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SUMMARY

1. Title

The metabolic basis of human inheritance

2. Specific Aims and Significance

Living organisms maintain their living status through a variety of
complex metabolism occurring inside the cell. Studies on regulation of the
rnetabolisni are essential for developing therapeutic and preventive strategies
against a number of diseases caused by internal or external factors in the
cellular metabolism as well as for understanding molecular basis of life. The
objective of this study is to investigate basic principles in the regulation of
metabolism for the development of therapeutic and to apply oligonucleotide

combinatorial chemistry for studies on regulation of cellular metabolism.

3. Scope of Research

In this study, 1) we focused on the investigation of internal and
external factors including genetic factors in the cellular metabolism for
developing therapeutic and preventive strategies against metabolism-related
diseases, 2) we developed a model system for applying oligonucleotide
combinatorial chemistry to study regulation of cellular metabolism, and 3) on
the basis of this result, we applied oligonucleotide combinatorial chemistry to
examine metabolic basis and develop therapeutic and preventive strategies

against metabolism-related diseases.



4. Results and Prospects

In the first research year, we carried out the following experiments to
obtain basic information about regulation of cellular metabolism: 1) new
proteolytic enzyme inhibitors were purified and characterized; 2) Cro/lox
site-specific recombination system ﬁvas developed for the isolation of genes
causing diseases; 3) production of retroviral vectors in CV-1 and NIH3T3
cells was optimized; 4) change of nucleic acid metabolism caused by Herpes
simplex virus was examined by analyzing regulation of activiies of the
ICP4 and thymidine kinase promoters: 5) Inositol phospholipid metabolites
were analyzed in virally and chemically transformed cells and gap junctional
communication was measured in TPA-treated cells by scrape-loaded dye
transfer method; 6) a oligonucleotide combinatorial library was constructed
which was used for selection of aptamers binding to target molecules
involved in cellular metabolism. In the second research year, a model system
for application of oligonucleotide combinatorial chemistry In studying
regulation of cellular metabolism was established using C5 protein, the
protein component of RNase P. RNA aptamers binding to C5 protein were
selected by SELEX and their properties were characterized.
Metabolism-related target proteins. such as angiogenin and HCV RNA
helicase were purified for selection of aptamers binding to the proteinS' by a
working SELEX protocol on the basis of the model system for RNA
aptamers binding to C5 protein. In the third research year, we selected 1)
DNA aptamers binding to angiogenin and 2) RNA aptamers binding to HCV

RNA helicase, and 3) characterized properties of the selected aptamers.
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The aptamer technology which was established in this study not only

can be used for studying regulation of cellular metabolism but also can

provide a method for creation of novel functional molecules that are at
present beyond imagination. An extension of this study may answer

questions about molecular recognition mechanisms, relationship between

structure and function of molecules, and the origin of life and evolution.
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q13AME

Al1d a7ALe £3 5y

AEYAM dojvhs Yl EJZF dirle] 23l APA= AYBAY
2 49T 4 Ao olAF ulAle] 2Ho] FH ATE YA U GEH
olHE Fole FWol ol AR dAlaF e ooz QI3 LYY F Ae
SRS Ay i A5 A HNMME HR3IY. £ dTdias A9
Ale] BAE FWe] ) R A8y JAde] d 7|2 A7FE TR o)
@ dAl=E A9 oligonucleotide combinatorial chemistry® =313 3%
.

olE 3l £ ATt AA, AN dArE RPN KAMAE
P olst RAE 2% FWe o R ARY Add A 7| E 7H
33 54, EANA EAT6 oligonucleotide combinatorial chemistry& ©]
£37] 9% 712 AT E ASINL MA, ol AR 39 oligonucleotide
combinatorial libraryolA] E @Al 23] §-88 4 U= aptamer® 43}
I BAE A

A2d A7

ARAE B8, U", 4% 2 449 oz AR 47 Vs I
A Wat FdE VEL AUAR U7 A8 WiSE A4E AN, Y4
AN otk 4 44 289 HYP AT ATE FAAE By BE
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Z9E oluyz} 4% dALE PR ARAEY A% olg 24 WFYS
& welE AL AWsae sbF JEdon FAE AT FAL T & Yok
adee 444 94 T Hold2s gl @ Ed Al ooz u
Ehbe 24e 99¢ 7937 S8AE At 4y pdse XA
s} olE2] 7o) WY AEFH B A7s) B WasH) B ATFA
£ gua oAt 2@ 2dE FAAe) 2 Py g, YALT S)Fe] B
g a9z dil € ¥ g3 @ AP U 7 € A8A A, {FAA
2] 28 retroviral vector?] IFE WY, S@cEM upol2 29 {AHUALY o],
AAFAYAL EZ2] AXY AE7|E A7 T 9311, ol ¢ Ui E =4%
4 e 944 zEAE ALH7] 9389 oligonucelotide combinatorial
chemistry$] 3-8 U@ AT& A=A

Oligonucleotide combinatorial chemistry: %3912 #48 4 (DNA
T+ RNA) AFAZRE E475¢ s 984g Hdsdes Qoo
RNA £t 99 7}9 (single-stranded) DNAZ 7158 & 4 SlE olfe ol
A% Ao vsldoz sof 7l ol BuAF e FAE PP
4722 AY (folding)ol 7537 Wgoltt. olejg 4Ad T2 dula
8] F27t ol Mg 3 FANE ANY WAL W ARE
Rolt}. olsh go] ARE Tty FAY F2E Y4T 4 don vy
FAHE AAE A & AT A2 oW JsA #4e FE Q7E SELEX
(Systematic Evolution of Ligands by Exponential Enrichment)2} &t Alg#
vl 4€] (in vitro selection)& 33l Al=H 1 9ld. SELEXE #39iz &
Y 9% AWA (10° ~ 10° A8 B2 FH BHS AL S5 2 9
4 = B4 58 (receptorel AR AR J5E RE AV 23
R 2Z¢ 4 U oA YYo= YA} o] AR 5L & 4 e
A3 (]3¢ 54 Ao AU Q4L aptamers FIHAL)E 4UY
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4= de}k. o] oligonucleotide combinatorial chemistry % aptamer 7|&-&
gAIRE AFte] 8317 ¥ RHdA ¥ O R RNase Po|l gld A& C5
protein$ targetC.2 3} C5 proteino] &3} RNA aptamerS A3}l o]
E9 §EAE WYoEHA aptamer 71€d Yl Y. Y AAgge=
C5 proteing A€g olf B &Areuld (ribonucleoprotein)g] RNase P9
T2 715& %3l aptamere] 4 494A H/M¥ 4 Uil of AFHA A
$A48 94 IS AwE aptamer 71€9] EFFAol Q€ 4 7] W&o
9. o9 HYH aptamer 16L& DAt 28] BAE BULL targer0 F @
TFol 3FE A8-d 4 A& ¥ olz} RNase P4 dulgdal RNA A 338
Ao Fa¢ JUE AT € 5 UG-

ANAY EZdA A UlF3F Ee F3Q1 8l eoslo Wil 4 37
) 5ol gFe 8150 93t oz7tA] AWo] {UE 4 Uk ol A}
3 A79 oligonucleotide combinatorial chemistry& 3-8-317] 91319 target
@ul A2 = angiogenindt HCV RNA helicase® AM8-3191t}.

AP F949 angiogenin 19854 W= i &e] Vallee WA o]
H2F AAF ol o] Eod gt Mol JAFHI] AR} 2F &
APEFE Fx QAECl dA=HULY 439 AefJAlEe] AMER = o
AAL AL R 2320 B2 548 33 A AAERE JdAA = &
o) Y R WAL HYULY VPPB 93] A o AW 53] Ay
g4 f5r Ao e HIFPe] And $848 4 Yoz 2o @
AFHAt & 4 UG, AT B AWoRE Zuto|y AN o] YA
Ho) A9 AU ASFHA F3A Y#o) YA BEY) AlE
A, Bt 8o PAFTo] HA A3 AYE F= A, T34 ddAYR
A8 vFef Aehe 71XEA |F Fol A AF7AA GAHAY Agd Y@

= dAAT 4w AA-4, ¥rigdAd ole] REA, FTEEE XA B
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Hxie zAA-2, TAN-1323C o] Utk ¥4 AHgslE YHAE W
oA olf2 W& Fahgol AUtk A APYR FE=7F FAE 4F R Aol
of MEHolaks AHAE s Jidse YAlE SRIHo2 FHT Wy ol

27] Wgd Ragol AHu Y AFAY Aoz dy¥T & Utk
Angiogenindl] Z {3l aptamer®] W2 dWid JAA B I HY
AR BT A9 glorz FAY AW AAZ 048 4 Y WL 7}
A3 Ak,

HCV (C8 74 wholal2)E 1B e fEshe A¥dolth. HOV
gl @ 23 AsA9 obF Qe Fujelth. HCV #ds] A=A /g
o] A2 WP /14 AAY WYL HCVY life cycledld Solg diAla
& Ak AL Aese Aotk olFdA HCV RNA helicasee HCV
3] RNA genome® #4137 $I1¢ A @A RNA helixg EolFe &2 @
t}. HCV RNA helicase7t 7122 RNAE ARg@th= AMIZ 3E o] RNA
helicaseo] wi$- 3314 AW3= RNA aptamerd AE @A ol2l@ RNA
aptamer= HCV RNA helicasedl specificd}Zl 2%3te] HCV replication ¢
AT 4 Aok olal@ RNA aptamerE o183} HCV 4 AT 4 e
AsAzZ ALY 4 AW, EF aptameres §8 ol LY 5 S B o}
Uz} st¢do2s 4Y¥ RNA aptamers) 5402 Ry old W8 gk
HCV RNA helicased] 8 wl7lUZo) U@ JRE A& 4 Aok



23 892 9 dHa Ffas
Al qof &% A

A1d MM

o] AFAd+ leeches, vampire bats, ticks, fleas, bedbugs, mosquitoes
T 2L B2 §E TEE EAF. ol Y9 F4E J¥olHe ¥
B2 QA A & Aolth. 1 A% §¥ FEEL F5% 97 $aH
A FEE 7] 4P 1Y anticoagulant agentEE& TEA HAG 2T
FHUFE T 717 F 433 A F9 dU=E AY(leech)= olv] 1941714
ojekg-0 2 Wol ALg-H gtk Adele tE FEI= g 4stasd e F
A 7AA3D et £3¢] haemostatic mechanismsg FEE ¢ Y& JAES
%ol JHA: Y. a8 JEE F hiruding leech salivadl EAd= diE
Q1 Y @A oltt. 1AL anticoagulantE® FAFILE Fujsl= BAQ
thrombinZ Asle Y E e A4S . I Hdx 2 F&8 A
5ol AvgE|28y e 3on dxFHA AES ol tabledlA| A3
Att.

Bioactive substances fromleeches.

Name Activity
Antistasin Inhibitor of blood factor Xa
Apyrase Cleaves phosphate from ADP/ATP

Bdellin Inhibitor of Trypsin, plasmin

—5-



Bufrudin Inhibitor of thrombin

Calin Inhibitor of collagen/platelet interaction
Ceramide glycanase Cleaves carbonhydrates from glycosphingolipids
Decorsin Glycoprotein IIb/Illa antagonist

Eglin Inhibitor of elastase, chymotrypsin

Gelin Inhibitor of elastase, chymotrypsin

Ghilanten Inhibitor of blood factor Xa

Hementin Fibrine(geno)lysin

Hirudin Inhibitor of thrombin

Orgelase ' Hyaluronic acid-specific hyaluronidase

A 243 Ag 2wy

1. 97459 AF D A

B 43949 Q743 7 Awe] gzAs 58 ATHoR MAde A
Mg $EFe 2 A& AYAAT. AP $H6 HFE doA Ang
g fruste stk goke Anale Ana Ao LG o]Lo] FrtE &
dof Yi =& TAHHAEA Agse], WAL Azt F¥ Avigs ms
Bol2 3=, Hol2 A 49 & membraned] Fol YAt

2. A4 BvlEAA o2 dde ¥4 33
A3 A B2 574317 A3 microplated] 50ule] FAM PEHIE &
€ Avi2] $EEH 02 unit®] thrombin 50ul& F 40 37CelA 583 yhg
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Al71aL 200 uM thrombin specific substracte(chromozym TH)E 100u JH7}3t
¥ microplate reader® 405 nmollA £33 Altel WE |F-F=e] | E
grapho] YERO] liner rangedl A+ g2 ©)§, antithrombin #4E A4+
U (AAnprgin/min = AATp/min - AA¢/min @ AArg’ thrombin base value AAqg:
sample absorbance).

HA9 AAA L] AHEE 1 unit (=1 uMe] 7ol EI== Ax/18)9
g9 =2 Jehlild. Y€ Elastase Y Cathepsin G 22 549 84x §7
PHE A9 FAR.

RE Y EviEdce &2 AR dydo] @o| EAJEE WA
Tricine-SDS-PAGE ¢} Gel filtration (Sephadex G-75)& ¥3 <2 @439

2718 2A 8.

3. Antithrombin agent9] £

FEAL A= AYrt Yolg YA X AN tls F3A
vetdo, old mel AvgdA faold Holg FAYL AN gHALn
84L& HUsl A F deep freezerol B3t <9F 200 gol AdaE 0T
oAl ZA Aol 500 mle] 80%(v/v)e] cold acetonesl] Vi 1083+ AL A
ZF 431 sodium chlorideE #HF 05 ME 3713l JJEEUE F531 A
o]7]¢] trichloroacetic acidE® % 02 M 52 F718d 1At 5% 323
At S92 high speed centrifuge® RV4HEZ I 5000 g) JFAHE &
#-g 4] 100 mle] NaCl 3 TCA7} X350l 9= 80% cold acetoneo & 3
3. o] &89 2819 cold acetoned FIFEtaL VA -10Te) 3089}
A WAt S dE FAATIE FHEE GAEF AT, o] IFAHEE cold
acetone® 2 Mol ¥ Al 25 mM ammonium acetate buffer pH 696 &2

ARG ZA % AA21S W2 cold ethanol ©]Y cold acetoneo. = ¢l

— T —



F-E& A FAAA g AFTAXRAZY. Crude FEFEL 25 x 20 cmd
DEAE-Sepharose Zd (002 M acetate buffer pH 69)dl loading3d}
equilibration buffer® washing 3}1, 22 buffer2 0-1.0 M NaCl =78 &
Fol §&3%U. FAHL Hol= fractiond To} YMO3 Ultrafiltration. & &
Z:2- 33 002 M acetate buffer pH 692 equilibrated 8 16 x 100 cm$
sephadex G-75 column¢) gel filtrationS 433U FAL Holes L
®o} oA ultrafiltration® 2 FFAIF ok

Affinity columng %HE7] $|3A SigmadiAl TUF bovin thrombin
(10,000 units)2 dialyze 33 H7|ef 1 mM HCIZ FE3 HolE
CNBr-Sepharose® 41¢] 16A1ZF o] 4ToA y¥H$-& A7  thrombin-
Sepharose7} =0} Zt}. Cross-linked resin® 0.1 M acetate buffer pH 4.0
3 0.IM Tris-Cl pH 8022 Wdo} 7PiA A VB E washing 3ttt I¥F
Thrombin-sepharose affinity 7]1d& 1 x 10 cme Zdoj pakingstil 0.1 M
Tris/HCl Buffer pH 8022 equilibrate A1Zit. HEHo7 FEd fractiond
o] buffer 500 uloll =< ¥ Ao loading 3tA. ZAH-E L buffer= # o]
Wi, d%E A 0.1M 4-aminobenzamidine/20mM HCIZ €239t 34
ZeRye] 82F fractionE2 X} Sephadex G-25 coarse gel filtration
column® 2 desaltingd}xl FZ2AZ3}UT. o] sampled THA] 200 ple] 0.1%
TFA9] =<1 ¥ 100 ul ¢ sampled reverse phase C18 columnel loading3}<]
0 - 60% acetonitrile, 0.09% TFAS =72 €239} IFF5E 214 nm
A4 2439 Z fractions] ¥ EFW YL 3PP

4, SDS-PAGE ¢} Electroblotting
Sample® 165% Tricine-PAGEZ A7|9%% ¥ gel¥ transfer buffer

(10 mM) 3lcyclohexylamino]~1-propanesulfonic acid, 10% methanol, pH 11.0)

- 88—



o] 583+ a3 Tris ¢ glycerol& AA3NKRTE. PVDF membraned 100%
methanol2 4o v]8] transfer bufferel §19 ¥tk Gel& PVDF7} &9
2] blotting apparatus o] 7191 transfer bufferolA] 05 A= 1084 30
£5¢ electroelution 3t Rumning ©] ¢ ¥, PVDF membranes 23}
ST 583 M 0.1% coomassie Blue R-2500, 50% methanolel] 583 &
713 509% methanol, 10% acetate] SEo|A  108E<  destain3l Rt
Membrane2 vlX|%to 2 221 FHo] S8 R F71F0 T3 -20Co B

@3t

5. opF:=4t Md 4

PVDF membraned] bandZ 4Eld @¥dE Axd=Z Z3uUjo] Teflon
seal® F4-& W33 sequenatore] cartridge blocke]l ZF =th, duiae
Applied Biosystems model 470 sequenatorolA] I A4 B39,
PTH-derivatives= reverse-phase HPLCZ #4381tk o 15 uge] reduced,
S-pyridylethylated protein® 6 M HClI|A] 24A13FE< 110TE 71938t Pk
¥3g £ DABS-Cl 2 derivatize §t}.

N-terminal sequence: 0.1-05 nmol®] W¥ &AL Applied Biosystems
gas—phase sequencerell apply3l PTH amino acid derivatives& ¥4 $t}.

olulizite] Aol EAMEHW ofn] guld of A HEYW Wold
(Transgene HV2: gene-synthesis, Tolstoshev P et al., Transgene' HV2.
modified, by gene synthesis, Tolstoshev et al., Hirudin PA: Dodt et al.;
natural, Hirudin: Petersen et al., Dodt, natural Hirudin: Brauer D et al.)2] o}
Ukt AEy vlnste] GulF o] 12} TR RAIAYL RALElR, olald wol
HEY FAEI} Ao/t Ve ol R/ E Yolit,



6. AFEA _

2ad EEN JAAE 71232 AME]e] MALDI Mass spectrometer
E olg3y ARF FFET EMAY. ol matrix®BE 449 sinapinic
acidg ©o]-8-3}3 T

7}, A%2l9] Crude ExtractollA] @uld F3asd AAA e @Y £7

F¥%° AS$ thrombin inhibitor Aol Z3A e}, elastase
inhibitor®] 8= A Z3A FAHJD. Thrombin A A 4 FHL
chromozym TH2}S chromogenic substrate® ©]-8-31¢] thrombinoll ©]3) -3
He %2 ELISA readerdlA SA3l%1, Elastase qAAle] HAEE
azocasein= substrate A}8-3}], elastased] <& EIHH+= azocasein
product® SpectrophotometerE ]3¢ %—% Y. I a3 a9 19
=3

v}. Antithrombin agent?] ¥

(1) Extraction

Avjz 8o g RE 13 =& Fehyo] (200g) 80% aqueous acetone

| 4] homogenize§ ¥ 0.5M NaCl # 0.3M TCAE IH715l4 pH 303 E=Z 30

- 10-



Thrombin assay

0.D. 405 nm
0.55

0.45 == 0.1 u/ml
-+ 0.08 u/ml
2 0.06 u/ml

= 0.04 u/mi
>¢0.02 u/ml

-0 u/ml

ol

0O 05 1 16 2 256 3 35 4 45 5

time(min)

%] 1. Thrombin Standard Assay
Thrombin®] specific activityel] wiet ¢ I8 YL profiled ¥ &

ATt

—-11-



F7F extractiondI3 Y. A A= AFFold Zel TA] dH 9 HAH-E g3
Atk o] FEEE ¥= ¥ol o7 100% acetone(-10T)2 A7}t duld
< AAANTZI d4AEYIIR 168 ¢ centrifuged F JAEL F£HIA-

Total Crude Extracte] % : 182 g

(2) Anion Exchange Chromatography

20mM ammonium acetate pH 6872 1vl8] equilibrate Hol:
DEAE-Sepharose CL-6B (2 x 20cm)9ll crude extract& loading 34t} T
buffer® 8&<je] OD. 254 nm7t 0.1 ©187F € wW7lx washing & ¥,
gradient maker2 0 M-1 M¢] NaCl2 €%3l9t. (29 2). 2 43 03 M
NaCl%E 0.55 M NaCl o] & FXo|A thrombind A 3= o] §2ds
Ae & ¢ AU F 160 mi #4 £HEES YMO3 membraned )43}
ultrafiltration®. £ 5 ml 7}A] FHFA .

