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E(1)

=
= =
CHE AISXRE X HEA S5 gAY
AsE - Ay
Al st A ekt
e & 2AE F e oA 7L M2 dYslaR gk
AERAA dojuh=s M5 A, AX F7), 23}, DNA B4 ¢ g
2 AL WY, g AY BE UG ES UL deEy
5248 28 ey ZAHEHO AL & cellular process Yeast two-hybrid assayy: %2 eukaryotic trans-acting
9] ojsle o9 A #AHHE F8 WA olF BF transcriptional regulatorSo] 93¢l 71%< 343, 2
AS A= G A7ke] A5 E8-8 B4t Zhzte) 75 oz E#H domain® 2 FAFH AT Al Al
<= B AR AAE sk Aok kA 1 o]F0ixl systemo|t}. o} regulator&< §% H7] AMEE ©]
e Sl E F3 Agete 2L B S Fohlo & F0]70 promoter 9]¢} ZAgsH= DNA-binding domain}
HX A S AAES 9F AE oA Asty A RNA polymerase 11 B39} & 02 223} transcrip-

0-6].

#71dE sk A2 dh At £ ey #
A7 el H2 Atk

A7t AEze-S A7 QoA yeast two
hybrid system2 &2l Agulfolatrl & F 9tk Two
hybrid&= olr] €3 = F ©fAe) 45 2E8-& sy

A & 73t oln] 41 gl e S Adete & oE
A S ATy stz & o A ok o] system
AE WollA 2H2-3HA gozm dde 72 Wy glo] of
& A5G FAE 5 U FRel dok Two hybrid2 &
AP AT FE AL Y AEEH JsH d#AZ
F qen 83 J5ALS Afste BES AA AX W
qx2) o]F G 75 YFS F ALE 45T 5 )
th d2FoE Ax edMe gy RS Adig
complex& °|Fo] 715& FYs= °l
dsle A2 47 dFdEe] 84S
2 Boh ’\*E—‘ix—‘l o8 ¥ dwze rl5s
HE AA & & ok T3 two hybrid
23 AEo FAsts AN motifu} do

2 gjde] J3 g #dste 5RFES s A
2L EZE& ANSedE o8 & Sk

mlm 4

B 2Hd4ME B dugel Adsage T893 motifu}
domaing AME-dte o|Ee] LS EEHCE 2PE F
e AMAIZ 229 two-hybrid system—°— AE-3F cell based

assay systemEHNH o] 2 532 A3 AR HEAE

A corepressor complex 3 A% 14‘1;}71]01]1\1 o Al RS-

16

tiond] FA3= 7|52 T3 3= activation domain© 2 -4
o] itk olF 7t domaind 3hte] ThlAg st 53
FHAE SANLF e 715E FREA "ok

DNA-binding domain3?} activation domain-2 recombinant
DNA technology & £ 222 23l sl}e] hostlf
oA Mg dEAIL ¢ e o] o o]E2 AR FElEo]
Qoo Agste FHAE AL = A ok Tt
A3 zg-o] M3 ¥ vl A& z}7] DNA binding domain €]
8- A A9} activation domain®] §A Aol ZAFA|AH EF &
3l FEATIH F el o zge] o R EHAA
DNA binding domain®} activation domaino} HAe} #AHAF
7155 A Be2M AR E-e] 7heE Rk

Yeast two-hybrid system© 2 Field & Song(1989)cl ]3]
FHzZ /EE GAL4E ©)L3 two hybrid system®] F9+
yeast®] GAL4 transcription factor2] DNA-binidng domain}
activation domaing & 3led UHEHLEE 3} reporter
gene(lacZ)®l promoter upstreamo] GAL4 upstream
activation sequence(UAS)7} £ =5 3l F T

GAL4 systemt}2°2 % 7|dH LexA systeme E.coli®]
SOS gene?] repressor2 7|5 3l= LexA wujz-2 DNA-
binding domain®. 2 o] &3} yeastol]A] transcription”| 5
g 4 = E.coli®] B42 @A -2 activation domain® 2 &
Y3tATh ©] B9 lacZ reportoer gene2] upstreamol]+ LexA
operator7} &) 514 B tHFig. 1).

°]& systemS- FalA A3 gl F AL Zpzhe]
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A. LexA two hybrid system

leu2 or lacZ

‘ LexA op H

A A5AE 28 A4 A Y 17

B. GALA two hybrid system

GAL4AD

Fig. 1. LexA or GAL4 based yeast two-hybrid system.

