dF(2¥ 14D). 2] EGFR-TKI¢t U0126< 5uM &%=

jgls250] A @S o, oAdE V0126 jgls25¢] Muve dAetsE AL s ¢ JS (2
14E). U01262] 5uM s %% F53] jgls259 Muvs AsAE Heng ¢ & 27 ded
Aoz AzrE. 1280709 gholH gl 71Ee] €8 X EGFR inhibitoret MEKI £9] o& 7§7}
EoEo] Lol B Etar, AGI478% U01267te] A Ao Ykt AL o] F Edo] 33
A 3t¥l EGFRO ¢]g Muv phenotype% AAE = At AAE. FEE ofF Eold g EF
T U e o] AT V01269 A f-ellwt st xof AZstH, U0126> EGFRE #&gdel <
6& MEK® &4& dAste=d SoldS 7 7hsdel s A7I7HA AxE Hol 7]E9)
EGFR-TKI®l WS Hole dAEE oAt flaiA= 54 MEKIZF &34d + v 2

o o >~ o
%‘e ‘I'I‘L:—%].'T%I]\n

MEKI®] EGFR-TKI Wl =do] tigt g3&5 437 93, U01267 Aj=o] /Masa e %
}E MEKIQ PD0325901, bRAF®] mutant form® <AI#]Q1 AZD6244, 12|31 gate keeper

ﬂ
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mutant EGFRIT790M]ell thdt A A WZ4002E jgls69}t jgls259] st 28-S 335192
jels6el 7t 3gHES 1luMY suM=E A2l dls w, 43k U0126°] Muv phenotypes & A3
= Aoz Yyebd(2d 15A). PD03259012 5uM FXolA oflF T JAstE AAH Ho
g e vholA AYsts Ao 22 L Lo jgls2sel 7+ 3gES 5uMd 20uM
2 AYstge. 2 A3 MEKI2 U01263 PD0325901¢] Muv phenotypes &A= AS &
(L9 15B). WZ4002+= 20uM F=dd o, o5 mefsiAl qAlst= Ao Hol ¢ %
A st Aol dasivta Bdd.

»
flo o

A - B« N
. B
|
" L .
% .

3w 5.0
= e =
= o | Ea 1

n n I

0 0

LaWl B Bah DA DM Al M S FEM i M WA UM WM S MM
Conticl  UOIM  POOISHRN  AZDHSH  WIAOT Control  USII8 | POOMISE0T  ATDEMA  WIZAMOZ
Cwy . D=

[ H 80
= 60 . wjgles =W
= =1
= bl =
F o { - L

| ) I

il L ol ) )

Confrol  UGK2E  POOIZSS0Y w400l Sentiol UGS PDOI2SENY  Twanan

% 15. EGFR H=0| [}2 THES g HoZ ol o2 Y 29| =3 H| . (4) Uo126D0+ & CHE MEKICI
PD0325501, mutant RAFS| M3fA| Ol AZD62449} EGFR[T790M]S| Af=2 AR O WZa0022| jgls69] Muv
phenotype YA E 0t (B) UD126, PD0325501, AZD6244%9F WZ40022| ,g/s250] Muv phenotype SR ZE DL (C)
100uM 5E2| SHEE He|o 9| jglsent jgls259] Muv phenotype YA E 0 AG1473, UDIZ62| S0 CE
Jglsde| Muv phenotype @H|E 2} (D) MEKT Off2|TF fin-52] Muv phenotype 2% Z2H100uM 5.

wpelA, 100uMel gt =3 R E U0126, PD0325901, WZ40022 jgls6$t jgls250] =l2lal
Ue. LAY F MEKIE 434 100% F 29 Muvg JAsta, WZ4002& o= A%
Aste Aoz g (ay 150). o83 A3z Hol X Zo] EGFR-TKI WA S =537 &)
A 2ol er®l EGFRIT790M] inhibitorel WZz400201 ®l&] MEKIZF @4 Z3Aoltts= AL &

12

F AL

U01263 #& MEKIZ} jgls69) jegls2s ®dol Muve 9Ast= AL LET-23/EGFRY 3F$) 0l
FA 5= C. elegans MEKE A8 7lsAl o] =8 AF2 MEK homolog® mek-13 mek-27}
ZA3 o]Fo|A wvulval development?} A#H AL mek-2%. wabA U01263 PD03259019]

mek—22 A AL dolw ] Y8, A=e Muv mutant 7FSd, EGFR A3 #Ag A =7}
717 @sk)o] Sl lin-15) 100uM HE® A Beke. T A9 V01267 PD0325I0LE W
T gPHoF lin-159 Muv FAS # JAs= Aoz yepd(2d 15D). AAR jals6St
igls25 E&olA Muvi lin-15 ®u o & Yerm g 101269 A& &3 EGFR 429 &4
Aro Hldate Aatg vebd wekad A mdol A U01269] 23 AnE Fgaia melshd,
U01260] A4=¢l Aele] MEK 4 2 oz

445 F oAstnRE, Aok EGFRe &43tel wolgs wdshs NSCLCA &8 7Hed el

o 2= o
wHe e o 5 e
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jgls6d} jgls25 Ede A% MAydlxo] ol A AE}E phenotypes H Y. o] Edof A
Aol AalEE= A& chimeric EGFRe] vulval cell 1919 A EoA @& w o] Jel}tE= A

- mEbA jels6et jgls259] Muv F4 A8 &2 =9 43 A4S suppressiond| Al A
5| 53l =478 o &9, ol AE Flsty] 8, jgls69} jgls250l 2 Fo] 35t
FagE o] 98 S0uMe] mEww Add %49 5 oA Aol
Zata. o8 AT Agole old of= Aol Aduglel e A
B o jels69 AgoE Muve Adlsls gefitinib, AG1478, U0126, PD0325901 &
¢ Ex7t FEHE AL FAe9S. jgls259] Aol Muve oAlsE U01263%
PD0325901o A5t A4 &%t &8 AT, gefitinibet AGI4782] A f-ol&= txad YA
9 A £52 2 suppressiondt A EHS(2H 16).
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Wild type Jaisé Jals25
e —

Geditinib

AGIATE

POO325%01

2 16. EGFR HZE XKl EE 0| 2lst jgls6dt jols252| =2 ‘4% £ = suppression 210t H| 1. jgls6nt
Jgis252 O LBl d&st=r, 0|2]gh growth phenotype2 2+2+2| KA 0] 2|5 suppression &.

ol#8]g A ZF ofAlEo] EGFR-TKI sensitive jgls69} resistant jgls25 R &olA el s=
Muv Al &3et A7 &So gk d3fo] L3 7oz dojuta k= S 9rgh olA
7HA] *ﬂﬂﬁ Muv phenotype?] A dAto] AZFa|A HgrEt], o] AL 40-508] wij&oA
%}0] d‘ji A HTSE st7ldle A48 webA, ol 59 239 jgls25h9

2 %o Muv phenotype®] AAE ojzax o=z &<l

%
tlo N
L
o
ob
T,
)
o
-
lo
>4
HJ
i
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al
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Eo % LET-23:hEGFR-TKI[L858R]S st jels6oll Aol Az dd 54 3 AsfAlel dig
g 1R 1714 hds] goks) Hgk

Wild type Jjgls6 Jjgls6 with inhibitors
LIN-3 (EGF) LIN-3 (EGF) LIN-3 (EGF) Gelitinib
| 1 1 Y
LET-23 (EGFR) LET-23 (EGFR) EGFR[LBSER) LET-23 (EGFR) EGFR[LESER]
! 1 & (.
LET-50 (RAS) LET-60 (RAS) LET-60 (RAS)
! 1 & I
LIN-45 (RAF) LIN-43 (RAF) LIM-45 (RAF)
] 1 § .
MEK-2 (MEK) MEK-2 (MEK) MEK-2 (MEK) |—— |J0126
| 1 & (.
Vulsa Vulva Hyperplasia Vuhea Hy%lasia
Hyperindurtion Hypoinduction

a2 17. jgls6e| EGFR {1z FE A=z ol

oA & MZo| A vulval development: LIN-3/LET-23/LET-60/LIN-45/MEK-2/MPK-1 ¢ 4l
T Aol 93] o] FofX T, jgls6 RH A= o] AR F7t4 o2 hEGFR-TK[L858R]e ©] gt
B3 A5 @ddo] o|Fo]x] hyperplasia == Muve] dA %, jgls6o] 93+ hyperplasias 7]&
°] EGFR-TKIQ! gefitinib ol °la] 2 A=, a9 Al EAst= MEKS A<l
U01269] o= & AlE. 53] EGFR-TKI WA Z2<l jgls259] hyperplasia® U01262 %
AA oM FF MEKIS A= A /i 7tsds o HASL s

<hEGFRd] 93 A XE 23} Collagen® 479 AZHA dF Rd=29 8>

(1) Epithelial cancer®} ECM¥#}9] #A] A7+ EHZA 9] jgls6

C. elegans®] vulva precursor cell (VPC)¥E hypodermis® #< origin® & E-F%59 epithelial cellol

gt jgls6oll €3 hyperplasia modele C. elegans®] Muv mutant®} ojg] ®Holl A FASE EAHS 7}

de oA S webA jels6é models ol &sto] 7]E9 WA o R EGFRO 4= ZAdd| #ofst= Af
2L FAAE 2= AL JleAo] obF . Epithelial cancer? proliferation, invasion, metastasisi=

cell to cell interaction®] & 23H& A5, E3] g oA cell polarity$} epithelial cell junction
o oy @S] Fastrta WA . el jgls6 ERelA hyperplasiaZt doiwt F-919] Al
Lol Aad & cuticle 35 %1 U HAA mwpdFo] v S Hi, Axe] o F243 AxZ

S84 microenvironment?l ECMe| @A 9] T4 S AAR jgls6ol A cuticle collagen
?l ROL-6°] GFP #|XHE ol&ate] #ad A3t +# A o2 ROL-6:GFP wjdeo] 734
o2 YetyA T o8 - A hyperplasia regiong ¥#zet A3 ROL-6:GFPY] +2 42 wjds #

TS
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% 18. jgis6 °| hyperplasia £2| cuticle L=. (A) M=ol E5 £2|0f M= ROL-6:GFP2|
TEE QL 20| BEE|L} hyperplasia regionA{E FEES HIZE 2 5= 2lom wHE
S.A-E= Z7| 8 2ROz AFIE A2 Zd9l (F) DIC image of A.