(3) Gel Filtration

DEAE-Sepharosel¥ @40l Uehd #8& 3474 25 mM
ammonium acetate buffer (pH 69)E® equilibrated ¥ Sephadex G-75
(medium, 16 x 73 cm) columnol gel filtration 3ttt Flow rate= 05
ml/min® 2 153, 8% F 2 Lol Y thrombin inhibiting activity S
S43%AH. (€ 3) #A=E Jehie B8 159 28Ry 238 BH7x
F 36 ml o], ©]& YAl YMO03 membrane® & ultrafiltration 3t 5 miz}
A 53

(4) Thrombin-Sepharose Affinity Chromatography

Thrombin2 CNBr-Sepharosed] ZA#AIA 06 x 5 cmEE columnol

~ 12—



o il ins . e el F gy p MRS

b it e 2 Y ey il = i e — it &=

2}
-Sepharose

a2 2. DEAE-Sepharose Chromatography 2

2x20 cm DEAE

=
=

Crude extract

columndl developing®t AT

protein profile o}#] bar® HA|3}&t}

2
| -

thrombin inhibiting fraction
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packing 391}t ©] column& 0.1 M Tris pH 8022 wu]g] equilibrate Al7]iL
o7lo} 5 mle] A|EE loading § ¥ &2 buffere] 05 M NaCle] 37t
buffer2 ODasem 7} 006 o137 & wW7AA AJZAh. I Fof 01 M
glycine-HCI (pH 2.75)& step elution 3t 3-4 column volume$] B3 & §&
o] 2% 13 mle 2tk (29 4) o ARE Speed-Vact® FZ3m

Sephadex G-25 column®. 2 desalting 330}

(5) High Pressure Liquid Chromatography (HPLC)

X FPA] 2ol sampled Cis reverse phase columno] Aad HPLCY
loading }iL 0-6% acetonitrile/0.19% TFA®] gradient= 11083+ )¢t
(g 5) Z 89 FALE A R retention timeo Z+= 308 A 655
HAUL: e T84 BHEE YELJRUILL, acetonitriled] =2 B 21%
228 olyd #4 @udo] BF LAY HoE 3/ peakelA
activityS B 2ZtZ}o] tiF 4ol Y8¥ A #A. EF §F T/ Euldol
HPLC profiledl ] V& BA HA Yo+ ¥ Bola gled oA T 3
A3of & FAZ dollrt

(6) SDS Tricine PAGE

golA s FAPrle active § EHEL Eo} 16% T, 3% SDS-
Tricine PAGES @& 23 1% 63 & A8 AN o] A7 nlA9} step
21 HPLC stepelX €4% 10 kda®] thrombin inhibitor7} £33 ¥& & 4 3l
L=
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8 4. Affinity Chromatography Z 3}

Thrombin-Sepharose® gel filtration oA Q& sampleer affinity

& ot bar® HA|3I4 T}

chromatography
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%) 5. Reverse phase HPLC A=
C18 reverse phase column® ¥ ¢lojjA] B samples #2|3}4ct.

Active 3F E-Ro] WA HA Ae]Z elution EH T}

~-17-
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Band

% 6. SDS Tricine PAGE
SM : size marker (16.9kDa, 14.4kDa, 10.6kDa, 8.2kDa, 6.2kDa, 3.5kDa,
2.5kDa), 1'H : DEAE-Sepharose %%, 2H : Gel filtration £¥, 3 -
Affinity chromatography =¥, 4H : HPLC &Y
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Table. Purification Step o] W& specific activity

Inhibitor

- Protein =% | Specific Yield
Step Activity g Lo o
(ATU/ml) (mg/ml) Activity | Protein 2 | (%)

Anion Exchange 195 0.84 100
Gel Filtration 1489.2 0.64 97
Affinity 21.87 0.012 3

Chromatography

(7) N-terminus sequencing 43}

Automated Edman degradation W'§2% thrombin inhibitor®]
N-terminus§ YolRgt-& o], B4ZQ amino acidE ¥Wad 4 YU,
N-terminal block-& <l’33t] 20% TFAZ N-terminusE® deblock 3h= -2
AHE-# 737 DVPQPY 57] ofm=4t Ado] FRAHAJL Al8e] o] FHol 4
o]’F¢] sequencet= HAY 4= Uk, TFA method®] #-¢ internal sequence
38l Ser, Thr & 4t g ofn={M PR B7le 497t 7184 ey

7|= S22 internal sequence? 7}FsA%E Ut}

(8) MALDI Mass Spec.

7|2 A E o 2= 3te] dilde] FFE FFRAH AN L)
Zol ¥ /l9 AAE ¥-& F UIYG. 2 ToME MW 6300 A9 gujae
3%, IH 844 EAA ulg}t o] MW 7000 / MW 74009 FFe-
e @ddE AU 5 ANt o] A EE evAdo] #AZFI} of

~ 19—
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ratos Kompact MALDI 2 V4.0.0: + Linear High Power: 125  pegk | (6.
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ta: Shong30002.6 22 May 95 16:52 Cat: Si 13Feb 951947 au 3 ot nea
atos Kompact MALD! 2 V4.0.0: + Linear High Power: 125

nt. 100% =4 mV [sum= 120 mV] Shots 1-30 Smooth Av 50

7020.8
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Ui Y subtyped 2 gthe A& BoFW, Mass Spec. A2 E o,

glycosylation = %1-& 7140l =& FLo=E AlgEY.

7} Y uAEZE U=t A AFA /ide] 7Hssit)

U oprliedl AEE 2T U WHIYE, Gene cloningg % diFA4
o] 7t & Ao 2 HAY. diFAi4le] s AW eeE T HA
EE 43 UGS §87H548E Fold 4 3Tt

. 230 AKAQ A Yoz YEFY @uy @ kol
4-89] 715§ bioactive peptideE ¥8 471 o, AP A7 o]&
He o] Aok A H53A & 4 it

.y o



A 3 & Cre/lox site specific recombination=

o] S¢et M DNAC| BTH U HX|of AP AHAF

A1d A4

2 genomed EA33W, WA geneSe AUF 4AE Aot AE
physical mapping®] &3l ©|l& A3 genome 7ol uniquedt cleavage
site® ©o]-83t9 DNAE 32 F¢ HHOE A& UL 3= FHE U443
of Ealslys Aol WL} DNAS Aad ¢ F=2 o8 AFALE
2 A4R9)9) =77t BE 4-6 bbEA Folsl 31 @M DNAE Adsid
2 g 49 AWE YN f-88A Ry oo A4 DNAS A
3 B Wy Eo] 1wt ugtHY fith. &3] olf=He= WYHo=E 8 bbd
H2E 21 AARHE A AJALES A8 Wl dd. a8y, 9
P& £ Ao, A3 B2 49 FHOE YroiX|7] wjie] DNA ¥
o A& etk ojEigol A

o7} 71 AUEE WA EOE PHoz Afa 9 AXNRYS ¥
BAAM Helde vHe ol Ut o]ZE mlE] FAP G AE DNA
binding molecules& ©1§-3t] B35 kg, & AXNRIE ZE methylase S
methylationA] 24 DNA binding molecule® AAH$ F HIE R Evlo] &4
of o3 QA= ZAYEF e WHoln. Y, ZIEY odH WL 2y
B, 9 Add DNA HHdAM 93k e AAse] EIAHuaia o
gAle] A¥E AAMel @4 &, E£3Id DNA AHEHEZ UA3}7] HsiAMc

labeling® probe& WHE-o] Southern hydridization 52 Wio]l WL 3t} 99}
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22 FAFEE FEYH FAlod 6 & =7]¢] DNA UL 99 9 4 3le
Yiog B AFAE site-specific recombination® ©]&3= Wy 7R3t
LA} 3.

Site~specific recombination®] 73-%-, recombinase’l ¢143l= B4 149
A717F AX QA oA v =EA Jehdr] w&ol, o]2]§ recombinase
& ATEALAY o83, 7|&EL] HEY ¢ UWI} A&EFHOE Zo|r} 7
DNA A#-¢ A4% 4 Atk F, 53 recombinased] AARAE Q4A 4
o] HI= SR AYF? oE, AARHUE X  oligonucleotide s}
recombinaseE #7] WolFo] vhEAIF|A G 9} YolE oligonucleotide Ao}
ol A site-specific recombination®] ¥ojuA], & FAMN7} FHARNA Fe=
A% 2L AHAE 4A dd. B ol V& A o= §q, FeA
DNA E¥eA H3l= 54 DNA AWML 71717 44 @24 vigA, &
A7 A ALzt = PP o8-8, vlg] labeling € oligonucleotide S
WolEo2A A DNAZL EFHAGA P FAld 1 Fo] EALA
5o, 44 detection® 4 Ut

E ATANE lowPs AXNRHUE ZE cre recombinase®  ol§3to]
yease FA3 DNAS AGY n23n E§ HFHE o labeling® oligonucleotide
g o]8go = Ay Ayl FAld labeling=lo] detectionS|E2 stxa 3}
A

A24d 47 A3

1. loxPE& ¥ %3+ yeast integration plasmide] A&

% e loxP ¥917F Ese] Q& pRH430MA BamHIst Xhole]

~ 24 —



cohesive end& 7}3 loxP(596bp DNA fragment)& 8|3 JolA] Ura3 A
A 7FAAL Q1= yeast - E. coli shuttle vector®l pRS3062] multiple cloning
site ©] BamHI® Xholel A3ttt AZXEE pRS306E pMS322F B 31

t}. (Figure 1, 2).

2. Chromosome 4l loxP sequence® Z}+ yeast strain®] A=

pMS32 plasmidE restriction enzyme®l EcoRVZE digestionsd}s
linearizationAl|Zl ¥, S. cerevisiaedl LiCl W3 o]8-3lH transformation A]#A
Al yeast QA Ura3 3 A9 A ol homologous recombinatione] &3l 44
HFrE 9t 'Y F, Ura deficient platelA] transformation ¥ TFE
agarose microbeado] X3} WHPoE HF9 JAME EIA AL
Agarose microbeadell X ¥ chromosomeS pulsed—field gel electrophoresis
(PFGE)E ¥§3l% fractionation ¥ ¥, Southern hydridization ¥¥-& o©]8§-3}

loxP sequence®| chromosomal i'ntegration% A3} (Figure 3)

3. 94A DNASt IoxP oligonucleotidesE o8&  site-specific
recombination reaction

loxP sequence& yeast integration plasmidol cloning 3} Saccaromyces
cerevisige JMAL] EAYX ] homologous recombinationo] 2)3te] A&
o2, QA4S EAAUL loxP $9)E EF3E oligonucleotidest Cre protein
& 99l in vitro Cre/lox recombination ¥-3-& doFd. 2 o&, PFGES
w83 AN d9FoE AGHJAEAE Q. EF, P e
biotin® = Iabeling § oligonucleotide§ AF8-3}l recombination ¥H&-2 o 7]

o =2H AgHE DNAC £9] labelinge] H=AE #1339, (Figrue 4)



T4 DNA Ligase

ori
/
Xhol

Figure 1. Construction of the recombinant plasmid pMS32

The pMS32 , which can replicate in E. coli and Saccharomyces cerevisiae,
contains Ura3 gene and one loxP site.

— 26—



Figure 2. Restriction pattern of the recombinant plasmid pMS32
Plasmids pMS32 and pRS306 were digested with BamHI, Xhol, and EcoRI
and analyzed on 20% polyacrylamide gel. Lanes 1 and 3 were digested with
BamHI and Xhol. Lanes 2 and 4 were digested with BamHI, Xhol and EcoRI.

M is size maker, Haelll-digested A DNA. 59 bp-loxP fragments were shown in
pMS32.

- 27~
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Figure 3. Analysis of yeast chromosomal DNA by PFGE and Southemn hybridization
A) PFGE of yeast chromosomal DNA. Intact chromosomes prepared in agarose
microbeads were analyzzd by PEGE(150V, 1% agarose, lmin switch time for
23hr). Lanes 1 and 2 are control strain (S. cerevisiae SHY3, Ura). Lanes 3, 4,
5 and 6 are selected transformants #1, 7, 9 and 13.
B) Confirmation of insertion of loxP site in chromosome V(580kb) by Southern
hybridization. Probe used in this experiment was > P-labeled loxP.
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Figure 4. Site-specific recombination reaction between chromosomal DNA and oligo
loxP. After Cre recombination reaction between chromosomal DNA and oligo
loxP, reacted chromosomes were analyzed by PFGE(150V, 1% agarose, lmin
switch time for 23hr)(A). Lane 1, control(no Cre); lane 2, control(no oligo);
lanes 3, 4 and S, molar ratios of chromosome to oligo, 1:10, 1:100 and 1:200,
respectively. ' ' 1
Chromosome V and cleaved DNA fragments are indicated as arrows In
Southemn hybridization(B). Probe used in this experiment was “ P-labeled [oxP.
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4., Plasmid DNA $} biotin-labeled oligonucleotides& ©]-8-% site-specific
recombination reaction

¥ g Cre/lox site-specific recombination ¥+%9¢j] ©]-8-5+ oligonucleotide
& terminal deoxynucleotidyl transferase® ®i7/lE 3 biotin-dUTPE
end-labeling® ¥, recombination ¥Hge} o]8-3}YT} L S
streptavidin—alkaline phosphatase® WAIWHS-2 <AoHA AGEH plasmid

fragmentE& <13 . (Figure 5)

A33d 1F

B AFdAME Creflox site-specific recombination system® ©}-83}¢]
yeast H4 A DNA9| A ZQ dAd & EAYHE 1F3{ct B e 4
°l7} 1 AAAE B F717F 2 459 AUOR AWIHEZ 7 {AA 9
g 47 gold 4 AL W ol A} FAld EAAA & 5 om
E 944 DNAS9| physical mappingol W8 % At AAAE A 24 & 9
O O2tA, AA FAAAME 3 =277 e & FAA 4 o] gL 4%
3%, € 47 physical mappingg & 4 3ow HPAAGA LI}= BRI

Eso] DNAE 4 R 971498490 =2A sldatzz slgan.
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Figure 5. Site-specific recombination reaction between plasmid DNA and biotin-labelled

oligo and its detection of reaction product
A) Agarose gel electrophoresis. Reaction substrates were 100 ng of linearized

pMS32 plasmid DNA and biotin-labelled oligo. Lane 1, control(no Cre),
lanes 2, 3 and 4, molar ratio of pMS32 and oligo are 1:1, 1.2, 1:5,

respectively. M 1s size maker.
B) Detection of reaction product using streptavidin-AP.
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A 4 & Retroviral vectorQ I1sx 24t

A14d A4

%87 A (gene therapy)@ primary human cello] A2¢ FAAE =
Jere =M, HAd 444 AR ABAAY, AR E YL A=)
g 45 EAL P37 94 Aotk {AA Awv AFTAHA A3EHE
crEA ol BN et e FHol Yol #AR AR JPAYe] A&
o2 F7hsx A},

- A, AYE FAFE FA% K Folge) Wi zE WYL o}F ol
& DNA, RNA, ©ulas} g o}F B¢ EAE¢ ad.

- E4, 43 GAAE EAT target celld] AUFLEZN EF tissued 8§
SHc gene product®] A4 22T 4 Yk YHHoE {AR A=E #A
A7} target cells} 19] progenyolA A&FOE 715387 wifel, 94t3<Q A
2 Wold.

AZHA {AA N2E AME T2 RMA EAFE HF=H oo}
g
- AA, 93 A8 ¢ FAAE targer celld) Yol & 4 3Uolof @k,

- 4, A2d #AA7} target cello] A G@=o] A 4:29] gene productS
g 4 lojof gt

- A, AR 7]5E 713 DNA, RNA, 3-& @l o] target cellolA] &utz
QA=Y 7)%5-& Jehyol g}

Adenoviral vector\} liposomes= ©|-&% T4 {FHA HE 4ol ¢
THI 3oy, AA7IA FAA g 717 9y ARS-He §AA A
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BA7} <= retroviral vectorE ©]83l= Zo|t}. Recipient celle 3532
2 lysisdhs 79 virusshe @8] retrovirust £FA X A F £F
M *¥2] chromosomeol proviruses el 2 integration 8. <YYAHOZ vector
9] structural gened XE {KAAZ dAAIZIY. Retroviral vector H4]2 <]
43 FAA A5 Cd2= Z+F ¢, adenosine deaminase deficiency, cystic
fibrosis, familial hyperchlesterolemia$} &2 _%%i‘%, AIDS 9} e ZHEWol] 3
v}, #A retroviral vectorg ©|-8% #AA A" FDAY 491 o} Y4
Aol phase I o]t phase I @Alo]l . Retroviral vectorZ °]&% 3
A A5 e A= 1109e] e, oFA7LA retroviral vector2 1§ 54
£ gl A= nugA gt

Retroviral vectorg ©]-8-§ #AA 59 YFAY F7138A FE9
retroviral vector7t Fo g2 WR3IA =AUt I2|Y retroviral vector Aj4tel
#¢ A= mug FEolrt,  oiFE9 retroviral vectors amphotropic
retrovirus packaging line& Wi%3te] MA@ Target celle] retroviral
vector® <A77l YA = retroviral vectord FXE7F Folof
retroviral vector®] <¢j7}e] ¥tz}7]7} 37CojAl 5-7A| 7o ¢t=lu A3 9
9 037 gid 2FE dFAN Ee FH oFRol Avtn A
NS, M= {FAA A6 #F A7/ B3| AP gloy, Y44
Yol W8T 1F X2 retroviral vector?] FA4d] B AT AFFH AF
oltt. ualA B Q7oA CV-13 NIH 3T3 celld target cell2 4743},
target cell®] 42 £33}, HA seeding density R H3F 4 AL 23
st X, cell typeo] retroviral titer 4o vl JgL A7, 3
£ v FolA] A4S = retroviral titerS S
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A2Ad Asg 2 U

1. AXxF 2L v wi A

Amphotropic producer cell line¢! pMFG/CRIP< Michigan A}e] Dr.
James Wilsono.28E % o9ttt  Packaging cell line €1 ¢CRIPZ
fibroblast NIH 3T3A 458 Ao 2 47ldl= 5 702] recombinant vector
7} &0] 31, pCRIPenv- £ gag, pol #44E 23 11, pCRIPAMgag-
£ 4070A amphotropic virus genome® i 1. packaging cell lined
plasmid pMFGE transductiond}l] producer cell lineZ Tt=+=4d], o] plasmidol
© LTRs, packaging signal 0(ps) SF LacZ7b S0l ok LacZ faAke
bacterial B-galactosidaseS W32z THH target cellS FA3 4H4A &
ANE 4 Y.

AZeF WA ZE Dulbecco’s Modified Eagles medium (DMEM)d] 10%
calf serum supplemented (CCS)E 3713l A3t

NIH 3T3 $ CV-1 cell& ol839] virus supernatant& AAsATh
Ff x| 2= DMEMel 10% calf serum supplemented& 713} AR8-3 o

SMGFACRIP 3 CV-1 cells 25 %34 A¥olmz Aguie R4,
Ca®, Mg” ©] %1+ Hank's Balanced Salt solution®. 2 1, trypsin-EDTAE
A2 ¥F, 10% serum DMEM-E o] FHAIZIOZN o]Fo| Y. HMEEe
1:108] Hl&2 ol WFsheich

2. Target cell] 4% &73

Target cell{! NIH 3T3 $} CV-1 cell® 6-well platesel Z}z} 1 x
10°cells/ml9] FE2 Yol seed & ¥, 10% calf serumo] € DMEM ®jA 3
ml& $ol Mgt Z7] lag periodE FolR7] 9131 12413t HFe = 2

— 34 -



3] AXEAGE ZAAL, olFdt UM FFHeR FAAUAT. FAAHS
$13te] 4¥gL 33 wE-dct

3. Virus¥ 373
NIH 3T3 cell® 10°22, CV-1 cell& 2X10°2.2 six well plate®] Z
wello] A£3o 3mlLe] wlYgdE Vil retrovirus® FFe7l Ao 18-24A|3F
Mg, AH-E WiFdE AAY ¥, 02 mL9 virus §4% 18 mL9
polybrene 4.4 ug/mLo] X3d i AE WA YA BE virus $9& 045 pl
filter§ $3A1#A, supernatant 39 SA™ 4 AT free producer celld A
314, target cell®] in site transfection® WA 37ToA 12-17A1 A
F ujgae 3 mL W2 W3} target cello]l confluencedtAl A=A .
Ca®, Mg® free Hanks’ Balanced Salt Solution (HBSS)©.2 % ¥ washing &
3, 05% (v/v) glutaraldehyde £ 15 mLE2 ¢F 158 %9 target cell2
fixing A1t Cell& HBSSZ THAl $4¥ washing®th. Staining 8-<4& 20
mg/mL(2%) X-gal (5-Bromo—4-chloro-3-indolyl-f-D-galactoside)2 33
5mM K3Fe(CN)s, 5 mM K4Fe(CN)s 3H20, 2 mM MgClo2 E{$ 894 1 mL
9] 89 ¥ F 37CoA 1-12A4%t incubate vt FENo =z HAH
colony& M 9] colony-forming unit per milliliter (CFU/mL)E2 el th.
Target cello] superinfection== A9, virus titer/h ARG A e}
o2, dosage response experiment® AA|dle] CFU Zdatsl ARS-® virus

supernatant G342} vl FAE ARG,

A 33 A g @

-3§ ~



1. Target celle] 4% &4

AFAA FAR A2E $AME target cello] retrovirus envelopeo] &
ASHE proteindt AFY 4 A& receptors 7HAT ook A E, AX7}
FAA Edsn e SUddut A9l oA FAAI ME9 genomel =
=952 2 g4 Z47]9 retroviruss FAAIAF P,

NIH 3T3¢} CV-19] A% FHE Fig. 1) vebdch. 7] 12413 Fetel
= 5 AX E% lag period® YEgou, 1243 olFde €43 t4 24
71l =g#th.  Specific growth rate (W& NIH 3T39 A$ 113 day-1,
CV-19] 7% 048 day-1°]9, NIH 3T3¢] 4&o] ®5tth. walA, virus titer
£ Z2A8= PO 2 NHH 3T3 celle 1 x 10°/m L & seeding & F 2441310]
ATE ¥ virusE FPATE Aol $1, CV-19] A$E 2 x 105/mL 9] &
2 4N AFAE F virusE FPsE el Foa ARHA

2. NIH 3T3%} CV-1 cell®] 4¥E& v
NIH 3T39} CV-1 cell® FAlo] targeto. 2 3912w AF}E Fig. 29
Jebith. NIH 3T3 murine cells®] #d8L CV-1 B} o 3008 A% =8
.

