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Abstract

Here, 1 would like to propose the term “RNA world technology”. The RNA world is a hypothetical
world that is believed to have been in a period of pre-biotic state. If this is true, the RNA should have
various functions to lead the system in the creation of life. In the RNA world, RNAs expressed great
versatility. However, not all these functions were brought into modern life. It may be impossible to
find out such RNA potential from the modern organisms. “RNA world technology” is the technology
that revives and utilizes the RNA functions those might have worked only in the RNA world. Therefore,
RNA world technology is distinguished from usual biotechnology. In vitro selection or SELEX is an
RNA world technology. Here I show our in vitro selection of subtilisin aptamer (inhibitor) as an
example for RNA world technology. Versatility and plasticity of RNAs can be seen from this example.

Expectation of “super SELEX” and definition of the term “RNA world” are also discussed.
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2006 i, TRNA 7—I)VR] EWOEE
MTETTE20FHBICY7=5%, Cech 58,
RNA OfIsgeE 2R A L[1]. EhniF s
A EDRZEIZT7RD 5N TE 7 1986 £,
Gilbert 3. £@MDBEDIT RNA Th-o 7=
EWVSEWNERFZE Nature ITRXRL, £0O¥
A R JVA [Origin of life: The RNA world |
TH-o7[2]. TNET. EMOEEDOED
MELUWEE., [MERMNLTHBEEEN LN, B
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TREBE DS INY N EMMED] EnD T
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TEDIZ RNA HDE] EWHHERELE
DTH5, RNA DA TYNZDDRMN-E
DERL7-DTHHANEGOREROEMIC
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ATF LB EY OV BEOEWKRBOMEE
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IT. TRNA =)V EB] DWW T OFHBAN
EL< oD, xFEOEED IRNA 7—)L
R /)ov—) EidfMEs5, BHEIZEX
iZ. RNA 7— )V RBERIZH->EZTHBD
RNA DOHgexEMEnsI-3EDHL T, 1BIC
MO EENZWLEND T ETH S,
RNA BENL TEMNTE LA ETH
T, RNA 7—)) REHR D RNA 13, S8Rt
BEEDbo TWEEEZILNSE, FOHRMNS,
BEOEMIIDEND (BEODERMN-S )
RNA DHEEEDOAMNBIRINSEZEEZEZ SN,
EESI LR, ZLOBTESNZ RNA D
BERS->-OTIE W EHAlTEs, B
RKOEMITIEDRNSAho =0, B
Fa MR- 584 2 BT TR A AT RE7R R EE A
BolmEEATHEMLIIRNWTHSD,
ZDX D7 RNA DHEEEIT. Atk
{EDOFTHETELNZDOT, MROEYDH
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7T —) ERENWDITTH S,

3. BRI IERWL RNA B F 54
=511 115

1990 FIZFHEE I /- in vitro selection[5]
X SELEX ( Systematic Evolution of
Ligands by Exponetial Enrichment) [6]&
ELNAFETT IIT—HBEZWD T &,
WYk’ TRNA =)V RFr /03— TH
5, ZIZTR, EESOMERTRSN-Y
FIA T TII—=IZDWTHENT LW
(7] UF A4 RN EFROEET HHEHK
N7oFr7—ETHB[8,9], TEMNIZHL
SFAINTHD., BFlzEowE5aic
HFHINTVWALDIC, TOBEEELE
EMR. ERICEN, Zok5RmAhTor
7 =PI BRMWEREERET S L D76
FIMMEF BRA D RNA IZHBDIZA I,
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3 —DOR|MEHAAT,

SELEX %WH®H 523, £9 504 LES)
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HE 5L, Figure 1 IZRTEII1IZ. £9 R-

T7 promoter
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5. R-100. R-3 &&HfF/= 35D DNA %
DNA &L D&KL=, R-100 i, 3
il (Figure 1 OEH) Mo 17 EHD T7 7
O&—4%—E%5., 18 HEOEAES (5-
known sequence = 5'KS). 47 EH D5 >
& LEH 5'RIRIC 18 WAEDREMEIS (3-
known sequence = 3'KS) #% %5, 100
HEOEZTH5, R-100 @ 3 filE 5°KS. 5
& 3KS EERDIE, R-100 288U T
TE&E2 RNA Z2HDICEITVWDEMNLTHD
(Figure 1 @ RNA sequence &), Zd
R-100 IZ R-5 ZNA TUF I Xa®, T7 7
O&E—4—& 5’KS Hor_—&E#EELE, Z
UTED., ZOESHM T7 RNA R AT —
TTREIN, RRENREICLD T VA
BEF%EHD RNA OEMEEKRTES. &