= Adberens junction Cell to ECM interaction

Az FAo] ECMe] Aoy Fxo 98] ¥4 HAE 249 FHolW, olgfs 4 &2 MEH|Y
Asluch mnpdEy o] AA Bl FHets Aol AAAQ "ol & A 29 1994 AAA
ol A 7] WAl A cell to cell & cell to matrix 7Fe] A5 Zgo] A&d Ha7] fLtx LGS FE8
VULWAL CELL LINEAGES
e, @9 Hp S Bp T
wm| B B oE I B ¥
PPty
g
o 58 3 st-l-,-: r,_‘-r q_‘r .N_-.t-';_--Ls e
pami | | o
L] J_Jyu?_uu@i; 8261 A
el AT —
Cuticle o vicdg

Plare of call devimon: T, leftiright. L, ' N, none. S, fusion with hypodenmal syncysim,
v ot 2. Blamed on Sutsion snd Horvllz, 1077; Siemberg and Herviy, 1888;

Samatnton et e, 1009

Changes of ECM composition sy No change in cell proliferation and cell fate specification

Enhanced EGFR signal by the ectopic
expression of oncogenic hEGFRs

Anchor Cell

Cuticle

Changes of ECM composition
in the enhanced background

Adherens junction Cell to ECM interaction

Increases or decreases cell proliferation
and changes cell fates of epithelial cells ?

C. elegans
hyperplasia model

72 19. 7}£ 3 EGFR A% Mof o] 3t hyperplasia®l 122 Sa|% ECM Jxofo| #al 714,

R Aol ofgh Aol o} FA F&elA cell to cell ==
A WA jels6 F3FA 2o ECMY FA oY Fxo] o
W3k G FEA HAED = dS A
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webdFe A7) A wag o 43k EGFR Ao 438 FAY AE 248 24%e $A4E
& AEAQ FAFA Al o) ol Wo] WEHAE. ATV A FFE FE FAAES F
& §784 e Muv phenotypeo] & SdAwo] AAE kel A Yehire Gl ofF 2
FAARES Aoz 758k welA epithelial cell®] tumorigenesis”F oncogeneol &) A3ww, =
oF AE FAL 2ASE KA4E 27 A4, 59 7 ool BOMe] 243 Txd Ags] 9
3 AdA dHe DA
A B
EMS Name Chromosome Alleles Characteristics
Jjgls4 el swo-] I 7519, 20, 34 Mild Dpy
* R“nfhﬂ stoe-2 I rs22 Small and sick Dpv
Fi suro-3 I rs2, 33, 39, 44 Tail morphology abnormal
* suro-4 I rs 36, 41, 48, 49, 50, 51, 54, 39, 63, 65 Tail morphology abnormal
+ non-Rol
F2 suro-5 ND Jjg32, 70 Stage specific suppressor
- - Othier swo mutants ND rslete Dominant

8 20. M2 & cuticle 4 &3 mutante] A3 21, rAJ 24 "Eo| ROL-6 mutant Cret
275t Rol phenotype?| suppressorE /4 8 = RU&. (B) jgls4 9| Rol suppressor scree

Sh= jgis4= Rolrolling) phnotypeg 2.
0T &7FED| qutantE #2. IS S 0§

flllﬂl

%”E&*
n Z3t

o 7HH
—E—%—‘?—c‘!.

02
e

‘_j

b dE €] hypodermisv= & 9 MEZ ¥Ho| o uiz2 mrpdEFS 4% cuticle T3 2ol 2
5. Hypodermal cellol A cuticles 7 o] o] Euld. $4K0o 72 HulAF9
epithelial cell¢! hypodermis® ECMZ¢! cuticle® ZA# F+xd JgFE FE= 4132 27] 93] Rol
suppressorg e 23S AAGA (2™ 20A). ROL-6 HFE A2 cuticle collageno 2 1312 o
5 mutant phenotype®] rolling3}™, 200 d Aol suppressor screens %3 intragenic suppressors°| ©]
v B % 205[16]. rol-6 null mutant®] phenotyped 79 o &dE I} FAZ 2 Z rol-69 Rol phenotype
< neomorphetil Azt o], a9 WS 23, ROL-69 |9t ROL-69 43283+ the
collagens < Aojste FAAES S F US Zolgk 7M. ROL-6gf 9@ d S ofe] copy= i
dst= FAdE NAE WEY mutant screens AASHA W, intragenic suppressora— Mb‘h‘
extragenic suppressors S £ IS Aolgt AZ4E. 509 F2 screend] A3 EF 40 F¢] Y+ Rol
suppressor mutantS<S WEsg (23 20B). Rol suppressor mutantE<  recessive mutantgr

=
dominant mutant’} Z7] A¥r AL 2 Ygkal recessive mutantE 2] complementation test 23, 5% 9]

o=

grouplZ UFoxe. FHE o5 mutantES suro(suppressor of rol-6) 21 HHERL, JAZ

rE
o2
1%
2

allele name< rs(rol suppressor)® A& suro-1 mutants 25 371¢] mutantE 7FA 3L 1
o #IAeka le. suro-2i= & ko] mutant® EAIEEA, 1M GAA A AT suro-32 AE e B
Fol o) 4atA BFAH U, % 4709 mutant® TAH T, 20 AMF ] EAF. suro-4= 7Y B
mutant5-S T3, A 2 A EAEE AL A WIS A FAGFLS. suro-HE
F mutantE 7HAH, EFH o R

3} olA dAHE slo o

RE

A

% ©A A= RolE suppression 534 T A Ao A = suppression
Umz Eddol5S B dominant mutanto] 22 A M A W 3}

complementation testE 38 £, @A back-cross®t 1-23] A A %S

ROL-6gf @A w& 74 (jglsd)= Rol phenotypes R.o =i, EMSZF= mutagens A 2|8Fo] F29]
EAWO)EY dF Ho] Fa UdS(2H 20A). o]EA 2E suro mutantE°] jgls6
o

=
A rollingdhA] &=
3 FEA dolr 7] Y&, A recessive suro mutantE3 jgls6S Wt S

9] hyperplasia®ll
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I A3} suro-37% 4 mutatione jgls69 hyperplasia® F7HA7]= AL ¢ & dRed, suro-1 & &
3y TAaAYe AL g (z2¥E  21A). jgls62] Muv phenotyuped WEE  94.6%°]aL

suro-3.jgls6y} suro-4;jgls6o\ = Z7] 99.3%, 97.2% % Z718S.  suro-1jgls6o) A= Muve] 885%
2 43RS, ol#e A3 = cuticle formation®] FIFS & FAAEC] EGFRY F = AMs A
Al gl A

of ¢ epithelial cell] F2oll &S Frie 23S AT FAT = AU,
100 - 983 105 -
ol
96 4 s 100 4
gd 4
5 ] o5 |
%0 1 85
83 90
86
a4 4 85 o
82 4
80 +— e - LI 80 T T T T T T 1
Jgls6  suro-4  suro-3  suro-1 PGNP C T e PG \é“ \é" £ & \é° O
= i o R T R T - T Y. & &
jgls6  ;jgls6 [ jglsé P o0 8% 0 850 3"‘9 @w\ $° & 9“9 & @"9 S &% oF

a8 21. cuticle = 3 mutantS0| 2|8 jgls62] Muv phenotype2| st (A) suro-330F suro-4 mutants jigfs62] Muv pl'!enoty;:ua2 Z7AF = 9,
suro-1 mutants Z=A12L (B) LiEE2 24 mutantEE jigis6 2l Muv phenotypes S7pA1E.

w2 % YwA dominant mutants> oW FFES FEA ol BV 9JE) 16 T rs mutantE
jgls65 wuisld S, 2 A3 EE dominant mutantE ©] jgls69] Muv phenotyped T7FA17]+= AL &
At (2™ 21B). o3 Ho=Z Hol cuticled IAoY FFRo JFE FE FHUAEC
hyperplasia® 94 Ax 243 F drts AL st L.

