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Role of T7 phage lysozyme affected sequence-specific
transcription termination by T7 RNA polymerase
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HelglQ oz T7 RNA FHAEALE od FARIALE #A3A] e 10dd Alagoes
o} RNA FHAL9 HAEZZA|HY] i Z-DNA 43 a8 o3 AA7E Asdnt. T7
o}z o] & Ml o] FAdz T7 HobA] lysozymed HALE HAF}aL, HAAEZ
BFE "ok A T7 FobA] lysozyme F3AE thdd Fd HEH 4Yst pTllysg
A3, BFHAIA Ni-NTA column chromatography®2 &4 #2]31¢th. T7 dlopA] lysozyme
SDS-gelol| 4] @ Wl==2 #2131 o™, amidase T HA] &3 Th G7IHE 5013 A}
Zdel v = T7 3olA] lysozymeo] H&-E dolrr] 93}, rmB T1 AALEAE AL BT
8] AArAR EJMA Az w|xl= T7 HpopA| lysozymeo] F& FARIECH o] H3} T7
vtobA] lysozyme EA dtoll s AAIAF EEAH = EAES & & AUk

T7 RNA polymerase is a single subunit RNA polymerase able to accomplish whole transcription
process without auxiliary factors. T7 phage lysozyme involving in destruction of host cell wall
represses T7 transcription and affects transcription termination process. Therefore expression vector
pT7lys containing T7 phage lysozyme gene was constructed and expressed. T7 phage lysozyme
protein was purified to homogeneity by Ni-NTA column chromatography. Also amidase activity of
the purified lysozyme was identified. In order to understand the effect of the lysozyme on the
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sequence specific transcription termination, T7 transcription elongation complexes at the site rrnB
T1 transcription termination signal were made in the presence the lysozyme. The results shows that

the transcription elongation complexes are unstable in the presence of T7 phage lysozyme.

LA E

T7 lysozymeS T7 molx o] Hatelx HZo] g AHdL HAL AAAZA Y 9
golil, ol T7 RNA FH&A 9] N-terminal domain¥} palm] Aol T7 lysozymeo©]
AAL AAA] Ae] RNA FEELe) AFFoZM T7 RNA AL FA A
DNAS] Z%E a7 ZatAl stod Al ANE oA &2 ZsA s Aol ¥
At} McAllister and Wn, 1978; McAllister et al., 1981; Moffat and Studier, 1987; David
and Thomas, 1998). 18|t} HIZolEe HAL 9% ©A F sequence 5o|F WAL F2 <
219 PTH HAIEZA A9t BASI HAte) F4o Y 589 Frhle 9%F<
z= Aog Ry HYth (Lyakhov et al, 1997) o] T7 lysozymeo] Tjo}x]e] AA} 74
Ho| wje thFatA FEe WAL o o]F FaA lysozymeo] Fobx|7} B3
AEHS S5AA B2 JE 715, late gened] 2 F RNA FHaLS} A3
o AAE O o4 UoluhA B&A = slsold), AAe FAE FAAE A
ol o #7b7t ATk 2 & 9ok

olsh & T7 lysozymes) sequence Hol3 i 73} BAY AP A 2L
Qohis] sk, AAF AFHAe WA QF BYAE BAE FHL £ Ax A
2~He =314t} o= 98] biotino] Eoj3lE DNA templateE streptavidin bead =
aRNA dde AL AAE AAG DAY AANAF BEFAE 2L 5 UAUS-
ARG ERAEL AARAAA PA 4 FALLE BEA S ol ®XE A
A% BFPNSS wAER FAASA 20509709 APRrIER FAHD A IF B
AASL 42 F AR} (Shen, 2000; Song, 2001)

T7 RNA &AL intrinsic termination signal hairpin-dependent termination ¥}
independent termination®. 2 TFE ¥ T} (Macdonald et al., 1994; Macdonald et al., 1993).
T7 Tto}x] genomes] late regiono] $]X|§ TPE hairpin-dependent termination signal type
o] ¥ A< oot} (Jeng et al, 1990; Jeng et al., 1992; Macdonald ef al., 1994). & W
#) type<] hairpin-independent termination signalZ 221y 3 human prepro- parathyroid
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hormone (PTH) f Aol X 522 Y3 A0 nascent RNAE secondary structureS
HAstA] o down stream®] U-rich stretcht= termination efficiencyo] =8 3}c} (He
et al., 1998; Hartivig and Christiansen, 1996; Kwon and Kang, 1999; Lyakhov et al.,
1998; Mead er al., 1986). ©] typee] 739t replicating T7 DNAS] concatermer junction,
Ecoli rmB TI1 terminator, vesicular stomatitis virus (vsv), adenovirus DNA 1211
bacteriophage lamda DNAo] EA)3lY, FEAH o2 ATCTGTTY Fr|H o] &3}
o] signal& pausing &2 termination®] o] B 4 Qotn W3 o} (Hartivig and
Christiansen, 1996; Lyakhov et al., 1998; Whelan et al., 1995).

