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T7 RNA FF84E F 79 AA 5HE AA AU E A AAQARS T2
A sHed o F vd Fx7l WEAA @ PTHS CI ARXFZR F9e
‘ATCTGTT' non-template 7148 thZol TE7I7} B F&o| EAdtes JHE o] FolA
At ol¢} T HALFZAS TASHA JASE Ed9o] T7 RNA FHEAQ] X4, X19,
BG83} o]9} whilz E78tA A s RITICE AR3Y HABAHEES ZAsA. o
A7 ok T7 RNA FHEL B3] X4& 8%, XI19% 33%, BG8L 34%9] HAIEATE
Hol AAMBAYEVE 438 Fadte AHE Bt ¥4 R173Ce ok ¥l HlE 112%
o] FANBHEE Ho opAY Ao FAG HAFAHYEE Evh 3 PTH R CJ AA}
T2 FAE AAFFLE o] &3t HABIHAE W X4, X19, BG8L ofAl ¥ RNAF AL
of ula) 22 Ry FZo] F718g9 o RI73CE A2 PTH 2 CJ] AALF AR
A AALEZC] doluhA] g MAbrl AdgHE RS FAFACH

T7 RNA polymerase also recognize intrinsic, hairpin-independent termination signal, a conserved
7-base pair sequence (ATCTGTT in the non-template strand) and U-rich sequence downstream of it.
These intrinsic, hairpin-independent termination signals were commonly found in PTH and CJ

termination sequences. There are two types of mutant T7 RNA polymerases recognizing sensitively
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(X4, X19, BG8) or insensitively (R173C) the intrinsic termination signals. We determined the T7
transcription activities of these mutants. Compared to wild-type, mutants X4, 19 and BG8 show
highly reduced transcription activities (8%, 33%, 34%). On the other hand mutant R173C shows
comparable transcription activity of wild-type (112%). Also transcription termination efficiencies at
the PTH or CJ termination signals were determined by using mutant RNA polymerases. Termination
of mutants X4, X19 and BGS8 are increased compared to wild-type. On the other hand mutant
R173C proceeds through PTH and CJ termination signals.

LA 2

T7 RNA F@a4E B2UA glo] AArE APee shte] subunit2 7A€ RNA
Z@¢aA0lth T7 RNA S E A9 multi-subunit RNA FHELE vims) £ o g7)
Moy FxAHoZ AFAol HLdx B3t HAL el oA 712U A
< 5 agAteldl =i¢ fAFSTE (Master, 1987).

AAL AP AANA, AAAE, AAFZAY] 3GAZ Yroilh AAIAIGAE A
A=A A DNAEZ RNA a4V EolF o2 QA3ld RNA FHEL9 DNAY ZAd
F39] melting, Z7|ZAEFAY 4 aeln AFYHEY Hol T A7 RELR
YAt AANAE AALER A DNAZRH F28 AAEFAE MR8 948 &
3 ZolE 7MA= nascent HAMAZE AAddte] HAREZIA DNAClA RNA F}ELT}
Holuyaa AANAF A2 APt vitoz HAAFADA T EAdted, AAEAE
F9ollX] RNAZFHEAS DNA 18l RNAS E3A7E £e5H3, HAFAe] Edn
(Chamberlin, 1992; Crok et al, 1992). W7l HAlGA HALIZFAGAE A 27HA F7
2] AALE A0 A= A7) AE Rho-factorghes HALFEARJA} Bdse=r) obld
BA3R 7)o webr] FEST} (von-Hippel and Yagar, 1992). WA Rho-factor?} <
3= HALE RS Rho-factor &3 HAALEZA o]k f}. Rho-factores HAMA G A A A
DNA-RNA-protein 234 o] A nascent RNA F-£of Rho-factor7} Q1A|3l= FHo] £x)3)a
Rho-factor7} 1o Ag3ct ae]i wE £ =2 DNA-RNA-protein E3HA) oz o]
E3%th. 2 ¥ Rhofactore ATP oA Z Al4-3le] DNA-RNA-protein 533 e] A3g &
oW Att. agsle AAHAYe] BF FZAHT o2& Rhofactor ¥ &3 HAIFA
AL AZte] 1Y HAREE 53 RNAL 2252 vl A E stem loopE ¥ 43tw, o]
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o obx7tx] DNASH Z¥sle] 9 RNA 245 HE& o3 28=e 744 poly U7}
Y4, o USS dwEoz G Cutte ARelo]l oz loops) 334y FEsh

Uricholl4e) o}gt Aoz s MAlZgol P9 1eisted AP BF
F} (Dunn and Studier, 1983).