(3) sqt-12.2 82 suro-4= Muv A& Z7M07

5907 Rol suppressord YolFAxE 27 &, -0 2 e mutants 7FLd Ago] F3
%S Recessive mutant® $AA o2 Melatga, 1 FoA 7 =& ez e suro-42 AHa)

o] O
=K

suro—4 mutant Rol suppressor mutantE oA 7Fg =& HE2 Yelwa(2y 20B), EGFR A%
o] 98k hyperplasia® 77 (29E 20A). suro-49 99l FHAE 7] $3], 28 22A9 2ol
SNPE ©| &3}l mappings 3ted, 29 GAAQ] 31404 35 Alolo] EAdvE AL Lk gso
2 11 Abele] &= 1271 fosmid clones PIAF9)3F] Rol phenotypes 3|53t clones 3 23
WRMO0630cG11o] 2} fosmid7t rescue®s LAE. o] fosmidol & F3HA7F 870 EAsH, 1 S A
sqtflola}{— collagen gene°] 7}FsAlo] 7 ol HAS. sqt-12 rol-69 o] Z 4& A collagen
ol F fFHAA 7] FATgA H52Eo] 7 vwe A ®iE)S[16]. suro-4 mutantt sqt-19] <
3 rescue® ¢, SURO-4+= SQT-1 collageno. 2 %3 3.

r= :rLioﬂ s F= mutantd o2 AHA o F ROL-6:GFP &d o]
A A} A o]

4744 P‘g MZF3 de] FEFolH ROL-6:GFP2] wjdo] &t
AFo YEES & 4+ UddS(2¥ 22B) o] 9]9 suro-4 mutant®] phenotype 27+ Zol7t 4

| o
B, obgPst 4 thE Aol§ mold % wPEH %4 EGFR 428 E402 @ #4944 2288



28k jals69t jgls25 model> rol-6d -4 AE transgenic markerZ ©]-&3te] A=A ol HA 33} 7]
suro—-4 mutations ©]-&3}e] jgls69t jgls259] Rol phenotypes suppressiondts EEE Ax] ~3 ¢
o] &3t A &

A
Narrowdown mapping from 450 recombinants
SNP marker pkP2069 haw28822 haw29151 haw29300
Genetic position 2.65 3.14 3.38 3.5 3.8
Physical position  10,430K 11,020K 1 11,479K 11,643K
1 ] [] []
I It = = 5 i
LGI 5 =T 460kb 1T 2
. 12 fosmids for covering mapping region =
WRM0630cG11
8 ORFs
B0491.2 (sgt-1)
B

suro-4(rs36)

ROL-6
=GFP

7 22. suro-4 mutant 2] mappingd} cloning . (A) SNP mappingE 0[2%t suro-4 mutant2| mutation 2|X| o} HE
o= WRMO0630cG11 fosmid = rescueT| 0, 11 CHS sqt-104 2|3} rescue . (B) suro-4 mutantE cuticle0f A4 ROL-6:GFP
of FA=ol B 2ol ==,

sqt-1 mutantion®] 93 jgls62] Muve kb S7leles AEdS Holi, jels2be A9 WHEr) ¢l (%
4). RolZ suppressiondl= X2 phenotype W3alite] glor AZ Muv A4S 4%5se AL Ay
jgls6ot jgls2c Rdol AfAdE Eolv ZAAE 7HAE. wWebA cuticle 724 FAo dFE F=
sqt-19] mutant jels69} jols2s Rdo A= 2 d3Fo] &S ol 519 8.

Strain Transgene product % Muv (1)

jels6 LET-23 :hEGFR-TK [L858R] 94.6 +2.27(1465)
sqt-1;jgls6 LET-23 “hEGFR-TK[L858R] 97.4 +0.95(2012)
jals25 LET-23 :hEGFR-TK [T790M L858R] 94.9 +0.36 (410)
sqt-1; jels25 LET-23 :hEGFR-TK [T790M L858R] 95.1+0.21(593)

# 4. sqr-1 mutantdf] 2| Tt jels69} jgls252] Muv phenotype?| 4= 5712} Rol phenotype 21 H|. All transgenes are
expressed by the /et-23 promoter. and transgenic worms were integrated by UV irradiation. Since a dominant rol-6 mutant
construct was used for a transgenic marker, sgi-/ was introduced to suppress the Rol phenotyvpe for an experimental advantage.

= ol Ao gE LAuk Aol Z2HoAE A
. olo| M= 7j1 k7t 9lo], pseudovulvaZt &ubel A3 = Al

Bas) tE(29 23A). BE?{P pseudovulvagl A7)= aEsfof AR S48 7F oj 7] o
o pseudovulva®l s2HHIN number)iro.2 sqt-1° 2|3 jgls6, jgls25, jgls26 thaf kA3 #2a}
& 1 A% jgls6st jels25o1 A Muvel 7k wiw g $#FEolAARHGE 4), pseudovulva®l 71 271
Aol A F7b o EuE Ae 2 4 AS(2U23B). jgls6el A HIN 27] o] A& 625%0] Ak,

B
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sat-Lijgls6oll A= 715% % 9%y F7tste e & & s 53, jgls259 22> LET-23:hEGFR-TK

[T790M L858RIS & st Is line?! jgls269] -9, Muve] H&XE 51.2%0l A 946%= w43 F7tst

i, pseudovulva®l =7F 270 o] Aol Al FIFE 21%°l A 69% 2 48%u F7tele AL BAS. o

23 A3tw Hol sqt-1o] o3 AE F2A8 Wt Aol wet dEAR 98] kg hyperplasia

RdoA o Eole A U5S & F s wEtA olH e MFelAe] ARE dAEd A&t
A

W, EGFRO| A57h s | dA4ste gAl oA ECMe] Hs7E ¥ Tastts As & F s

O

A B 100% 4
90% A
80%
J0%
60%
m HIN22
508 4
o HIN=1
B HIN=0

30%

20%

10% 4

Jjglsé sgi-1;jgls6  jgls25  sgi-Ijgls25  jols26  sqi-1;jgls26

12! 23. sqt-1 mutant0f| 2| § jols6, jols25 o jgls26 2] Muv phenotypel| Z7}. (A) jglsé2| Hyperplasia number (HIM). (B) sqt-1 mutant
background® M EGFR2| Dt 4= HEO 2|5t hyperplasia?t T 7t 55 g2 Ml ME 255 T7taL

(4) M 2L zinc—carboxypeptidase?l SURO-19] 7]%

suro-1 mutant® mild Dpy phenotypes HolH, jols6 oA tE suro mutantE ¥ &2 Muv A
S Adlste A94E 2S04 21A). U I gs 4 £H2 AFE AIFEE S

1Y 24. suro-1 mutant 9| cuticle phenotype. (4) suro-13t suro-4 mutant®] 2|5 alae?F BHELSE suppressionE. (B) W2 Dpy
mutant E3t suro-1 OffA ROL-6:GFP 8@ 2| Bzt (C) surc-1 mutant®| cuticleffs] COL-19:GFPR| &S 2l HiE L HatE.

AAoZ suro-19 cuticle FZ9 Ao A& TS ol B7] Y3, alace] WAL 3] H
Z

[e)

T‘__

. suro-1% sqt-17 wp7EA 2 jglsdol Al 5 o] Waka} v &3] alae7t A o= HaPstA ¢
A5t AL oS (¥ 24A). U222 Dpy phenotypes HolE 7|£9 mutantE I
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ROL-6::GFP patterng ¥ i8] H%e. suro-1S M E3F Dpy mutantE< zHzbe] 113k ROL-6::GFP
patterne Hol:= Ao ol E 3/ 1%‘ 24B). ©& collagen®l COL-19:GFPE suro-194] 23 A7
2 A3, o] A% oYY g wde] EqfFHoR W= Zia: & = AAS (2™ 240). ol

=
AHRES =98] B, suro-1S AukA 9l cuticle +F2Y FA o 9GS milddtA =oiE A9
SMNPy hw 7530 b TTOSE hwi 145 pkPII19
Crenethe map 208 233 259 288
r'||-} wigal map TAMK TTTK LA EL S ESNRK
LGI= 3K b ok o~ 63K '

/Iu o candiddate senf\

RITAS] (adapin apb-3)  RITAST (earborypepridase)

=

SURO-1 l'___l‘i.ii-?':gp"'_"] Carbonypeptidase 1 — 'Sall-T.-.lﬁ-lu.

1ninF
PPTSR f B —  L\
CAWTE
S VO G . S — | —
splicing donor
3 [Fpe [ Carbosypepidise [ THR 567 a.a. (stop)

OF 25. suro-1 mutant 2] mapping. cloningt op0| =&t AME (A) suro-12 18 BHFC| 2330 2,59 MO0 2/X|5HH, R11ASTY el=) =~
F2. 3F9] suro-1 mutant genomic DNA B2 E 24 o 33T 2 &0 mutationo| Z21E. (B) SURO-1E2 propepdiase domain
(Pro-pep), carboxypeptidase domain, threonine rich domain(THR)Zt Shk toxin domain (ShkT)E2 7HR|= zinc-Carboxypeptidase A (CPA) 9.

[e]

suro-1 mutant®] 9¢1 §AAES 7937 980, single nucleotide polymorphism(SNP) #H-& o] &3}
o] genetic mappings 339 S. suro-1 mutant® CB4856(Hawaiian strain)¥ ufdle] F2elA =1
homozygote suro-1 mutant® 231, %33 SNP primerE ©]-&3le] PCR3 vS ATdis=z A2
H, obtERA A A7 s s AAEA S, oA E N29F CB4856°] band patternell ]3| €l fxA}<]
AAE AASA =

Sequencing results fnug.:‘j cDNA

RI-PCR
NI jpid M g3 jpid

T000bp 24 0 b 2000 1 bspy

e T e P

| Insertion of 8% intron (35bp/115bp) |

% 26. suro-1(jg33) mutant 2| RT-PCR2} ¢DNA B7|ME B4 3F 29| suro-1 mutantdls mRNAS| €2 CF & /0 8l50| RT-PCRE Z
Q1= jg33e] 2 M= splicing donor sﬂeﬂ'lt mutation0] 10 cDMNAZL| sequenceE E4af 2 AL cryptic splicing0| OLE early stop codon
Ol 47 THR =5{012] Lot ShkT =0j2) A7t 22 el uEe M8T HOE g
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a9 259 AE HZE%9 suro-1 mutant® mapping Z23¢. oF 388kb ol A suro-1¢] F3 M=, 1
Stol A 7hs5 Aol 9 FHAE 2 7 e, Wormbase(www.wormbase.org)el 4l RNAi data—e‘E
243 A3 Dpy phenotypeg Hole A FTolA RI1AL79] 71 714 ol L. o]F R11A57
ORFE& x%3l+= genomic PCRE F33te, 7 F82E suro-1 mutantol] A5 3te] rescue™ = A
S #9992, R11A5.7S zinc-carboxypeptidase A(CPA) homologE a3 Aoz Ay = FHA
(1 25B).

suro-1 mutantE 9] sequencing 23 jg33<& splicing donor siteo] point mutation®] 1o} early stop©]
#3 9] THR(threonine rich domain)® ¥4 ¢} ShkT domaine] "SR A ZA F(2H 26). jg34
o] 79+ carboxypeptidase domain®| point mutation®] o] &A&Ajo] ol EdAWolz FAH.
jg439 4= propeptide domain¥} carboxypeptidase domain A}¢]9] cleavage’} &

LFZ vyl sl A& (14 25A).