B A4340ME olg§ A4S blg oz T7 RNA 2 &9 sequence-E0]F A
AL F2AA F9 3l Ecoli B TI terminatorol] 9] AAME Ao #Ast HA}
QRGAANN AFA FAF FH2 AFEHe BAHNM 9FE vl T7 lysozymes)
719l sty otz 3.

I A= 9 Py

L
>

] = straino] ¥t hostZ M E.coli XL-1 BlueZ7} A}85 %11, cloned T7 RNA
o] W¥L Ecoli BL210o] A1&5Qth T7 RNA % &Ad gk T7 solx
T lo] 229¥ Fe}2u= pARI2I9 Z T7 Holx]| lysozyme fAHz7E 22
® pLysex F. W. Studier (Brook National Lab)Z 3E] wrgltl Al A% Ex=
E7] 9% BehAvS pKAG, pUWHE 239 uha (32387149 Aaaese
B oot HAMY F994  [a-PP) rUTP (400Ci/mmol)= Amersham phamaciag 3
B F4319 11, Streptavidin bead= Dynal MPC. Ltdo|A] +34th. T7 RNA 23 &
& R T7 3o}A] lysozymed AP A A5 A3 (Kim, 2001).
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e L of 1o oy

T7 lysozyme ¥3d U A A

T7 3o}z lysozymeo] WHL 938} pLysaeo] lysozyme A xS PCRE ZEZ3}o]
AFAAL Ndel 2 EcoRI2E A3l pET28a ¥ E ¢ AH1E4tt (2 1). o] A &
o T7 lysozyme - x}7} pET28acl] AU ® pT7lys T7 lysozyme L& WEIE A =23 Y
t}. o] WEE Ecoli BL2I(DE3)E transformation3}o] LB kanamycine brotholl 4] ODsgool)
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A 0.57bA] 718tk IPTGE HE ¥= 0.5 mMo] HA H71eto 4A2F T G wj <&
3lad induction A1t} E.coliZ 94 B23le HEXE X F washing buffer (20 mM
Imidazol, 300 mM NaCl, 50 mM Tris-HCl pH8.0)o] HZ R 1/10 {2 =
sonicator2 A X E EHAFIZ 94 Edy FE9E oA 35 F Ni-NTA
affinity agarose columng %3} A|Zth 18|31 thA] washing buffer2 column Hule] 10
v 232 Mo] ¢, thA| elution buffer (250 mM Imidazol, 300 mM NaCl, 50 mM
Tris-HC] pH8.0)S. 2 elution 3t] &Y bande] T7 s}o}A] lysozymeS FE3 A0t

T7 lysozyme Fi 9 84 &4 - Amidase &4

Amidase €4 T7 lysozymeo| 748)X ¥ E coli XL-1 Blue X9 Zaste &8

£ spectrophotometer2 ZA3}] 7)1E3 4tk ODwooll A 05742 71& AZe 0.1 M
EDTAE 713 & AgolA ¢ 5 E5< incubation 311, MEE thA] 2 ¥ PBS
bufferd] VEIA)A ALE317] A7A] 4Co BBeATE AT ZA-L sensitized 4| X 1
mLo] AAF T7 lysozyme 5 pgS 713 ¥ ODewollA Q) W3S 37ColA #&A3IAT

