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A --- adenosine

Abs --- absorbance

Amp --- ampicillin

bp --- base pair (s)

Bicine --- N,N-Bis (2-hydroxyethyl) glycine

BSA --- bovine serum albumin

C --- cytidine

d --- deoxy

DMF --- dimethylformamide

DNA --- deoxyribonucleic acid

DNase --- deoxyribonulease

DPase --- DNA polymerase

DTT --- 1,4-dithiothreitol (threo-1,4-dimercapto-

2,3-butanediol)

EDTA --- ethylenediamine tetraacetic acid

ELISA --- enzyme-linked immunosorbent assay
EtdBr --- ethidium bromide (3,8-diamino-5-ethyl-6-

phenylphenanthridinium bromide)

G --- guanosine

GC --- gas chromatography

HPLC --- high-performance liquid chromatography
IPTG --- isopropyl-1-thio-B-d-galactopyranoside
MS --- mass spectrometry

NTP --- nucleoside 5'-triphosphate

OD --- optical density

PAGE --- polyacrylamide gel electrophoresis
PCR --- polymerase chain reaction

pH --- hydrogen ion concentration index

PMSF --- phenylmethanesulfonyl fluoride

RNA --- ribonucleic acid
- SDS --- sodium dodecyl sulfate

T --- thymidine

Tris --- tris (hydroxymethyl) aminomethane

U --- uridine

uv --- ultraviolet

VCR --- video cassete recorder
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Y7 RATE300 nmBl EiCh /-5 R, ChITOREROFL, LK
WDONTELATIATA Y IOEHEIOmE Y ELTWA, chid, (1) &8
BMENRTLZAZATA Y TOFHRER (1P 52sec) EEFRHOTRIOHEINT
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Single-Molecule Dynamics of DNA-Protein Interaction

§Summary§

1. INTRODUCTION

Sliding, one-dimensional diffusion of DNA binding protein along DNA, is
a mechanism proposed for translocation of protein from a site on DNA to
another. Gene expression and regulation require binding of proteins to their
specific sites on DNA buried in numerous nonspecific ones, and such binding
may be facilitated i1f the proteins utilize the mechanism. So far, sliding has
been suggested for several DNA binding proteins from kinetic studies.
However, some studies provided negative evidence, and the intermediate of

protein sliding along DNA has not been identified yet.

2. METHOD

To demonstrate the sliding, I have developed a microscopic method for
observing single-molecule movements of DNA binding proteins on "DNA
belt", in which DNA molecules are stretched in parallel and immobilized
onto glass slide. I applied the method to E. coli RNA polymerase holoenzyme
and P. putida CamR repressor, and directly observed their dynamic aspects
of DNA binding and migration along DNA. To visualize the proteins, I used
rhodamine-avidin as a fluorescent tag, and introduced it to single molecules
of the proteins using biotinylated antibodies. The meoedified proteins

retained their respective DNA binding activities.

3. RESULT AND DISCUSSION
When the solutions of the labeled proteins were injected between the
cover slip and the slide, bulk flow of the solutions took place and the

proteins were driven to the DNA belt. Observed traces of protein molecules
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passing through the belt, in both cases of RNA polymerase and CamR
repressor, were grouped into four modes; (1) "Simple drift" due to
Brownian motion; (2) "Trapping” at specific sites on the immobilized DNA.
The location of the sites agreed with the positions of promoters or operator,
suggesting specific binding of the proteins to DNA; (3) Repetitive
movements in and out of focus as if the protein molecules were "jumping”
against a bulk flow; and (4) "Sliding” along DNA with the direction parallel
to the immobilized DNA. Modes (2) to (4) disappeared when the DNA
binding sites of the proteins were blocked with heparin or free DNA
fragments containing promoter or operator, and were not found in the
traces of IgG protein and oligonucleotide, both possessing no DNA binding
sites. Therefore the binding to the fixed DNA caused modes (2) to (4), and
mode (4) represented sliding along DNA. Jumping may be explained as
sliding along DNA casually looped or vertically oriented.

Sliding was the most frequent among the modes, confirming that it was
a true activity of the proteins. Since both RNA polymerase and CamR
repressor showed sliding, it may be a ubiquitous mode of DNA-protein
interaction. The same molecule sometimes exhibited both sliding and
trapping, suggesting that sliding participates in promoter or operator
search.

In the assay, sliding frequently occurred within a matter of seconds,
consistent with the association rate constant as previously reported.
However, RNA polymerase and CamR repressor apparently translocate
along the immobilized DNA over several microns, which are longer than the
mean sliding distance of about 100 nm estimated previously. The value of
the distance is far below the resolution of the light microscope. The
observed long-distance sliding is expected if an enzyme molecule can slide
during a certain period within the lifetime of non-specific complex, giving

longer sliding distance with faster bulk flow. In my observation, the period
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seemed to be 1-2 sec, correlating well with the lifetime of 3 sec previously
evaluated.

The microscopic method was applied to address not only dynamic but
static interactions of visualized CamR repressor with DNA in the belt, in the
presence or absence of its inducer, d-camphor. The inducer inhibits only
trapping of CamR (specific DNA binding), but not sliding (non-specific
interactions). The microscopic assay showed that CamR repressor weakly
but specifically bound to several sites on DNA other than its original
operator, indicating that so-called "non-specific complex” is a generic
expression of a dynamic complex such as sliding state and a static one that

is site-specific but too short-lived to be detected by an assay used.
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h. #RIZ%H L CTvon Hippel 542 & 0 3D A H = X AHREI N (Fig. 1-1) 7
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1TGFIFAFITAIIDIEEZRHALET v A ET, FOFEECHEEEY T8
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ATATAYTDT v ETaTE LIz AR EFig. 1 2ICHRT 5,
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Ur525L8bNb, DNALDY YRS TRBERBBEAITAE. DNALKEL
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Fig. 1-2.