3. &4 wlFolA virus titerd] F4

Retrovirus titer:= packaging cell line ! pMFG/¢CRIP7} confluenceel] =
g¢ ¥, fresh mediaZ P F H 2443t ¥ supernatant2H-H virusS
343t} NIH 3T3 cellel FIANAT. 2 A3} titere 9 4 x 10° CFU/m ¢t =2
e 39 B3 (BF 105-106 CFU/me)RY 13l (Fig 3) dA =&
titer 9] virus& AJ43h= virus clone®] A3 Y3} HA}YE APFo| 4.
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A5 3 Sexz dviojaj2o] AL HLUTHA =3

A 148 AA

ATALS) 71¢3H ZWe)A, & FAE neurophillicte] ARFME) 54
%02 7198 Herpes simplex virus HSVE A7 A4 wlolgl2z A3l
71 S1stel, A% A4S EANESA A7 Fa ez E451 e #A
A AZY 716e SLAUT. T AFMTYAAN #-8F FAAE AN
t e AT vlola AR A AR F1& A KT 4]
Abh, ANE E, AERR, AFATY A9 A e adEn
gujolz} 249 screeningol $-832A gk,

AAAGH 2Re AWER A AA A7 o 70%7+ HSVEZA L
2 Be AFAe] ZluHE, SUelA BE3] AL FQ YA A &
upolz 2A0e] Hatd, MELA AL 21 FA APYL FAPo,

A8 2He AWRY JEFAY Tdds B ARAEE g2
294 Aol 2UNT AP S5} ASBIHE Ao, GFP AR =
22 Q9 23 AP MAo ok aAFQ Azdo] AT

ANE7A L] AL AL I A v]F9] Priscilla A. Schaffer'd &
utoldl29] #32 FAIFHAel Felske ICPO, ICP4, ICP278] AAZIAAR

A9 7153 ZA71&d dig A9 ICP0St LATse] latent infections} virus
reactiono] vlXe Ao UYF AFE 93} Ut v]x2] Bernard
Roizman®l & a-f3AA}e] €A U3+ VPI6TH ICP49} wulolg]2 DNA B
Ao g A7t 9= A v=9 David Knipet: single strand DNA

binding protein 2% 42 ICP83} ujo]2|L {FAA W Rt U3 A2

— 40—



2ad 4= 7)1%5S 2= ICP273 DNA 4ol ¥42Z<Ql thymidine kinase -+
A A9} latencyell #A3= FAA 48 Wi AFE FYslar Aot #=Y
M. D. Challbergt= HSV DNA polymerasest UL42¢] 438 = DNA
polymerase #A4E ZAAI= UL429 715#H 713 F vlolz]2=~ DNA
replicationdll g A7E +Bs At F=9 P. O'Hare’ > Hiolz|{2 A
AQIZ e} A XL HARIZS] 4528 W latencyd] #H 3= LATs
promoterd] #{ AFE I3 Aot AA ZF {8 AGFIAAA HSV &
Hlolg| A 24 GAEZE AP e vlolzi2 AL EAFFHOZE AAII= &
StE- ¥ ohyz} nlolzix LAl HAGE o]33te] DNA dAAAG N T2
oz 3 ATl AE Fol.

U HE HSVE 5& FANNE BPsE Fjo)A HSVE Gatiat
d o= FAAY 715S AT "ol itk ABAMAEY #FHA LA
i A7 A9 glo] x7|1dAld Bt W elekF AdAIA 2=
A AL R7EX HSV &3F tiate] @ojsh= ulolgl2 9] F4E ge 5
Fdsh= ARl FuloA] AdE 2joFE 2 screening 3= P HAF
HSVe 7]& 4771 A3 FAPHo| AA gof A FAYX v|Fg deold.

o ze] Fvto WA A B HSV &§ AW JUdAe &

< 4EFHR EAE dodn ey Y A7 FEL RHEHQ dAloE=
Hlolg] 2 Fa4ld] HEARl FAAEY 7w A A7 A% EA9 o
s gk ola} ulolei2e] A4tH HPE WAI=H FAY VIR AU 2
RAoltt, EF HSVZE JAAQ HAAZA zt= SolidL Qi AFHA
FEQL ulolzi2 o] AMEde Aon. wWEtA HSVE FE7] ddd 7
d Ao 7iogsts uiolgi22] {FAA 7lFdd Wi A7 ulolgi 7
e, F27] nloldA¢ reactivation oA, P-L Azah=tle] 3¢ @ Aol
o}.
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Herpes simplex virus (HSV) 1-& Iz3te] 93h= herpes virus 3 713
AA WAHT Bol ATl HelH AR A7) WY, A7 2PT 25 A
AA Tol FA3 oz OGS AYE dod B op FE FHAY A
g #A317] W&o " AEF A3}EHA HE AW g XW-E doXl
t}. HSV-1& < 150 Kbl A3 ©|F 719¢] DNA genomed 7}A9 < 80
7FA)9] wlolglA duldS I=dta Qo 9F 100-110 nm A7 Aol WA
capsid tegumentztl EEl-¢-= Edd o3to Az i, HSV-1 DNAE
toroid BFE]R capsid ol EA/Y.  Glycoprotein spikerg 7Hxl= 24
(envelope)©] tegument ¢} capsidE A1 Ut}

HSV-1 3o Zg37] 9t ¢4 AXHd =38 483 AT
F nlolzj2e] ZPEL 4329 YA 8. A XU E9l3L capside
nuclear poredl €¥l8 ¥ DNAE & ¢te g W& ET. & i 43 nloly
Z DNAx= 99 DNAZ utdd. ZA} s#iojg{2 DNAS A71EA 22l A
ZF capsid®d] £HTS ¥ QoA o]Foj. nlolg|A e {AHAE SF A
X 9] RNA polymerase Il 2j3le] FAZ} v &L ulolg|2e] gula Az
S°] A Fojsta glo. HSV-19] 34 @2 3| A= 80
N olde] FAAEC] & Kinetic class 2 ZX4eo g AHdE GG
HSV-1 f3AE 4@ =HE A7E 71822 47149 classZ UYE 4 U bt
ol L7} wF AlXd HAAHULE W FA LGHHE o-F-AAL, a-FAA AE
o] EAY W WA= 7] FAAQ B-{AAL, adu wlolglA DNA A
olFeo W= F7] FAAQ Y-FAAR e 4 U 53] 7] 4AxAF
FhFHoz A B FAAE Y1I-F32 283 &4 3= 3RS
2-fARZ TR

Hio]2]2 genome?] UL US ol Ash= a—FAAe] dula AEL
Z} kinetic class fAAES] WL A3 715S AR 9o a-§AA9)
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dazd e wolds 49 14 28% @A € f-fHAZE v
o) A5 @ow WdsA etk wheld2e] thymidine kinasest DNA
2gaisl ge YREe no]al~ DNAS FAH nlolajx date] il @
o3t vulAEo] p-wudd ¥XFEt Glycoprotein FAAEL £7] #4
A9 Y- AR} 345 @] 7}A ulolaiA a-@ul A p-gulAe] ojste] A
Aol 2Ae et 3] a-vul@ql ICPO, ICP4, ICP27¢ ol classd]
fAA @AY L -

a-f AR HEF 9 3 ICPOE o 80 Kdo} £43& 7141 lon
post-translational W&ol 3te} 110 Kd-124 Kd8] o2 Wejg 7k4A "ot
ICPO #AAE Hlolgla EAd ¥4HY FAAE ofUAT ICPOE o
kinetic class frAAIES] HALE 7317 transactivation o] €433 d. ICPO
mRNAS] dREL2 latent statedlA] FA}A A=+ latency associated
transcript (LAT) 3} antisense RNAE ©]F0o] ICPO9] &d 85| nlolgj2 9]
latency & #ASEH T AL S 23843 ot oE AFA
ZAE gk ICP4: €gtd] A8 Qe Q43 @A ICP4 FAAE
US %919] inverted repeat 3-#ol At sle] 2708 AR} vpol 2
genome Ao EAFt. ICP4 fFAAS ulolg] 2] T4 HFFHQA FAA
W 229 ICP4 A28 0§ transient expression W¥-& 536} ICP4= B
323 Y-fAR] ¢d-E F=33 ICP4 promoter ol EASE FAAS] @
d-e Aol AN} HSV-1 genomes) ULel 913 ICP27 RAAE
ulolal2 24d] WA FAAZA, ICP2L o 715 e wygold.
Trnaient transfection®] 2% ICP27 AAE 2] 27 target FAR] B
o W2 JPL 7A Zs} ICPOL ICP4SH ¥4 M85 transactivatorth
transrepressor2¢] % #§-g gAY  a-§AA HEQ ICPO, ICP4,

ICP272] 9+ viral transactivator®} general transcription factors $}¢] A&

— 43~



Zgolate HAA 8% AT Bl

gt B FAGAE AR HSVE @adaiagel #edste &
A% 715e AFH7] s FAR7] FAR HEQA ICPO, ICP279] W
plasmids $} mutant plasmids& #}Z3}1 wlo]a]2 §-F A} promoter”’} reporter
fA4 ol AUYE plasmidsE A=Z3e] £FH X transient transfaction®
E3la) ZA| 27] /AR A2 upolaa AR A 2A J5E 43
2 Q.

A 24d Az © ¥y

1. A<
Herpes simplex virus9] 434Xl Vero cell 10%¢ ojd 4 33
5%2] Antibiotics (Antibiotic-abtimycotic, Gibco)& ¥< DMEM (Dulbecco

modified Eagle Medium) Wi%¥<e] Wi 37C<] CO; wiF7IolA vk

2. Transfection ¥y

60 mm =3 wWlFFGAlel 5 x 109 AXE I FTE F Y=L
DMEM Hlgd-2 ¥ol FAL 2-4 A3to] At Fo] DNASH Bd 77, 25
M CaCl®& E®3to 7 250 ule] 2 x HeBSS} 42 F 4244 2087 W
23t AAPE JAES FHAA 7ML 4413 B¢ vgEiT. o F
A8 AA}T 1 mle 10% DMSOE 1837 713 shock2 & ¥ PBS=E ¢
2 AA33 5 mlel DMEM #igFd-g ¥ F 24z widsiid. g &
A¥E 10 mle] PBSZ AA3lx 1 mi9 TEN €9 (40 mM EDTA pH 80,

150 mM NaCl)€& W& ¥ cell scraper2 ol ¥ A x=-2 m3387] 93
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70TAA YT IJTTAA Zole AYE 33 vt =9 AEs
microcentrofuge® TS 43¢ Aste]l -70TAM BT o] FEAL

cell extract2 AHE-3HT.

3. CAT Assay

1 p19) C* chloramphenicol (50 mCi/mmol), 2 ul¢] 40 mM acetyl-CoA,
325 ple] IM Tris—Cl (pH 75) €% €9 i 845 ul HO 71 Eole &
glo] 30 we MEFZAL 718l 37THAM AAFAIL F A F 1
ml®] ethylacetate® F7}sta] whg-& FA A7), vortex mixer§ ©]-834 &
g9 & AR /739 4893 BEsid. EHd #1SE
Speed Vac (Savant)2 o]83td AFAZXIIPTY. ARE A&E 10 u
chloroformoll @@ F silica TLC® (Whatman PESILG)ell spotting3t it
TLCH®-& 1:1 chloroform/MeOH (vol/vol) §-vi7} A §-7]d ‘#51 a4 =
ZulEagNE dQT. TLCHE F713dA A2 ¥ X-ray fime TLCH

9o =0} autoradiograme THE-UT.

A 3d A3 9 1F

FA 7] FAA 4EQA ICP279] ¥d plasmid?]  p27BSE A =33 .
p27BS+ pBluescript plasmid®] BamH I 3} Sac I-& A G311, o7]d ICP27&
encodedt= FAAE AYAZ plasmid o]

HSVE] a class®] ICP4 promoterE CAT ##A o 4T pICPACAT,
B class®] thymidine kinase prmoter® CAT $AA ol 4§ ptkCAT, Y1

class®] promoter$! pVPSCAT, Y2 class®] prmoter$l! pl42CAT %9 reporter
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plasmids Az EE SR 3Qk  Vero cells slA el Z+2e] reporter plasmid
o] basal transcriptional level® 913}7] $13l4], Z plasmidS transfection
F CAT S84 X = promoters] SAHEE FAsIH.

7} reporter plasmid®) CAT #AXE pICPACAT > ptkCAT >
DVPSCAT > pLA2CAT €92 pICPACATE 7% CAT SAES Jehjgle
\}, pVPSCAT S} pLA2CATS] A4 CAT RAHEE A9 detects|d Wskrh.
(Figure 1).

ICP270] Z}7te] promotere) AALZA 4L #A3}7] 918 p27BSE 2
| 2Ae] reporter plasmid®; 7 Vero celldl cotransfeaction® 3}t
(Figure 2) pICPACATS A%, ICP278) &A)Ale] ICP270] & wo] H]3id)
CAT 4=7F AA3 Zasd. o AAR & @ a FAANEQ ICP27°]
@ %A= promoters] FAtz=Ao] #I3}ed, transrepression 3+ Ao = Algd
t}, 2]y ptkCAT, pVPSCAT &l pLA2CATL basal levele] CAT 4

7} R A ICP279 91§ prmoter?] ZAAIRA 4A-E AT 471 QUK

1. Ahn, J. K. (1991) Mol. Biol. News 3, 20-28.

2. Hardwicke, M. A., Sekulovich, R. E. Vanughan, P. ]J., O’conner, R., and

Sandri-goldin, R. M. (1989) ]. Virol. 63, 4590-4602.

3. Hardwicke, M. A., Sandri-goldin, R. M., and Rozanne, M. (1994) J. Virol.
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pICP4CAT ptkCAT pVPSCAT pL42CAT

1 Vv 1 1
p27BS -+ - + - + = ¢

3 - Ac ’hgﬂﬁ- REAE
1 - Ac D). “iiniee

Figure 2. Autoradiogram of CAT assay that shows transcriptional
regulation of HSV promoters by ICP27.

3 ug of each reporter CAT plasmid was cotransfected into Vero cell with
p27BS(-, no p27BS; +, 2 ug of p27BS}. Cm, Chloramphenicol; 1 - Ac, 1 - acety}
chroramphenicol; 3 - Ac, 3 - acetyl chloramphenicol.
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pICP4CAT ptkCAT pVPSCAT pL42CAT

v 10— 1 1
+ H HE + H

1 2 3 456 7 8 910 1112

Figure 1. Autoradiogram of CAT assay that shows activities of HSV

promoters.

Vero cells were transfected by various amounts of pICPACAT, ptkCAT,
pVPSCAT and pL42CAT plasmid (+, 1 ug; ++, 2 ug; +++, 3 ug). lane 1-3, 1 ug, 2
ug, 3 ug of plCP4CAT; lane 4-6, 1 ug, 2 ug, 3 ug of ptkCAT; lane 7-9, 1 ug, 2 u
g, 3 ug of pVPSCAT; lane 10-12, 1 ug, 2 ug, 3 ug of pL4A2CAT. Cm,
Chloramphenicol; 1 - Ac, 1 - acetyl chroramphenicol; 3 - Ac, 3 - acetyl
chloramphenicol.
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N 6 & AMHE BSIA| O|=AlE AUX|A CHAIS] B3}

A1d A4

Mxe] F8Ao] agonistEeol AYI{IAY HE7L transformation='H
phosphatidylinositol®] MEuWe] tAl £% Z71¢l phosphatidylinositole] W&
A3}/ F2 #AHY. Inositol XA YAl T7h= A3 Rous sarcoma
virus (RSV)4l 9J3] transformation® quail A|EJNA Aoz JIHIUG
(Diringer and Friis, 1977). Kaplan % (1986)& polyoma virusel <&@
transformation®] phosphatidylinositol®] WAHE Z7HAZGE A& BRI}
inositol phospholipids} polyoma viruse]l 13 transformation®] QAY WA E
¥y, 233 Countneidge$t Heber (1987)& polyoma A9 middle T
antigen®] phosphatidylinositol kinase?]! P813% complex® ¢1$0] polyoma
virusel 93] vj/}=& transformationdl Z-§-Frial RIS
Ego]9 ol inositol phospholipid7} A4 M¥E €] transformations] #jFch=
Biae B7FA © Y. Rous sarcoma virus®] oncogene product$! p60v_-src
(Sugimoto et al,, 1984)s} p68gag-ros (Macara et al,, 1984) 1&|X erbB virus
9] oncogene product (Kato et al, 1987)% phosphatidylinositol (PD),
phosphatidylinositol monophosphate (PIP)$} diacylglycerol& 148k Al7)e
lipid kinase®] $4& 7141 gUgo] sk ol2l g inositol phospholipid
o] 271e 413k} tjrle] YL o)z} AT AG B AYE FUIAA A
¥ol FA UL 714 &9 AZEHo| A3 gl

Inositol phospholipid®] 714830l wal MAUEolal A3 AG Eo
A XS] 43 transformationd] FAFt= Bie ofF BT (reviewed in
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Majerus et al, 1990). o8¢ A&z dd EA9 AAL2 phosphatidylinositol ¢
AM3}st 7HEae] i8] Yoldrh. Phosphatidiinositol bisphosphate (PIP2)
9] phospholipase C (PLC)oll 2§ 7}=¥3) protein kinase Co| AR
2 &a]7 diacylglyderol3 endoplasmic reticulum®. 2% calcium® f2Al7]
£ inositol trisphosphate (IP3)9] A& Yozt EF oz A% AG &
Aol 4ol 9% PKC 43h= AX 433 B3 328 242k AHol
g3 A} (Nisnizuka, 1986, 1988 Majerus et al.,, 1986). =g PLC Al ¥ g
EA = 5839 tyrosine kinase activityel]l &3] 1413} ®Hul= ALY E=§%
W83 (Kumajin et al, 1089; Kim et al, 1990) ¢l2l@ PLCS] A4t3he
epidermal growth factor (EGF)$} platelet derived growth factor (PDGF)<] A
2o 93 {EHAT} (Margolis 1989; Margolis et al, 1990; Kim et al.,
1991). ol@ AMNESE uigroz Aol Z7h= virush chemicalel )3
transformation® Al¥ 2] oz} A% HAE EF2 49 F7He #-o] ez
£ AE 32T 4 Utk EF olHY As A BAEL AX U9 BT ¢
A& 5% 4E HX=E AFH olsgo=zA AAT A XY s HEE vl
g 4 At gEA 3 - FF AT AGe AL A3 A4 F8
¢ 9¥E ¥ Zor Ahdd.