A G surp-1 (1g33)

1% 27. 3% suro-1 mutant £ Ao 2] #Eiﬂ T& d]uw 9! CHE Rol mutant?| suppression. (A) 3&29] suro- -1 mutanto] A
ROL-6:GFP pattern2 b|DIs} 29, 9| 8|2 (B suro-12 CHE Rol mutant@l sqi-32| Rol phenotypes & suppression&.

Z9] suro-1 mutanty cuticle Ao 3t G3FS vlwsr] Yal, ROL-6:GFP ¢&d z}o]E nv]us
Botg. 2 A¥ 3% ol A UAS(2¥ 27A). suro-1°] dominant ROL-6 && 7fA|<l jglsd
ol¢o] th2 Rol mutantE< suppression®d 4= A=A &o} B7] 93], recessive rol-6(el87)3} rol-9,
sqt-3%5 3 suro-1S wH}EFY] double mutantE WHENS. I A suro-12 TE Rol mutantE%
suppression® 4~ A& RIS, 198 27BE suro-
S HAE,

—_

o] sqt-3¢] Rol phenotypes suppressiondt %

SURO-1 carboxypeptidase”} cuticle formation ®=+ collagen® modification®] T &3% &7 ¢34,
hypodermisoll 4 L& ¥ =3 &2lsde. 28 27AE suro-1 ZEZRE NLS:GFP g ¥EZE ZTAA
DR A o7 wdS 3eldk 29 Psuro-1:NLS:GFPE 3-fold9] embryodll A 5B & 5 o] young adult
7HA e, o] d M mupdFel WAl dAlol A 4H 9] molting I o] EA8t=H, AS cuticle 8
A4 T8 A moltinge] B AW7HA HEETgE Aoz AR cuticled Ao T s}5A o]
ofF =5, ol Al7]el+= intestined| A %= o] Fuh, thA Z hypodermisell Al d o] iL=A H= A
S ¢ F 3% Psuro-1:NLS:GFPe] 2@ o] hypodermisol Al dojup=A AstatA A &lstr] 8,
rol-6 promoterd] &3] W& = EMR-1:RFPS Prol-6:EMR-1:RFPE Psuro-1:NLS:GFP3} 5 A]o
PN 7= FAASE NAE AZsAS. o AAA EE EMR-RFP 2@ A2 o4 NLS:GFP7}
A HE S gl (1" 27B).

S0 7 suro-19 subcellular localizations ¥olx 7] &, 37} £/ SURO-1:GFP Z#An ==
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sk
-
0

NN, v oz SURO-1:FRPE %4
3l integrationg X3l jgls32 straing AUS. o] A
A RS, SURO-1;RFPE jgls32E5 starvation A
w2 M e A e ddrt fA R

=

O3 27. SURC-19] &, (A) Psuro-1:NLS:GFP EEHME 744, SURD-12 3-fold embryo A|7|0fM 2E, 43 o) 0|27
TR €dEl, E3| Int estine;.}f‘ypodermisdlﬁ Hao_qg M (ttx-3:0fp transgenic marker), I (intestine), H (hypodermis).
(B) Psuro-1:MLS:GFP2} Prol 6:EMR-1-RFP2| £HE hypodermistiA HESHH YE|EE (C) SURD-1:RFP expression
pattern. SURC-1:RFPE T3 A|Z|of T hypodermls{‘.*llkl secretory granuledt AR DY E THENA cuticleE 2H|EL
H33342(Hoechst33342). (D] SURD-L:GFP2| Hela cellofjrdo] e @4k H&® 0 SURD-134 3%-?.— mutant SURQ-1:GFP
AO|E] EH R0l 2 =+ BiE MEZEEY ZE0 EY.

2 3dS AT F gloy, e Fo Jgio] S0l HAAHSY 2Ho] ZAIA HE AoE
A, o] AL food signaldl o8] AR B R AAEY ZF2d hE ABAo] A& Ziﬂi 01]%%

SURO-15RFP= A gole= AXdeA Aol ddo] vep}a, Algto]
A HiE S o] F(19 27C). SURO-1:RFP7F 2@ 5 &= A|3E7} hypodermis 3}
Hoechst33342 944S 53] #5393, =3 Hela cellol A SURO-1:GFP2] &S & 217Ho] oA
XA E SURO-19 wao] Axde] o] Yehte 21 SR (19 27D).

B

l

Control srro=1 RNAF

dpy-11

dpy-18

& 28. SURD-13} CFE collagen = mutantS AM0|9] FHEE S &, (A) suro-1 mutantE mild Dpy
phenotypes E0|1, § Z0|7} opdg o] Bl o =3 E5. suro -17F dpy-11 B dpy-182] O|F BB
iHl= Z7F & 20|MiA additive phenotypes 2. (B) suro-13; dpy-11 £ = dpy-182] 0| SHE0O| Ao
ME ROL-6:GFP2| cuticled M 2EE ZEpEL
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SURO-19] cuticle® A 3} collagen ZZo| #odddE=xS 47 Y&, 7120 4H7 collagen 24 &4
?l  DPY-113} DPY-189] mutantE3e]l 4 43 #48&& A9 RS DPY-112
membrane-associated thioredoxin-like protein®]|™, DPY-18 & propyl-4-hydoxylase® alpha
subunit$. suro-1 mutant AFA £+ mild Dpy phenotypes E.olH, dpy-113 dpy-182 323 Dpy
mutant®. WEkA o] 5 7FY] double mutantE A ZFsle], 2070 A A ZoA HolE Aol BA AHls
5. suro-l;dpy-11 %+ suro-1;dpy-18< Z}7}9] single mutant?! dpy-113F dpy-189] H|3] & Zo]7}
ol AxelAd x5 o #dolAnz(ad 28A), A% & 42E Sl collagens =43 7Hs4 ol
gtz Aztd. w3 o]E double mutantelA] ROL-6:GFPel &S w®luwa] B dpy-11, dpy-18
single mutanto]l H|&] suro-1%¢] double mutantollA FHZ3 W37t e AL 4 F S (2¥
28B). o] A¥ES ZE3e] B, suro-1S dpy-11 T dpy-18% ttE AEZ E3d] cuticle A
S Frla FHuE

tfeo 2 78 27AA 3%F9 suro-1 mutantE°] FA+E ROL-6:GFP patterng Ho] 7] wj&<
°] 5 mutation®] SURO-1¢] 7]5S dwutvd A=A dolrr] 918, 7247t mutant cDNAE &3}

Fetav=E Alzete] 7R nullel] 77k Aolgt AZbE = suro-1(jg33)el IR HAIA B L
A3} oy SURO-1 ¥ Zelxv]=nho] rescue ¥ AL s S(2d 29A). o] Ads} 11"’:]
27A9 A3 E F33sH4, 3F 9 mutantEe] A9 nulld 7Mgte AS JZAE ¢ A&

A Constructs JE33 recae C Conarinty

() - Gene structure
woisovn [ Tg o] e 5 2
g he
* sz | et | T o
356 Uiz 5) ! THR 033 et o Pl
P @ ®®
- we (B 28 2
s5328
w357 e | Propep | | THR  [shkT] 0w ss21a = e [ [om ]
' it T rl o Reukl e |
. ) ) @ &
wsss ses [ Frpm | T 7 - &4 &
s | [ v [ R s o]
= et T spal Breli | Mo | M
"
) @@ @ o8 9
5817 | —» — - —
B Constructs Ju34 rescue sz
% (m) 88330 | | memweatiesr | wee | T L
ss22 | RIIAS.T genomic DNA ] 100 (105) Vhe i rel  tul
S— 959171 55307 -~ -
55300
79.0 (153)
o p—— Primers e
100 (123) e DRIASSY | GTEAMCAGTEAAGCABASATOTOC0E T
:x:]’ - ::‘ ERIAEM | F COGAGAGOTCARCTGOOATGAGSTEATS ¥
FRUAELIS | § ATAAGCTTGTCARCASTERASCASABATS ¥
BSI05 0 5 0
0(100) preck et Sy it idy WRARN | F ATOCATOCCATTTAATOOACTTCTACOAS I
SN ALY SRIASIAD | F TOOCATOCCOATACCTRTOCARGTCARTES &
0 (100) N T ASN 80 BRIAGSY | ATCTOCAGOTOACOTTTOATOAACTACG TS ¥
DRIARIS | F TTTCTOCAGATOSGATTTCEACETIGTTE T
0 {100y pet@d wrnf aapronsion patterm | [ RIASIZ | F TATGANTTCTCARKATOGCTICATGATIATE 3
87U (D W8 ) i €. wiwgans) FRIARLI | F ATAGCTAGETCAGTOACOTTTOATOANSS ¥
T BRILAGLW | § AACGAATTCTCTOARTCETICOAA
ST D sref aipronsion potern | | DRTLABSAT | F TCTOCTASCOGOATCEAGRANTOCTOATS ¥
15 gy RIARSS | F TCTGAATTCCOAKTOCAGAGATATON 3
B3 8B RIS | § ATCTOAGATOCOATACETOTSCARSTE ¥
EEilt RILALI | ATCTGCAGGTOACOTTIGATORACGACS I
a4y -4 5 RIIASSIT | F ATCTRCASGOTCAGSTOTOAMESATEANAD ¥
S8 T @ E

a8 29. mutant SURO-12] 2PEdd0] 2|5 rescue 21 9 suro-1 domain study. (4) 3Z2| mutant SURD-1E THEH A|F suro-1(g33)
mutantE rescue®: 20 2L JmiziE (B) 2] EH IS E2 SURD-1E £HA|A suro-1(g34) mutantE rescue B B3 & 20HTE
SURC-1 Creido| e o rescue 7F 22 S0IE (C) suro-1 2= AFEEl DNA construct2| 7j22 Z2H0|HE.