Concept of the direct assay for sliding.

Single molecules of DNA binding protein are visualized by fluoresecent
labeling (vide Fig. 2-3), and their movements are traced. Absolute value
of the direction 8 is monitored with respect to streched DNA fixed at 0°
{lower panel). DNA molecules are immobilized and extended in a common
orientation by the method as described in Fig. 2-1. If the protein slides
along DNA, it can be traced as a straight movement in parallel to the
extended DNA (right trace), irrespectively of bulk flow.
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- HOREBREICE., FEERBEMER) OMINI JARFERMENTOR M-100E! (1.5 134%) 4
(BR)FLEE/ A + LV OMDL-ACRE (8134E) 2B/,

- OB #IEKriens-Luzerntt B OKINEMATICA CH6010E! 7L > ¥ — L TOMYAE T4E D
UD- 2018V =7 — & 2 HTIT ko 72,

R CEEELTTRED L EITE, P -HORLI01BZ AL 0 -5 —TS 7L B
CTHA L, BEY % & XX EIZHOSCRIS-BEIL 7 v /b0 — 4 —RPR10-2F 7214
202%BFEH L7,

- FBE MIBECKMANATE DL5-508 & 7 & )b 0 — & —type-35% BV THT 72 o 72,

3. EXKENICET 5B
ek & v X HOBESKE), #a, THRIL. BLUBABREL B0 LB
oY Vit ot LS VS DB IIMorisey D HiEY 12X o 77,
BT VAT AI - XS NVERKENIER) T RN AROMupid-281 (2 =50)
7 —HROBIDOAE-61108 (KB V) #EWT, SDS—PAGEZ/-RERT 7V
VT I RN TOERKENLT b —(FRBDAE60508 2 W TENENIT R o 72, BIE
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#5228 13 Kikusuitt BLPAB-3208 % i L 7z

- RNAGZEEYOSEES 5 VIZDNABERNOY — 7 w723, 7 F—#ERD
AE-614088 % . BIORADTHPAB-3208I 2 B & L THEE L7,

A= FVFTT T4 ~13, BT A NVAHDFUIIX BAS-2000% H\V T 2% o 77,

4. ELISA
F 230 106t o 77, Falcontt®No. 39157 L — b B & B2 S 5E () BL O MPR-A4T <
A207v—b)—=F— (FHETANF— 27405 m,. ) 7 7 L ¥ X600 nm)
TRV, BERICICTIE TR & L Tgoat anti-rabbit IgG Peroxidase conjugate (EY LABS#)
& Peroxidase Substrate ABTS kit {VECTOR LABORATOLIES+L) #3&4R L 7:,

5. BEER(E
B IER) A ) YA BOBH2BI R L7, HAEOBRIIFEH O ES IR %
BRFL BHSEU L BFFH L 7o BRIED A X — T 0 I3RS F b = 7 A @B Dsilicon intensifying
tube 7 A 7 C2400-08% ., GEHERILIMEME, HEENE £ OME <« O FHAIE T S5 RS
HrEEDVS-3000% Fv>TiT7% o 72, FL§kidPanasonictt® V C R, AG-7300E! X AG-7500A%!
T{T % o720

6. O

- JEBICIETRCMILIPOREH DO Y )V F S 7Y — T 4 V& — 2R L7,

- EEME R I TOMY B L OMCXI1508 % 2 VW IEMRX150E T %2 o 72,

- EATEELL, BEEFIT DV TIFSPECTRUM MEDICAL INDUSTRY#E > Spectra/Por 3 1) -
A OBEEFTBRT A X ERLCEOT IR L2, Bmlt B 26{ORE > &
Hrd s e &2, SHMEFEDO LT — R F 2 720-32-100% ER Y (5o THHRIE L
Th bRz,

BE. BB oldHlRaG. RERMTEH L,
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(BEEBOHE—F)
1. & %E

- casein¥ VXTI T VA ) AT ERMLER (T X D ribonucleaseRETETE AR - b D B A
R A FE R KGR EMEREFBERORREREE L V522w,

-aviding ¥ N7 HIEKEILFEE) P SBIWHBRO D DA L THA L,

- biotin (vitamin H) £SIGMASUREH L 72,

- ZNTP, dNTPIXY < EHE)» GBA L,

- FGIVFT AV N —TIEICNIEALEA L TH W,

c Amp G RIEMRBIOESH T Y EY Y Y M T ARI00mg - mI DIEEICR S LD
ICDMFIZED LTHER L7z,

- & N FOEMHENE., BEAZEE B D guanidium chloride 2 B EEIZEDI L7726 M
TS MIBEOBBRYER L2, T2, Y /37 @728 Ophenol-chloroformiE #E (|
Y ICREVWEAR L 7.

FOMBFITEDO L VIRY | ALFELIFRM ZERFEOPOBA L THER L7, B

SALZEDY YRGE | FFEYWERAFIRESEORLFEH L, 72, —BHNLER

EORBEFRHEE TS O 1o,

2. B W
BUG - ML SR WIS ER O AR - RBEIIROEB Y,

PBS «++ 6 mM Na,HPO, /1.5 mM KH,PO, [pH7.9], 137 mM NaCl,
2.7 mM KCl, 0.02%(w/v) NaN,.

S-Buffer «+» 10 mM Tris + CI' [pH8.0], 50%(v/v) glycerol, 200 mM KClI,
1 mM DTT, 0.1 mM EDTA.

TE ++» 10 mM Tris + CI {pH7.8], 1 mM EDTA.

TGE --- 10 mM Tris - CI' [pH7.6), 5%(v/v) glycerol, 0.1 mM EDTA.

TGED ++- 10 mM Tris + CI' [pH7.61}, 5%(v/v) glycerol, 0.1 mM EDTA,
0.1 mM DTT.