A X9} transformationS fEdle AXJ A5 AGaPE Golrr] 3}
o] £A7NMNE murine MZE bovine papilloma virus®t 3H8H8 WetAE o]
8-3}¢] transformation A1# M Eu inositol phospholipid metabolism& o}y
gt i, FLFA  tumor promoterdl TPAE AHEdA  AHX
transformation #}A Zo] doju= M EZILS] NS AG BEA9 o]Fo] Wil

A E scrape-loaded dye transfer methodS ©]-8-3A] A3t}
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A 24d Asg 2 Uy

1. A=

[2-°Hl-myo inositol (20.8 Ci/mmole) Amersham® 23 T3
anion exchange resin (AG 1x8, in the formate form, 200-400 mesh)<
Bio-Rad AF2 Al8-3t. Y& A|9f2 analytical grade®] A|F2 AH8-31%
o

2. W

1) A Xk

nl-$-2 fibroblastq! C 127245¥ BPV type Iol ¢}#] transformation®d v}
$2 IDI3 AEE 10%(v/v)¢l bovine fetal calf serumo] ¥-#¥ Dulbecco’s
Modified Eagle’s Medium (DMEM)elA #A3itt. D13 AMEE 1000]A
150 copy®l BPV-1 DNAE W44 R{33 it (Law et al, 1981). NIH
313 MES] B84 tansformaton® MES 3  pgmls)  3-MC

(3-methylcholanthrene)E Rhee et al.(1990)9] W¥o) wa} A&l st Aok

2) Inositol phospholipid metabolism

Inositol phospholipid®] metabolites& ¥F317]1 918l MEE 20 1Ci/ml
o [*Hl-myo inositolo] 8 WMol 24AHEL MFBAT. MEE 533
71 918 100 mm culture dish B 2 mis] 20% ice cold trichloroacetic acid®
489t Inositol phosphate® #&37] fste] 0.1 N HCl# CHSOH/CHCH
(37:19) &-AZ 4o} 93 AR AE Ao 713 HWAlIHoe=Z EXH
phosphatidylinositol phosphatex™= MacDonald et al. (1987)¢] W o] <3} ¢k
€ 9 AZvEad Y PHoE EAT. 48939 inositol phosphatet
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Dowex AG 1x8 formate columndge AH$-3l E3Et. (Kikuchi et al,
1986). ©lS2] WAlA AFL liquid scintillation countingS 3l AAl 3%
o}

3) 2 AWL 5@ AT A5 BA TR 27

AT S Adel ¢ B4 FHEE 2387 189 monolayerz
A AEE PBSE 5 W A& F 05% lucifer yellow/PBS(w/v) &4& A
o] 7Hi. QdY $12 vIAE o]gdle] ANE Ui 302 Fol FMAL
e Yz PBSE oAl 33 AT ANE 9 AReERE 37%
formaldehyde/PBS cyddor& Algd o] 13 AFHY. 1A AXE IFF &
e olgs AN

TPAS] 9@ AE 3 53 A& R7] 98k, semiconfluent AEZ
718 WMFMEE 02 mMe] TPAE 1083 AAdF AFdTH AIYsA &L o
2o 2 Wro] YA AFE Pyel Js eI FAEE PPz
W AERS] A3 273 A2 =S AR 2N

4) Western Blotting

TPAS Ad AATH AY3A %L U 9 AXE FH3}A =&
¥ 243 H €44 239 AAZE AANG. AFde 9A] TL-100
ultracentrifugeoiA] 45000 rom 2.2 4 3t TREE JAAHG. 9]
gt BB EA 3= connexing 8% DSD-PAGEAlA 1§ ¥, nitrocellulose
glo] &3 A7), olF 1% skim milk (v/v) §Hof @71 H|Ho|3or AYE
ukotth.  Connexinol Wi§t 13 AL Zymed laboratoryol A %13} mouse
monoclonal anti-connexin 43 antibody& ©]-8-3l% 4833t}
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A3E AR

Virustt chemical carcinogenel ¢]8}¢] transformation® AX¥$] inositol
phospholipid tiALS] W37l Q718 Yol y] 9314 bovine papilloma virus
2 transformation® ID13 Al ¥} 3-MC=Z transformation ¥ NIH 3T3 Al X}
¢] inositol phospholipid HWAME-9 F=E ZA3d. BPV-1d 3
transformation® ©l$2 C 127 M X BPV-1 DNA<| multiple copyE extra
chromosomed]] 7}AaL A+ ID13 A EE ouigitt. & F/9 virusdl &%
transformationi}+= @@} transformation E]€] f-XA & integration=A] -2
viral genomeo] ¢J3] A48 (Law et al, 1981). NIH 3T3 AXE:
transformation®  §13l] @ AW WHEAA 3-MCE AR
Transformed focig® W¥ HA=ERE £ M= w43t transformation
g AEXFE KA A H-

Virus®} 3-MCell 9% transformationel] €3l 2@ 13} 264 B0
PIPSt PIP:9] 42 iz o) Hl3lo Z7lsls 48 Jehdd. PHI-myo
inositol2%€] PIPS} PIP;2 9] 27} *H #%]¢ 5259 transformation® Al
XA FEHoE FFHNUY. = virusol 4§ transformation®] 7-¢-¢)& PI
29 °H fjlo] 2 FAade AP Ui

a¥ 33 4% transformation® Al X8} dlz2FAle]e] M XY  inositol
phosphate %9 vl E Jeldtt, [Hl-myo inositolZ2 EAE HEE #7186
ol 2 extraction 3l 8% F-& Yol anion exchange chromatographys %
3lo] inositol phosphate® ¥k 7F FAol @ IP7 AYWA
elution H3 718 FAol 2% Pyt 713 UZF ol elution Ak, BPV-19]
239 transformation® ID13 Al ¥ virusol FHHA ¥ BAEQ C 127
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Fig. 1. Comparison of phosphatidylinositol metabolites in C 127 and ID 13
cells. Cells were labeled for 24 h with [°H] -myo inositol, and the levels of
phosphatidylinositol metabolites were standardized with respect to total
labeling in the sample preparations. Labeled phosphatidylinositol derived from
mouse C 127 cells ([J) or from ID 13 cells (R) transformed from C 127 cells
by BPV-1 were separated on TLC. Fractions for 2 mm were scraped off from

the TLC plate and radioactivities were measured in the liquid scintillation
counter.
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Fig. 2. Comparison of phosphatidylinositol metabolites in nontransformed and
3-methylcholanthrene transformed NIH 3T3 cells.

Chemical transformation of NIH 3T3 cells were carried out using 3 ug/ml of
3-MC as described in Methods. Other experimental procedures were the same
as in Fig. 1.

[ ] : nontransformed NIH 3T3 cells.

. 3-MC transformed NIH 3T3 cells.
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Fig. 3. Inositolphosphate metabolism in mouse C 127 and ID 13 cells. Inositol
phosphates were separated as descnibed using anion exchange column
chromatography (Kikuchi et al., 1986). Fractions of 2 ml each were collected
and the radioactivities of each fraction containing IP;, IP2, IP3 and IPs was

determined.
[]: C 127 cells
. ID 13 cells
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[PH) DPM X 107 10*CELLS

Fig. 4. Inosilolphosphate metabolism in nontransformed and tranformed NIH
3T3 cells. NIH 3T3 cells were transformed by treatment of 3-MC as
described in Methods. Experimental conditions were the same as in Fig. 3.

(] : nontransformed NIH 3T3 cells
td ¢ 3-MC transformed NIH 3T3 cells
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AZo] H)ake] IP3 Fo] 34] Z7HSHE Aol RASQL. G 3-MCel 23]
transformation ¥ NIH 3T3 A EAE #Al¢ Ao Ak

% ¢#7 tumor promoterd] TPAE W% AXol AR 2% Rz
wal 72 AR B¢ AEzY 23 Tiwst 373 grgtke AL
scrape-loaded dye transfer Wdel <8l A=A =g 2ze] Aol o9
western blotting & +8% A3k 12 AW T AVl FAS FE
g5 AT (ZLH” 5).

Al 44 3

AMEe] 44 zA3} inositol phospholipid WAtske] LA G BAG ©lstd
= Be wusl 9. (Majerus et al, 1990; Berridge and Irving, 1989).
Inositol phospholipid WAFe] ¥W3}= protein kinase 9] 842 A3} A X
o] 4%l ¥ nAE Aoz 4A Ao Phosphatidylinositol 278 -2}
g diacylglycerol& protein kinase C¢| cofactor2 #4831 IP3E CaE ¥
Y] AALZRE HERAZ FPAA Ca*'/calmodulin dependent protein kinase
5-& @43 Ag. o|2A sl F71E protein kinase C& Ao )3}
Swiss 3T3 Al EANA c-myc I c-pse] oncogene expression®] =7l t= H
TE 9It} (Kaibuchi et al., 1986; Tsuda et al., 1986). Transformation 3749}
protein kinase C7} @#43lzlg}= AIZ}2 phosphodiester tumor promoter”}
protein kinase C¢| FFHAQ #FAAJAlet= Aldd sl HIAEY. 4d3HA
phosphodiester tumor promoterwnd %  12-O-tetradecanylphorbol 13
acetate(TPA)E MXe] AR £3d B2 AIHAE Ygdd (Nishizuka,
1986). % olel@ ZAeH= W= PLCSt PKCe| ¥4/} w=A] AEe] 4
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Connexin 43

Communication
Isotypes

Treatment

Control

0.2mM TPA

Fig. 5. Inhibition of gap junctional communication by TPA and increase of
phosphorylated isotype of connexin 43 protein in clone 9 cells. Synchronized
clone 9 cells al Go phase were treated with 0.2 mM TPA for 10 min and the
effect of TPA on gap junctional communication was compared with the
control culture. The states of phosphorylation connexin 43 protein was
analyzed by the immunoblot analysis. The 47 kDa and 45 kDa protein
represent phosphorylated ‘isotypes of connexin 43.



A3 Bde) WY 847} opales nuk Utk o|& SAW CSF-1% ge
AZ QA= cfnsol 93t transfection® NIH 3T3 4| XAl PLCS] ¥4J3}
glol mitogenic response® Y231t} (Downing et al, 1989). 18]iL PKCH]
antimitogenic action B AX F A R (Kawahara et al, 1988).
B AFE olg)@ ANsE RuE-E H3$3 inositol phospholipid HIAL
EQ o)z} AT FAYE EF2 PYHF JUS UohBi= Ak d@Eo R Y5
Ack. B A39 AFAE virus DNAY 9§ transfectiono]t} chemical
carcinogen®] Ao <ldte fF == AES] phenotype®] W3l  inositol
phospholipid®] {1443} s} 7l P 2] HEE gt AMdE RoEY.

A54d ZFuEY

Berridge M.]. and Irvine R.F. (1989) Nature 341, 197-205.

Courtneidge S.A. and Heber A.(1987) Cell 50, 1031-1037.

Diringer H. and Friis R.R. (1977) Cancer Res. 37, 2979-2984.

Downing J.R., Margolis B.L, Zilberstein A, Ashmun R.A., Ulrich A., Sherr

C.]J. and Schlessinger J. (1989) EMBO ]J. 8 3345-3390.

Kaibuchi K., Tsuda T. Kikuchi A., Tanimoto T., Yamashita T. and Takai

Y. (1986) J. Biol. Chem. 261, 1187-1192.

—-61-



Kaplan D.R.,, Whitman M., Schaffhausen B., Raptics L., Garcea R.L., Pallas
D., Rberts T. M. and Cantley L. (1986) Proc. Natl. Acad. Sci. U.S.A. 83,

3624-3628.

Kato M., Kawai S. and Takenawa T. (1987) J. Biol. Chem. 262, 5696-5704.

Kawahara Y., Karia, K., Fukumoto Y., Fukazaki H. and Takai, Y. (1986) In
cell Differentiation Genes and Cancer (Edited by Kakunaka T., Sugimura T.,
Tomatis L. and Yamasaki H.) pp. 102-117. IARC Scientific Publication No.

92, Lyon, France.

Kikuchi, A., Kozawa O., Hammamori Y., Kaibuchi K. and Taki Y.(1986)

Cancer Res. 46, 3401-3406.

Kim H.XK, Kim J.W. Ziberstein A.,, Margolis B.,, Kim ]J.G., Schlessinger ].

and Rhee S.G. (1991). Cell 65, 435-441.

Kim JW, Sim S.S., Kim UH, Nishibe S, Wahl MI, Carpenter G. and

Rhee S. G. (1990) ]J. Biol. Chem. 265, 3940-3943.

Kumjian D.A., Wahl M.I,, Rhee S.T. and Daniel T.O. (1989) Proc Natl. Acad.

Sci. US.A. 86, 8232-8236.

Law MVF, Lowry D.R. Dvoretzky I. and Howley P.W. (1981) Proc. Natl.
Acad. Sci. U.S.A. 78, 2727-2731.

-62—



Macara 1.G., Marinetti G.V. and Balduzzi P.C. (1984) Proc. Natl. Acad. Sci.

US.A. 81, 2728-2732.

MacDonald M.L., Mack KF. and Glomset J.A. (1987) J. Biol. Chem. 262,

1105-1110.

Majerus P.W., Connolly TM., Deckman H., Ross T.S., Bross TE., Ishii H,,

Basal V.S. and Wilson D.B. (1986) Science 234, 1519-1526.

Margolis B.,, Rhee S.G., Felder S., Mervic M., Lyall R., Levitzki A. Ullrich

A. Ziberstein A. and Schlessinger J. (1989) Cell 57, 1101-1107.

Margolis B., Ziberstein A., Franks C., Felder S., Kremer S., Ullrich A., Rhee

S.G., Skorecki, K and Schlessinger J. (1990) Science 248, 607-610.

Nishizuka Y. (1986) Science 233, 305-312.

Nishizuka Y. (1988) Nature 344, 661-665.

Rhee Y. H,, Ahn J.H,, Choe ]., Kang K.W. and Joe C.O. (1990) Planta Med.

57-128.

Sugimoto Y., Whimam M., Cantley L.C. and Erikson R.L. (1984) Proc. Natl.

Acad. Sci. U.S.A. 81, 2117-2121.

— 63—



Tsuda T., Hamamori Y., Yamashita T. Fukumoto Y., and Takai Y. (1986)

FEBS Lett. 208. 39-42.



Al 7 & Aptamer 7|=2 ZREYA|[AZE : RNase P2|

Cref 2] A0 ZESH= RNA aptamer?| ME Sl 54

A1d A A

EE tRNA AR AALF FAHE A E0] 75322 H4=5E tRNA
7 71 M E 98 T/ G247 FoAsiordt (1). A% tRNAY 5'-2
&2 endonuclease?! ribonuclease P (RNase P)gt= & & 49 ZA{gUo=
71EH e (2). o] Ehv AAW EE AXEY AELV|BAAN EA
3tm, 53] AT (Escherichia coli)® Bacillus subtilis® W3 RAE7L 7H3
Zo] FA=Hglth. AT RNase P+ & £x9 RNA 4% (M1 RNA, 377
nucleotides (nt))¥ ¥ d ZJE (C5 @A, 119 ofn =4t Zt7], 138 kDa)o. 2
2}z F+A ¥ ribonucleoprotein®] th (3, 4). o] &49 7|2ZF tRNA ATFA o
9ol = 455 RNASH 10Sa RNAS AT A7l d#H AT (5). &8 RNase P €
A& A (holoenzyme)?] EAZE9 FAHFE Ml RNAY RNA AEolt (6).
NBBW (in vitro) L ES Mg” A 394 Ml RNAE C5 @93 A& ¢
ol EAM tRNA HATFAE 7I+ElT + UH. 5 RNase P9] &27E2
M1 RNAo] &3t Aol C5 d¥id L BEAAZ I, 2y AA W
4 (in vivo) RNase P9l 4842 ¥t=A] M1 RNASH C5 @l " o] &z)s)o}
el d o (7).

A RNase Po| ©@wld AEQ C5 @¥dL o d7|Ado] A3t o
Gl A 25%9 9714 oluxil BVIE ZHAL YUY, C5 @ AL 22 o]
4719 #3894 Ml RNAZH (RNA 748 288 4 =S 29429

of Wl Fi4o AHG Srv £& o|24719 &4FEYA M1 RNA| 2%
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RAET iz 10 - 20 vf Ax F7HE9 (6, 8). Co @A & M1 RNA2| 7[H 4
3 EolAHL o dYd3tA STt (9). C5 ¢ M1l RNAS A3
3 & A X RNase P RNA AE#A= ZA%sH I RNA9 B4 84&
HA =4FE} (6, 10). RNase P RNAE tRNA AFA o A o FA7NH
dbdto] W Aglth RNase P @l A2 o| &Y AAV|H dbdE GHAIA B
~-71d 9] 43S &oldA qFe J&d3 o+ (11). 22} RNase P @3 9
712 oA BH3 ZA"H AL ofYTh. RNase P &8 42 7| Ao dfd
Eo]Ad 2 tRNA AT A2 non-tRNA ATFA|AdA @2 yervi (12), BA ol
A Ml RNA9 Fzd #olz AF ax Ao Wie 43Nz & Yon
(13), M1 RNAY o8 7]1dd] dg daxzle Hddx C5 dfdo] 9
A d 4 ddy RasEot

137 RNase P 48 E29 74 AR 25284 g Fue o3
@o] XEsith C5 w¥del Ml RNA 2142 71&¢ RNA-ZE dude] &
A RNA 72§ 43 Afde g A4S 1A (14). oY 4327
FFE& oldE7] A B AFE 2 Bol F4HT Y ARHAY Ay
(in vitro selection)€ A&} (Fig. 1, 15). ojW 8|7 =o] A& st vluA 3z
& 3719 Yie T4 AdelA REuls o 49 wye e ZAF 7
ol A& ¥MEZS FIA I3 HASS A T 29 FFHEA
Aot 9714 7 B 71EY EQHISY, AT LAY, A5y H2
FER{HY F U & AFdA= dFT RNase P @i @d] Agsi=
RNA aptamerE AHEAT. 489 HYE A4 C5 d¥AE DEA-AH ©
9 (maltose-binding protein, MBP)o| &A1Y, #2344 A AP 42
ntg] F&Y AEE 713 % 120 nte) Zol2 AP, AYL 15 3 WE Ay
@ ¥ 228 2 aptamerE DNA G714 €=z FEIFA

Aptamersol] & 7 £4L IA-dN AR Bolg A& U4 77}&
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Clone, sequence 120-mer RNA pool
Tl
in vitro
transcription

PCR amplification
T MBP-C5 column
Reverse
transcription
Mal tose l

Bound RNAs Unbound RNAS

Fig. 1. Selection for C5 protein-binding RNA molecules by means of
affinity chromatography.

-~ 67—



A3 d T8¢ ZBEE ATAHTH (16). AT AEYLE C5 Gy
A3 RNA aptamers® 42 E 3U43tA =" RNase P €384 +4
AEL A% 43 G5 d9de] EHE 7tsd J8: 438 £ S A9
. #2 RNase P7} 42 A& &8 7ledtds Rice & gHAY

(ribozyme) BTk F3l$ HE 7H3 o] 49 A F7IH 1 U (17).