SURO-12 A& A2 propeptide domain(Pro-pep)¥ carboxypeptidase A domain(CPA) ]2
threonine rich domain(THR)¥} Shk toxin domain(ShkT)S 7}. ©] &% domainEeo] w3t ddS 3}

=A dolH 7] ¢4 Z} domain®] deletion seriesE THE©] SURO-19| functiono] F&3kA] <o} H
ke 1% 29Be} #o] oy FHe EtAv=E AlFste] suro-1 mutantol] Y8 %éz A 7
rescue™ © Rols sh=A] &A1, o] Ad Ay}, GFPe Ao & gie glon, fusion
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protein®= suro-1 mutant® Z rescuedS & F AU o] AF A 237 full-length cDNA E&
genomic DNAE X &3l= Zetan=s 7F 4438 AT rescue™ A 5(1H 29B). wehA, &
SURO-19] T=H[2l¢o] SURO-19] 75l To38t dasites AS & 4 A5

ool A dFel fradtd WHe ol&d MEE FAA L= DA AHT jelsb LS o] 8T
A el

g
cuticle &4 Aol n|AAA <l epithelial celld] 2o v X= AT A4 FAOE 2y HUS.

N

f

O

1 oEt ASE o8 Aok T2 e Devgenoldh= AN 44 AlE
. BHAIRE, A 7H‘:'L HoFoll A **TJ o] g2 & A3

N o

=

Ay

REI )
ot o

ofl
P Ml b ord o bEop o @ do 2 lo

o

Foll wa Hlal -9lell g 53] Ak Ty %X*X}% = *E‘?‘f% cMet& =9 3
7HXJM phenotypes Hildh= FFo A4 AEE AUAAT, o] EH A= ofF
(5% W|%F) Muv phenotypes Holm2 AAAQl o4 7Fxi= ¢lg. oo na] $-2l7F A=t

2

)

g2 95% ©o]%Fe] Muv phenotypes Ho|m, o] Rdlg o]&s] AafA ®Ao] 7hssioke= A
golstd . w3k 7 Rde g83td Al gefitinib9t erlotinib®} 22 EGFR-TKIo o
Hh3-AJo] 4 o]y EGFRS #d3st: NSCLCO 543 w4 F418e Felsiomz o
s o] &3tH EGFR-TKIO| & ‘ﬂ‘é% SHE 7 de M2 A 2] T Aol
. A& EFEta B AT A= AgkdE YT Ay 2 AT ez QlE TR
shet= dtolr el Fufeb Eﬂ"Eﬂ E7Fsste], AstE A7 NS o] F S

A3¢] EGFR ortholog?l let-23¢] promoterE AF&3Fo] LET-23:hEGFRE Zd Azl jols69t
jels25 EEo A hyperplasia phenotype©] vulval phenotypeol ¥t YER}E=X7F Zoi3k o &<,
let-23 2] A9, SR hF-E 2] epithelial celldl A &dE Aol hFEE2] let-23
mutants ©] lethahty-;: Holx ZHo® Hol vulval development ©]2l¢ ©E tissue?t organ
developmentoll = 23S &4 £ & a8 x E3stn 3439 EGFRY wao] 33k A
EZAoZ Yeys A VPCA ZstdatsE A, let-230] @dE = & HXEA=
&

>N

= e
EGFR 4ls o] 938 Alxo A4S dAlstes A" veti, VPCAAE AxE 45 =
oh= AL =402 o5 AE 3He] competence®] zkolol o]gh Aolet AzbH. AT A4
7] Ao A 6712] VPCx= LA o2 553 potentialS 7F2 equivalent groups A sle] &
AEED 2dstd. A5 427 DA A EGFR 25 A2 427 6719 VPC ol A alge]

A7 A&7 okt wlE= hypoinductiong %381l A&7} 78 hyperinductions =3k A
AAA A7 B 371e] VPCoZF 22709 MR FE3te] stue vulvags FAsHA w4, 7%
9] Muv mutantE 3 jgls6, jgls2s oAM= F71& 2 VPCe AXEF2 o] %% o] hyperplasia
= @AstA H. Cell fate markerg ©l-&3 219 A% ZA34%= 7[£9 Muv mutants =37}
A2, GdAA vulvaolA Hojw oA 13} 23 95 713 AEZE°] YElYE o Kol
H}5=3% EGFR 45 dde] 9 3% 9SS 7 AlZx7F S48t 14 =+ 22 &3S 7H1 Al
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EE wEol WAL, olU 3% £3E /H AEe] ol 14 E 2% 2O nHo] A
of 4ol Bws dojub Ao AW oled EHL RE Az Mol FBY WelE A
EGFRE WA A, oz washs o] oha, NSCLCS & 9% ¢Fo4 EGFRe| &

(2) MEKI®] &HA 7 dw

U01262 o]u] MEKIZ in vitro A gol] o] o851 o} o= At 4%, U0126°]
Al M g A A &Y= FrE I0uME BluAd =ue 1S 4 F da MA 5
o] C. elegans Rdol] Alg" A$ jgls69 jgls2s R A 5-20uMeol¥d &3] Muv

phenotypes % ¢ A 3l+= Ziii Hol 92 A5 AxE & skl A g3t dukzd dn
\:]' NSCLCY Az U01262 &3 8 7FsAo AL, o & -‘Hfsﬂ, mutant EGFRS

= Ay AEFE o] g3y U0126JJr gefitinib®] &= vl s A E
23 MEKIZF 473 Algel o8 7] X8 52l Aoz Hof S 4

A
o P
44 & 4 9l

(e}

T AT
A sk X5 7} next genome sequencing (NGS)9] WrH o] 7fdtal FA]o &3 o7 AJAfq
A gMAE JAATE AoR oidd. V£ YAl EGFR-TKIel g WAdS =537 98

EGFRIT7TOOMIE %A o=z 3 9k Edo /e 79 A&, Lo JiEdE WZ4002&

EGFR-TKIel A& Hol= EGFRIT790M L858R] ¢ A EFo] &3E HA[17]. kA7, 999
A ATRZE WZ40027}F jgls259] Muve AdfslE AEE U0126°]Y T2 MEKIS! PD0325901
o & & mA= g¥E B uabA EGFRY 7719 mutationo] WFo] A AE Jfutkst=

Zlo] vl&] downstream¢! MEKIE 7fitels= Zo] A5 &34 YU 7tsAlo] =8 fﬂﬂxl T2 5
xq.o_ MEKIQ] 7311,3_ ;H/\L/q]ﬁ/] MEK x}s. ol—gH%El— qog oq]uggi prz}ﬁ.o _,_gqsﬂo];
shARE, f-2le] M mdoA Ad A= A MEK® 7s& A3l U01269] 5%
100uM7} A = &Helo] w1 x| k=t Hl&), jgls250lA &A= Ao g oy MEKS Ase
20uM ol&lol = F=Re o7 NSCLCS #& EGFRE #243t¥ mutationdll 23k ¢F A2
s TAE gl Aom AR, o] Fo tpekgk oF Aol A7o] WA &QlEojofd Ao
0 A A "oy EAF FFolA EGFR¥ MEKGS 9 &4 F718tA

e gsﬂ e

(3) A& 4 o] &3 EGFRe ¢ 3l epithelial cell 43 ECM 7to] A3 A 2deo] 3l

X
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ftlo

2] % epithelial cell2 4% hypodermist® W2 S ZE basement membrane®
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A AEe FAY FstE Adeta, HAe] FEHE AAH R
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igls6e] Muv phenotypes ZAA7]2z A4 7% S 3%d EGFR A s dAde] o8 A% =2
& FANINE 98e FPE Aoz . $el o] CPA7ZE A% collagen 28-S FalA
cuticle®] T+% A d&FS F1, &

5= BAT A FeHdd 2238 JFge ZrE ARE A9
S oy ##HA human CPAS 33 & prostate cancerd HolE ZZ3tiE Harzp 9lom
2, dFolA CPA A¥e o= AX A#AAS 7. skAIRH CPAS A9 A= yiFu &
7Y CPAZF QIZb} dZFol EAetRE, o= Fo] o= A ortholog A F&3t7]17F o Hoh
= Bolal, 53] SURO-1 CPAE A5¥ A FEA v E43t= C-terminal ShkT =wdS 7}
A Aok AolA human CPASH thE. ol# gk o2 CPAS Ax F2o iz A7 Rd=
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Anovel zinc-carboxypeptidase SURO-1 regulates cuticle formation
and body morphogenesis in Czenorhabditis elegans
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Curicle farmarion and making are critical for the development of Caensrhabaiils slegrns. To anders
stand cuticle formation more dearly, we soresned for suppressars in transgenic worms that
axpresesd dominam ROLS collagen proteing. The suns.] migant, which & mid dumpy, exhitited
Adifi=rent RNL-E0FP | noatization patern comparedto ather Doy murantss We idsntifed marations
In three surg.1 mulanis a0d found that suns. | (DRF R11AST| ancodes 3 puriathie minc-arbocypep-
tidas e homaologue. The expression of this enzyme in the hypodermis and the genstic inueractions
between this enryme and other colagen-modifying enzyme mulanis suDgess 3 regulatory rode In