T-Buffer ~+- 44 mM Tris - CI' [pH7.9], 10 mM MgCl,, 100 mM KCl,
1 mM DTT, 400 pug - ml'" BSA.

T4DPase Buffer  -+- 67 mM Tris + CI' [pH8.8], 6.7 mM MgCl,, 16.6 mM (NH,),SO,,

6.7 uM EDTA, 1 mM DTT.
ERRICBEWE DR FNFNOEBETOAER I N, FOHERLEINS,
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CASA FTIAERBMELCBIT DTN I BEEEO/ER>

Washizu & D Fik* 1% 125>, physical vapour deposit (P VD) Hd A WIdky v r7s
TA—FEITTHRBL, 72720, A5A4 VTS5 2A0RGKEICE. V9 AEmMBLT5 )/
— VEDHLT T b % B 7z ®potassium hydroxide Tid % < . 2 T ABRRE (12.7 g/ 100
ml D postassum dichromate AFTIZSO mDBHKEE R I 20 D) R EH W,

e

- PVDIZIZ, (#%)Nilacottf ¥ > 7 A7 v R — } %45 L /2JEOLH D JEE-SBRI B 7o %35
EEZHEAL,

KV VT T T4 =B LT, A Y I— MIMIKASAH O 1H-D3BI 477 - 77,

-E U CRES BEASELT) 23, FHMAI0EZ Bwi,

S

TN IBBERBOY Y I A7 VRIT A (716 mmX26 mm, ¥ v v FHE100 um) .

BRBREOEEERGEI B/ I NI,

T I A (LOmmiEX10m, 99.99%FEEE) (X(H®K)Nilacott LA L 70
A5G4 FFTTAT6mmX26 mm)E A/8— AN w7 {18 mmX18mm) EMATUNAMIAE
BoborFER L,

F ARV LU A MR EBREBEIE, FRENSHIPLEYH 0 S1400-25 & MF-319% v 7=,

C Iy F VT 40% NHF KB 600 ml £49% HF KB 100 mlE RA LTI L 72,
PVDi#

BEUAGAFTIAEY YV TRTU=RAI %I v TS LTHEEBFEBEO LT ¥
~PIUCRBE L7 NV Ty —AOEAD0 PALLTOEEILELZEIAT, L2 LD
T AT YR=-FLIZEPNRZTIVIH (F30mmR) 2»ERSE, vAZIBbLAT
WRWHZAEFILT VI OEBETER I, v v TORF—BRTERENEIL VI
FHoTWADDEERBEICTREL, FRUEFE DD F I r— 4 —hTIRELY,
HIVVTTT 14—

PVDIHIZED TN IR —HIIEESIRLAF5A FI32ERICEI VIR M2 EGE
EEL, AT —F 12X D500 pmT5 sec, & 5124000 rpm T40 seclfldE X4 TH—I
WAL Ry PTL—FETRATA NTTAERE110 CTTS0 secllBofz s &7/25%, ¥
TAT VAT %24 L TH#INS5 secD MBEAKSEIT T CEHE . 60 secHEHER D IZRE
S, BEKTHESLBABEEPECEL, 140C, Smin®OFA MR—S % Ty F 7
WIZ20minl@E S E2, Ty F U VUBEREKET L Y TTLVIZRBSE, BEE
DFEY v TR EER L. MEARELIT RT3V —8 —hTHRE L,
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( “DNA~UV F" OFRY) < 10 11, 18)

e
i

- BB BE R A SE |2 I3INF ELECTRONIC INSTRUMENTSH O FG-1617 % F L .

IWATATERISSTE0SH L 7 R a— izt > CEImFE 2 v ba— i L7,

- NV DD NAGFOGHIRE, 3 RITOELE M iEMeridian Insighttt o L — 4 — 3t

RS Okemis MIZS % B W CTHIE L 72,

+ T 7 AD111 DN A B X U\ Sam7 D N A B A5 RFER K F £ R RHE T

FERDOIRKERELE,P SHFENLDOEERL /2,

CTNVIERAZA N AERIAETHB LD 2FE o 72,
* biotin-dUTP (biotin-16-2"-deoxyuridine-5'-triphosphate) 4Li%E{ZBoehringer Manheim(#k) 5> &

BEAL
Hik

(1) F a2 bIIT4DPase Buffer & 2.7 units?®T4 DPase. 2.5 nmol®biotin-dUTP, % T
10ug®»T 7 ADI11 DN A 72130l Sam? DNA% L 9, 37C, 20 minfiA4 ~ % 2 <~
MLz (EEFR0u) o 72720 ADNAZH WL 2 IXEEZRMETIZ60 CT10 minfi .
MW TRETIOmnBEE T2 L1250, cossieflTOT=— ) V72 BH L2,

(2) 3'—>SexonucleaseXILH, #iBE1 mM%DAATP, dCTP, dGTPIR &M% kL T
E54205hr A V¥ 2aX— b L7z, FD%0.5% S D S & phenol-chloroformiA i T % > /3%
Z (60 °C, 10min) %4T%H->TH5> ¥ | e RRIEOINTPE B WHEIZEEK, 4°C,
6hr) LThRW/:, UVEEPODNARBELHEREL (IUEFES0%) . 0.7% 70— A4
BRI O BB OBBE B — 2R L,

(3) biotinEVDNAIWEASINZZEXHERT LD, TODNAFEI nME avidin¥
> 732 4600 nM % 300 mM sodium chloride E B TEHF M P TRICSE TOT% 7 A e — A 7L
BREKBTHNLA 'Y, DNADKDBPELRLZ Y| avidnfEE T TREEIF L DY -
WpbLIFEAEEKBIE N Doz, TOEHI BTNV 7 FERIIDNAREA~D KB D
biotin VRN X Y EEE S N7z L 72biotinB ARTIDODNA IR I D L) ZavidinD EEIER
Loz,