A2A Az 2

1. 739 d4 AJA Y A,

T3¢ DNA FH3IA = 120 nte] Zol= o] F 42 ntE FEAHE €3
T3 (template)e TAAAY (Fig. 2). o 4L olv] ®R3ud nu Q&
Schneider 5 (1992)9] WHE W3S AZdF (18). 120 ntd] FHE U=
7] 18t WA oligonucleotide 3, 4, ¥ 58 A AL o]EE SAUE A2
7] 1A oligonucleotide 13 2& ¥/J3sld T4 DNA ligaseE oligonucleotide
3,4, X 58 YEAIIE 120 nt Zo}8 ©Ad7te DNAVE vhEo 2t ddrtd
DNAE 7HA &4 (primer) 65 7& ©]&3A PCR ¥&& 3lH & Zoj9 o
7t DNA F30o| 4 dt}. 120-merd] 5 ZFo| AW HAMSE A
T7 promoter A& E HAH FUD. °lES FFAH RNA JFAE A=z

9@ T35 DNA AFAZ Aeaah F89 72E 0en 2

T7 Promoter
5-TAATACGACTCACTATAGGGAGCCAACACCACAATTCCAATCAAG-

(N)g2-ATCTATGAAAGAATTTTATATCTCTATTGAAAC-3
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291 RNA F3Ae= 729 DNA HZAME FHLE 37CAHA T7
RNA THBELE 2-4 A} &< TS eE AdAY (40 mM Tris-HCL, pH
75, 6 mM MgCl;, 0.4 mM spermidine, 0.1 mg/ml As-BAS, 10 mM DTT, 2
mM NTP, 50U T7 RNA polymerase, 40U rRNasin). ¥+2 & 1U RNase-free
DNase & W2 15 %3 o wgAAM DNAS AANAL AL

phenol/chloroform (25:24)2. 28 F&3F AA3H -70Co RAF]

e ———

3 9
Ligation

PCR amplification

DNA template

1 : 5’-TAATACGACTCACTATAGGGAGCCAACACCACAATTCCAATCAAG-3'
2 : 5'-ATCTATAGGGGAATTTTATATCTC-3"

3 : 5’-GAATTGTGGTGTTGGCTCCCTATAGTGAGTCGTATTA-3 "

4 : 5'-TTTCATAGAT-N42-CTTGATTG-3"

5 : 5’'-GTTTCAATAGAGATATAAAATTC-3'’

6 : 5'-TAATACGACTCACTATAGGGAGCC-3'

7 : 5'-GTTTCAATAGAGATATAAAATTCTTTCATAG-3"

Fig. 2. Template construction.
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2. MBP-C5 ©¥j &,
HA C5 dlde §3A (mpA)7t 9= pKKRNP23 #WEdA 7/HAIEF

At BE o|4& PCR ¥t822 mpA #AAE FZAH (19). oI %8 DNA

MAEA A 5~-GCTCTAGAATGGTTAAACTGGCATTCC-3’,

AAE2 B 5'-CGGGATCCTCAGGACCCGCGAG-3

AW BamHIH XbaloZ A 2|31, pBluescript SK+ #E o] 293
A HEd 229" mpA AA AHE Xbald Pstle 2 ZEhjo] MBP &)
A §A4Z7F Eoi9e pMAL-c2 ¥E (New England Biolabs, Inc)ell thA]
22384t olgA HEA HEE pMcccE PR

pMccs5 HEE 71 AL JMI098 34l 719 AMZ$ LB ) %A o)
1/102 84 @tk AZ7 ODso = 04-06 A= A2+ 1mM IPTGE MBP-C5
g AL FEAY FEF 4TolA 10 £7F 4000xgollA A EG7IZE AXE
g met 2 AE Holgg #-9389 (10 mM Tris-HCI, pH 80, 200
mM NaCl, 1 mM EDTA, 10 mM 2-mercaptoethanol, 0.1 mM PMSF)e] 34
ARG, 229 HESAE dEez HEE 713 4CoA 30 3 9,000x gl A
oA QAR AY AE golels WAL FEAT 5 eTh o F4Ae
5 o] MEL #-FFEJoR IYXN3ta FEAE olTE= # (amylose
column)oll HAH3 Hof MBP-C5 @& oldEZ o AAAUY. o] B
HFo] #-gdFfdoz Aol F 10 mM ZEZX (maltose)’} F718 #A-&4F
g902 MBP-C5 ©¥idg ojdzz PoA fojuc Hed wdde g

RolA A2 B-92LAA FA3YT, 10% polyacrylamide-SDS geldll A

BASAT GMAY FEE Lowry BHE 2AHFL, ~70CHNA naych
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3. RNase P &4].

Agut gL Ay 37CAAM 15 ¥ 3¢ F FFE UFo 433
RNase P ¢4 &49 3¢ ¢F5894 A (50 mM Tris-HC], pH 80, 100 mM
NH.Cl, 10 mM MgClz, 0.01% NP-40)olA] uF-2A|ZA 1, M1 RNATHY] ®Fgof A
= ¢899 B (50 mM Tris-HC], pH 80, 100 mM NH4}, 100 mM ,MgClz,
5% PEG, 0.01% NP-40)olA BZAIZT (6). E2E ST &AL 71289l
37ColA 5 &3 dA FAG7E 2 b5 71d& ¥ ¥&& AlZHY. M1 RNA
= mpB (M1 RNA9 $3A)7F 22950+ pGerd HEE A i Fokl
07 ZAE ¥ SP6 RNA FHEAZ AFTAW HANWEES o TEJAT. FAHE
M1l RNAY¥ 6% polyacrylamide/7TM urea gelolA ¥323% t©}& phenol/
chloroform% 22 A At wrgel 71L& dAF tRNA™ ATAE AHE A
tRNA A FA7F gl pHW2CCA HHE BstNIe 2 Add od [a-“P] CTP
EA st A SP6 RNA Fd &0 A& Algad JAME22 tRNA ATAE
A AT (20). ¥H& F WY EL 8% polyacrylamide/7TM urea gelolA £ 2] 3}
o] z}A) A7) 29 (autoradiography) & &<913t

AARAA ] B4 BB AN 2= TE4 AEY A49E pMecs
ME e YAABAAN 30T 43Tl zZzt AFe ZARHED. SA

pMAL-c2, pLM1 (rnpB + %A E.-+)9 pGEM3E o] &34 o] FAIHY.

4. Adad HEH.

F2¢ RNA FAFAE oF 107-10 /el F29 DNA A Qo] A3
3ug? FHoZHE T7 RNA FHELE o] &% Aoy A ez @A
dx AANY. MBP-C5 9¥aL 10 uge olE 2= X4 oz AFAA.
oF 30 ug®l £49 RNA Q&AL 100 wel ALY (20 mM HEPES-KCI
pH 8.0, 400 mM NHOAc, 10 mM Mg(OAc),, 0.01% NP-40, 5% glycerol)”}9l
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A ol 2= X o AFAIZ MBP-C5 @A} Hoja A2dA 1 AIF <2t
x| Po}, G Ad] AR g RNAE 15 mle] ZFLAoz Ao A
AAZcH RNAZE 28€ @92 L 10 mM ZEA7L H7td A8 Yo2 43
o)l 1 & A AL, phenol/chloroform %% ¥ dgg JHeoz 4P, 343
RNA aptamert 9 ul®] Eo Fo]x 1 ul9 50 uM 7JAE3 7 (RNA aptamer
9] 3IZ FAAEA)E ¥ WNCAA 2 3 71E F FA] 42CaAA 30 &3 %
X&) RNA-DNA A% £AE FAZAAAGD. o7]d 6 ule 10X FHA FHE
A $% 89 40 U9 RNase inhibitor, 4 ul®] 25 mM dNTP, 8 U9l AMV 9
AX FHEAE Wol £ 30 ulE 42ToA 2 A7 BgAAY. 2 F 75T
10 B3 71gsle QAA a9 848 AAJYG. H§ES PCR £7]4
SAHASR 10 ul®) 10XPCR ¢+%&9, 1 ul¥ 50 uM /AANER 13 1 ul® 50
uM 7AAE 3 6 (RNA aptamer?] 5% 7§AE3), 4 ule 25 mM dNTP, 1 U9
Taq DNA $&828 F7194 % 100 ul®) PCR £Z u¢S . FZ ¢
DNAE 5% polyacrylamide gel2Z AAQE F AgdaAY HAREIG2E ©A] RNA
AEAE A olZ2A 42 RNA JFAe F HA & 4 543
o2 ALERT. o]y AdaW HYAFE L PYHeRZ 16 3 v&E3F
ot APEW AgFPe] LS o7l UM 5 3 o]FRHE RNA-EH3
EgA L 34 AE FH 943k
AEEY Mgoez 15 3171%] 42 DNA APA= HAER 83 98 ¢
€3t Al PCR 5F ¥3& 3dd. o] %5 ¥ DNA JFAE AT &5
BamHI® HindllI2 A2]§ ¥ pUCY HEHd 2% ZF29Hd. ogL
sequenase version 2.0 (United States Biochemical Cooperation)2.2 DNA A

4 AP FAI 9 100 7§92 aptamersS] M E-E& DNA AgE FE
2} A o
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WAl EZ 8 : 5'-CCGGATCCGTTTCAATAGAGATATAAAATTC-3’,

MAEZE 9 5'-CCGAAGCTTCTAATACGACTCACTATAGGGAG-3

5. MBP-C5 @& i3k RNA aptamers®] 258 4.

Ao} RNA aptamers®] MBP-C5 ©#Zo] ojgt ZAASHL gel
retardation A 3E& F3l9 ZARIUY. £2AE RNAT 539 RNA A, 5
H R 10 A dde FFAS 15 WA Ad€d 4 RNA aptamerolth. #39]
RNA 28, 544 2 10 WA d8AE 29de g 249 geldolA
gaga 15 WA AMdHE 2z aptamerEd didAE AHAATFE FIFHU
RNA ®A9 5-2-& Alkaline phosphatase® dephosphorylationAlzl ¥ Zt
RNA aptamerd 5 -29d| polynucleotide kinase® AF&3A [v-P] ATPZ
FAYt. EAE aptamers W0TAA 2 3 7148 oF 37CoA 30 #3F
2| 3te] RNA FX& 57 (renaturation)A|Z{t}. °| RNA £4-& MBP-C5 &
M5t Mol WeolA 20 B2t YA Gude] AL RNAS RN 2
3t RNAE 5% nondenaturing polyécrylamide gel Aol Ed o& AAW
AHAZI & o s FEAY. A¥EE #HE 9 aptamersol] )34 = Phosphorimager
2 "WAL S AR e A4 (dissociation constant, Kd)& Tt} Add
RNA aptamers& MBP-C5 Gl g2 o]Fojx RNase P ¥tgol H7IAAA
tRNA™ A7 A< ##Pch Z RNA aptamerd] ¥E& F7HAHA
RNase P a3 AAFEE HAE¥ aptamers} C5 @A AdA7I<}

HABAANFHY. A8 RNA aptamersv Y3 A oA FAHE L ZFAR 3,

g9 o)z FzE dux HN}E ¢ T2aPL o EHA A2 (22)
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A 34d A

1. MBP-C5 @9} a9 Az,

PCR Z wgg o834 C5 galde #HA, mpd, & TE2-ZH
gl d g 4@ Jde pMAL-c2 HHo| 2293t mpA FHAAT CEL-
A% dWlAe {FAR, malE, o 3-2ddd AZAFHY. °] HET P
promoterd] &4 L@HE © o 03-1.0 mM IPTGS YOZ 2 ANAE #
T3 FES 9 dAS ¢S T Yo o] Gl AL olAE2 =R HAF o] 7
g 3 ¥ ABelEOYIEE 5% o Lk dFE S AAY 5 U
t}. RNase P @93 & o5 Fri4do] #3t7]d PR A FEHgoA A A A s}
71 oS @ (23). 2EiA AAE SGHFL 7T M urea FEAA LA W
Ad AHEZE FAAZY w2tA oFA FAE C5 efEE & d7dA 8+
g YT A +2E HE A=A o]&37|d HIA X3k MBP-C5
g Ao BAABAA AHER S8 (A8 X FHUL2EE FE3
A=/t F& wAL AL & AT oIRL % 3 A7 gHES FL
MBP @ 2o H@do] 2A 2&aA7] gEolt. 2 C5 ¥ aAe] N-Zehd
Hig-tage 92% §% 9939 A=xrt padgs d, o % @9IE 4
33 ¥ SME=E Bty o (24). WA MBP-C5 @9 A L B9 &
FEANHE F2 LATE 7HAH, §7E C5 @¥Fo] Avzd A3 o
A FZE PAS T A7) AFBFUHANMY YR=2 AR o H{sit

2. MBP-C5 @9l ae] 4
MBP-C5 ©¥de 24 AAUANG qgaRiAe T F$2 U3
oA BTt FAY MBP-C5 w¥ide] @4 APy AAgoz de

Ml RNA®+ @7 RNase P ¥&< F3lA FTHHAY (Fig. 3). &< 7|&9
' - 74-
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Fig. 3. RNase P reaction. The reaction conditons are shown in the text. Lane 1,
substrate only, lane 2, M1 RNA plus MBP protein;, lane 3, MBP-C5 protein; lane 4, M1
RNA in low ionic strength buffer; lane 5 M1 RNA plus MBP-C5 protein.
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RNase P %80l sl & @e2dg Adgch at9 714 APad A
oz EXE FE (RNA™ ATFHE AL o] ATAE ¥ 180 nt
o] Aolg JIAB 76 nte] A =3 tRNAS ZolE AYFt UmA= 104 nt=
5'-2@ £21¢ olETh (20). RNase P g2 %e o 24719 49 (254
A= Ml RNAS C5 ©ldg 25 ey g (6). 4389 AdA
MBP-C5 @#ad3 Ml RNAZH 2tz ExA gIME wbgo] A=A st
a8y oEo] B¥AE Y45 RNase P 284S Ul (Fig. 3,
lane 5). ¥ ¥kgo] AFL3 M1 RNAE &ExF & o479 49 (¢844
B)ol A tRNA™ A7 4e & Adfdn (45 AFY), ¢34 AdAE wg3
A %M} (Fig. 3, lane 4). MBP-C5 943 729 C5 @¥ds d4gg 2
dAsta gtk zAF¥os MBP ©¥9Ae Ml RNAS 9389 AdjA e
A7IE AW wee dojubx] &%kt (Fig 3, lane 2). = RNase P $H A A9
932 MBP @¥do] obd C5 Buds 4802 o]Fojn Hoth o|AE %
A€ MBP-C5 @44 C5 @9d 2o 444 728 3481 A49ee
Tt AMdS FHAMET

#8, AZuolA el MBP-C5 @ulael 84E 2A a7 9atol mpA &
427t 82YHIUE pMccS WHE mpAdd EAWoIE 1 L% By A
¥ A499) AR ANFT (Table 1). ©] A49 AXE 30T LEAME A%
StAIRE 2T AAsA X3 oA RNase P9 +4 AEF 3t
C5 d¥d o FHA} rnpA 7F&dl FF EJ¥o| (point mutation)7} AAA o]
FHAAZEE LES AL 250 UAE A4FE H7] difolgtn g A
AT+ (25). 28l RNase Pe #F3AX A& F sty Y3iA o] M X A497}
PAAFEHE o]d 2= Aol EHY (phenotype)e]l FAET (26). =4
“é.ﬂi pLM1 (27), pMAL~-c2%} < 9l9] pGEM3 (Promega) WE o N E =
AtR Y 42Tl Alxe] 2= Wz 4go] SEE 35T pMccSst pLM1 ¥ ¥ 7}
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A A XA YEert. o]EL zZ+Z RNase P9 #%3AA (mpAs}t rmpB)E 7}
A A%e] sP@ct W o= $HA} FBY pMAL-c29% pGEM3 HEE
o)’ ®AFo] UYEbN %tth mad MBP-C5 @#lae] 2@ HME pMccs7t

A49 A X EASA meolMe] AT AFo] A&Hoz FAHY

Table 1. Complementation test of the rnpA49 mutation.

e [ wc [

pMoc I
PMAL-c? -
LML
PGEM3 -

The pLMI vecfor contains the rnpB gene of RNase P from E. coli. +,

grown, —, not grown.

3. Algay AEH.

C5 @9 Qe] A%3tE RNA aptamers® A7) 98 284y Zzniea
A% WEe o4 AGeN 44de 98k PCR 358 F49 DNA 4
gAe T7 RNA T3aAE ol&3A Hxe 739 RNA JEAE 9.
o] RNA Z&AE= 10" - 10" Ay 74 79 F+34A3¥ (genotype)S E#
s7lol Nga ddge Ax zave A5 APt o] F29) RNA A
gHAE A oldz= £ B MBP-C5 ©¥ddl o 1 A 5 2
GNAT. Adol FsA g RNA EAE dee] FSdoz FatA A
oAl AARYG I o5 BTELI H7td 2R EHo 2 RNA-EHE JiA
g olgdz2z £AgA EIAAFHT. FAA wolW RNA £2+E phenold/

chloroform € T3 AA 3, AMV-94dA 885428 t}A] DNA A=

=TT -



27AAG. Add AN FE 2744717 AN PCR 3E wH8e ok
oldl #4e) @ AYL 15 H7kx WEHA A%Po] F¥ RNA aptamersE
CER L

C5 w¥del Ze FsHoz AYsH: RNA BAE Av] st WA
g §7), obUz= 44, % MBP wud Bgd 2¥¥ + A= RNAE A
Ag BHoz vz $AS RNA dUAE +U2= S0 2G4 MBP @4
Qo) AT o714 AWA G RNA 2AE elshn MBP-C5 w9del
Al AYADOBA C5 ool 2T & Y RNA ERES 7H5A
€ 1 2Elx RNA-99 39 53A F9ATE 5 3 o] AdHA
ARE BE RAAAN $EEHoz 2@ 2AETE H4¥HA Ao ol
o 15 3 WEOoZ HS¥ RNA aptamers® DNA £32 89471, HAE
A 83 9= PCR WHg2 B3iA FE3 F pUCY HE 2 AJAEAL Hindll<}

BamHI A}old] S 243t}

Add aptamerst DNAZ WHA|7] 1 dideoxy ¥ 22 DNA AEE 7
2o (28). 9 100 A MEe 9 A 17 A H2PE NLH o] &9
2% EAWolsl Yetth (Fig. 4). o] 5 aptamer W2 g9 5 Ade &
3 50 A Ugth Ed o] Ndel FE SAMOE 7H3 Bol Utk o 9
aptamer W149] Mdo] 7 thgoz X Sqdolst Btk oSl s
2 FRA AL FAMEE FZAFY. 7 7He BEYL R UFolA CAAA, GCAG,
GTTC, GTTT, GTGCA, GTGCA & TCTAG Y FAMXYEE 29¢g 59 g
WAch 2232 RNA aptamerse] A€g oz A¥sto) g o3 728

2HEYT (22). o159 olF TERE U BIF FFE AT (Fig. 6).
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W1 : ACATACAGACAAGTCAAACTACTGACATAAGCGAATTGTGTAT
Wi2 : GTGCAGGTTTTGAAGATGTGCCGACTTCTACACCAAACGGCA
W13 : GTTGATAGTGTTCGTCTAATGAGCACGAGGTGAGCGATTGGC
W29 : TTGCCTAATGACGGTTTTAACAAAGGACCCCAAAGGTCAACC
W33 : CTGTCGCAAGCTGCCCTCCGATAGAGGGAAGTGCTCGAGCTT
W50 : GACTTGTGCAAGAACCCAGTCAAAAGCCGGGCCGTTAAGCTA
W65 : ACAACTTGCAGCTTGCAGTATTCGTTTGTGGCAAAAGTCTAA
W77 : CTTAATAGTGACCGCTTAATGGTAACAACCTGTGCAGATTGG
W85 | ACGGCATGCACGGCTGCAAAGTGCAATCAAAAGAGCCTCTGT
W113 : GCAGCTGCATTGTGCAATTTAAAGAGCTGGGCTAACCAAACA
WOl : TCATACGGGGCAGGCATTTAAACTCTAAAGGCGAGTTCTAGC
W02 : GGCAGTACACGTCACGTATTATCTAAATCACACGTTCCGGC
W2 series _
W2 : CGTCCCTTCGCAACCCTTTAAGACTTGGGACCCTGCTCTT
W34 : CGTCCCTTCGCAATCCTTTAAGACTTGGGACCCTGCTCTT
W57 : CGTCCCTTTGCAACCCTTTAAGACTTGGGACCCTGCTCTT
W58 | CGTCCCTTCGCAACCCTTTAAGACTTGGGACCCCGCTCTT
W63 : CGTCCCTTCGCAACCCTTTAAGACTTGGGACCCTGCTCCT
W73 : CGTCCCTTCGCAACCCCTTAAGACTTGGGACCCTGCTCTT
W74 : CGTCCCTTCGCAACCCTCTAAGACTTGGGACCCTGCTCTT
Will : CGTTCCTTTGCAACCCTTTAAGACTTGGGACCCTGCTCTT
W06 : CATCCCTTCGCAACCCTTTAAGACTTGGACCAAGCTCTT
W14 series | |
W14 : CGGAATGAATTTTATAACAGGTGTTTGGCGGCAGTTCCGCC
W67 : CGGAATGAATTTTATTACAGGTGTTTGGCGGCAGTTCCGCC
W107 : CGGAATGAATTTTATAACAGGTGTGTGGCGGCACGTTCCGCC
W108 : CGGAATGAATTTTATAACAGGTGTGTGGCGGCAGTTCCGCC
W04 : CGGAATGAATTTTATAACAGGTGTTTGGCGGCAGTTCCGCCC
W&4 series - |
W84 : GGGCATAACAAATGGCTTGTCCTTAATTTCGCCCGTTCCCTT
W9 :  GGGCATAACAAAAGGCTTGTCCTTAATTTCGCCCGTTCCCTT
W05 : GGGGCATAACAAATGGCTTGTCCTTAATTTCGCCGTTCCCTT
W5H1 series
W51 : GTGGTTCCGCTTCGAAAAGAAACGAGCGACTACCATGTCGCT
W03 : TTGTACGCTTCGAAAAGAAATGATGCCAGCCTACAAGTGAGC
W89 series
W89 : GGGTTGTGCCAAACCTGTCGTTTAAACAGCAGTTCAGCTCG
W9 : GGGTCGTGCCAAACCTGTCGTTTAAACAGCAGTTCAGCTCG

Fig. 4. Sequences of C5H protein-binding RNAs. The sequences of the
random region of the aptamer are only shown.
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[CAAA] w12 :

we6d
¥l
w0 :
wa4 .
¥29 :
w89 .
- W8S :
¥113:

[GCAG] W12 :

W01 :
wo2 :
¥ii3:
w77
¥89 :
¥79

w65

{GTGCA] W85 :
¥i13 :
¥50 :

w7 :

W12 :