St By Nl st

Fe—— coliagen procsssing and cutlce organizatioen for this nowel carbogypepiidaze. These Nndings add
ey oar understanding of anlde formation during worm developmeni.
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1 Introduction

Extracefiular matrix | BOM) s impartant in many talogcal pros
e=sgex including csl=cell interactions: signal trznsductian. cedl
alhesian, and amncer metastasis 45 2 majar campanent af BOM
milag=ns and callagenshke probeins comprss supedamiliss in vars
ous species Callagen synthesis nequires sight specific past-transs
lational enzymes. some aof which ane sttractive targets for the
development of drugs to inhibit colligen socumulatian in fbratic
diseases | 1|.Ta date, mare than 1300 mutations have been characs
terized in the human callagen g=nes in various diseases [2 L includ=
ing asteagenest imperfecta (00, many chond rod ysplasiss, seeeral
sutttypes al Ehlzrs=Danias syndrame, Alpart syndrame. Bethlem
myopathy. certain subtvpes of spidermolysis bullosa. Knobioch
syndnome#, asteoparnasis arterizl aneurysme osteoarthrosis, and
ntervert=tral disc disszse {1]. Callagen I is dirsctly invahesd in
a number of genetic and acquired dissase such a5 Alpart’s and
Coadpasture’s syndrames {3 Knoblach syndrame is caussd ow
pathogenic mutations in the COL18A] gene (4] Muotatmng in
W0L11A2 mause 2 none=ocular Stickler syndrame. by aff=cting

- ':I:l.i-_.'ﬂhﬁ.‘si’-i‘.ﬁ‘:. Al Sl Thinfcmtga s of B En@ﬁ' el lstriesiony, 134
i Sendarrra= e Sase’ | 1GTAd Reash e ol Wome Far: +33 27383
4063 {LWChal Rae 8230 320 105 L Skl

chondragenic tissues {5{. Oi isa generaizsd disarder ol connective
tissus characterized by fragile banes angd moast cases of Qi ar=
czused by mutations in type | collagen (8]

Cosnorhahditic = legone is 2 powerful mad el to study BCM arganie
zation because development af the woarm mcludes four malting
process=s from L1 larva to adolt and each malting stage immhves
destruction and synthess of cuticles [7]. Mutstions in caliagen
and madifying =nzyme genes result in defects ranging fram sonars
mal marphalogy such 25 Dpy (dumpy). Lan (lang) and B (olister}
ta lethality . C slegons las appracimately 175 cuticle callkgens and
twao bazement membrans type |V callagens 12]. dast collagens are
synthesized by hypodermal c=lls and seam cells =xcept far tem
tasement membrane callag=nz which ar= synthesz=d by badw
wall muscie celly 8| These prat=ins are then seoreted and asseme
bed on the apical surface of the hypodermi to farm 2 complex
i iti=layered structurs |3 10| The cuticle collagens ane mast sime
ilzrta the verb=brate nonsfiarilizr FACIT (it rikassociated oo llagens
with mi=rrupted triple helic=s) callagens {11 ] The collagen=mord i
fwing enzymes in C slegons nohele three hydraxylzses, tera glicoe
svitransferasey, twa prateinases ta cleave the N and O propeptides
axidase ta initiate crosslink formatian, and pratein dsulfide isame
eras= (POT) [12]. The identification of new collag=nemeadiying
mnzymes and their functians & in progress: Here, we identifisd 3
nowvel carbocgpeptidass that function: in cuticle Tormation and

body marphagenesis in O zlegons passisly through callagen
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UEV-1 Is an Ubiquitin-Conjugating Enzyme Variant That
Regulates Glutamate Receptor Trafficking in C elegans
Neurons
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Abstract

The regulation of AMPA-type glutamate receptor [AMPAR] membrane trafficking k a key mechanism by which neurans
Bgulats - symaptic strength and piasticity. AMPAR trafficking 5 moduolated through a combination of receptor
phosphorylation, ublguitination, endocytosls, and recycling wet the factors that mediate these processes are just
beginning to bs uncoversd. Here we identify the ubiguitin-corjugating enzyme warant UEV-1 az a regulator of AMPAR
tafficking in vivo. \We identified mittations in wer-T In 3 genetic screen for mutants with alered trafficking of the AMPAR
subunit GLR-1 In €. elegans Intemeurons. Loss of vev-T activity results in the accumulation of GLR-1 in elongated accretions
in neuran cell bodies and along the ventral cord neurites. Mutants also have a corrssponding behavioral defect—a decrsase
N spontansous reversals in locomotion—consistent with diminished GLE-1 function. The localization of other synaptic
proteins in wev-T-mutant internsurons appears normal, indicating that the GLR-1 trafficking defects ars not dus 1o gross
deficiencies in-synapse formation or overall protein trafficking. We provide evidence that GLR-T accurnuiates at RAB-10-
containing endosomes in wewT mutants, 3nd that receptors amive at thess endosomes independent of dathrin-madiated
endocytosis. UEV-1 homologs in other species bind to the ubiguitinconjugating enzyme Ubcl3 to oreate Ked-linked
polyubiguitin chains on-substrate proteins. We Tind that whereas UEV-1 can interact with € efegans UBC-13, global levels of
K&3-linked ubiquitination throughout nematodes appear to be unaffected in Lew-1 mutants, even though LEV-T is broadly
expressed in most tlisues. Nevertheless, whe-13 mutants are similar in phenoty pe to Gev-T mutants, suggssting that the two
proteins do wark together to regulate GLR-1 trafficking. Qur resufts suggest that UEV-1 could reguiate a small subset of K53-
linked ublquitination events in nematodes, at =ast ons of which is critical in regulating GLE-1 trafficking.
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Introduction

Excilatory smaptic communication in the central nervons system
i muecdiated- Ty the meurotrarsmitter phiamae anc the ghoamats
receptor ion channek thai recene and propagate a'llu.:lrl.:llﬂ'_g':-r
m;a.all:l.a at ik ot prestey raq:-llr mzmshmze [ 1] Gl 1zru|1'.-r1r:n |.a.]:-¢:~.

at

o subwtantial plastisinyg |:-E').'.\\!'Il."g dhmamicalhe wrinake o
::-Ir-l_gll.-t".f-' or an acthity dependem manmer (2 The
raflicking of ghriamae ::\c.rpl*:-r-.. partzitardy 'I.\.JE‘H!. I\T..e rEorp-
ors (AMPARs), @ and owt of the postyraptic membrane &
mmpeging as a hr\ rechardsm ureinerlying :‘.T.a.]:lljr arw behavioral

]:-Ia:ui:'u. 4,

. Thus, rolust molecular ard collular modek for
lenarst |r,gn|d LTIy W ill ra.'l_"reallJI urudersta g r,g-.'.u ol variouy
mechanims and moknodes da regulze AMPAR tralficking
AMPAR trafficking imvolvey several staps, inclucding initial
delhvery o the symaptic membrane, .a.lr.|'.-c::i1';_i:'l oo yiosds, amd

-@ PLuS ONE

WNLDIC s nEang

firally sorting sither to the hsosomal pathway for dagradation or
© the smaptic membrace va wariows recycling pathways [B5],
AMPARS are teframere; [10], and each subneit has cvtoplasmic
tail sequences that Setermine iy suhorlhdar tafficking [11-16],
These tad seguemces direct both AMPAR endocyiosls and
exoCytoal I ;ar]'l::q.'m to peural actvity by iteracticg with
kbirases and ]:li'.v::-q:-l‘.szm. PIE r.aJT-::-lr'.':'.-_i; muolecules; and: the
enclocytosn machizery [2,17, 18]

The Thigquitin Proteasome Systerm (UPS) abo  regulans
AMPAR trailickicg [18~20]. AMPBARs, K2 many membrans
proteins, can be _.n-c:-:l-lrar_-ulali-::-:nlly mocilied by the additon of

:lu.g'lr 1y

v rmelesdes (mom 'I:ln witimationt [31]. Mionouwhi-

suritiration ofien serves as a ugl_al for ther icterealeation
]. In addition by |.'I:-w_1.nu..||1-::-| can poour trough
ion of pew whiguiic molculs 4o the Gl ohigutm

moksculs 2 growing polyuhb chain that i intially attacked

Dacamber 2010 | Violome 5 | Bue 12 | e1429H
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Tyrosylprotein Sulfotransferase Regulates
Collagen Secretion in Caenorhabditis elegans

Tal Hoon Kim%, Do Hyun Kim™, Hyung Wook Mam®, Sang Yoon Park™, Jaesgal Shim®, and

Jin Won Cha'*

The sulfation of tyrosine residues is en importent post-
transletionel modificetion involved in the meguletion of
protein function. We exeminsd the sctivity of worm tyro-
sylprotein sulfotrensfersse (TPST-1) on & typicel cuticle
collegen, ROL-E, in C. alegans. We verified thet TPST-1
sulfetes three tyrosine reeiduss of ROL-& dr witro, We
found that theese tyrosine residuss sre imporant for the
sacretion of ROL-5::GFF. Mutent ROL-6::GFF proteine that
contzin more then two substitutions of the tzrget tyrosine
residues sre severely deficient in cuticle localizstion. Con-
eistently, knock down of fpsi-1 blocked the cuticle locelize-
tion of ROL-8:GFP. Thersfore, the sulfation of ROL-E by
TEET-1 ie criticel for the proper locelizetion of ROL-6. We
eleo confirmed thet worm TPST-1 is locelized to the trans-
Golgi network (TGN). Our results indicate thet TPST-1
reguletes cuticle organization by promoting the treneport
of RCL-6 from the TGN tothe cuticle.