(4) PLEDOL ) IZFHB LD NA1 pgd DA & avidin 0.4 ugd- D AGE# % BE K20
pIZHnZ TER T30 minKE S, avidink DN A O RBEIZH Sbiotingk & 2 3€ 72,
N0 615U 7T VIERATA P/ RABRROF v v 70T CHIC
WTL, TCRIB/ABRBEEDEN (1 MHz, 107 520K Vpp - em™) #BAAE L 77, Rk

-20-



WZHN=AN y TRFEO LS00 530 minfl], 1 sechH BEAMH LB ETI 0 X
DDNAGTOFERE TR -7 (DNANL b Fig. 2-1) o avidin® H 5 A EE~D
WEZLDDNANXNWVMEIATA FIIAICEEEINE,

(5) BEZLD, #/3—20 vy F2ET LBEATHESEL TP 5, casein (10mg - mI*)
KB TH 7 ABTO L% —RBiCH I I EERTRELTEL A5 VS0 EORE
PR L7 FILWIEELR ANy SICb R -5 4 7 %2BL. DNA~L R
DEITEWZ,

(6) W FDEXEEXHESL L XIF05ug - mI'DEGBrCHRE L TH S BEOHEKET /-
SHEESEME R CTAHI L (Fig.2-1. Fig.2-2) o 201 mM MgSO KB T3
hrifi & L 72,

(RKIBERNAFR) 25 —F (BF£E) DEa)

Burgess-Jendrisak ' *’ | Gonzalez' *’ L O EREEI L, BRICHET 5T TOHRME

4 CTF TR o 72

513

c T NI T A —IZATTOMBOPERISTA K> 7 TATH WV, F55F4 v MBI
R+t MAC-S900E /T 74 v b2V bO—-F - 24 L7z, MHEEH (UV280 nmTE =
& —) LHAEFHIFE L  ACS200LE B L UFSI-346281 % B L. % |ZPharmacia LKB4E
D757 a7 ¥ —RediFracll2 iz, A7 ARBETICET 603 &R
LTHERLZ,

- DNA®VTO—ZAA 5 AT O LS IZHRB L2, 150 D TEB#120.3 gDsalmon
sperm DN A (WORTHINGTON BIOCHEMICALfL) & 100 g fibrous cellurose powder
CF11 (Whatmanfl) %z, HHEICLL2F T2 hffioc, SThETY /— NV ITEE -
WEL PO, PIUVALNIZ—F—TUVH (254nm) 2L BBEZ2hiT% o772,
Buchnerfg - % -» T L SEMED T I RAE ¥ /-%., TGEDIEBEL TH T 4
(BIORAD##{2.5 cm LDX50em) KFHETA LKL, —HIDBEDZRLY . Eibum
(30 minfIPARAK P THIE) L TEML TCADNARZUVEEIC LWV EE L EZ A,
cellurose BEL mEBE~DDNADEELEIZ01I mgTh o 72,

- TFVREN T AT T T T 4 —IBIORADFL D Bio-gel ASm#% 844 & L, Pharmacia
LKB# 2.6 cm LD X 70cm* — 7 > 41 T LCFETA L THW,

CAFA VA T LA ST T 4 —IEBIORADE D Bio-Rex 70% Pharmacia LKBE®
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26 mILDXT0cmA — T U A T AICHFEEL TiIT k- 77,

- HERE OFESRE, HORIBAM B OEERIHCITBEFAVWELRGEE 2 HE L TH% -

775
- REEHEKI28R (BFERD 1, BELEEENEIEEEETT Y v ¥ — Ok M4t

RE IR THET7— AV Y —%{FEH L TSIOLBRMF T4 B ABERL -,

BEIEDOT7 7 - X5 —TOREREBETIIAND: EFORAWEIER Lktot, &

B E WA OD 5= 6.0 E L BEE AT 2V, BH300 g0 k%187, Zh 80 CTmE

HRE LIz,

"POLYMIN P (BRLAt) {X10%(V/V)DZKIEHE & L. hydrochloric acid CpH % 8.01- FH% L 72,
- BRICHWLBRO ) bMHO DR Tt LB,
G-Buffer === 50 mM Tris - CI' [pH8.0], 5%(v/v) glycerol, 2 mM EDTA,
233 mM NaCl, 1.1 mM DTT, 132 uM PMSF,
130 pg - ml ' lysozyme (FOSGAESE(K))
PiG50 *++ 40 mM KH,PO, - OH" [pHS.0], 50%(v/v) glycerol,
5 mM 2-mercaptoethanol, 1 mM EDTA.
HiE

(1) 150 gD EMAE%IKE L 72G-buffer 450 ml?D d TREFEF. 0.2 M NaCl,/ TGEDYAHE % 600
mifl 2 T7500 tpm T4 C, 1 heila L 72 L% & 0. #iBE057% 2% 5 £ 9 POLYMIN P
* L CBALTKFICEE L,

(2) 6000rpm. 4 °CT30 minf] D&E-0TikB % MU, 4 Z-~0.5 M NaCl,/ TGEDB L »
600miNZ T7 70 Y REVH AW —C L D iLEEE 510 tkis L7z, BERLChB Y,
AR i121.0 M NaCl/ TGEDBEHW 2600 mI A TTF 73 ¥ A€V + A F—THiBT 22 & T,
EARDP O RIFHIICAH Y AT —E 2 DEENL 720 AEREBRISFE L EIREICLY
RV,

(3) ZDLE (400ml) 12140 gD(NH),SO, %M L4 CTI0 miniEL T 5,

8000 rpm. 45 minDE L H AT V¥ YN HOTEE% 1877, TN % 385 mIDOTGEDIZHED L
ZD4TCTOERCEEL6.5mS - cm” (NaCEEBREHESE L #0.15M) (C59% 7=,