(omains} A SHA|F)A =H GAL4 DNA-binding domain
oIt} LexA7} DNA%) 9131317 52 0153 shte) ez
HEE P ES activation domain¥} WHE @A} At
i5ked reporter gene$l lacZ7} W@ EH o] HAZ yeast cellf] o]
95 vuzo) 432887 98e B 4+ W Ak

GAL4 system¥Z= ©a] LexA system< yeast2] inducible
GALI promoterE Al£3led galactoseo 2J8] activation
domain®] fusion Trjde] WG ZHWS T A Hole
) ol el T Fo] yeast cellsoll A toxic3tAl 2§ &
oA 7t & Aol & & doh E=E lacZ
reporter gene©| yeast cell®] genomedl] one copyE FEA =
Ae] o)} high copy number plasmind’dol] &2l 3le] X-gal
o] I3t vl x| A Bgalactosidase activity S A &g 4
A= Aol gl Wb false positived] 7Hs3o] Fokd Al
b A R 9Tk

gt 71E0] 47 two-hybridsh= €8] & 9 E e 45
88 E31 reporter gened] Yo A FH = reverse two-
bybrid systemXz T o] J3 28-S AaMste 24 Y
A2 Fr&akA A" & At

Z 71Z9] LexA$t GAL4 two hybrid systemS ©]-2-3F
N FE g AsiA FA2 AsiA] 2ls) reporter £-H 2t
o] @Ao] WHEHA Yol 7o Kol Ao R olEu
regative selectiono] Ht}l o] A9 M AE] g thgh
2o ZE 78 Il e 0 2 wild type yeastE AFEF
o AAMEL FA4 §5E Flsior s AU vk vk
reverse two hybrid system®] 739 T ©hifz Alg 2}8.0] 3
ol 28 reporter gene2} W&o] oAl =W FT Y A&o)
EXEHE positive selectiono] o] wild type yeastol] ot
=4 testE AX = HAREO] itk

Reverse two-hybrid systemol| A T vhill 28 w-& A)7]7] ¢
ok vectore= 22} glucoseol] &3l oA =37 galactosedl] 23]
FEET GALI promoter®] ZHE LAIHT v Az A
W Ag-0] Qo] reporter gene?l URA3ZF WHEE cell&2
-ro-toxin S-fluoroorotic acid(5-FOA)7} &A1& 749 A%t

gtk e o)F T wa] IS AN & i

L

-

Glucose

\{ B42 vector Death

@ y I
Inhibitor

LexA

vector O-‘

Galactose
LexAop || URA3

5-FOA

LexA [—" Life

[Lexaop | URA3 ]

Fig. 2. Reverse two-hybrid system.

EAdo] JAISEH URA3 gened] Wdlo] A= o] cello] A7
& 4 A FrKFig. 2).

A# E Huang & Schreiber: ¢] system-2 0]8-&ked activin
receptor R13 immunophilin FKBP122] A3 =H cello] =&
2] - oA J5aE-S AR EFY FKS06& A
™ yeast cello] A= 2& BodFQckHuang et al,, 1997).

T

1. Yeast two-hybrid system2 |8l plasmid

LexA w9 e] DNA binding domaing 7}x|%& plasmidi=
auxotrophic marker2 HIS3E 1¥ 2 B429] activation
domain®| Q1E plasmidolls= TRPI-& auxotrophic marker
7132 Qv durFel LexAE Z+E plasmidis pLexA/
pEG2022 yeast ADH1 promoter& 53] ZHED LexA
binding domain®} nuclear localization signal-& 7FX| X ATk
Eg 7bg gyl ol4HY Qe B42 domaing ZHe AL
pB42AD/pJG4-52 4 SV40 nuclear localization signals}
hemagglutinin®. 2 ¥ & 2] ¥ epitope tag L yeast?}
galactoseol| 4] A& 4= & F yeast GAL1 promoterE 7}
R 3L it} o} GAL1 promotere= galactose &80 7 zH4
8l71 W) ol BL false positiveE A AsI=T o) LHTh AFS
28] 81 LEU29} lacZ®] T 7N 2lEH FHAE ARS8t
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£, LEU2 3XE £ yeast genometo]] AYEHoix o

(Nicked calf thymus DNAE A}2517] 9= Zo] Et})

upstreamol] LexA binding siteE 7FR|2L U7, lacZ reporter iii. sterile TE/LiAc
+ URA3 makerE 7}X|& 2u plasmidel] X&)} Aok iv. TE buffer or sterile, distilled H20
v. sterile PEG/LiAc solution(40% PEG solution); 10ml