T7 RNA F3&EAE  intrinsic  termination signal®] 2714 typeS <R3t}
hairpin-dependent termination®} independent termination®] 1A o]t} (Y 1). T7 genome
9] late region®] ¢]X]3t T¢+= hairpin-dependent termination signal typee] w H %<l o o]
t}. RNA hairpin #%9] o] signal& U-rich stretch7} SR Eo) &) s} 5 wWH) type
9] hairpin-independent termination signal® Z=Z'J ¥ human prepro-parathyroid hormone
(PTH) FHA}ellA o2 ¥8 A =0l nascent RNAE secondary structureS 3 A3}
Al %23 down stream?] U-rich stretchi= termination efficiencyol] 3 238}t} (Hartivig
and Christiansen, 1996; Kwon and Kang, 1999). ©] type¢] 73-9-treplicating T7 DNAS)
concatermer junction, E.coli rrnB T1 terminator, vesicular stomatitis virus(vsv), adenovirus
DNA 1] 37 bacteriophage lamda DNAO]] EA3H, FEFHOE ATCTGTTY &AM GE
o] Ex}gtc}. o] signald pausing 32 termination®] ¢lo] B & uixm B Yol
Conserve® upstream module EE]— T-rich downstream signale] HA}A 7} 2 A}E-$}A) of A
FelEo] olgdte A& & FHow T oFEr} (Hartivig and Christiansen, 1996; Kwon
and Kang, 1999; Lyakhov et al., 1998).

o= elongating transcript®} T7 RNA F3&47} 4% A 831 specificity loop7}
Wa T} o] specificity loopis transcriptiono] A F 7}z S8 sl R wAE
promotere]] bindingdl= Aolx, F WHAE RNA products} subsequently interaction3}+=
o]t} (Temiakov er al, 2000; Shen and Kang, 2001).

obumate] 173 A9} 4650 R), T2 A9} R1WAE SAWo] A RNA FHAELES
& 5ol3og FARES /MY Hu HY Y& lysozymed] WAEE ZE71AY)
A £& ZAAT)e 984 3t RI73C EARolE termination-defective &3 0 24,
mature }o}x] DNAQ| CJ HALZ AR HAEAE Aste EQWolAoln, X19
(A465T)9} BG8-4630 (A702T) EJWOlMEL lysozyme Qlo]% CJ AF o] QJAAE Z7}A)
7l EHClE B3 H9t} (Lyakhov et al, 1997; Zhang and Studier, 1995).

ol2ig S Wi o g B AFAEe T7 FHELS} E7MYE Solx HAEAR
91 PTH 31 CJ AAEZA R9olld Ed¥o] T7 RNA FHELS AAERY] &
€7 AANEAEE golr A 4t
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I = 9 ¥y

g2 = strainel] ™3 hostZ2AR  E.coli XL-1 Blue7} A5 31, A=23F T7 RNA
FELC EAH] T7 RNA FHFHEL IdHLE Ecoli BL217F AHE&EHAY.  T7

RNA 2§ f40) g T7 golx|e] §AA 10] 224 8 ZdlAv|S pARI2I9Y &

dWo] T7 RNA A A (X4, X19, BG8)7} 289 © ZalAn=E2 F. W. Studier
(Brook National Lab) © &R wgtth 3 RI73CE £ AFAdA Z243 AL
A&t (Kim, 2001) HAMSAEFAE 57 9% F2t2v|= pUWHS pUPTH
€ A3RY HERH (FF338%7ed A9 A @y, pUPTHR R E pUCIE o
Al 29 4o

ol
oo

A FARY =Y

Cl2A% 9+ AF DNA 3 A7]|E phosphoroamidate HHgo]  oja] 27129
DeoxyoligonucleotidesE A3}t TAE DNAE olg ¢ ).
top
5-CTAGAGTCCCTATCTGTTACAGTCTCCTA-3’
bottom