(4) ZFDO#F€0.15MNaCl/ TCGEDBH CEFL LD NALV T — 2D F—F %
Z AW HE— F L., /EREMTGED, &E60ml-hr', /7 F4 LY FE— FOISMASI.0M
D NaCHEERBEL, 20heDT 74 =574 =20 574 —%4Th ot ZEESIZDONT
RNARY A —EDEtz@E L (RIE) | EEES240m%* B, ¥ 37 Hidsd
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gD(NHY,SO,ZIRAN - AT A Z L2 & o THbEREIX L 7=,

(5) ZOLB %30 mDOTCEDIZE# L TIEHENK0.5 M NaCl,” TGEDA ., ## 100 mi -
ht's 6hiDTFIEEI S LT TN T T 7 4 — 24T o 72, FREC L CIEME 5100 ml %
B L . 200 mIDOEFI(NH),SO, KBEREFECT—BRBERY v T E &L L7,

(6) LETEREEED0.6mS - an' 1275 % TS-Buffer CIfE - FHRL Th 5.
Bio-Rex 704 T A2 0 — Fik, HEW0.3 M NaClL/PiGS0E#. f#E12ml - e’y 11 D&
L) FOBERT, & 5128 L THERER0.8 MNaCl/PiG50{E ., ME12ml - hr'y 8
hWMDAT 774 XERETLHITL LV a7PREELY, FAFRLBRL /-,

(7) BLOBRELR) OBEFIS0gTL ) —FdHIEL, BRI FOEEOmg, 37
BEFoo mg e BAME TR (UVHIELLUIISDS—PAGE &EREI12L2) . 2h
% dietyl pyrocarbonateflL3 | 72 S-Buffer % S 1Z U CEHT L-80 CTHRIEL 77

(RNARY) AT —YOiEtElE)
1. BAEEBS~DOBRITHEDI Y Ak
(72 & ZITREH(4HIZBWTO)

LOmIFF 2.y MIT-bufferk & b, ARMEH% 10 pl, salmon sperm DN A 250 ng., &
NTP#5 nmot$" 2, % L T[y-"PJATP 1 pCi% A1 237 CT20 minKIS S 72 (£4F&s50 pl)
Z #2110 pgPbaker's yeast tRNA  (Boehringer Manheim(#)) ., 100 mM®EDTA 50 pl. K% L
72 100%trichloroacetic acid 11.1 pl& M 10 mindk ETHE L 2. o0 Loy / — ) L
KTELETBWIZSTATANY —F 4 A7 (WhatmanttBGF/C) @ EIZH > %D
., 5%trichloroacetic acid K T3 Y X Lz MiAKEMA LIZAA TIICTFTRAT 4
NVE—EFEDTHOBAHELFIIL. K XS —EnlEEr ke,

2. YXIUNTT Y ROEERIR
(7 & ZALRIE(T )

FEIZIZ, DNA~V FRiZaviding 3 B2 TimZEA LT 7 ADIII DNA®F
W7z, gel loading buffertZ (380%(v/v) formamide (F 4 5 4 7 A 7 (#)) . 89 mM boric acid.
% & Dbromophenolblue & xylene cyanol FF* & TEEE . FNFREH L7,

(1) 30fmolMEHFEDNA L 130 fmoalPRNAKY A5 —¥ruEgE (FEHS L UHE
BRE) % T-Bufferh (&8 ul) T37°C. 10minffl 4 >~ F 24~} L Topen complex &
BBz, £ TI215 uCGiD[y-*PIATP% & T ATP% 50 pmol, GTP, ATP, CTP% £&1 nmol3"

~-23-



2. €L T200 ngPDheparin (FH 747 A7) ZMA, 37 CT2minFJe 3277 (&%
Hiou) « BB Lo TT7 4V b= 7 [a-"PIUTPRfCE L 72,

(2) EDTAZ#BBEIOmMIZ %5 L9 WA TRIB2ZIE 247, FISHIC
phenol-chloroform#& # 2 & % Fx 4 /%2 fL¥ & ethanol (0.3 M sodium acetate, 20 pg - ml’
glycogenBH) KL 2HBROLBERL TH 6% ® | 5010 gel loading buffert” & L60 C
TI0minFE L 72,

(3) TMUreadH6% K77 ) NVT I KM a— KL, 1500 V2.5 hBS ke L7,
TINEBO T, 2hEREE., A A~D VT T L= ~BRELA S VUFTT T4 —%F o
A

(RNARY 25 —¥OEHERK)
Zalenskaya® ' ' | Igarashit ' ® D FHEEBEIC Lz, HEICHET BT T OBIEIRL T

TTiTR o720

Sl

CRUBROT T2y bak b Wilod VN BT AT KSR A A SRR
BIEFEEDIERBELEIOHE I NS ORFERE L,

- RIGEBL2I(DE3WE (hsdS gal (Aclts857 indl Sam7 ninS lacUVS-T7 genel)) . 3B X U o i
EOV T2y MRDRIETFE 20— L1275 X3 FpGEMBC I BB HIZE T
S EEMAEHMDERE ZEED SREV P,

CHWERO ) LB DETROEBD,

Lysis-Buffer +» 50 mM Tris - CI' [ pH8.0], 300 uM PMSF, 1 mM EDTA, 100 mM NaCl,
10 mg - ml" lysozyme, 0.8%(w/v) deoxycholate (FNFGHIZL(HR))
Triton-Buffer *+» 50 mM Tris * Cl' [pH8.0], 10 mM EDTA, 300 mM NaCl,
5%(v/v) Triton X-100 (74 5 4 7 X 7 ()
Reconst 1 =+ 10 mM Tris - CI' [pH7.8], 15%(v/v) glycerol, 0.1 mM EDTA,