NTRODUCTION

Posktranslstonsl modficeions a= imporisnt medisiors of
profzin funclion. Recsnily, protsin sulisfion has besn recog-
nized 25 & widssoresd postHiransiztons] modiication in mui-
®llulsr orgenisms, The sullstion of fyrosine residuss oocurs
Zmoat exclusively on sscreied =2nd rEnsmemOrens SDENNING
orofzing [Hutmar, tSEE. This modification otcurs on the lu-
mnzi sids of the rans&Goigl network (TGN} Two tyrosyioroisn
suifoirznsiereses [TPET! and TPETE|, which catelyzs tyrosing
sutzfion, have been bentified in humans Both human TPET
gnzymes contzin & highly conserved suliotransizrass domsein
Manchiar-Beusr and Bryant, 2004

Tyroging sutizfion 8 & detsrmenant of prolsin-ooodsin mter-
sctions 2nd 8 mvolved in leukooyls adhedion, hemostEsi,
=nd chamoking signaling {Kehos and Berlozzi, 2000}, Tyro-
s guftation nes besn studied in sscrefory prodsing, such as
gesirin, cholecysiokinin (CCH), end neuropeotidas, which ara
eguisted by multinis poatiransiztionzl moddicafions. Progas-
rin 5 parfisily sufztsd 21 the TGN, and s tyrosine guilation

oromolss the proisolyfic procsss (Bundgesrd =t 21, 1885
Pro-CCH =lso pesses frough e reguisisd ancrﬂtrrg.- nEin-
w2y and undsrgoss tyrosing sullston (Beindsid, 2003 Re-
cantly, functional studies of TPST at the aorgenism lavel nave
been conducied in mice. TPST 1-deficlant mice sxhion ra-
diced Dody weignt and incressed freguencies of posi-
maolamsiion izl desth [Ouyang st 2i, 2002}, whils TPET2-
deficient mica exhibit mais infertiiity [Borgnel st al, 20081 A
mutstion in TPET2 czuses the dwarfism essocisted with my-
oothyroidiam [Sesski et =i, 2007} and 2 doubls deficiency of
TPET1 &nd TPSTE resuils in esry posinets! puimonary 18-
urg =nd prineny nypothyerokdism inomce (Westmuokatt 2t el
2008). Thus, yrosing sufation faciiztes = myrizd of dverss
Diologicel ppcesses

To further stucidais tha biologice! roies of TPET and protein
guffation, we employed Casnorhabaie siegans. The major
chenolyos of @ wnock down by ANAG In C. sisgans is 2 mol-
ing dededt (Kim =t=l, 2005). Since € sisgans cuticls formation
rivohes many posi-iransistons! modiicetions of collegens =nd
o=- T AMAT suppressed the Aol phenotyos of fhe o-8 mutsn,
we hypotnesized et ROL-G i3 2 liksly 12nget of prodsin sutlation
oy TPET-1. In the presant sludy, we demonstrats thet AOL-S
suflstion by TPST-1ia importent jor cuticle formation, &8 it regu-
Etas fhe sacrsfion 2nd funchon of FI{:IL-"_-'-

MATERIALS AND METHODS

anglysis of protein sulfations by C. elegarns TEST-1

A TPST-! cOMA excluding the trengmambzEng ragion was
donad into e pcONAST (+) wecor. The joliowing orimars
wars used o amplfy mai! DA 5-64&.#.7"‘&#.:"" CC-
CGT ACTACAGTAAA-Y and S-ATCTAGACTATAATTTCGA-
TRCTTCATTATC-3. HisTPST-1 fusion prolsing wens ex-
orassed in humsn embreonic Bdney (HEK) 283 cells end purl-
fizd on MI-NTA sgaross besds (NEB, USA). The lyaste of un-
trengiecied HEK 223 cellz was L 23 & control. Weglern kot
anzlysis using enti-His entibodiss produced = single bend of
soproeamatsty 50 kDs. Tresting the purified protein win N-
gycosidzss-F resulted mos band of 47 kD=, which indicsisd
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Pynmadine baciviitheit enzymed lunction in many esllular processss and
are cledaly asocialed wilh pynmudme anlaponsls usad in caneer Chemios
therapy. Thes snrymes an well charsctersed fom baclena 1o mammalk,
bl notl in a smple mebasoan, To sludy the pyomelme egynthess path-
way m Cuoenorhobditl slepans, we sréensd (or mutants exlubiting rens-
lance la the anbeancer drug Slluorourac] (%FL) o several sirams,
mitationd wens dentilted m ZETR3 2, the worm homoloe of human umdms
phogphorylase (U, UP 8 o member of the pyrimidine biesynthein family
aof engymed -and 5 & key repobitor of srdine homeslasns C elegona UP
homodopoud proten (UPP-1) exhibited both umdine snd thymadine phos-
pharylas aualy an wvito. Koockdown of other pyrmelme hicgynlheass
mryme homolops, swch 83 undme monophodphate kmase and  wndme
monophosphals  svnthelzse, aise edulled m 5-FLU mmtanee.  Codine
monophosphals mnase and wrdme monophoaphate synlhelade prolems ane
redundant, and dhow difTempnt, UEusapecile scprgsion paflens m O sl
g, Wheress . pyrimidine bedynthess pathways are highly  Gonserved
between worms and Bumans, no hunan thyrndine phesphorylass homoelog

011711 TRI-4553 T008 07188 s 2h o £ - i
=, S e hai been identifisd in  elegony. UPP-1 funetions & & key mepulsior of the
pyrimiding salvape pathway m O clegors, & motation of uop-i mesclE m
gtrong S=FL! nEiniance
Imtroduction

Enryme ppongble [or pynmodme bkeynthens play
eriral roded m calhilsr malaboham, batanse They oo
vide Lhe pynmidine nuclacdides thel s key dompa-
nanls ol many emolecuks sech a3 BENA and DA,
Pyritnding melabonsm drordend can cause dessies
juch @i orobe asidors, which resolis from wndime
monophosphate - synthetase (UMPE)  deficiency [1].
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There are iwo . roules Ior gynthesping  poyromidine:
de novo and salvaps patheays Many pened encoding
pynmmdine salvape pathway Sniyines ars pensbic ft-
tord influencing pyrimidine  antagonsi-besed - canoer
chematherapy (2]

S-Fluorouraal (5-FL) o a maer pyvrimidtms ails
ponsi Uhsl he been wsed for more (han &) yesrs m
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Abstract

Stephanis delsvay! Dista. hea been wasd 23 2n imm-
ung ectivetor or 2n antHnflammetory drog in Chine,
‘We exemined the immune modulation effect and 7-
days repested-dose toxicity to velidste ds bilologicsl
safety 2nd efficiency. Mice were repestedly sdminia-
treted with S0 ma'hg & delsvay Disla. deily by LF fof
T daya. 5 gelgvey Dsla. induced B cell ectivetion but
hed no effect on other immune celis auch 28 T cell,
meturel kilier (MK ceil, end mecrophegs Mgl & oel-
svgyl Disls.-trested group sxhibied no atetistical
gignificance from the control group in phyaicel con-
ditiong; hody weight, complete hiood count {SBG),
asrum biochemicel indexes ste. Thers wea no differ-
ence between the control group end & delsvayi
Digla -trested group in gross findings such 28 histo-
pethologice! siterstion. |n concluaion, 5. delgvap Di-
iz, 18 asfe ebove the doss of immune modulation.

Keywaorda: Stephanis deisvay D=z, Bdoghesl satsty,
oA, FRmURamacEEion

S pivaels genus is 3 herb which belong o in Meni-
apemaceas Emily Dicotylendons classes and includes

several species having varous phamuacological ef-
fects, Srepfanla cepharanthe Havms (5 cepharantir
Hay ata) suppressed arachidonic adid-indeeced inflam-
matipn' and Sephanls delovamdd Diels, (& delovapl
Dials.}is and has heon wsed for relieving pain and
curing acine gastroemternitis in China® 5 cepiieranha
Hayata was fectonaiad inle severml molecules, b
i delavayl Dials: was not. Mevertheless, & defovey!
Diglz. is a component of Imrensan® which iz an im-
mune stimalator and snoelement of PC-SPES which
is a drug for prostate cancer meatemeni™, Althowgh it
hes been usad for @ long time, biclogical ssfety and
the mode of acticn ane aot elaar - Thus, we confimed
mmunity-relaed astion mechanism and T-days repoat-
ad-devse tonicily

Immune responss consists of humoral inmona res-
ponse sid call-mediated immune responsel humsral
immune responss is govemad by B cells and cell-me-
diated is done by T cells. B cells play a role of mak-
ing antibodiss against antigans snd then they take
chargss of adaptive immunity, [n raditional madicine,
there are many prescripticns for modulsting the im-
unE sysien such as Gamipaeme-tang® and Cocheon-
gryong-mng”. Recently reszarches for elucidating the
ation machaniam and confirming hialogical safety
are incneasad,

We confirmed the biological safety of & delgvep/
Digls. through the appearance judge, the change of
hoady weight, CRC, serum biological indsstas, histops-
thalagicsl signs ete.