5“AGCTTAGGAGACTGTAACAGATAGGGACT-3’

DNA A7l 93l TEo)A 5719 DeoxyoligonucleotidesE 1:18 & X
annealing3}o}, PTHE A {97} 884 Hoj e pUPTHE Xba 13} Hind MZ bl
2ejol Az ST

Hol T7 RNA 3 540 33 9 A

T7 RNA =¢84 AA+E Ecoli BL21Z transformationd}o] LB ampicillin brothol] X
ODexo®] 0.1-027}%] 7] ©& IPTGE HF¥FZE 0.1-0.2 mMeo] HA Hrtsle 423
¢ BY wiFE] FAAL ZZAE induction ATk Ecolig ¥4 Ee3d ANEE
X8 ¥ Harvest buffer®} 0.2 mM mercaptocthanolol] 32X 2] 2082 1RHE o
1.5 ml tubeel] 1 ml¥ vi5o] &3 thA] harvestdled -70C ol BAdtH|T) -70Co) »E
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® A XE A-100 buffer 500 z09} 0.1 M PMSF 10 & $1 sonicatorZ A ¥ E 23
sl AR} T AFA9 343 resin volume 108]2] A-100 buffer2
pre-equilibrium3} phospho-cellulose columnol] binding3} 32, ThA] 6ul2] A-100 bufferz
coumng A|&3 & 2uje] A-400 buffer2 elutiondtm THA] 4uje] A-600 buffers
columng AUt Z fractionS SDS-PAGEQ] ZojA] F<Q18lar 50% glyceroli}t 430 A
H @3t

T7 RNA 28490 g4 234

T7 RNA Fga4L 84 ZHE 93 run-off JA BHEE FH3IAG g =
He 20 e ETZ 40 mM Tris-HCI pH 7.9, 6 mM MgCl, 10 mM DTT, 0.5 mM
NTPs 2 mM spermidine, RNasin 0.2 unit [a-32p] UTP (30uCiumol)¢} H A3 A|FEA
2 dvd F¥ S22 = | ol T7 RNA SFEL 10 uitg F7Fste] 37T A
3087 yr8-3t ¥ Fo] stop solution (10 mM EDTA, 97.5% formamide, 0.05% Bpb,
0.05% XC)& A7l 287 72CAA] €2 713 Fo] 8 M urea 6% polyacrylamide
denaturation gelo] 20 0% loadingdt & A7)FE5dtd 2514 th Run-off HA} bando)
WAl 9] 94+ Fugi phosphoimage analyzer Bas-1800% ©]-£3}la] 3314t}

1. d3 9 nz

a FErHe &2

CIZ AR %)= replicating T7 DNA2] concatermer junctiono] A A hairpin-independent
termination signal2# ATCTGTTS] F7|M Qo] EAFTE o83 ALAE 7|22 2 A
oM E CI FAFAE 2937 Slgtd CF $24599 97IXE 4% £ Hind
%} Xba 19] AFELE ) E 7FAE 29 bpe) DNA adaptorE AZ3IPT (Mg 2 %
¥ FZ), ol ¥ adaptor& A2 annealingdlo], pUCHElo] PTHEZF- 97} €2 Hof
31 pUPTHE Hind [} Xba 12 ZehA PTHEZRE Z2hd ¥ o Ao 4ds
o 22439, olRAL ATEAL BamH 102 AZHAE T H¥Wsle DNA
sequencingg 3t 23 € AL gl en, puCizt FE A
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A
(A) A A B) ",
U A
c ¢ c=a
u.a U-A
B sy  rnBTI1
G. U T7-T¢ A:U
G=C U=aG
G.U c=aG
G.U U.Gg
U.G c=aG
U-A G=C - 6650
C=G A-U Site A
SIS A-U - 6652
c=6G Y
c=aG G-c
A-U| -
A-U cC=G
U u A-U
CUAGCA UUUGCUGAAAG 2 - 3
A-U
U- A Site B
A-UL 6675
A C 1
GGCAUCA UGUUGUUUGUCG
C
( ) T1 T2
PTH [