500 mM KCl, 1 mM PMSF, 10 mM MgCl,, 5 mM 2-mercaptoehtanol,
6 M deionized urea (BIORAD#) .
Reconst 2 *+ 50 mM Tris - CI' [pH7.8], 20%(v/v) glycerol, 0.1 mM EDTA,
300 mM KCl, 1 mM PMSF, 10 mM MgCl,, 1 mM DTT.
i
(1) electroporationiZ & ) pGEMBCZ B ICE A LI HEBR&ET S, FIEEYET
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BIEAFAITHER) . L6IDOLBEH (02mg  m'AmpEHR) Vv - T r—AX Ly —%
AWTREREBEL/Z, ODyp= 1.OIELZE 25 THBICEIZES MM 127 5 L 5 IPTG
(FIEMEZERR)) 2FMLA Sy a7 h -7,

(2) IPTGRMA T 515 hrfklZ4H L72dH &, 75 mlDLysis-Buffer % V> TR
BLAKLETIOmnEE LA, EHICV -7 —THPEFHL T L RLTRES I L
A

(3) k& (Ao NV—V a3y RF4) #F 700 KE T+ A4 ~%{F > TTriton-Buffer
SOmIFICREB L. SminBRICHE, BOTEEA Vo2V~ a v K74 kBT 21
w20y EL,

(4) [A#RIZ2 plod2-mercaptoethanol & 20 ml9>6 M guanidium chloride / TGEDIE# % 1 2. T
TIRYFRETFAF —THHIEBTHILITLD, BRI VoA v o V—V 1
YIRTAPOBEANE Lz, 3EEDEL TOmIOLFERE, 850008, 4°C. 2hr DB
HLEAT R OEEBR G EOFMER Y RIS C TRV, LEFARLF0T T ORET
S0 CITHRFL e UVEIEEE SDS—PAGEIZL DPR S ¥ /37 EoIEIX160 mg.
FMBEI24% & B o 72,

(5) 100 mlPDReconst Lot 7 2= h0.8mg& (4 )TRZPPH 7 2= v b #94 mghHl
FrED, L(HEBRLTY VNV EREREIE, COBHYELTO—2F2—7 (Z%
FIZE(ER) 20-32-100) (Z35®, HMHEL 1D Reconst 2123 L24 el B 2 (T o 7m0 ZOORE, B
XY WO ERHER Y AESC A I ETHOICERESE, Wod h ey vy g
PRI, A6 B EIZ4aERL T,

(6) HOHPL®H37T CITMELZZSOmMAOTGEDD FiIZFDFEL L Lt O — A F 2 — 7
EREL. 30ming Y FaX— b7 5T ET, RO TRENOBEBRILYITE -7,
BUG#H, FBEREZ02umD 7 4 V5 =B L. BB 70 b5 74 —12 L B 2 B
FEBL %1772 72 (HiTrap heparin & MonoS/1 7 442X 5) , BHEMRIZVTFR b BEER
TGED. #i#0.3ml - min', 7774 T hE— F0O.1 MA*5 1.0 MD NaCLiEEQR T, K&
& T90 min# R> L 72, HiTrap heparin 7 A TIIEIZEBEDa 722 v F % . MonoSH 5 A
TRapy N7 HERCIEDNTE, BECBHEOITERESZTLHEE L, #h%
S-Buffer TEMT L 7%, H $ T-80 CTHAE L7z YLEI20.3 mgo

(7) SHLUFUBE~NOBBERL, VEEBEDIT7TEBZE oY 7 2=y P22V TLS
fEEREIMZ . Reconst 28 HFT37°C, 1hed Y Fan—2a vy L Tffholz, FOBEE
({dTSKgel DEAE -SPW A T & (FEEEERR) 2HWT A UvEra<w b 7574 —iz
SDBRL 7z, WEHLAEORETECL VRO LS, BAERBOKIUER (314 1H)
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ERIBETH o7,

(RNARY AF—¥15Foahfr) 119
Fig. 23D A F — L 2% - T, PURPLAR S & avidin-biotinds & 2 F B L 8eR @it 4+ 1
BUIC 1 5FOFRUBEZE~EALL,

« TRITC (tetramethylrhodamine -5 (and -6)- isothiocyanate) (ZMOLECULAR PROBES# 8> 3
D % dimethylsuifoxide |\ = AHF L THEH L 77

- NHS-biotin (biotin N-hydroxysuccinimide ester) (ZPIERCEALD 5B A L. dimethylsulfoxide
R L TR L7,

BTy FOANEFVNER (7T I BEREATIGGE DS 1407 EE T T) &
&Y Hanti-B IgG¥ /32 H It Nottingham A3 DRobert E. Glass3t4k & Stefanie A.
MargarsonfX» S S N7z, THIZBDCTRTF K & B-galactosidase & DA & > /5%
B rabbit!ZRIE LARINAR) 70— F VHHETH B,

-HWLHBERT, SHoboZROLEB Y,

B-Buffer --- 20 mM Bicine - CI' [pH8.0] ([Fl[{=1bZ), 1%(v/v) glycerol,
150 mM NaCl.