N3 RNA 1. 5°GGGCGAAUU »« - -
(5°KS) M5 ED,. 5KS— 5 ¥ L —3KS
EWSEFEHDIITTHS (Figure 1 @
RNA sequence), £H S D{#F > DNA &
W5, ZOHEMICIE 1 KEEORL > 72 RNA
PDTNEETDHEHEIND, DT F A
% (1JKTEE) OFITHF o1 ICHEE
THENEDDLDONEETLHIEE2HFL
TWBbITTHD, KIZ Figure 2 IZRT &K
12, 2@ RNA EFEHF 51T 0 2EHE
LA LITHELANDS, TOBAITLE
BERICKXVBEMCERLYFS 1220
HEEBEHDIW RNA ZEWRT . #EE56E

21D RNA 3. W5 LICEBE->THED., £
NFTF AP UBRICTEET . BEl
BF IS4 XDBBRBEROTFS 100
FE5 X DBENWEMEZETDS RNA H
W, BHINTLKZRTTHS, T ZIZEE
7= RNA IE 3'KS I/ 4 Y O DNA
(Figure 1 ® R-3) 2751 <v—&LTH
IER:#E (Reverse transcriptase = RT) I
£0., T —&$ DNA I I, 51T
T7 70— ——-5KS tWHEFE2H DA
o DNA (Figure 1 @ R-5) #i1x. HY
AT —FE#E KIE (Polymerase Chain
Reaction = PCR) (i % T RT-PCR
EWD) 1KV A DNA L THEEIN
%, Z® DNA XKD D RNA OF-DHD
HRILD, FLT. —RIB ERBRICERBRE

3’KS

R-5 S TGTAATACGACTCACTATAGGGCGAATTCGAGCTCGG3’

R-100
R-3

RNA sequence

3’ ATTATGCTGAGTGATATCCCGCTTAAGCTCGAGCCIN47]GACGTCCGTACGTTCGAAS

3’GACGTCCGTACGTTCGAACTCS

5 GGGCGAAUUCGAGCUCGG[N47]JCUGCAGGCAUGCAAGCUU3’

Figure 1. The template DNA for the preparation of the initial random RNA population and the primer DNAs.
Partially double-stranded DNA consisting of R-5 and R-100 was used as template for preparation of the initial
random RNA population using T7 RNA polymerase. The synthesized RNAs are shown at the bottom (RNA

sequence).

Selected RNAs were reverse-transcribed using R-3 as a primer, then the cDNAs prepared were

amplified using R-5 and R-3 by the polymerase chain reaction. N47, randomized region of 47 bases.
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Figure 2. Selection procedure for RNA aptamers
to subtilisin. Selection was performed using the
column containing immobilized subtilisin.  After
eight rounds of selection, RNAs were cloned for
isolation of each molecule.

NEREIZX D E_HAD RNA 2800, [FH
RO LBETRIRZRVIES, bbb,
DUFBNTZLENS, ZEROFHEESE.
FOTHZDORNESYF 51 U iEBEEE
DHDETERBIRTEENWSIZETHB, -
NZESEHROERL., ZDOE 8 HLD DNA %
KEBEIC 7 Oo—=_7L. &oN/-&E¥ %
BRI,
rO—Z7Izk0EsNETIAI Re
5. THEFND RNA ZRBENEETE.
BFIA L DOBREERIIRIEZTINGD
RNA 779X —DOF &2 AN, L%
EOLDHETIR. BEREDAT RNA 2 #iR
LTWSED, T LLHTRTHABEEMNER
ERRZF > TWD LIRS, BN, &
BRIIATHIHDDODHEREOLZWVEL D
RNA FE5NZ. —D—D 0 7 o— 20|
FRERFAN, WS OMDOEEREEFE DV O—
UEREINE, FOOEBEHBWHER T
THD (RNA-1 EWH) F. BF512 >
EHEZE 75%MEEL /-, Figure 3 ITFDR
ZRY, YFI1 03, HEMESY NI E
D=, BTHSD RNA EEbEDBEETFD
FERRMBMENH D, Figure 3 IZET &
2120 HRDF 4L RNA RHTIROEER:
RNA THETFORENRR SN, LirL,
BIREIN RNA-1 1Z. BBONCHEERZEZE
gEZRL 7~ (Figure 3)., > T. EF 5|3
ZZIZ RNA o3 9F 5312 D HESZ
ATHIZHIDTRIMLZEER 5,
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Figure 3. Inhibitory effects of RNAs on subtilisin
activity. Subtilisin was assayed wusing a
chromogenic small peptide substrate.  Selected,
selected RNA-1. C, non-selected (random) RNA.
Yeast, yeast RNAs. .