[GTTC] ¥79 :
%01 :
w02 :
V84 :
¥89 :
w5l
¥13 :

[GTGCA] V85 :
| ¥113 :
w50 :

w77

V12 :

| KX B

[GTTT] W12 :
W29 :
w65
w79
w89 :

[TCTAA] W13 :
¥O1 :
W02 :
W12 :

W65 :

gtgcaggtttigaagatgtgecgacttcTacACCAAAcggCa
acaacttgcagcttgcagtattegttTgtGgCAAAagtCtaa
acatacagaCaalbtCAAActaCtgacataagcgaatigtgta

gacttgtgcaagaacCcaGtCAAAageCgrgccgt taageta
grgCatAaCAAAtggCttgtecttaatttegeeccgtitcectt

ttgectaatgacggt Tt tAaCAAAggaCeccasaggtcaace
gertTRtGcCAAAcctgtegtttaaacageagttcagetcg

acggcatgcacggctgCAAAgtgCaatcaaaagagectetgt
gcagntgnattgtgnaatttaaagagctgggctaAcCAAAcg

gtGCAGgTT ttgaagatgtgcegact tectacaccaaacggea

tcatacggrgGlAGgcat ttaaactctasaggegagtictage
gGCAGtacacgtcacgtattatctaaatcacacgt tecgge
GCAGctgeatigtgcaatt tanagagciggactanccanaca
cttaatagtgaccgcttaatggtaacaacctgtGCAGaTTgg
Eggttgtgecaaacctgtegtt taaacaGCAGT Tcageteg
cggaatgaattttataacaggtgt t tggcgGCAGTTecgee
| acaactiGCAGcTTgcagtattegt ttgtggcanaaagtctan

acggcatgcacggctgcaaalbTGCAatcaaaagagectctgt
gcagetgeattGTGCAat t taaagage tgggctaaccaaaca
gact tGTGCAagaacccagtcaaaagecgggccgttaageta
cttaatagtgaccgcttaatggtaacaacctGTGCAgattgg
GTGCAggttttgaagatgtgccgacttctacaccaaacggca

cggaatgaattttataacaggtgtt tggeggcabTTCegee
tcatacggggcaggeatttaaactctaaagrecgalTTCtage
ggcagtacacgtcacgtattatctaaatcacacGTICegge
gggcataacaaatggcttigtccttaatttegeeetTTCectt
gggttgtgccaaacctgtcgtttaaacageaGTTCageteg
gtgGTTchcttcgaaaagaaacgagcgactaccatgtqgct
gttgatagtGTTCgtctaatgageacgaggtgagegattgge

acggcatgcacggctgcaaaGTGCAatcanaagagectctgt
gecagctgcattGTGCAat ttaaagagetgggctaaccaaaca
gacttGTGCAagaacccagtcaasaagcCRggccgttaageta
cttaatagtgaccgcttaatggtaacaacctGTGCAgattgg
GTGCAggttttgaagatgtgccgacttctacaccaaacggea
ctgtcgeaagcetgeectecgatagagggaaGTGCtegagett |

gtgcaghTTTtgaagatgtgecgacttctacaccaaacggca
ttgectaatgacg(T T Ttaacaaaggaccccaaaggtcaace
acaacttgcagcttgcagtattcGI TTgtggcaaaagtctaa
cggaatgaattttataacaggtGTT Tggeggcagt teegee
gggttgtgecaaacctgteGT T Taaacagcagttecageteg

gtigatagtgttcgTCTAAtgagcacgagrtgagcgat tgge
tcatacggggcaggcatttaaacTCTAAaggegagttetage
ggcagtacacgtcacgtattalTCTAAatcacacgttcegge

gtgcaggttttgaagatgtgecgactTCTAAtctacaccaaacggca
acaacttgcagcttgeagtattegttigtggcaaaagTCTAA

Fig. 5. Consensus sequences of the RNA aptamers.
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Figure 6. Possible secondary structures of RNA aptamers.



Al Ade 84 E7] Y3lA gel retardation AP 22 F 39 RNA
A, 5 HAS 10 8 Add AFA] MBP-C5 4o i A3ES
Ags Bt (Fig. 7). A 37 $7184E RNA I @49 RNA-g@3 3
EgAe] dA dl&ol FE F79AY. 739 RNA A 3¢ 53A <
HAol A #FHA Fedh o JFA= AFe A S ARE o 9
HAAE FAH4E & YT 5 HAZ Add AdAE DA g g
Bo] FFEHAT. 10 HA A 4% dfAnczr EJAE IHT -
JE FoR Hol dhuldo igt slHo] AFs] F7HEATUE RE #AGH
T Atk 2PgAM ol Wi AFH (5 E A7) Y93MA gel retardation A H
€ %% RNA-G9HAZL el d+E F3AH (Table 2). o] FA AEE
RNA aptamerst 29 RNA FgAHt oF 10 - 30 wi7}Ze Ao]& KA
o}, aptamer W12¢] MBP-C5 @ Z o st A% WH3E gel reatardation ¥
oz Yehygith (Fig. 8). olsztel Eg¢Ae T 79 d& oFde Ad
RNA-@9 A EIJ{AE HA3ATh o] F aptamer W2+ 539 RNA oA
Boh oF 29 vl A3H F7E YeEhAAD (Kd~20X10°M). @t ddg
RNA aptamerst =25 C5 ©@¥ A i 73 AdE e 7HA0. 7t 2% 2
g8 7} aptamer W29 7% Ml RNA (Kd~04x10°M)RciE Ajae
2 & @& 7HEH (29).

RNase P ¥H-&-olA Az RNA aptamerg #7138l o]Eo] wtg-& A3
gl =S BEIIAUT (Table 2). o2& RNase P ¥t8S& 9oF 50% A= A3
3l RNA aptamere] ¥ =& HZdHE A2 ZAY . aptamer W2& ©]
E F 7% 2A wgd 92 FAY (IC%~99x10 'M). ojR& %9 As}
g7 4¥8 RNA B2%F aptamer W27} C5 @9 Ao g Aol 714 2

st A S AASET) aptamer W149] A9 19 99 Jehgglo
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Random pool 5th pool 10th pool

1 234 5678 9101112

Fig. 7. Binding affinity of selected RNA pools. RNA aptamer was incubated with
the MBP-C5 protein for 30 min at 37C in 20 mM HEPES-KOH, pH 80, 10 mM
Mg(OAc)2, 500 mM NH4(OAc), 0.01%6 NP-40, 5% glycerol. The MBP-C5 protein is
added as : Lanes 1, 5, and 9, 0.53 nM,; lanes 2, 6, and 10, 263 nM, lanes 3, 7, and 11
7.88 nM; lanes 4, 8, and 12, 1575 nM.
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Fig. 8. Binding of W12 RNA with MBP-C5 protein. RNAs were folded in the binding
buffer (20 mM HEPES-KOH, pH 80, 10 mM Mg(OAc)2, 500 mM NH4(OAc), 0.01%
NP-40, 5% glycerol) by preincubation at 70C for 10 min. The binding assay was
initiated by adding the MBP-C5 protein (land 1, no protein; lane 2, 0.45 nM; lane 3, 0.89
nM; lane 4, 134 nM, lane 5, 161 nM,; lane 6, 1.79 nM, lane 7, 196 nM, lane 8 2.14
nM; lane 9, 223 nM,; lane 10, 2.32 nM; lane 11, 2.41 nM; lane 12, 2.68 nM; lane 13, 2.86
nM; lane 14, 357 nM) to the folded 25 nM RNA. After 20 min incubation at room

temperature, 10 ul of each reaction mixture was loaded onto a 5% nondenaturing

polyacrylamide gel.
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0 S0 100 150 200 250 300 nM
: i <_ pl'e-tRNA
@ 5'-leader

<@— mature tRNA

Fig. 9. Inhibition of the RNase P reaction by W14 RNA. M1 RNA (1 nM) and the
indicated concentration of W14 RNA were preincubated in the presence of 5 nM
MBP-C5 protein for 5 min at 37C in 50 mM Tris-HCI, pH 8.0, 100 mM NH4C], 10 mM
MgCls. The reation was performed by the addition of 5nM uniformly-labeled tRNAPhe
precursor. The reaction products after 20 min were analyzed on a 10% (w/v)
polvacrylamide/7TM urea gel. Concentrations required for 509 inhibition of the RNase P

reaction were calculated using a phosphorimager (Molecular Dynamics 450S).
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Table 2. Dissociation constants of aptamers for C5 protein and
aptamer concentrations (ICsp) required for 50% inhibition of the RNase

P reaction.

Aptamers Kd (X107°M) ICso (X 10 'M)
i :

I

\VA n.d.
W2 L 2.0
wi2 - 45
W13 n.d.
Wid - nd 17
W-é_‘:__ , l o 3.0 | n.d.
W50 05 2.6
W58  nd 1.3

n.d., not determined.

A 44 1

RNA-Z2¢ @929 RNA £39 QAA2 FHAY HAAMHolY FYRF
9 FHEF o8 WelN Fad 4¥L JuUG (16). o5 AL YRR
DNA-Z3% @93l 54 DNA 49 MIEE d4se dd 98 BF - g4
Ao Yojdth oM RNA ¥AE 2e #ue 9Zd DNASHE @)
FEYoZ GUFe /H54e AL 4 Athe Fol $254TH RNAE A 39 o
F7bee YA 23 e dold VANAE EA A5ET A Y9 oF
7192 B 39 F2¥d F1 22 major grooveE 71X i, minor grooves 4

AHo2 WL gfol e RAse] ¥Eago] e AT Yehd shsAol
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Y. o]t d&d d71%4E o|F71R} bulgeyt internal loopT e T&
2 ®e Wyol 47 8 S0 UlA w¥dolu HIV tat B9AL bulge
72§ 9481, TFIAY HIV rev 9938 internal loop F2& A&}
53| hairpin, pseudoknot, & 7952 T+&E£E RNA &2 4 (YUY F&%
FAdo 8% AAE BoI

RNA-ZA3 iz dFd C5 9HE LS T RNase P £49 +4
Aoz 2lH AU M1 RNAS EFAE o] Fo] ELFLH #AAss BEQ
zpolth, RNase P ¢ & RNAS o] 112 o] RojAgth o) g
£ ol Z2¥ AY (Kd~04x10°M)o.2 AU E& ojeArle ¢
RN E M3 EFAE JFAH (30). C5 d¥dd AF3t= Ml RNA
ol 99L& FA9 3eEd oA ZAHUG (23, 29). C5 @A S M1 RNA
o 4 AY3 X Wy F . BHFHOE FAZY. A5 o] RNA-G¥ I
g Tz AN AZA F¥s FAAUA gt}

g Aol RNA 72 A2 dd PH (FFF9 A4 - A8, €49
o], B3} sIFE S o] &, gel mobility shift assay )2 AdF+HI Yo}
o] & NPT AEHe 1 B8 HA/ W3 FoixE AR YYH % &
TR HT o] FoldA &3] SFL8HI U FFEH A5 TG A
old =] HolHoE AJ 7l EXAEE AdEIUd 18 Add 1
o EozRE FA Z=d dig AU $4E F2E £ JA € B
AT E ojyd AEHY EAJE C5 dido HEF. o] diao] RNA &
AE QAAEe GHE FAgFgozZ N Ml RNASH AT WAL ofg £ gl
31, RNase P9] 4 AECEZAM &L F33H, FAUANA L&A YA

Fe 75 AESLH V)5S 328 4 98 Aol
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1. MBP-C5 @44,

7]&9] RNase P 99 d¢ AAA4L 918 F27 d4Y A2 A&
o (23, 31). AFBY AEEe PA4Y Pz vdd FYE a7 B o
FAE A2 BAe] v AZHFL QLAY MBP B e £3E
7 231 AAGYe] golatd $% wwAZ g ALHT Y= wBIF 3
o]tk (32). C5 @4 & MBP ©¥lde] C-2eo] §#A7 MBP-C5 8 ©
mAe old 4AL T VEAA U AP BHAE 05% ol¥Y ¢EZ
59 271 BAglo] w2 B Ado] A8 ¥tk MBP-C5 ©Hae] BHL A
4@ RNase P 987 82080 98 exgsd A¥ A FdY
B2 ZuHAY. $¢ B MBP ud 2L C5 UM S8
F7ENA F9M0], C5 w9ldo] Ml RNASH A%8te RNase P 52 342
st ) wsjshA] estth. MBP-C5 ©¥ae] C5 ©a R ¥ MBP @439
G wol BES FELANNE Ao ARYH T2E F Y& AUt
i AT MBP-C5 ©¥Ade AAAHo folsdtdNE C5 ©¥de Aol
Z BEF 7)o C5 guAe AHFoly F2E AFsE U FE3A AlS

g 4 e Rolth

2. @B Ad 9 RNA aptamers.

C5 9@¥d2 Ml RNA® 5o|3A ZE3ld RNase P E4E AT
AF7HA o] @A JE I RNA-GHE EFAT 458 g o7t F
k. MBP-C5 d@#ad& o83 Ad@y AES C5 d@¥dd A=
RNA EA9] 44E& Zax AlFaFk. o7]4 dojX= RNA aptamers= C5
Gl Ao A= MZE RNA EAZ 7]€9 M1 RNASH vl - B4 3o #
A3 Zo]HE WIH C5 @A e RNA 949 g F83 HARE A&
T AL RoH,
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RNA aptamer® 120-mer2 M1 RNAe©l v]3] ¢} 3 wj Ax 23, Hojg
%F 61%7F olv] HI|Y AMEd2 IAFHAJY. AlFHH HEE ¢ 17 F9
RNA aptamers€ QT ol59 C5 duidod dist AFHL 4+
RNase P ¥g A3 a3z 9% 2y 2% ¢ A¢8L Ad Aoz yE
% . o€ F aptamer W2tv 7H& Aol 714 A8 AoE YENWY. RNA
aptamers® @714 QX CAAA, GCAG, GTTC, GTTT, GTGCA, GTGCA
2 TCTAGE FAMMEE E2An. olF YAk A ¥o] M1 RNAS 4% A g
9] AV & dUA FHAZE YUEG oA FEE EJNY. o|EL dT
aptamert] AAA Mdo] AHHoz & FZAY MAFA G714 L ojF= A
o2 EFE 7 JAG ol Add Ui F/AAL FAH A7 ExE Y
slojolAY,. B3] AEHo| 7§ aptamer W2E YA A|lEFY AEHES AY
g 73S o33y FxE 4FESF A1, BY ¥ 4% aptamersE & F 3
< Aot

%3 & RNase P tRNAS AT A o)9jd = 455 RNALY 10Sa RNA 59
£ gg 7|35 dadg 2 AA LS tRNAS acceptor stem¥ T stem
& loopZ o|%o17 & RNA RAE o &x9 710 dre Holth (33)
g3 o] 7)Ao ¥yoz A7 ¥ AAMNY (external guide sequence, EGS)
o &d& RNase P 847 fdx 289 ANEAZA 1 389 A& 7HeH
FAT (17). HZ d+7€ old A 7189 YRAYL &3 A &
AMRE BI7HE W3t} (34). RNase P 49 3% AAUd Adx ez &34
Og& AHBAYHE= 2 trans-F &= o2 g4 F8o] AP BA

o] }F EH.
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N 8 & EHFZCXe #EYE ==

DNA aptamerS| 48 T FHN

Al1d A A

ANEE YoM A Exd Afstes dqLdE 4837 A3l F3A=
F4E e Aoy Ny FZT HYL wEIq A o ARHL
AYUAY, §F A& A6 2@ A8AHS 2483 i E83i= 43
A Hx& SELEX (systemic evolution of ligands by exponential enrichment)
gt 3o (1). SELEXE %3 4d4dd DNAY RNAE= 5 23724 97
HEE /3L A4 dd EA}H tH?f} A8 AfYS Holx, Byl oY
g oj2izbx AT AN} ZH- AHA, & HHHLE #9ESF UG
(2). ol ¥ EF di A4 Agste YAES aptamerztil B EG (3).

2 dFdMes AW B YA (Angiogenesis)E FEI}E G FEQ
angiogenind] Z 3= &7ld DNAE AEsd, AAIEBAALE AfEgsr
+ angiogenesis inhibitor& 7Hds] WnA ok ARG iR, A4,
e, AAHESTH 2L AU AN F 2AHHEUA dojdrt. a8y
o2& ABE AP0l F FAHR Fow o7 71x A¥o] L A3 A A
AAdF LGS AN AAE Hd YYEE Frdtr =HES WEdes B2
M ANEE ZAEEE ASHoE 3, ¢4 4% 2 Hdojle AAEHA
Bl &R, EAEHo) A IFIHY AL (ALY Q)= Foig
24 #3449, AIDS ANA AF: Yehte FEANKE, 28D ojdotolel
g A7 EUFTE AAEBAAY 71A3 = Aol o], kxZ o A

- 02—



e AYPBGHE oF 7hx FABL ob7] AUk FugBae Fupol A
2 949 RAYR $de TR AP AFNINAY T= Y AS
AR AsE FugAd B9z 2T A%e)d & uzEY Zae] AYYRA
gol @ RAEEL A2 B 5 U0 (4-7). olAF AYUBANE FEHE
@949 angiogenin® 14Kda®) ®4FE AUl RNAE Esjstes 248 7}
AD A E LA Atk B). B AGAAE 10°71A19] F39 A A
angiogenindl Z¥ 3 A= 97hg DNAE Adatd ABYBAHE A
g5 A= A9 A4S e Bud g JAUBANL JASE %A
A e NARBAL JAstE oy AL Amstsde] o ggs

J<& Rolnt

Al 24 A5 2 Uy

1. S LFEYLEE
SELEX| Al&¥ 539 DNA2 2478 g7)Zo]¢ primer 1, 3170 |73
ol9l primer 29} 42719 F2tY d9o2 FAHE, & 12079 |71€ 713 &9
nxZd ezt primer 1, 2& A #4 F9 PCRE o]€% DNA pool
o] ZZ2 98 AE£EAh ©]%F primer 29 5 UG 97l DNAE TS
7l #138ll bioting REAQAT. primers] F7iE L oS3 #Zo)
primer 1 : 5'- TAA TAC GAC TCA CTA TAG GGA GCC -3’

primer 2 . 5'-XGTT TCA ATA GAG ATA TAA AAT TCT TTC

ATA G -3' (X : Biotin)

2. 'Angiogenin ol 1y 9 E&

~93—



100 #g/ml Ampicillino] ¥%38 LB vigdo] A= E angiogenin &}
Zn= (pBAng)’} &9t colonygE HF3A Y F wigsido.
g 0]',731-% 100 zg/ml Ampicillin®} 20 ul antifoam°] ¥ ¥ LB wj ¢
A ODew #t°l 0.7 o] & w7tA] w3t k. ODFol =07 o o2 L o
0.1 mM o] X% IPTG & 3FH7lsloq 2 AIZF &< w3, 2 Al
cell culture 1 ml€ 33 microcentrifuge® pellet 9& 3433 o] A4
cracking buffer (60 mM Tris-HCl , pH 68 , 1 % 2-mercaptoethanol , 1 %
SDS , 10% glycerol , 0.01 % bromophenol blue)& 713t vortexd F
pelletE Aot 2831 SDS-PAGEE A &3 angiogenin®] ¥3& HU=7)
g 3. 389l F U A cell culture £ refolding HA L A PA A}

Refolding #A & o3 7o} WA, centrifuge (4000g, 10%, 4T)E AA
3t pellet9t 3533 ©l Al resuspension solution (20 mM Tris-HCI , 10
% sucrose , pH 76 )& #H7}5t pelletS resuspensionﬁ}ﬁq. Y 942 25
mM PMSF, 100 xg/ml lysozyme, 200 mM NaCl, 10 mM EDTA& #7}8]
AL HoA 45 EF¢ HAEAY. 2 F oA 25 mM PMSFE 37138+
sonication (7 micron)& A3t S22 OA Icentrifuge (17300g, 25 T,
4C)8 AA3A pellet?e 343831 washing solution(20 mM Tris-HC] . 10
9% suf:rose , pH 76 , 25 mM PMSF )3 ice-colded waterg A}£-3}4
centrifuge (34800g, 30%, 4C)& 2 3 %%ﬁ}"ﬂﬂ pellet-S washing 3%t .
Washing® pelletd] resuspension solution (7 M guanidine , 100 mM
potassium phosphate , 100 mM mercaptoethanol , pH 7.5 )& #7}8d 37C
water batholjA] 3 AlZF &< wrgAIZH Y. 3 Al F 50 mM Tris-Cl , 100 mM
NaCl , pH 85 & Wa3W& Qo= HA 99 solutiond] & Hol|=E 3 gr}.
333 4 T oA 24-25 A1 HA&4A}. 2 F 4 C 94 6-8 A3 stirring
Aot 2 1 M9 NaClE solutiondl HH3) 713AA A& stirring 3H 3 o}
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£ 0 2 centrifuge (16300g, 30, 4 CT)E AA3H supernatant?tE 2 43}
ultrafiltration3t 4}, Ultrafiltration =FA% A}7]d] 10 mM Tris-Cl, pH 80
buffer& AH7}3t re-ultrafiltrationd ™. Z2lil o] ultrafiltrated solution®.
2 SDS-PAGE & A A3l9 angiogenin® refoldings &<13 %t

3ol & ultrafiltrated solutiong centricong ©]| €3t A =2 &
ANAM(1S5 ml =) HPLCE #3339t HPLC 2] sample loading¥ elution
¢l flow rate 0.8 ml/min ©1Q12™ elution@ @ solvent B (0.08 % TFA in 2
3:2'2 mixture of isopropyl alcohol : acletonitrile . dH20, solvent)+= 0-40%=
sk a2dgxn o W Jeue ZRe peakZHE  fraction® T3
SDS-PAGEES A A8ttt A 2% angiogenin® band® #9183 2} fraction
2% %o} lyophilizationg 3tgth. 18]z o]HE RNase-free water2 =

absorbance® A3l (Asx) FE28 AATFAT (e = 8575 X 10°).