“HWN Y U7 DFEER

FUNTED) TV UVBRELED VBT I VETRITCOA VF 437 54— CE0E2RE%
FIA¥ % Z & Tavidin% Rhodaminef&4 L 72,

Hen-egg avidin2.6 mg & TRITC 0.1 mg% B-Buffer 1.8 mliZAE | B TEE 3¢, 28
% (2B EIH D ammonium chloride K 20 plin 2 TRIG# LD 72, U VIRILARZ FLd s
DEEHNIZLY, TOEBTIT L DFDaviding b T — 1285 L T104 5 405-F D%
REE LTz, FESTFEI,00007 « V5 — %@L, (NH),SO, X ¥ MIZ 2 3 &
A ZERAN L T 5 Phenyl Superose ¥ 5 A X AWAH 1w b XS5 7 4 — (A B-Buffer.
5554 I N E— F2MP 50 MO(NH) SO BEEARL) %477 vy, HIHERT X A7 avidin
Y URTE BT R, HAVERESEIZ L Y RRKIGOTRITCY B & &
TEEY TRBRL /2,

CE ) A" DB
(1) 53Ny 3 A Danti-p [gGORE. fME. HEizK) 72 ULT I Y

WVESFKEICEL I SAICEDRDA (RIBEFE 112337 Sstoichiometryi$0.17)
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(2) TBK® IZfEV. 12,5 pg@anti-p' IgG & 630 ng? papain thiol protcase (SIGMA%L) #%
50 pIOPBS (20 mM cysteine, 20 mM EDTAEH) FCRIGEEFab7 57 A > F #7-, &
2. papain ¥ iodoacetoamide (SIGMA*) TLIE X8 TAH b Superdex 757 F A 17 L B 4
BEIUT N7 4 =TT holz, DEOERRIGO 1O\ EHRI3Trs® 2 F 72 v
B-Buffer ¥ 272,

(3)Fab 7 7 7" A ¥ + OFERBE T (8.3 ug /200 ul) 122 pgs ONHS-biotin % 12 7k T2
hFE L, &K 25 FDbiotinfe % Fab~N#EA L7 . F KIS ONHS-biotin % Fast
Desalting? 7 AZL A FNWVEEZEI O 7T 7 4 — (HEEEE0.S MNaCl/TGE) TILh B,
AR LT 54 CTIRE L,

HEPUEES

160 pmolDbiotinftFab (H 1 “& 1) ¥ —" 27pmol) & . B FLHE100 mM KCL/
0.15 mM PMSF/TGE##) X o TDTT% v 7= R OBEZE27 pmol 2 RE L T4 C., 5
BTz, BEDOH T L7UT 7T 7 4 —TREMDbiotinfLFab K450 R O EEE %
BRV Coiotinfb R O BRZIT L BBT 2 LB TER D o270, DEXDBIERITR - ThH
OEBICBEE TR L,

ROEBEE 1 G FOEKET

(1) EOH Y TNVEEIZ60pmolDEIEY 2 BEML4 CT2 U7, 21058
FlObiotinT MA TE ST WBFE L., KT 7 DB Obiotink 5 » ELX A UEEED
avidinz I L7241 I —1b & w72,

(2) MEERBSATa—bLAREEE R AT LESIZ60% glycerol,”/ TGEEE (100 ul)
Tl LT 6, £0EI230%0 510%Dglycerol 7 5 7 4 T2 b (MFFE1.8 mlD50 mM
KCL/TGEBHW) *HPLCOVAFATHIGIRRE L, # 2 ~NEBEs8RET4C,
4 hr. 150,000 g E LB 1T o 720

(3) ELEDRIESFHZREIPL CHELFBL, SDS—PAGEHRDHRLEMIC
SNFRUBELY, ELISAICIDFb 7T A0 b a, BHES X742 H W G
HCRBEORHIC L D88y 7%, R FNRE L. 23%glycerol i BE DB I HEED &
OEER, 14%ITHALS . 10%IZFab7 T 7 X ¥ F S5 H & iz, 30%glycerol DAL B iz #
NHE3DODVTFNPFTRTELRLETYH ), BHAEBRASTEEOL L HE L1,

(4) BoOohED2HAERHETBAL-LZA, 1 5FFHIVEEE LTRIES
Nize TNITHEREIFDglycerol B B T-20 CTHREL 77,
anti-B' 16G% VST E 1 FDEHT NV

F 7)) A — OFEEIVNES biotin T L. RUOBEFZEDS VB L EEIC L TH
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FS ke dEic, 1272 LEUEBIIgGO BRI Superose 127 T Ak WX ViEE S
O b7 Z74—12& 04707,

(13FFAFIIAT vtA4)
i 5
- BPERD A 7 — VIZKITAZATOH BMICROWORM PLATEIORI # BUD 17 C. DNA ~L
37T COERICEL RSB IT2 - 72,
EL*’:I’
- SO THEHDTTZEE L2 WT-bufferx - 72,
+ T?OCompetitionT” ¥ XA IZHWADNA 75 5 X v MIE S B{ZER e R EHieE
LY —DABEFRLIYES W0, TRIRIMEFEEOMEBIIA, 7O E— 5 —%
E1:239 bpROPCREW TH 5,
ik
DNA~V P EICT-Buffer 20 ul & A o8— 2 v 72 8EE, BBEEMEEIC & 5 EEER %
TTholz, BICERSY /37 BOBEWEI WEIOUDT-Buffer THER L TH L, 254 Kk
N—DEPLENY NTA D22 ML A, FOBETLBERO VY JU—F 5
T1EY av 14 Y Pxs v a B2 5OI005FDY v /30 BHEREHRE 90 umA/S>)
BENTE 2, FNOGFODNANLV M LB A2EELVCRTTTREL. &
CTHA L THELEERE L L) 0 FEHOPH L0202 L — A LT, EENL3
UmA A T —2% b DONRY MVEMIZSEILETF L — b (33 msec) DBEMIAMRES CREMN
L7ze AEMEEDNADBERM (0° ) 3T 5K 0 ORBELT, HERI mD
BNIZER LCRMTER L, N7 7O —0OFFEIZDNANL P USAOEFR S EELT
WAREBDSTFOER Ny PVEMEL T, FRE, RO, HeHid/ s vy 70—0f
FEA%30" DLET, BEA10520pum - sec' D& ZILDNAXLV M 2BB LT RTCOSF
oW T R, RS T LA AT L (RIS - 4 1) .
Competition” v £ A
caseinTHBE L I — b L72F 2y MIT-Buffer® & O . #EE#RILAOEE 3oM) &
heparinEZ 1T EREODNA 7 Z 7/ XAV F (BEIXE DI uMs) 237C, 1he /b4 v Fa
N=bLize TheY T TNELTEREABRICAFIA T4 VT T o4 LT,
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FIH HREEE