2. Yeast transformation
1) Al <

i. Yeast vh=]

ol 7% 50% PEG3350 8ml , 10XTE buffer(0.1M
Tris-Cl, 10mM EDTA, pH7.5) iml, IM LiAc(pH 7.5)

1ml

a. YPD medium; 20g/L. Difco peptone vi. 100% DMSO
10g/L yeast extract
20g/L. agar 2) 49 W
pHE 5.82 w&ct Hadt £ 55CAHE ® EGY48[p&op-lacZ)cell S A &u)x]o| A 250rpm el 30°C
2 23 ¥ 2%7} HES 20% dextrose Z e} uj k| o) A] 24 4] 7} vl ok3ie)
L} glucose stock solutiong ¥t} @ AT A EXE 300ml AujA 2 &A 0D, >0.6H % 5
b. SD medium; 6.7g/L yeast nitrogen base without T 250rpm<] 30C 2 g v Fr)ol A vl it
amino acid ® AT AEE A 223k F4F T 50miATY TE
20g/L agar buffer(pH7.5)1} DY SRHFE W3 Aech
100ml 10 Xdropout solution @ 9489 3 % 1.5ml LiAc/TE bufferE 937 & A=
pHE 5.8 H#d & 55CHER 47 t}.
Z 2%7} HEE dextrosel} glucoseE ® Competent cell 10049 10ug/ml®] carrier DNA, 5.ug

L5 A
k-2

¢. 10 XDropout solution;

9] ¥ AL 93 DNA & Yo} 9= yeast competent
cellZ ZHIE ARgale o] Foh

L-TIsoleucine(300mg/L) ® o770l 6004 2] 40% PEG4000-2-<-2 499 250rpm, 30C
L-Valine(1500mg/L) o] A vjjokr|ol A 30 E-71 vf g3t

L-Adenine hemisulfate salt(200mg/L) @ vjeksk ¥kSEof 704 DMSOE w1 ZF At} o
L-Arginine HCI(200mg/L) vortex= S E ¥ g}

L-Histidine HC1 monohydrate(200mg/L) W2 52 42°Coll A 1587} heat shockE 7}tk
L-Leucine(1000mg/L) @ whgodo) A A ETS Hof 5004 ] TE buffer(pH7.5)E

L-Lysine HC1(300mg/L)
L-Methionine(200mg/L)

W1 % 100dE SD A wlRle] 55 30C Wi
71614 3427 v ok,

L-Phenylalanine(500mg/L) @ Repoter gene W3 o] B2 ] =gk 3 A3A

L-Threonine(2000mg/L.)
L-Tryptophan(200mg/L)
L-Tyrosine(300mg/L)
L-Uracil(200mg/L)

E-8 Uracil, Histidine, Tryptophan, Leucin®] g1+ SD/
Gal/Raf/X-gal platesE &7 30C wjf7|o| A 3-4Y7k
Hj Fet

Dropout solution 7} transformationA]ol] E Q3 v} 2. Beta galactosidase assay(paper disc plate)
Z] 9] amino acid markerE A3 Ao T Fn|3}lA O A BZE HAIAEL Uracil/Histidine/Tryptophan/
A3t} Leucin®] gl SD/Gal/Raf A vix) o)) A ujj 2k3hc}.

d. SD/Gal/Raf/X-gal plates; SD ¥jx]S FHl3le] pHES @ SD/Gal/Raf/X-gal platesE Z7] A0 vl x|l 2% ufj 45k
22| 27 autoclavedt T uj X7} S5CAEE Ao M E2} 0.001% SDSE @7 410 plateE WHET.
™ 2% galactose, 1% raffinose, 10 XBU salt, 20ug @ Paper disco] 7140 sample2 4044 injectiondt &
/ml X-gal& ¥& plate 17§ F 97§¢] paper discE E&rh

e. 10xXBU salts(pH 7) @ 30°C vjok7)ol| A 24-48A17F =<t ufj ordich
70g/L, Na,HPO, - TH,0 ® Paper disc F Yo leucine reporter gene = S-

30g/L NaH,PO,
ii. Herring testes carrier DNA: high-quality carrier DNA;

AEAY

galactosidase reporter gene®| expressionS £3F 7Y
o] gASF FEA FER interactione] X3 H &
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Q7= BEEE Fohd F vt

® AlEe &R g SAdel 3] paper disc As|E-S
UeRd = JOEE & S Yepd ARE tdeR
wild type yeasto]] Tt Al&ox] &4 A4¥S & HQ
7t Aok

3. Beta galactosidase assay

‘Liquid culture assay using ONPG as substrate)
1) Al o

i. Z-buffer(pH 7.0)