T7 RNA $3aE 40 AA A% B34 A= 2 F271% &4

T7 RNA Z8E29 HAL 93 7132 Golry] 943 oA AFF pKA6 R
pUWHS] PCR productE streptavidin beado] TAHAIZI & FIHo= sttt (Kim,
2001). 3] &)= 1X transcription buffer (40 mM Tris-HCl pH 7.9, 6 mM MgCl, 100
mM KCHZE 3 AX beadE MolF UL, HF buffer ¥ E 1X transcription buffer =
Aoz gZo] 91, 1 M DTTE 10 mM 2 %50 Ho] FA3, T7 RNA F &
AE streptavidin beads} FHFOZ FFo Yol Fof F2oA sEFL WA T7
shol] lysozymeo] d&-& B8] T7 RNA Z§EA] 10ue) 3Fete T7 HolA
lysozymeS $o] ¥H-§-3}%rl. 18]3 1X transcription buffero] 0.5 mM GTPS} 0.5 mM
ATP 181 0.05 mM CTP Mix 4 yE 9053 RNasing pF 5 unit A= P4
oF 2087+ wre-E gl 182 1X transcription buffer2 3 A UL, a-p32 UTPS HZ
X% 033 pgMZ grEo] Yol F 22 %QH room temperaturedi A WH$-3th i
1X buffer2 38 He F ztzte] &g g7 AMduith 0.05 pMe] GTP Mixyt CTP,
UTP, ATP solutiong H718te] of 28E<t wtg3lgnt. ztze] yh$ sampleE-& o 5
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w0 dispensed}o] stop solution (12 M Urea, 10 mM EDTA, 0.05% Bpb) 10 (& Ho]F
o] stop A1Z1 F iced|A H#EF F 72Co|A 28 E8 718 £ 8 M urea 10%
polyacrylamide denaturation geloll 5 ¥ loading 3t A 719 % 3ttt

Il 23 9 13

T7 lysozymeo] ¥ @ Ei

T7 lysozyme T7 mpopx] FA} Al ciz) 74x1e) Tikg 7158 2 Aoz &
HA Atk 2 FolA HEHOE gholx7t £FAHX FES T F FopA7t AE Wl
M AFHoE EAE F AMEYS 1 & o, lysozymeo] 2§33l NEHS F1
UL AE 3 amidase Ado] i, RNA FEAEAT AAL FZA 9 AjF3te AL A
2}3}7) o]HMell RNA FHEAQ HAF £ZA AFF 9ol 233l RNA FFEL9 A
AL 714 DNASH AEE & + U =o] AL 848 JAAIIE FA8E dvxn B
=9t} (McAllister and Wn, 1978; McAllister er al., 1981; Moffat and Studier, 1987; David
and Thomas, 1998). 18|31 FZo|¥ sequence Eo0]2 A} £ 7|2} A lysozymeo] A
b A BeS F7HIUYE Bt Qo] (Lyakhov ef al, 1997), € A@HAME o
23t T7 gholA] lysozymeo] #}-&o] A T2 A& VA€ YL Yoprsirh

WA N-terminal Zol 67 2] histidine tagS YU + U+ pET28a ZEpAvw|=of T7 o}
A lysozyme FAAE AUYAA PTGE 2dE & de HE pTilysE AZFIAY (28
1. o] HElE 712 EcoliE IPTGEZ F5EA)A lysozyme FZHAE W@AZA D, 2 A7 o
17 KDa 7)o} Az dHAS A& F AU o] ¢HAEL F2 HMEFEE 43|
B A2 FE5 oA Ni-NAT columng ©]§3led FAE s <F 250 mM2] imidazole
elution bufferol] 4] &< bandE AT F= AT olS AP ALLsIGTH (2 2).

e B T7 lysozyme2 B AYPHoA F33gtd Kil lysozymed} =27]9} Z&-
71zke] A9 frAtsttk &l A gtk (Yoon, 2000). 12jv} K1l lysozymede &2l 37
CoA IPTGE S =417 2agi o) & 837} 5 o] Ni-NAT agarose columnS. 2 4 A
AAZE 7bs3tATh ol¥A LojW lysozymeo] BAHEE FAHI B A lysozymes)
IHe 848 7HAE Aoz vend, olFA o lysozymeo . FAAL AR7] 2o
Aol HMAF A FFE WA A B AT (2 3)
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F1 origin Ndel oR1

pET28a

Kana lac I

(5.4kb)

PCR reaction Ndel, EcoRI
Restriction

l Ligation enzyme digestion

lacl

a3 1. T7 Thotx| lysozymes| &g 23t YE pT7lys A =,

(A) (B)

a8 2. T7 Tlotx| lysozyme2l e 2 E2|TE. (A) IPTGER 3704 w&HA|Zl 77 Thotx|
lysozyme2| 8. lane 1: uninduced, lane 2 : induced, lane 3 soluble fraction, lane 4:
insoluble peflet fraction, lane 5 : size marker. (B) T7 TtotX| lysozymeel 22| T, lane
1: soluble supematant, lane 2: Ni-NTA column unbound fraction, lane 3: 30 mM imidazole
washing fraction, lane 4-6: 250 mM imidazole elution fraction, lane 7: size marker.
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Aridese attivity of T7 lysazyme
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a3 3. T7 1totx| lysozyme amidase &AM T =X assay.