3. =¥ ¥ angiogenin 9] ribonucleolytic activity =

AA H9g 3= 100 ﬁlfb]“ﬂ, 20 pul assay bﬁffer,_ 5 ul
fluorescen-RNA, Tt § F X9 angiogenin, RNase A, 18|11 RNase-free
water7t ¥£%5 0} 1tk RNase-free waters) %38 Z2A$0 2H A A sample
tubes®] HIHE dASA FAEFAT. WS fluorescein-RNAE H7IA| 7| A
AN Z g}, angiogenin®}t RNase A Z+2z 37 ColA 2 AlZH, 1 Al EQF ¥ESA]
ATk 100 ¢12] quench buffer & H7I3l 10 EE5<QF A2 vtx|ggozH ul
&S AAAIHT. Negative control (GA fluorescein-RNA W& ¥ 33+ tube
= A 52 zHdog kg XFAH)
kg A=A F Z} sampled borocillicate tube® &7 fluorescence polarization

system& o] 88 Z7+] polarization 3t (mP)& EAHA}
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4. A4
AL 2% 3714 Wy ez 77 AgEHAY. 37HA A@WHAAN AHS
¥ F=9] DNA pool# primer 1, 2, 283 dE3}H Fo £33 PCR 55

gl 2AL FLat. dFEAd AEAAL Fig 1.3 2.

7. 217k DNA &4

2}7tek DNAS #4& #38td, PCR F %Al AH83t= primer 29 5 &
o] bioting WEAYY. biotine streptavidin-paramagnetic particle (SA—PMP)
7 35to] 9lojA DNA pool& SA-PMPol WolFW 5 Tee] &Ade
biotin@ &l SA-PMPS} Z3tA €t} o]RE& Aoz % & FolF 1 05
x SSC buffer (1L Hx0F 4.38g NaCl, 2.2g sodium citrate , pH 7.0) & 2¥ A
oJZ2E 70 TAAA 5837 71939 DNAE denaturing¥t}. denaturation®
DNA7Z}2% biotine] Zdo| & DNA 9719 o3 SA-PMP& ZAE3t
I Je BHE AN FFUL, YA 7192 SA-PMPE % H Eolx 1%
A2 A7 0. o] 4F5YE do|HEEHN Q7lY DNAE 45 o

U}, A4

(1) Membrane fiteration method

2]7tet DNA (2 pg)< 90 TolA 383 7193l ¢8| denaturation A
¥ g 587 WAty DNAZE Al YEH=Z9 22 7+ & 7H1ES AES
g}, 28] selection buffer (20 mM Tris-acetate, pH 7.4, 140 mM NaCl, 5
mM KCl, 1 mM CaCl;, 1 mM MgClz) ©llA4] DNA poold} angiogening 4]
37 CoiM A3 AMZEE incubation® ¥ DNAT E34¥4 oy @¥AL T34
31A] %3t membrane® vacuum Zo]FHA THAIY. 28] selection
buffer2 F&3] Rojo] Aol F& DNAWE A& JUEE . @9z
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70 C, NaOH ; denaturation

-~ denaturation
renaturation

SELECTION
(1)membrane fiteration

(2)column

(3)resin-filteration

PCR amplification

unbound DNA

Fig 1. In Vitro Selection cycle. Single-stranded DNA was loaded into
the preselection column (or tube) and was loaded in.to main selection colmnn
(or tube) containing ANG. DNAs unbound to ANG were eluted off from the
selection column with 5 volumes of the selection buffer. Bound DNA was

recovered and PCRéamplified, at which point the cycle was repeated.



-DNA Z&A 7} €9 A+ membraneS ©Al urea?t £ U+ bufferdl A
denaturation A17]3, phenol®2 extractionsjo] @¥A2 MASHL HE¥E DNA
poolRt 3l o|F A HEH DNAE 7 o] Y& Hold ged Auod
o) g3l7] 9AE PCR W¥e B¢ ZZ}AL AMok @b PCR W$A,
bufferol = 05 gmole primer 13 29l ® 25 unit® Tagq DNA polymerase,
3 mM MgCl,, 44 200 M9 47FA] deoxyribonucleotide triphosphate, 50
mM KCl, pH 9% 10 mM Tris-HCI 2?431 0.1% Triton X-100°] X%
k. PCR2 94 TolA 45%, 45 TolA 60%, 72 ColA 603 MUY,
PCR 412 & chloroform® phenol2 extraction¥ ¥ 3% agarose gel®l1} 5%

polyacrylamide gel®ll A 3ol 28 A =3

(2) Column method

CNBr-activated Sepharose 4B$ angiogenin® ZgAl#A ANG-agarose
affinity columng HENT. A o] & =& 9719 DNA pool® refolding o
AL (1)9 wioA 9 FY3rh. agarose resindl ¥ AYHoz AFIE
DNAE AlA3 7] A8, @ do] A= URF¥L agarose coluinn"“ |7t
DNA pool® WA EHANF agarose resindl AE3A ¥ DNATE TA
343t ANG-agarose columnd] E Azt dulzo] Agetx @ Ad
HWE H 73t A= DNAES AASEY] s SEF 49 selection buffer®
qojFgnh. adn wdAs FYsA AP Y& DNA poold FHFE
Ao Al oAt o} R A Ao DNA pool HAl (AIAY FYLI FE, &
A, A APE ARG

(3) Agarose resin - filteration method

o] WY (2)lA TE ANG-agarose resing FFH dolulof (1) A
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AF4-3 membraned] FFH A7l PHE AR ©) A2 membraned ¥ &
olHog AP DNASE EARFoZ AALSF U: FF L 7HAH, FAd
columndl #:0]%& resin®] QFE FFAY wyolth WA ¥ HdHoz AH
s= 272 DNAE AAs7] 98 agarose resin?& 15 mL tubed] X3

oel, Ade] AHEY (DAY Y WO refolding® DNA pooldt 4
o] 37 CollA 10ERE X8 Fv). 181 resin® QAE7Z 712 FE
F3Awe Aol thEHAAN BT Wdo) AHEY DNASH $UE ES
o) @Po] AP Y& ANG-agarose resing 15 mL tubesh o 9F
_4d e AW DNAS HolZth 37 TolM AP A7 incubation®F (1)) A
A2 ¥ membranes] E3 AlAZth selection buffer2 283 HojFo] resinAl
olM 2431 9= EF DNAS AAQD old mrh E#HHY washing
£ 918 vacuum@ AESHET resino] FEA YEE vacuumAtEE AR
2483 FoloF @t} washing¥, DNA-ANG-agarose resin®| %337} 2o g)
= membrane® A EF 15 mL tubed] AR AHIFHFS selection buffer=
#Mo] DNA-ANG-resin®] 283 membranedlA] a3 Wt 183 phenol
2 extractiond X WA resin® AAsFT A¥d DNATES Aot} o]F

A o) DNAE ()olMe £U8 =2 %ol 2z A4 BFe AN,

5. Gel mobility shift assay
Adg Ztzte] DNAE [7-*P] ATPSt T4 polynucleotide kinaseZ 5
S labeling3l$1t}. gel mobility shift assay®] 274 7|1&d 4&H3 &
& Fud I (9-11). 4EE DNA<T selection bufferdlx ¥ A3 FYd
ZE W AIZF XA refolding = Ak, A3}HEEE 16 w9 selection bufferof
A 1083 RAEH/UGY 4 wee] glycerolE H718ted 8% non-denaturing
polyacryamide geldlA Z 7| 9% & =d).
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6. Aptamerol 93§ AMZF angiogenin® ribonucleolytic activity
inhibition A}

¥ E DNA pools (1) Hyog 79H A¥3 DNA pool, (2)8 WHo
2 69, 13 A3 271A F57F 2] DNA pool, (3)8] ¥rg{oz 79, 15 s
27}FA) %%P—TDNA pool, 281 H 2o 2 Mo ALLAE AlZ F3Z9 DNA
pool & ©]83l9 Angiogenin® 8A4& AHdd+= HEE FA3STE inhibition
assay & 33l 4.

AA v HEyE 100 glolw, 10 gl selection buffer, 5 ul
fluorescein-RNA, 50 nM angiogenin, & %X aptamers, RNase-free
watef7} XsdEtt. HA selection buffer, RNase-free water, aptamer £ ©°|§
o] sample tubeE& 90 TolA 3 &, icedld 5 £FA W IAI 2N
aptamerg® refoldingAl Z1th. ©] €9 angiongening H7IAIA 37 TolA 20
B E¢ 489tk 2 F fluorescein-RNAE H7/IANFA o2 vt8-2 Al 335
Rk, ®wEE2 37 C A 2 A &< sk

Bh-&-o = th 2 A &9 fluorescein-RNA?H& X 3§ Al 5.9}
fluorescein-RNA + angiogening X33} *]iE 28 AR A EFHA
At 2 A% F e ANEE borocillicate tube® &7 fluorescence
polarization system& 2 polarization Zt(mP)& Z A3 Ytz samples] mP &
& YS9 4& o]83l9 Ribonucleolytic activity of angiogenin (%)2 A3}

o plotting 3} 51 t}.

Ribonucleolytic activity of angiogenin (26)

[fluorescein-RNATZHS 233 A)829 mP - (fluorescein-RNA +

angiogenin + aptamer)& ¥ 33l A5 9 mP]
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/ [fluorescein-RNAYFE X 3§83 Al59 mP - (fluorescein-RNA +

angiogenin)& X %3l A5 9 mP]

A 32 A% "

1. A=Y angiogenin & 4dH ¢ £

AZYE angiogening AYWHAA 71&@ R o] RFFAN 2HY
4, 28 BAsAS. 2 £IdANA N8 E A%, o4 U@ SDS-PAGEE
AAF A7} Fig 291 FoIA Utk AZEE angiogenin®l EUE Hel
pBAngE& tiA#olN LAAZ ¥ angiogenino] LHHNEANE ZAME Aol
lane 69 FoIA Uttt MZFE angiogening inclusion bodyZHlZ LHEYE
st 4+ 9% Refolding®A¢ A3 %, o] A|g& HPLCZ Eeslr] $istd]
527 Aol lane 37 49] FolA Utk FH o2 HPLCE o484 &4
A E&¥ Zol lane 201 FolA gt WFRAREE $HdA BY AAG

angiogenin®| lane 79 Fo|A Ut}

2. AZ3E angiogenin® ribonucleolytic activity
AZ3E angiogenin®] A & ribonucleolytic activity® 7FA 1 Y XA
g ZA3Y er.; Angiogenin< 8] 2 ribonucleolytic activity® 7}X 31 QA 9t
Pancreatic RNase A}t Hli2A] ¢ 10°9AE of ¥ 4L 7IA 3 Qo we
4|, angiogenin® ribonucleolytic activity® &3 7] = pg A= B
& AHE3 = WY (tRNA Assay)2 A3 AY 5 AL 48 ALdddHeEs
B4ES FAY & Je 173 PP e ALS A org jio
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Purification of

ngiogenin

Purification of recombinant a

Fig 2.

11 transformed

[ CC

angiogenin a

recombinant

fter transformation of E. col

with plasmid pBAng.

%

were electrophoresed on 15

Samples

polyacrylamide gels containing SDS.

Protein marker

Lane 1 :

angiogenin A

s

HPLCE |

Lane 2 :

714

2 7 3}

HPLC=

Lane 3 :

raking buffer

S c

&=

Hl &

2 78212

il

LLane 5 :

AME

11

23] gt Angiogen

H E_‘I

o0

Lane 6 :

- 102 -



E dAFdAes AL %42 angiogening At&3ttglx, angiogeningl
ribonucleolytic activityE W48 A SAHAE & A= HHE ML AHREFFTY.
# 3 (Fluorescence Polarization)& &#F<} v+ RIZFHEE, RNAC
Fluorecein®] ¥ X® Fluorescein-RNAE angiogenin® 7|32 A3},
angiogenin® EA ¥4 & Fluorescein-RNAS] dHBL 2o N A5
t}. Fig 3.9l AMEZHE angiogenin®}t RNase A2 ribonucleolytic activity &
Fluorescein-RNA 9 #HFI FAHsH T+ 2o Fo4AH Yo, AxHE
angiogenin® RNase A%l ¥ %7} F7I¥+5E Fluorescein-RNA¢ ¥ HFo|
AL 4 $ A ol AZTH angiogenin®} RNase Aol €3 RNAZF &
oz A8, RNAY EX o] .7&}_%:‘3}71] 531 w2}A Fluorescein-RNA S ¥
Fakol Folx|7] wiol.

e FFEHE angiogening £ E$, 943 7FA] RNase’l ¢
Ho] vl wEtA, tRNA assay = 2 AFdA] AR vyo=zms

angiogenin9te ribonucleolytic activityE ¢34 38 4 o

3. Angiogenin®l| Z 33+ DNA aptamer®] A%

Ag F49 1077149 120mer DNA pool% 10°7}4& primer 1 3 22
&% ¥, streptavidin® I3 FHo] A+ biotine] 5 Teel FHILEHoO Ye
DNA7ISS& A4 o] £ AAF F Urixe 97ld DNAE dolA Al E pool
2 A3 371 M2 & MAEuyog angiogenin® A A s
T2 DNAE MEdon Z1zte] Ao w2 AP EHFHoZ F3
HU3L, ZF 529 DNA poolZF-¥ A=), 3712 Ay s R AAU
membrane fiteration WYL 2T 7H, T HAQA columne o} &3 WYPogE
139, PhX %02 resin-filteration$ o2 15419 AdHHE W M
DNAE A4,
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mP~P

130
120 - —e— ANase A
110
100

0.0 6.1 0.2 0.3 0.4 10 20 30 40 50 60 70 80
[enzyme], M

Fig 3. Ribonucleolytic activity of angiogenin and RNase A.
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4. A aptamer®} angiogeninol W3 AFA ZA}

A aptamer®] angiogenindl] g AF/EE AL, oW dE Y
aptamer Ado] o &3} Ho|A=A v &3}7] st AlF F 29 DNA pool#
columng ©]| &3« A3 DNA pool (C13)3} resin-filteration®'g 2.2 A8 3%
DNA pool (F15)& ©]&3¢ gel mobility assay® At (Fig 4.).
membrane filteration} 2.2 X3 7HA DNA pool (m7)2 binding assay+T
5tA) %3 ¥ inhibition assay¥< 334t C13, F15 18laL Al& 29
DNA pool ZF 5 2eg 9949 [r -"PIATPS ©| 83} labeling3t 3.
U942 EXE 93 49 70pmol DNAE 7 7R X9 angiogenin
(0uh, 2080, 408, 50%)) 3 MO} FE 8% polyacrylamide gelld A7 4E A|A
2, wudRe) AR FL DNAYSE o He 9ud FEINRY @
WA AP free DNARG O $F AM2F bandE UENE Holn.
aptamer C13% F15¢] 7% %2$] DNA oA stE & 2080 angiogenint
HO1% lanesl M¥E Yol Wolglt free DNAZE &8 o2 2 9ol A
2¢ band’t YEHIE A& BRE 471 QUG (Fig 4) T3 DNAS 3%
ol 1 XY angiogenin® o] ©f B 40¥] anagiogenin laned|AH#& HZFE
band7} et} ol g9 ATelM HEAFE AR DNAYF 23 e £3
9 DNA Bt @9as § & 2gecs A4S 3985 A 28 o
21§ binding assayto R AP AT olE 7y oY EE

Jug Mol o EHHAX AREIIIL SolsA Wsteh
5. Aptamero] o AMEHFE angiogenin® ribonucleoytic activity
inhibitionon

Aptamerol]l 2|3 angiogenin®] Aol JAH+ A& FUFL FZF L
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Fig 4. Gel mobility shift assay of complexes between aptamers and

Selected DNA pools were labeled with [y -ZPJATP at the 5’

angiogenin.

end. The labeled DNAs were denatured and used for the binding assay. The

total DNA of 70 fmol was

In each lane,

dicate the retarded bands

dITOWS 11

ding assay. lane 1-4,

1Tl

used. Three kinds of DNA pool were used for the b

lane

selected by column method.

aptamer

’

0-8

lane

.
¥

0-12, aptamer selected by resin-filteration method.

random DNA pool

The amounts of ANG

lane 3, 7, 11, 238

]

4 pmol

1.

lane 2, 6, 10,

>
1

1n

9, no prote

b

lane 4, 8, 12, 3.5 pmol.

used. ! lane 1, 5

pmol
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[aptamer] = 30 nM.
- [aptamer]) = 40 oM
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[aptamer] = 200nM

[Angl = 50 nM

Fig 5. Inhibition of ribonucleolytic activity of angiogenin by
various aptamers. 2439 Al£EH ANGY TEE 50 nM2 5% 939
assay®| AHg¥ aptamerZFE random pool# membrane®® A¥3¥ pool
comnl. 2 A3 6" A poold 13 A pool, resin—filterationo.2 A3k 79
A pool¥ I5HA pools EF 67FXHUth. aptamerd] EEE Z7FA A7
ANG® activityE& ZAMSH 29, 1 FE& 30 nM, 40 nM, 100 nM, 200 nM®)
Rt
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z4 ZAFSIQT. WA Aptamer®t angiogening ¥4 TSI, olF
fluorescein-RNAE #7183 angiogenin® ribonucleoytic activity= Z A3
t}. Fig 5.9 Z+ aptamerdll 93| angiogenin® ribonucleoytic activityZ} & A =
= A7 FoA Qo dEZAEQ ROl 93 A E angiogenin® AAEAol I
AR, oz e A HHA HF AR RAFD ok A
W% aptamers angiogenin® 4] FE7} AIEHUAS A5 HFH 50%7F
ribonucleolytic- activity 2 inhibitionZd& HAF 1 Yot ol AHA=E Hol
¥ ¥ aptamer’} angiogenin® inhibitor 2 AHEES Qe FER 7hedE 7HA
I Aqvtn AZgE". 28y o] aptamer’} angiogenin inhibition3}& kAl 2
olg57] fAME Fd ZAYI angiogenindl ™I Z3IFHIA angiogenin
activity inhibitiong H.o}& aptamer? AWo]l © R FgPHojof Ao}, 37}
z] W og MEE aptamerSe BT A H]4¥ inhibitionEFE Boli ol
A, o 283 Z8e 7HAE aptamers A7I¥8 F9 AES 38 B+

371X T A= E ol &3S FHEALE A4t
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Al 9 A HCV RNA helicasel| A& ZAsi=

RNA aptamer?| MY 8l =4

A1 A M-

7+ C¥ uho] 2] A9l Hepatitis C Virus (HCV)E A¥s BY g0l of
U Q8 999 virusE 93 A gon, 1989de BA AETe HAHE VR
3t cloningd Atk HCVE ¢F 9400 FEaELEl=8 o]Fo}R positive strand
RNAE %%iz}i 7}A 3 Q¥ enveloped virus®lth. RNA HAAZ5E 3010
olm] :=4F9] polypeptide?} AW, ©] polypeptider <7 virus AR 9
proteaseol ©l8 o2l iAo wAAZ AT HCVY #d2 WAL (N2
t)-C-E1-E2-NS3-NS4A-NS4B-NS5A-NS5B-(CZ®) o2 o]lfold it} &
3| 7z w¥A (non-structural protein)Z, NS3 “WdEEL NTg
seriﬁe proteinase®} CZ @2 nucleotide triphosphatése (NTPase)/RNA helicase
& FAd AYz k. RNA helicase= NTPE £33 & dyAgo=z %}_Cfl +
7} RNAE 9719 RNAZ Eojdit), olzs &4 L HCVE RNA replication
o)} translationd] F28 e §o}

WY, BANE, BGe oA BAL HE AL 72 BY 2 CH
Tgoit. BY TE2 8 det Axwle 7~10%7F RoAY, B g9l
HEo2 owo] shedit. CH 7199 Haxe BE BdAY Awols} oA
% AR Agdold A=A gk dal WA olFo) AYY FE A
< 2HdE Y ¥ FoE AIAY Add =38 9 FEE & UAY. F
A B drksrt 209 G Prizkel FAH BNz AP

$HE, HId= doo FAY A pooldld 5 @A od diy 3
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o ZAgste APE AdsE= SELEX (systematic evolution of ligands by
exponential enrichment)gl= A8 3 Ax7F BgstA SE£HL AT, o] U
< AHAHA e B|HAMA, dulAy AL E= YAk YAk Alole] A
olu} Az {9 9u|E Y= fr1HA FAIF €.