Na,HPO, 7H,0 16.1g/L
NaH,PO, H,0 5.58/L

KC 10.75g/L
MgSO, TH,0 0.246g/L

ii. Z-buffer{100ml)+#-mercaptoethanol(0.27ml)

iii. 4mg/m! ONPG in Z buffer(AH-A¢] v]g] 30T A 1-
2417k B4k %o Erh)

iv. 1M Na,CO,

v. Liquid nitrogen

2 A WY

D SD selction medium o} assay 332} 3l cellE& HE
&}ed 30°Col|A] overnight © & Z & HjjoF3ict

@ ©] overnight culture 2ml-€ 8mle SD induction
medium .2 &7 OD,, = 0.5-0.80] HE& wjefsith
olm) A4 sampled W WA WETh o) siate) o)
OD, 3 ST

3 1.5ml12] cell & microtubed)] %
3 A7 AEAE WE]
cell & centrifugation 3+t

D TA AL WE)T 30049 Z bufferg
2 A=t}

D 100 4 &) cell S #HshA A tubeol]
cello] E01g): twbeE 307 YA 37TCE %
g 2HAE HHE-Sh

B ©]FEA cellE 783~ o 7)o f-mercaptoethanolo] o]
Z bufferE 0.7ml ¥3 7]g] 30CoA 1-24)7F F<t
o] F29%) 4mg/ml ONPGE 1604 7138k}

D 307C incubatordl| 4] ¥H-3-A]7]13 Ao] I 7}12] 9]
& goan

B W&o Ajo] Mo g W3l IM Na,CO,& 0.4ml
B 1087 centrifugation?'sl-ﬂ}

D 4459 2) 0D, 3 & ZTh

437 centirfugationdted
1.5ml2) Z bufferE ¥

vy cell&

2 7 liquid nitrogensoll
7171

o

A7

B-palactosidase unit = 1,000 XOD,, /(tXV xXOD )

L]

4 gEde 24 A¥A 24 94 19
t = elapsed time(in min) of incubation

V = 0.1 Xconcentration factor

OD,0 = Agoo of 1ml culture

o 7 A

1. HZ MSHEA eIxlel Hsp90 ZE =& BHEAN

radicicol 2] &t
@ Radicicol €] Ras$} Raf-12] A #s] &A

ras proto-oncogene-2 mitogenic signal-transduction pathway
o) Ao & cell cycleo] GOo|A] S phase & F 3 sl=d] 8
3t &8 3 vHFeramisco et al., 1984). Raf-12 serine/
threonine kinase2 £ Tz o] N-terminal domainS Ras7}
active AElolAM FHHoz A= AoZ ¢A U
(Avruch er al., 1994).

wheb A Ras/Raf Aol that Soldel AshAlE Rasrh 84
st YMXe] F4] A E MYFOR AGE F Qe AR
A= Aol 75 Aol

olg} 7+2 7}Aslo]l Ras/Rafe] protein-protein interaction
o L8 = A= ZshAl Aol yeast two-hybrid system©]
ARE-Eigth o] system-2 ©]-8-3] thekgl microbial metabolite
£ )40 2 Ras/Raf Ago]] that AshA) S paper disc HHE
2 A3 A “radicicol” S 9L = UATKKI ef al. 1998).

Radicicol-& fugus$l Monosporium bonorden 2. Z5€ A4
%= antifungal antibi-otic©. 2 ©]9] v-src, v-ras
o 2]%} morphological transformationg A3l Aoz &
#HA YrthHKwon et al., 1992; Kwon et al., 1997). E.okA)of
o3 Ml Zu] Ras/Raf A AsEAEL o] AE €4 of
3 2 1A qEd 24FHA 719E SHY FHEAL
radicicol-Z Ras/Rafe] ZA3-g FHH oz As)slA & Raf
o} Agste] S FT7HAZIE Hspo0$} wiA] Aoz
W Rafe] AV BHE FAAA o] 22 B4 L3she
o] v At Schulte et al., 1998). o)== M FEA T =4 HAd
of 9lo] @2 complexB S 24 R ALA F718%E
& 0|83ty 0|59 2Ho] AAZ JFsIlthe Ag BoFe
£& oot

=9] oncogene

Radicicol Geldanamycin

Fig. 3. Radicicol 3} geldanamycin®] 3}8F 724
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Active corepressor complex

Fig. 4. Transcription repressor complex Aol Fodh= il z-chal 2

@ Radicicol €] aminoacyl-tRNA synthetase complex &4 A

3 &4

Aminoacyl-tRNA synthetaser= A 8709 ©& poly-
peptides} 3718] TE A2 FHE A BYAZ, 0|2
o] 7152 T F YT FAF complexE °]F7| HfM=
molecular chaperoneo] Q38 702 F=xEoJFHTHRho er
al., 1999, Cruiat et al., 1999, Hemmingsen, 1998).