5, delavayi Diels. Reduces
Lipopolysaccaride (LPS)-stimulated B Call
Proliferaticn and Induces CD19 Activation

[n-& dalgwad Diels-irested mice, the immumne nes-
ponse was suppressed by treating LPS as 2 B-call
mitogen in a time-dependsnt manner (Figure 14), 5
dafawad Digls, impaired LPS-induced B oell stimula-
tion. LPS-indueed B -cell proliferation was enhanced
a 48 hrikan ot 24 he { P<00F va comesponding vehi-
clal. Meither 8 T cell fimalator coneandvalin A {Cond)
nor & poks weed mitogen (FWM) helping T and B cell
Aimulation, affects the proliteration of hymphocytes
in the presence of & delmerpl Dials. (Figere 1B)
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Thymidylate Synthase and Dihydropyrimidine
Dehydrogenase Levels Are Associated with
Response to 5-Fluorouracil in Caenorhabditis

elegans

Ssongseop Kim', Des-Hun Perk'™, and Jeegal Shim'~

EFluorouracil {5-FU} a pyrimidine antagonist has a long
hisiory in cancar reatmant The argeisd pyrimidina bic-
synihesis pathway inthides dilpdropyrimiding dehydre-
genase ([DPD) whish converis BFU to an inaciive matabo-
lita, and thymidylate synthasa (TE], which ia 2 major targst
ol &FLU. Using Caencoriiabditis sfegans as a modal sysism
o shudy the hinclisnal and resisiancs machanisms of antl-
canoar drugs, 'wa sxamingd thase two genes in ordar o
deilermine the axiani of molsculsr consearvation betwaen C
siggans and humans. Deeraxpregsion of the warm DPD
and TS homologs {DPYD-1 and ¥Y110ATAA raspecihealy)
sipprassad garm cell death folbwing 5FU exposuns. in
aidifien, DFYD-1 daplstion by ANAT rasulisd in 5-FL sansi-
thvity . ‘while iraaimant with Y7104 744 ANAT and §-FU e
suliad in similar patierns of ambryonis dasth. Thus, the
pathway of 8FU hunclicn appaacs 1o ba highly consarved
betwsan C. siegansand humans at the molacular laval

INTROZLCTION

The arnt-cancer daug, Sunouacs (BFU), hat baan wuad far

moie fun A0 yan s A% A SAncar hatany 19 colamaind, sirnath,

avarsn, and fasd and nech cances I fasl 5FL s £0 0=
manidisy doug foe e restmen of oSomcisl cancer. BFU in-
doces Gl joyse avest and Aoopiotis of chncar ot By inhiki-
oy bofh AMAC achan -and DNA syinetis. Lie ofer
ppimiding Ariagonsa, B-FL 2 a po-drug and & Gomeanad
an At dug via e gyimodng bosyrihess padrasy. Thasa-
lane, Te hinchan o s doug @ dapandad on e activities o
fa oydmiding syrheta anrymet oruding diydoogyanndins
defydsiganass [DPO], Symidyials - synhass [T5], usdne
phosghostass (LT, Symidne phosghansasa (T, uidne
mophosphma dnsde [UMPK], and arolais phosghodioony!
frantlacaes FOPAT) Mdasng & & 2008

DCipdnagydmidineg dahydoganase {PD), ona of Ta sl e
gponding enymas, X-a sta=mifng eizyma far BFU axiaho-

bam and s misted 10 umor samiivdy (Bedk =t &, 19355 The
e and sty of S e Ane vary High in ha Beer.
PD osarnvds BFU 0 e nddive molboa 8 &
5"1'|.T.|":I"'_|\:|'E\.I'B:- DHFL) Albowt B0 45 90 pareT of tha BFU
doan s exaiyrad by DPD 0 the Beas. Exgetasm leveis of DPD
N GhnoaT oals A chosany miated o FRU sansbvity {ahicewa
& A, 1939). Ax & s, EFL fmcody & scoompansad by gip-
omsaan of Bane marow, darhes, aopacs, and nacdes, ad
hase e aflacs ane oW Savess in paiama edibring low
DR axpedsacan (aiana & & 1998) indead, in patens with 8
CFD ezyme . daleency, BFU chamohecapy & adsacimad
i savem, WaE skatening Ycody (Hodiesid =l &l 2004)

On e othar hand, figh sxpestion o Symidyiais syrihasa
TS}, which i, e rrajor tngel anzpme of EFL, incancarcais
ey o malatace o BAdasuast Habss =& 27010 Ha
Gy, Sgel MUSCAchOE PRGNS AN T An0ET ANy
n Tha & uptinaam agion & the TE gend weas lund 5o atiect
TE Ewpmssan Imadiingy, Chncar GaE A SpEl o -
#a o TS st BFL saidisny. dlogant ot &, 2008} Ex-
peaion of TS induced by 5FLU and i seguised by fa o
aycie-anacic rarmcinhon fagia E2F [(Dbama =t s, 2007 TS
iy Bdan ahdwmn 10 funcian as A Tamsiafonal raguiliorof oalu
argans g Aehin and 13 mass] wvih TEvEE SANERT priiand
nciiding pEl {Liv et sl 2002 W et AL, 2004 AR A el TS
ik Bae Imoicatad &t & boornadioer ior pragnotl n pydmidina
saganat hacany. Oibar sapats, howdosr, Fuve indiciied an
FAngEYy betmaan viEhidy and TE dapeisbas ieesl Mign &t ol
1998 2a wal as a dacracanty batasan TS mANA and proen
evaia Blyamea e Al 2001 Nevadheists, e spetaan
el of TS 8 ciosary aiated o §-FLU indbanand stisian o
rogenecl Thesios, mamy S8 fenod been conducied ja de-
wiian el TS inhibtas sush st Scexed [Husium o &,
1897}

in Shis sy, we axamnad He E-canoe” diug weitianne
machancin i cancercals urng O sldming & A gansfic mads
Affough G siagans had basn utad 84 & mod# sysiesm in
phEmaocpaalot and Chémick! Qanaiak, Tl digareim i

e Seaimerial Sescures Brandh, Maiine iCanoer Sater Sojarg 41175, Sowa Sevma radiita of Dokl Mdadicing. Dasecs 305411

oma TasE B0 OS] SOl 10 TS Wil
DOTEEDOSNon. el non R K
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A Forward Genetic Approach for Analyzing the Mechanism of
Resistance to the Anti-Cancer Drug, 5-Fluorouracil, Using

Caenorhabditis elegans

Seongseop Kim and Jaegal Shim*

Cancer Experimental Resources Branch, National Cancer Center, Govang 411-769, Korea.
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Pyrimidine antagonists including S5-Fluerouracil (5-
FU) have been used in chemotherapy for cancer pa-
tients for over 40 years. 5-FU, especially, is a mainstay
treatment for colorectal cancer. 1t is a pro-drug that is
converted to the active drug via the nucleic acid bio-
synthetic pathway. The metabolites of 5-FU inhibit
normal RNA and DNA function, and induce apoptoesis
of cancer cells. One of the major obstacles to success-
ful chemotherapy is the resistance of cancer cells to
anti-cancer drugs. Therefore, it is important to eluci-
date resistance mechanisms to improve the efficacy of
chemotherapy. We have used C. elegans as a model
system to investigate the mechanism of resistance to 5-
FU, which induces germ cell death and inhibits larval
development in C. elegans. We screened 5-FU resistant
mutants no longer arrested as larvae by 5-FU. We ob-
tained 18 mutants out of 72,000 F1 individuals
screened, and mapped them inte three complementa-
tion groups. We proposc that C. elegans could be a
useful model system for studying mechanisms of resis-
tance to anti-cancer drugs.

Keywords: 5-Fluorouracil; Anti-Cancer Drug; C ele-
gans; Mutant Screen; Resistance.

Introduction

5-Fluorouracil (5-FU) has been used for over 40 years for
treating various cancers including colorectal, stomach,
ovarian, head and neck cancers. It is a classical pyrimidine
antagonist. Various other pyrimidine antagonists, such as
Capecitabine and Tegafur, have been developed and are
now used in cancer chemotherapy (Maring et al., 2005). 5-

* To whom correspondence should be addressed.
Tel: 82-31-920-2262; Fax: 82-31-920-2002
E-mail: jaegal@nce.re.kr

FU-based chemotherapy improves the overall and disease-
free survival of patients, but response rates as a first-line
treatment for advanced colorectal cancer are not high. The
combination of 5-FU with newer chemotherapies such as
Irinotecan and Oxaliplatin has improved response rates for
advanced colorectal cancer (Longley et al., 2003).

5-FU is a pro-drug converted to the active drug by me-
tabolism. The efficacy of 5-FU differs depending on dos-
age and administration schedule. For example, 5-FU in-
hibits RNA function when it is administrated by bolus;
when it is administrated by continuous infusion, it binds
to thymidylate synthase and inhibits DNA synthesis. 5-FU
is also bio-modified by other materials such as Leuco-
vorin that increase its efficacy. Leucovorin slows the ca-
tabolism of 5-FU via the TS-FU-FdUMP complex (Rich
et al., 2004). The major pathway by which 5-FU induces
apoptosis of cancer cells is via the active metabolite of 5-
FU, fluorodeoxyuridine monophosphate (FAUMP), which
binds Thymidylate Synthase (TS) to form a stable ternary
complex. TS converts d(UMP to dTMP by methylation and
regulates the balance of these two nucleic acid precursors.
Inactivation of TS by FAUMP increases dUTP and pro-
motes the mis-incorporation of dUMP into DNA. The
resulting DNA damage induces cell cycle arrest and apop-
tosis of cancer cells (Maring et al, 2005; Peters et al,,
2002).

Anti-cancer drug resistance is a major problem in che-
motherapy; it is classified into intrinsic and acquired re-
sistance. Anti-cancer drug resistance can result from vari-
ous causes inclnding alteration of drug influx and efflux,
enhancement of drug inactivation and mutation of the
drug target (Longley and Johnston, 2003). 3-FU resis-
tance mechanisms are relatively well understood. The
enzymes of the pyrimidine salvage pathway including

Abbreviations: dTMP, deoxy thymidine monophasphate; dUTP,
deoxy uridine triphasphate; SNP, single nucleotide polymor-
phism.
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