AA 47 A9 AAGRERA A=

T7 RNA FRELE 7HA3 A 9% EFAE A=x37] 8o 5% biotino]
EoldE primer® 7}A 1 pKA6 ZelAv|=F PCRE}S] streptavidin beadol] oA
walking @& FH3AT, 1 FA} 22~4imere] AAZHA HAL A4F EFAE L&
T ARH (O 4). o)gk 2L <HFHA HAAL AFEFAES AT = AU, o] A
258 o] &% HAAR DACA Y HAAF BFAE G FE HAd FAAR
SA A o] ¥stel] #E GME AT A2EL BYIAL
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L

222324 25 2627 30 31 3 34 36 37 3B 39 40 41

pKA6 DNA sequence
GGGAGACCAC AACGGTTTAA ATCTAGCGGG ATCCGGCTGC TAACAAAGCC GAAAGGAAG

33 4T7 RNA 830 MAIHE SEA 4.

A4 43 ACIN A4 £ AR mB T1, site BolA T7 Tholx] lysozymeo]
nXE G 24}

T7 s}o}x] lysozyme 4] ME|A AFHAXC] sequence-5o]F HAL FZAJAA7L
UE gl Solyoz AA A9 Agd AAHY F¥E vFdn B3 HYH
E3 EFREL FAog EGHo] 271 T7T RNA FRELE 7479 AA 4A%
of 4EgA7le A7/ EsHA AL Y, B AFLAMT o2 Hel FHets)
o AAL FHAA S F= Aol T7 RNA FHAELEF T7 FolA] lysozyme
9 715 dg AFE JPs Yok F3| AL FAUA F2ANY HAL 9F @
Ae Zzte] 9ol vty 239 459 Folg Holn Ux, ¢ BE HF
A AL A% ¥ Fo Ao

rrnB T1 site B A A= Ecoli®] AAL FAd A Rho-factor independent termination
9] loop®] FZ& % U-rich £ 9] sequence F22] ‘ATCTGTT'®] 5-o|&Q] sequence F-
Hol] AALEe] FAHE Aol HT ¢3RTh TolR] HAL A" AXM o)2F FolF
Q] sequence= PTH terminatorit} CJ terminatoro)l M= A o] ==l o]# 3§ sequenceol
A terminationo] =& o] olF WA LA A Ftrh

B Ay e olgd HAL dASANMY B Tl, site B AL FAJAAY] 2HE-
712-e Golrgitt. 1 AT sequence Fo|F FAJNARIZNA HAte] ARGA Y FH
o] doju} v o) AAIAFTAZ: LoltA] FUth (A 5A). ol FolFHA FEY
Ao A= RNA FaL7F AAL E2JAE QRS FHAF /HAE 3HRo] ojwd RNA F
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FaLol 3498 P2 WEH oA bW AALES] U FFOZ HA
A9E A0 390k £ 17 HobA lysozymeo] AAAFA AN M} AAE A

A E G AT 2 A, T7 lysozyme FAP FFTA o|Hel] whgF AAL
AR dAAME AP dFER dAATe A2 YERT (2| 5B). ole HAF /A
o) lysozymeo] RNA F{HEAF Ajste] AAL NAIE 32 Z3HA 3t Aoz 5
o] a1 rnB T1 site B FZAQ12} B2 A stopA]7l bande] X7} lysozymeo] & A9
Hl3) 3v)3t Ao Z Hol BRI AR BFAV PAHE AoE F2dr)
(A) T7 RNAP only (B) T7 RNAP+T7 lysozyme
ud -
o e o % - as
3 §§
*
; g i e 2
;~ -4 E 4
24 31 34 42 51 52 54 56 Run-off 24 31 34 42 51 52 54 56 Run-off
(C) rrmB T1, Site B terminator sequence (pUWH)
5'- GGGAGACCAC AACGGTTTCC CTCTAGAGGA TCCGTTTTAT
CTGTTGTTTG TCGGTGAAAG CTTGGCGTAA TCATGGTCAT
AGCTGTTTCC TGTGTGAAAT -3
3% 5 B T1 site B MAMSZEQolAMel T7 RNA Sat& 49 iy MAAZHE3ta otM.
(A) T7 BRNA Sgtg40t2 o] 23lof 1125_9. CHAlY MAIZE E8tA, (B) T7 THolx|
lysozyme7l' HIIE T7 RNA S8t542 w202 M =8 chHl MAZ 28, (C)
HAFgoz AEE mB T1 HAISZE 912 DNA &7(AMd, 238 H7)l= oAy

HAAE S| stop H& Q.
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