UCAUGCUUGCJAUCUGUY VUCUUGCAAGUCAGAUGGGA

(D)

CUGUGUCCCU AUCUGUU JACAGUUCCUAAAGUA
TR

a7 1. HALEZ signal. (A) T7 genome?| late regionol] %8t Td MALESZ signal, (B) E.coli rmB
T1 MAIEZA signal, (C) Human prepro— parathyroid hormone (PTH) 58 Atol| 9 x| 8t & A}
Z & signal, (D) T7 Ztolx] DNAS| concatermer junctionoll U= HAIES A signal.

Mgy W EAWo| T7 RNA Fa2 a3} 37

oY 9 EdWol T7 RNAFHEALES W& Ecoli BL21S AHE-3IAT). &8
Zalav|ert AYE Ecoli BL21-2 LBY AW A A HE3t IPTGE 3l 9y
ANZ3, ME FZ2EL 10% SDS-PAGE o] 9)3lad EXNIHUT}. AT 2289
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SDS-PAGE = IPTG| 93] fr=® A% F==A && Roz FEIA. PTG
EI 259 EHE o83t AE FEAY AEIHAIE FTEIFYL, HERE FE
d 9idEd AR FEA9M Jepgth Al o] MX F:Z29L phospho-cellulose
column chromatographyoll % 3}A]# A-400 buffere] Aelo)A A AE =3 SDS-PAGE
gel oA G bandE & 5= AT} (data not shown).

°F3¥ H AWl T/ RNA AL E9] AABAYE &3

oMY W BAWo] T7 RNA FFEASY HA BAEE 257 atal, in viro
A RAEE 293U oF AN T7 A SWA 48 ShA0)= DNAE
ABEL Pou Il A2l Y2, Z42e) b4y % SAWo] T7 RNA £HELSe
AL BAEE FASET (29 2).

d¥trF oz opFPe| T7 RNA FHALE phage HAL 712N HAlz}b dojg o,
T7 lysozymeo] T7 RNA 53 & A9 N-terminal domain®} palm Alole] AFL 31y
RNA FE29 A 848 dAgge Zol HZ Bx =Yt McAllister ef al,,
1981; Moffatt and Studier, 1987; David and Thomas, 1998). 28] ]2t lysozyme2]
ZH-g 712 B9 point mutation Al R FFFEAE 4z} lysozymes] sensitivity =
S7HIAY LAl E SAHMER A2 o]l B HYT. o3 SdHc 5L
Z}z} mutant X414 mutant X19 22|31, mutant BG8-46300]1, o]S& 821 x|} o}
U] x=4HE alanineg threonine© 2, 421 91X ] o}v]:=AhS alanineL threonine® 2, 1
2)31, 7028 $)X] 9] ojw]xAHS alanine-g threonine®. 2 E@Wo|r} Yojyton], o]l5L
lysozymeol] i RAEE F7HAZIAY AAL 249 588 ¥ole ALZ BY &
o} th(Lyakhov er al., 1997). =3+ 173 $X]2] arginine2 cysteine®. 2 E o] A7l
A& sequence 5013 HAL FH AL Folx2lt Ao HZ Bol B3 HY
o zbzbel T7 RNA a4 ofAy % EdWole] MA BHEE wus] 2
Adxt Z4zhe] Aol BRI} ofd Y vls] @ RoE Jehgth £3) X4}
Vg FRIT (8%), X199 BG8L u]3 FAHES HAT (33%, 34%). 11} R173C
= OE Eddolde 28 ARCE kI Aolrl (YT 23 okMAmTt
2% = o A 4t (19 2).
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. | ] I
wild X4 X19 BG8 R173C