2 Age EHE vpojgay EFol AAoAN FgE tA £HA o
AUEE AN fAAA EAL FHEL o]F &3t UH. 248 AF
< AAHoz 7|3t a3 2o

AR, HCVE helicase’t 73 74493 Asl= RNAY 7| AEd
Helicase® ¥ 7bet RNAS| unwindingl #8331 9Jel] RNA% 107" M9 3}
2 448 AT A4 olsl WA AL, helicases] 8l random RNA
Ho =& J3E & Xd RNAVE €48 4 le22 SELEXE ©]&3tdq £
% 0 2 helicase RNA aptamer& ¥ & 4 v},

E4), random RNAS} ¥]idle] ¥ RNAQ helicasedl i3t Ag¢A+E
£AH@TH 3, 48 RNAZ o= A% o ¥ Z%89 helicase® 49Ho2 4
A=A AFHoE A4S

AR, 4¥d RNAZL o)3) Tt 4oz ofjd 728 A3, of
E¢ helicased] oj= R 9lol Agstex ZAYD. RNAE AAHoz 143
3z F2E Ad & Ao 21HBZ 78 B oyl dAHAHY FZ7}
helicase?} FR AR PAAHO A& Ao Fod QA2 FLE Aol

AR, ATP7t 7}ei % 8ol A helicase’t RNAd AE3A A Eed+s
Hl, RNA-protein #2]9 £=834 4 & A=t kel AFAHY, helicase?t
RNA%t Z¥3td ATP &R 3dlX = RNAS FZx7} Zo}x8 RNA-helicase
complex™ <3| Eth o|w], 9 helicaseol A £ ¥ RNAT ©A] helicasedl] 7}
dHo2 AFsx ¥eA, 28 ATP/ AU g o)9d £ tjag g9ee
Agst=RE ARG, BEF A3t vt B8 AR ofFA A=A FF
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How #{AJM

Al A, 48 RNA7Z} helicase®l 5 7}9 RNAQ! substrate?l 4 & o= A
= AL, A helicased BAE A=A Y AXRE AFSoh. e, Ad
RNA7} helicase®] Z28& 84 295 A4892 helicasex A419] substrate
Ao AHE WS Aol & FXZA Wzl JFo2 A Ao #HA3
A W Aot} ol st 71AHL ulgto 2 RNA aptamerd] 23 helicase?

B9 HIE FAHIH

A 243 A5 2 WU

1. helicase®] L@ A

pET21b ¥E <9 BamHIZ} Hindlll Aleld]l HCVE NS37} cloning¥
plasmid9! pET21b-NS3HCVE BS21(DE3) %58 w%3te] helicaseE @A
A 4dd Ihelicasei’«] C-terminus9l & 670 ¢] His fesidue7} dAAd = UAA
His-bind resing ©} &3t AA3}AY (1). F, 1 mM9Y IPTGE = uigd
fgde dystd AX 589 £ 2EZ His-bind columnol loading3} L,
resind] 9] 9+ @9 AL binding buffer [1 M imidazole, 0.5 M NaCl, 20
mM Tris—HCl pH7.91¢} elution buffer [5 mM imidazole, 0.5 M NaCl, 20 mM
Tris-HCl pH7.9]19] gradiento} A fraction ¥ 2 elutiond} QY o}, Elutiond YH &
10% SDS-PAGEX A #& ¥, 50 mM Tris-HCl pH 75 &3 doA §4

st¥ Y. g, 20% glycerole %718t -72CoAA B A3

2. ¥ikel I (A7TH Fa)

Aol AHEE 103 FEHLLHE (nt)9) RNAE 42 nt9) ZAolg T3¢9
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I E 7R = poolZA 120 base pair (bp) DNAZ Y ¥ in vitro transcription
Hth Tuerkst Goldel 71€9 #xE 3(2), 42n templatex 3719 #H&
oligonucleotideE ligationdts =T prim #1334 #2+ prim #3, 4, 5% A 4 3
= AR 9o 2 AREHG oY, 39 42ng X T prim #49 &4 S HAF
e ZZAdA ligationdtgth. 120nt9) €719 DNA poold 5% acrylamide
denaturing geldl* AAT ¥ prim #s13 #E PCR $EZ&4c. FZd
DNAZ ¥ T7 RNA polymerasegE ©|&34 103nt¥ RNA<ZE transcriptiongt

% thA PAGESIM AAST

3. Ad A |
5 mMe ATP7} ¥35%] && T+ X33 helicase buffer [25 mM

MOPS-KOH (pH6.5), 3 mM MgCly, 2 mM DTT]olA Zz} Aol AP
t}. 33 bufferdl U= RNA%— 70°C o 4 3w, dSA 58 AT F FRE
HstA @tk RNAS 1/50614 1/5000) ]38t helicaseE d7He & 37Co)
q YRAZE B WAL ATPZF H7b @ A%l 7CAM 1AZE,
ATP7lI 9l A%< 583 FAH. helicased] Z3#¥ RNAE nitrocellulosedl] A
H| W3, 5 mle] 48 buffer® A o]Fv). Helicase-RNA B A7t 2350
= filter2 100 mM sodium citrate (pH5.0), 3 mM EDTA (pH80), 7 M urea
o] B Y& F 65TCAA RNAZE denaturationdtth. #£#¥ RNAE phenol

extractiondl AMV-RTZ reverse transcriptiondts %3},

4. ¥ 74 RNA9 &y
helicase 848 ZFA87] 94§ substrate2 Zdol7} & ¥ 712 ¢ RNA
& A& Y (Fig. 1). 7 7192 pGEMI plasmid& Puull2 A=231 BL 7}

©®Z pSP65 plasmide BamHIS 2 Z2 SP6 RNA polymeraseE ©]£3t in
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5!

n vitro transcription
of pGEM-1/Pvull
->internal labeling

+

3’ __—-\

)
in vitro transcription
of pSP65/BamHI
hybridization
33 nt 21 bp . 46 nt
7 nt

Fig. 1 + 719 RNA9 AA4 € 9l
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vitro transcription®.2 d4& F AW & 7}9F-& hybridization buffer [20 mM
HEPES-KOH pH7.6, 05 M NaCl, 1 mM EDTA, 0.1% SDS]lA 4o &t
95CAA 587 7FE3t F, 65TolA 3083 28 24 2417 WA 314
= 7}t RNAES 9=t} in vitro transcription® we] 21 7}2 RNAE [a-"P]
CTPZ labeling3 % 7] W59, 5 7Y RNAE 8% native polyacrylamide gel

A A7 %33 auto-radiography® 1 YA E & L AHA G

5. binding assay
5 mM9 ATP7} ¥%¥ helicase buffertt £&532 &2 helicase buffer
Z}Z}oll A helicase} [7 -“P] ATPZ 5° labelgd RNAE 37CoA wh-gAZ}
Hk3-8-9] 10%9 31]-%‘5‘}{- glycerol& ‘-é.ﬁ 8% native geld] Z7] g &%}, o}
@ A7)9% buffere 025 x TBES AH43t3, 10 mAS ¥ AFIA AP
t}. helicase®] A g wal RNAS U & olF HLE autoradiograph® H<U T

o}

6. helicase 84 A}
helicase &4 _'?-‘-_X]-;‘E.* 5 mM ATP7t 3% 37C helicase bufferd|A 4
At HF ¥-EEL 5 x termination buffer [0.1 M Tris-HCl (pH7.4), 20
mM EDTA, 05% SDS, 0.1% NP40, 0.1% bromophenol blue, 0.1%6 xylene
cyanol, 50% glyceroll& 1 x ©| S %7}51'51 S-S FAAIY. Hgo] F
? aliquotst© 8% native polyacrylamide geldlA] 80 VE 44|zt A7) 94531

¥ 79 RNA$ unwound RNA strand¥ autoradiography® <1343t}

7. ¥ RNA9 971 N4 23R

¥ DNAE prim #83%} #92 FZ &9 pUCIS BamHI® Hidlll A}e]d)
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cloning34th. Z cloned plasmid& pUC/MI3 reverse primerE sequencing 3}

.

Al 3 A

1. helicased d33= RNAS Ad

helicaset (-)ATPQ Aei¢r (+)ATPQ AHlox RNASH ZAjsts 4
o] &tk (HATPIAME F 799  unwinding?] YojyA Kow
RNA-helicase complex”t Alzte] Z el A@glel AE wAEo WE,
(V)ATPIIM & & 7b9 RNAZ Zo}x8 RNA-helicase complex 9Al A|ztol
g $8 7429t 5 4% Z5oA helicased] Z2¥3t= RNAE AE3yt
(-)ATPY A helicaseo] ©i§ AEL 15 cycle FY3F{ . ($)ATPAA 25
cycle 8t Ed], A¥ 3 ©AQ 13 cycled 19 cycleol A helicases}o] 2
ol @7 MAE ZAEQY. 281, 22 cycle o|F 2 filterd] AFdHE
H|Eo]A RNAE AlA37] 3 Adol A Ao FAHE A Ay HEFE
o]3t3th. 49 RNAE RT-PCRE ), PCR cycle 7} o 120 bp7t ohd
& $XolA FZ DNA7F #F=Uch 2dlA of A HFA 120 bp
DNA7} ©49 band2 ##3+= PCR condition2 RS (data A).
(-)ATPAlA Add RNAE ‘Hel'olslx ‘Qﬁ}ﬂiﬂi, (H)ATP A1 RNAE

‘ATP'23l 33T

2. helicaseg] A A
1 mM IPTGZ induction® pET21-NS3HCV/BL21(DE3)% helicasex X1

A1E =59 HE8AMYH SDS-PAGECA 54 kDagdo] &<AxAct (1). binding
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buffer$} elution buffer®] gradiento]# 0.5 ml/min® £ X2 His-bind resinol
A elutiondltsitt. §F fractionol] 1.3 ml¥ w33} 2.0, fraction 1~4 Alojoll of
BE 9] helicase7} 4Rt (Fig. 2). 3tA %, IPTG inductiond}A] &< | H
8] IPTG inductiono| Al helicase® 2 #Ho] A3 F7tetA < ¥t HAH
helicaset 50 mM Tris-HCI® 20% glyceroldl =< -72TCoA H#AdH .

Braford methodd] &3] &AE FE=T 9 ng/uloly.

3. gel mobility shift assay

‘Hel' RNA+ random RNA°| H|3] helicasedl Z##E< =to]7l glid
(data A =F). 3tAgt, 13HA ‘ATP RNA'E‘ (+)ATP A $HA|ZF &< helicasedl
AFAAL o, helicaseol M #&]HA &3 random R} 2~3u) AL Ao}
(Fig. 3).

$3%, random RNAS} helicase® AZHE2 w8 A2 A% (-)ATPIA
= A7t BFARYS] RNA-helicase complex’} 1o A dd.  SHA| T,
(H)ATPA A& Aol F71E 48 RNA-helicase complex?] band R 3}7]&
ZAagd (Fig. 4).

helicase®l F& F7}Al#H random RNAS®} binding assay3] £ ZA 3 RNA:
helicase=1: 394 shift band’} ##& =1, RNA: helicase=1: 5794 tj{£ 9]

RNA7} shift¥l it} (data A=),

4. filter binding assay

~ filter binding assay 9l (-)ATP, (+)ATPS Ao)Ax Asgich
non-specific¥ RNA-protein 2% H43317] 93] BSAE Iz H7bstg
o (Fig. 5. (-)ATPYlA randomeolut 158 A ‘Hel pool non-specific 3}7]

BSAY ZA@stt. & 2|5 ‘ATP’ pool2 BSA9 ZAE3IA gteth (+)ATPIA
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random 13th ATP
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4 shift band

4 unshift band

‘ATP’ RNAS9 gel

mobility shift assay. & laned] A& % helicase= 0.3 pmol, [7 -2p] ATP=Z
5 label® Z} RNA+ 0.1 pmol, cold random RNA+ 1.68 pmol°] .
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random©]Y ‘Hel’ pool, ‘ATP’ poole] E5F BSAd ZA3A e}t ol= (+)
ATPlX 5 mM ATP7t BSA®] t# RNA® non-specific binding® #3}8}7]
WEojetm MYl 183, high salt buffer [20 mM Tris-HCI pH7.4, 140
mM NaCl, 5 mM KCl, I mM CaCl,, | mM MgClL]ol4 2184 ‘ATP’ pool®]

random pool®.T} 60| 7+ 2 AF ST} (Fig. 6)

5. helicase®] ¥4

Substrate! ¥ 7t RNA7F €33 E87] I = RNA: helicase =
1: 3ol dolojof ot ol AQFEE AlZho] 1&0lE 60%olE AAdulde W3}
7} ik, % 199 A ‘ATP’ poold helicase ¥FgAlo] WolF ¥ unwinding %t
&°] Asj€}. &A% random pool?t H7IEH = ¥hGo] AW o]} v
3t & A7 {1t} (data A ). Helicase® ATPEA] o F-of wel wgo %43
& W) WEe] ATP A7t £40] whe wrgulel WaE BAHUY. Helicase
€ ATP$} substrate & 7[S9 RNAC A H7PAIA A0 93 APF A
of Hl3l|, helicase®} ATPE wlg] A|HEE ¥1-&AZ] ¥ substrate® F713 A

N BAe BA7t BRAAY (Fig. 7).

6. 971 AEd AR
15 A ‘Hel’ pool® 199 A ‘ATP, 258 %] ‘ATP’ pool® sequencing3dts]
T} ‘Hel' pool2 ¥ 719 clone?t #&A =3, ‘ATP poold C7t ¥F3l1 G,

T7b W& 8E 477 oA (Fig. 8).
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random 21th ATP
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Fig 6. Filter binding assay. panel (A) [7-"P] ATPZ 5 label® %
RNA+ 0.1 pmol, cold random RNA+ 168 pmol, BSA< 10xg ©°|t.
Helicasex= sloteltl 0, 0, 3, 30, 300 fmol® Z7IAAC. 28l ¥ 37C
High salt bufferdlX 4 3=}, panel (B) phosphor imager® scanning3}<
bande} Z37|& X% A
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- = AR O min | 1 5 min
73 3]' (&) helicase — ATP + RNA  |helicase + ATP — RNA  |helicase + ATP + RNA —
- ’
OpMBODonDoDnD
(min)

lanel | lane2 lane5 mm lanel4

1.2 3 4 5 6 7 8 9 10 11 12 13 14

:

L 4 ds RNA
4 ss RNA

Fig 7. Helicase®] &4 assay. 5 mM ATP helicase bufferdlA [a-*P]
CTPZ internal label®d ¥ 7} RNAE 0.1 pmol, helicase= 0.15 pmol A}-8-3}

AT,
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pHel 15-2, 5
CCCCA CTGCG CAGGA AAGGA AATAC GCACA TCAAC AATCC AT

pATP 19-2

TGACT CCGCC TCTGT AGTGT GTAGT TGAAA TATTT TGGGG AT
pATP 19-2, 9, 15

GGGAA TGGGA TGTGG GTTAT GGGAT TGCAC AGGTA GTGGA GT

pATP 19-3

GCGGA GATAG TAGAG TCAGT GTGTG TATAA TGGCT GGGGG AG
pATP 19-4

GCNGA GATAA CGAGA GATAT ATAGT GATGT GAAGC NNGGG AA
pATP19-5, 8

CGGCC TCCCC TTTAC AGTTG TTGGA TATTA GTAGG AACTG GG
pATP19-6

TCGTG TAGTG TAGTA GTAGT GTAGT GTTAG TGTTA TAAGG GGGTA ATG
pATP19-7 , _

ATGAG TTAGG GCAAG ATATG TTGTA GATAG AATGA GTGGG AG
pATP19-11

GTGTT ATAAG TGTAG TGAAG ATATT AGGGG GATGA TATAC GG
pATP19-12

TNNCT CCGAG GGAAT TGTAG GTGTN TTNTC ATGAG GTTAG AG
pATP19-13

AGNCT CCGAG GGAAT TCGCT AGCGT GTATT GCATT ATAAG GT
pATP19-14

TGTAA GAGTA GAGAT GTATG CGTAG TAGTA TTAGC ATNGG GG

pATP25-1, 2, 6, 8

TGAGA TGTAG TTATT GTTAT GAAGT AGAGT AGGAG GAGGA GG
pATP25-3 |

AGGTG TATGT AGCAT GTTGT GAATA GTTAT GAATC GGGGG AGT
DATP25-5

AAGAG ATATA GGCGT AAGATTCGAA AGGAG GAGGA GGATA GA

Fig 8. 97] A4 4. 1584 ‘Hel’ pool, 1985 ‘ATP’ pool, 25 A ‘ATP’
pool?] cloned sequencing3l®tl. €& I R E & APT aptamer®}t homology7}

e Fioltt
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Al 44 13

2 A¥e F /HA %oz JHHUG. duE, helicase®] RNA
aptamer& A3l Aotk F HALE, helicased 7|5 X3 oln A4
E¥AHog2 =A3tE Aot ‘Hel’ poold sequencing 2% 7|&ES ATP
binding aptamer$} fAME 97] MEE X3 USo] FEHJUGY. AL
random RNA¢} Y23t helicasedl & A#H L ZA ged. o] (-) ATP
ol 4§ RNA-helicase complex”7} A #2 5 A| FolA B copys] RNAZL &
&3 A9 dio) HAE Aolv. £, (-)ATPIA helicased] i H <
Z13tE® RNATE random AXE9 ¥ S 7IAH brt FZ2HA R0 4
o] 2002 FA{¥ VMR AH.

21" % ‘ATP’ pool RNA+ helicase® RNA<- 1/100~1/10 A}&-3t filter
binding assay3}®, random RNAE T} 60~108) 7} A¢E &3}, A9 21
HA 'ATP’ pool2 AAHE dAE AAA @&Uo. 2z AHAEE AY 25
A ‘ATP’ RNAE t}A] filter binding assayYt gel mobility shift assay& 3}
|, 2o ¥ 2¥¥ RNA7H 7ldi €.

¥, helicase?] WAYEFE AR A (+)ATPoIA helicased] RNA7Z} 2
¥¢ ¥ Aol Agel W} WUHez BYAY £Y (DATPAN ‘ATP
poole] BSA9| non-specificdtAl AR Fedes L nHIE o, dE
RNAS} helicase®] 442 8%9% + Q.

AA, ‘ATP’ pool BSAZ} oW} helicase specificdtAl 2§,

&4, helicaseES 5 mM ATPS vlg] ¥H&A]7]31 RNAE H713tH ARA
of FlETE H& 24 & , helicasedl= ATP AHF 4 RNA g%

A7 led o] Aol e ATPS RNASl 435 AAo] 4% Rolth. of 7}
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Q& helicase®] 84 ZAMIAME FHHA
A Azrel Aot v aEla AEAHe] A4 E #ESE OIS

Zth, A o] A A#d4+E RNA-helicase complex’t #2511 F 719 RNA7}
g7tgte 2 FEojzxo,  Unwinding ¥H&& 5%  ojddl {ZAFHATL,
RNA-helicase complex: 5%°] AU%x dolqlt). o] RNAVL helicase®t 2%t
o] £3A o2 YA F o] RNAQ unwinding®] ¥dod Folx d%F EY RNAJ
helicase’} 2&HAUTS & + UH-

T 3§ RNA: helicase = 1: 57914 €43 complex’t BAAHE= o2 B
o} HCV NS3 helicaset polymerZ EAEE FHE 4 UAY. HE helicase 9
AFAE A3 monomerd +E ¥7] HMA T microscopic study’t LY
Rolt} (3).

gdoze dFE AHEE AY 254A ATP poold Hrh B 97 A
g 4, RNA 7% 39, helicase®] &4 4l ¥ &£ 121 helicased]
AUZE Ao FHL E Aotk o] § gA9 dF AFE HCVY life cycle
& 4A8 WAL vela 43 A 2 AL 79T Rk o2 A,
HCVY £FA AA9 dAl EF =i EXYETLH, A38d S84
AFd Aol

A 54 F31 &8
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