Yeast two-hybrid screeningS £3}a glutamyl-prolyl-
tRNA synthetase7} molecular chaperone® 2 Huj 7 9]
folding® maturationd] &= hsp903} Zg3hes AL
o590k

ol F wulFe A33E-E g yeast two-hybrid
system®l] hsp902} A}&)j#) <] radicicol 3 geldanamycin-g &
3 73$ hsp90¢} glutamyl-prolyl-tRNA synthetase 7+9]
interactionoﬂ 2)3} leu2 reporter gene?] o] A= A

£ & 4 AUAch YA histone deacetylase ] &4 3]
91 trichostatin Aol 9Jalx= F WA 9] interactiono] A3l
Z)A] ¢ol} reporter geneo] WA E Y tHKang et al., 2000).

o)AL A vz EgA¢] aminoacyl-tRNA synthetase
el giAE7ke] A Z-e) #odd= molecular chaperone
¢l hsp902| A& =3} aminoacyl-tRNA synthetase 5}
AT ARG  Advhes A& AT AHEA Ad 9
A BFAE sk 74 DA 3L ARA &
7NFHES ARSEA Ad & F Utk 7S BoFe
ozt & vk

2. Transcription repressor complex?| 7|5 X{3l|x| &44

Chromatin 7% WA histone> DNAE <HAZA| L
packagedh= G ol z} acetylation} deacetylationS %
&) transcription®] ZHAME £33 9TE 3o}

GAx & oz] <Qx}¢l histone deacetylase(HDAC)+
RB, mSin3a, N-CoR#} 7Z+& corepressorE#2| 43 245
E3) repressor complex®) 4P 2 chromatin F32E ©|FIL
AE histone DHAS o EEFFER FHe] FHE
A 3=t FAsh= Ao E YA UtHHassig et al.,, 1997,
Alland et al., 1997; Luo et al., 1998)

=4y

Inhibitor

Inactive corepressor complex

432 Aol 2§k complex ¥AA BA

33 HDACS Aolo] #dE MTA 1
(Metastasis associated protein I)o]2}= Wl a 3} A5 243
= Aol B AE(Tong e al., 1998) MTA I proteing
Are] e AE HollX I dRAHA A e HoE o
Z AtKToh et al., 1994). HDAC 3 ¢hM|E L Aib4A=
7o EX AE|ZANA B2 oko] AR o{X T ut oA E
o4 HDACL corepressor 7,5}7}!] tumor suppressor gene
go) BAL AT U= AoT FEHNT e
MTA 18] 73-9- Bo]H o2 {14k FolA] I W@ E o] HDAC
I AYSIEZ ol59 A%S dAEe IS AAY AL
RB, mSin3a, N-CoR ¢} 7+& ubA ol repressor534e] A
& Asieke Anch Moy Yol ARe] EAHoR A8
F g AR g + Aok

) B AFHoAME yeast two-hybrid systemE E3}]
HDAC3} MTA 17+e] A48 288 amr vy T chillzo] 4
Fets 5 H9E5 st en] £ e €483t HDAC
52 4% AN 2or} HDACS wuid KA Lol
LTHEE 54 complex_‘zl Tz ¥AL A3Eo 2N HDAC
complex®] 7155 Asfst= MEL WS AEA =2 WY
of hg A+E T Folth

FLe

3. 1xBS2} retinoid X receptore] =2&XIH|QI retinoic acid

NF«B 9] inhibitor?] I«Bf<} Ao z2H8-351= ¢l
two hybrid systeme =3} screeningdt A3} retinoid X
T YAk

I«BB2} retinoid X receptor7t W& ¥ yeast two hybrid
systemol| retinoid X receptor®] ligand¢l 9-cis-RAE 323}
A =9 reporter gened] Wo] F7HEE AFE 4 UTHNa
et al., 1998).

E A= A3l radicicol, FK5069) 71-$-9k= &8 A &R}
£ 80 g3l T wudel REAge) FrEE 492
A AEY e A-G A7) s akgo] #2183 100001312
F718HE o] A48 & e T3] FHFEY motife] 23]
A" F IS AR

ole] AT A LFHEJIS| ARE o3 A 4

F2g 2EEF AN A 7 2E AR 22 e

& yeast

receptor® 42
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