Percent activity
oRN58388

a2 2 ofME 2 EHHo| T7 RNAZEE A invitro HAIRMEE FF. T7 AL ZTH 7L
AtelEl ZatAD|= DNAE HMStEA Pw Il XMzlste] MAL FH22 ALEs5iAch

oMy R Eguo] T/ RNA S aE2E AAFEEEN 53

PTH £723 9% A} EZAo|A Rho-factor independent termination®] loope] +Z& F
U-rich 22 9] sequence 32 ‘ATCTGTT'9] 50]3< sequence o HAIEC] F4
He Rl HZ B3 HJG

PTH AAIZ AR A ok L o] T7 RNAFHALES] HAFHEEA
Z=A317) YA T7 A A9 PTH AAFZA R 47 AHQl€ pUPTH E2v]
DNAZ A3 E2A Hind Il 32 & 3} in vitro transcriptiond} 1 Th. PTHAALE Z R 9 o
He EosAE AAFZARSY Wert F AR veigEd oA AAFE] 4

i e
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of A 43 AAFEZ sequenced AtEA §H EZFT Sbp AUA A AAF E
A=e RS BAFoh (19 3) In vitro transcription] A2 2 o} ¥ T7 RNA =¥ %
A 7\1_—_11?1—0]);} HAY FAEHE Rog JE T (64%), X4, X19, BGS Ede] T7
o ofgl el wis) HAF £Ho| ztzt 4%, 89%, 83%E ZIEE MO
=2 L}E}‘Xft}- HhE RIT3C EQ¥ole A9 MALZEZo] dojux g3 ALsiA A}
yPete Aoz et (8%).

2
>
ol
pop
m]n

Cl AALFRRSNA ofY 9 QMo T7 RNA $JEALEQ] HAZFEEAL =
3] FalA T7 WA 2AS O BAEFR A7 ALY pUC) BAAT|E DNAS A
S84 Hind Tl A2 E 314 in vitro transcriptiond}{ T} oA 3 T7 RNA ZFELE 20%

AAMERC] dojd wHA, X4, X19, BG8-4630 SHMo| T7 RNAZHELS S 22} 66%,
64%, 62%2 Antol} FAALFHC] He Aoz uEsTh RI73C T7 RNAZFELE A9
Aol HA @3 2%) AN AL Agshe Aoz Jehdod (29 4)

olgt ZE AF HHolA oA E T7 RNA FHAAE CJ] FAIEZ Hglo AALE
ZAET (20%) PTH AALZ A RN @AEZdol & dolkon (64%), SH o)
T7 RNA S0 9% - ARE BYth ol CJ HALEZA 2919 conserve®
L9 3FRE T/ Bol 9430z EA3A gkol FAF HALEo] A Holx x|
%1 AUty HAIAR DAZ IPEE Aoz M HET X4, X19, BG8-4630L BE=
PTH 3 CJ AAtFZA F-9jol QZstAl 248t Aol T7 RNAZZELE o}
ol ®ls} PTH AALZZAR A < 10-20% HA}FZHo] E71g0om, CJ AALEARS]
AME oF 40% HALE Aol F71slgth WA RIT3CE 0] AAEZD 290 73}
o Ao AALFA] Yoy AL FAEAT
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8

8 & 8 8

Temingion effidency

o

T7 RNAP

a3 3 PTH HAISZ FololMel ofdd 3 S¢d¥ol T7 RNA S8ta2e MASH &8
£, R: AL HAEE Run-off RNA M4 2 T: AL SZE RNA 44 2. PTH TAS
2 5217t &8 pUPTHE Hindil2 E2t AL FE22 AMEsict



08I0 T7 ANA S840 DolB RX)} OIS0TIK J= ANSEE MANSZ SA0AY BASZ0 28 224 35
100
)
c 80
o
o
% 60
C 1
S |
@ 40 .
£
£
@ 20 =
0
wild X4 X19 BGS8 R173C
T7 RNAP

37 4. CJ HAISE FololMe ofdd X EHHO| T7 RNA SEEL2 MAEE &8
. R HA AZHE Run-off RNA 442 T: MAF BZE RNA 442 CJ HAIBZ
7t & pUCIE HindllZE =2} JAL FEHoz ALESICEH

4T
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V. 7] 2

o) =B BRFAT AR WARGT vo|ejtATAE Y AL 3] 53
HAe
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