é. BUICR T FII—b D TEHRT
Z25

Z® RNA-1 i, 4 FENREHZH> TN
HZEBHEMIRS T, HFTA T2 EE
HEERNESBTED, ALY > o>
7T EINS N TSI EFERY S
K ULTIO RNA-L 1IFEAEHES)
RERIANWIENS (Figure 4). RNA-1
3. YF IO RBRREMICREL TY
HEFEAD. BROBIEOHT, BEMAZE
DBHBEEFICMA O TIEHZWIIBED
59, ZOXOBERME2BETE T L.
KEEKEND, —RBICIOBEOKRMERS
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Figure 4. Effect of RNA-1 on proteolytic activities of
various serine protease. RNA-1 (0-2.5 puM) was
added to the reaction mixture for subtilisin, trypsin and
chymotrypsin.
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L7z< &b Bifli7s SELEX THEICHESNS
bOEELNS, ZOHEEMNS, RNA-1
3. Y > TaF 7 —UAHEIZH DEMER
£ (B -ERAFP-FANTFE NS
730 catalytic triad EEHh5) ITHEETS
DT TRAEL., YF 502 VIR ERN SN
(BRI E) ITHEELEELTWVS
HOEHBEINE, TOT L. BERCE
ERNBAMNS D IHEINSE, Thabb,
Figure 5 IZRT X D2 RNA-1 3. EBHiEE
AlThHD (HEEH K=25 uM). £E#
BEMANOEGEEEE L., XEOKSEME
LTWBEEXLNS, YFF1 20 #F
DIMEEENRESMNIR->THED., HEES
A= DOBICHENZEIZ/Z> TN,
ZFOEEDFFHOIIZ catalytic triad HLE L
TWw3, RNA-1 iF, EEBAZETOZOD
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5 EHBAIENS, Figure 6 I RNA-1 DR
BFl EHEE —REEE 2R, SFL WERBIEE
B8 2N, WS DNDEEMNS Figure 6 D
HWEBE 30 5 34 (AACAC) DI MNE
BHEBEMICADRADDBDEEZ SN TND,
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Figure 5.  Lineweaver-Burk plot of subtilisin
reaction with RNA-1 inhibitor. The inhibition was
competitive.
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Figure 6. Computer-generated  secondary

structure of RNA-1.
primer binding (known) sequences.
sequence was shown by upper case letters.

Lower case letters show
Selected
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BPOMRETAVRII LT —EEMANUIHF
SA TV UEENEFETBEEZLONS, YR
X7 L7 —Fid RNA 7 7 ¥ v — %1%,

EHEELEYF S k> THREIN
TLESDT, TOREEZHF A4 DFE
HEMA-WEZIIHEY RNA 77493 —%
MAZTORERESREIFDIENTES
THA5. ThdHb. UEDRNAT S < —
—URXZ VLT —-YRIZ. REDOA> - A7
EAADDTAAFELTCHATE 204
HRH 5,

LD Z &3, SELEX 12X, £%izid
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743> —RNA BIHHEER) 28R TE.
ZFNNEISRBT /00— LTHERRETE
5T &E%ERLTWS, SELEX i, BEMIN
1A 00— %BIBFEMELTEDT
HBHTENRFEEIND., 22 THE SN RNA
DEF LU WHREIX, DT RNA 7—)L RER
WCIEFZZZITH->7- RNA O#gENd LN
W, EMEELUREIZ. FEOBLDERDE
THELNE=MN, 4. T SELEX 1L DE->
Oomb Lz, RNA 7—)L REFRDIE
WTHHIZEL, TDThWizEL RNA @
BERBEHIIRWICE DN THD, ZDLD
RBEBAMS., EEFENNDIZAWA SELEX
EBZAHEST<H LW RNA flEkd kRl
& LU TSHBERIND ZENHFEINS,

6. BHODIZ—FHY [RNA V)L B ] H1

h

8. RN TY o822 —RLA
W RNA (/>3a—F5 4 % RNA) BEEF
RIFAHICARERREZREZLTWBRIEN
BSMWZ72> TEZ[10]. B T 2 LD 98%
FEE, HizMdba—RLTWIaWEEDRN
TWEN, FOEEAENEEZIN/ > —
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54 % RNA &L TEGTFRERGICES
LTWABSLWI EMHENIINDDH S,
ZOHLUSHESMIZE -/ RNA NiEH#ETS
HRAZHEZICL>TIE TRNA T—)V K]
ERZBEENDH D, T RALF 4 Tzt
AEIHDERODHEIZ WA, TRNA T—
VR EVWHEEWR, &b EIFERDED
WEGROBRICEBLTWREETHD I &
EEBLTWEFEEFVWEEZTIELITNWS,
Hodsbh, WHEOHBAD RNA ITRWEE
N LRHBREE. ERoEEICBLT
BRAIZBEER > TWAETHSD RNA Dt
REPBHESVTEBRLDICHEZD, RNA T —
VRO BIEL WHEEIL, Eid, 1ZEAE
HMlgodhIiZRD ANenNTED., H4ld®
NEFFEMHEATERNTNDDNG LI,
EHOBRED TRNA 7—)VE] SHMABO
(RNA T—J)V Ky ORIz L < H3L@EE
NHEIMhHLNT, EBALEREZDEEX
THEWEL LD ENWDIEEN, BHRERIR
{72507 5. RNABEEHEDEE LTI
ZUNTIINTEESNLNWI ETlEH S,
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