1. DNADEREESE [ DNA~NV ]

RNAFRNAZ—EDDNALKXBITA25FEBZ2EBRT 57010, $TDNAOKE
CEEMEEBIET ARAEITR 5 12,

B CRBRAERFRICE Y, TUVIROBRERS AT 4 FF5 A0 FICE8EL 77,
TOEBOMTT 7TDNA (40Kbp) FTHEADNA (48.5Kbp) I L THEEESETE S
MLz 2%, —WME2BEBOTY VICFH2 5L CFFICLTDNASEET L &
WTE (Fig. 2-10A) “ 0 FRLDNAY Y FUVOTEILIEH 5% L baviding ¥ /52
BreBEALTHLZD, FNEATA FFIAETEORE Y BLTDNAIEESINS,
Lo THBERICBRLZ2Y 74 7L~ a VIRBEREHEHREH L BREICER SR (Fig. 2-1
DB) o LT, KBXTIHIDL)LDNAGTFEY [DNANW ] 28T 5, 2B,
NN FADDNADFOS WS L3W~DOME T o BELETHLY ,

COL)RBHL A5 FHELFERGOMABB I OVTIARELADL
tXWashizu - Kurosawa b D 7 )V — 712 & ) BEMERTH 5,

Fill

ouh

2. DNA~L + DHE

CODNAFEBIZTRKOONE L) —DOEEL S, MERB 2 INZDNAKS v
TEVEELBARIETH DL, TRITDOWTiIWashizu - Kurosawa & O EERIFHL,

(1) DNA~UVOFRRIBERENEL -V —%FEE L TURT 5 L DN AOTEEBE S
DET T AFERIRD U7 7 7 A FOLEET D, Lo TNV FATIR, DNAS
FOEBETFAVHEELTCVEOTELR AL LAERICIIEE LT ni®

(2} ~V PO DN Ai3DNasel 4 OHIBEEERIC L ) YK £ Z1F ., # D% TT4DPase®
exonucleaseiEE 2 EBH X €5 L DNA L IIHE sz 'Y,

RENL, RFFRICHIEHTETH A LHEFL 72,

DNANY FORBrESBEHETB - THET S & (Fig.220A) . DNARES
F3umDB WML TEY, T EIliIREEN2EELF AT —RATA KT AL BN
—2)y TEDBMTREENTWELDOIFEL TV (Fig220BEC) , $-BHED
Iy DAL, TVIEHEEAEESIN~TEHEEL TS0 8 s,

BHEEEAREUNEL O EIIDNADEELRDAZL 251006300 pug - ml! (15956
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side view

Fig. 2-1.

Formation of DNA belt.

(A) DNA was stretched in parallel by dielectrophoresis (a 1-sec puise of 1 MHz

at 20 KVpp/cm), and (inset) anchored to the glass slide at the both ends through
the avidin moieties adsorbed onto the surface.

(B) Fluorescence image of the » cit58575am7 DNA belts visualized with EtdBr
(0.5 ug/ml) after a few rounds of the assay. Electrodes (E), and glass surface (G)
are denoted, and the DNA belts are indicated with dihedral arrows.
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Fig. 2-2.

DNA molecules

DNA ﬁolecules

Vertical distribution of the DNA molecules in the belt.
(A) Confocal image. As shown schematically in

(B), the belt was 2 to 3 um thick with a concentration

of 10 to 300 ng/mi. Assuming a DNA diameter of 2 nm,
the total cross-section of the DNA was calculated to be
less than 0.1% of that of the layer of the belt.

(C) Actual configurations of DNA molecules are

illustrated.
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460 UM, bp#E) THo7:s DNADLEADEE2 mmH» 5~V FOBOWE T 3D
NADERZFE L L IAHEBHUIB ELLIBTHH I L dbhot, LoT, ~Nib
FOAMTEIDNADTEBEENISBFROTMIIENSEL -, 1| FHICEEX D
LazwkBbhd, BE, AHUBRTHEET LBV DNALEESL A WSTIIERIZHT
NG LEBICEFD Ly Ju—L b0 F o NV 2 EB L,

3. KEERRNAR) X5 ~EF0lE | 5FomTHR{LE

FLETER/EBD, BREFTDLEEORZRELTE L VRIE, BEOREENE
DERATOAF 12l OOBBBELEEEIIADY TS A ATEHET 228 HTX 5,
FEHII, RNAKRKY AT —E¥2Eait 572m) ¥%T50-4 3 FEME (TRITC ;
Fig.2-3) TI~UV§ 5 2 &2 &0 BOLBEMSE (GEb#E. 546nm) ZHWTWHALT A2 &
L7, O— ¥ I VIRETRERFALIEEL VI OOBE LIC WEE R HED, 1277
L. 881 0T B8 ORBEMSI TR T 5 2 L IARTEER 20, +9 7% KisEEH
RONDEDI0GFLULOT—F I UBERELET (b5 7] 2¥EL. ThPEELD
7o —7& LTER L (Fig. 2-3) o

RNAFYAS—¥ru@EsETtDNA L O EEEHI. Singer - Wutthes?
L7ZEREDNALOEH, 100 M sec' EEBESLETHE, 2HTRDEDNAAL
NODNAGFORERNS, FOBRIZBESETRIIBVT0.29° 56,0 sec®[lIC 1 @)
SETDNAKEZITL ) LHRENL, COBMOF— ¥~ Ti3u—¥3 VEEnRald
BEACEHLEL, V- XRBMUEETENZDNA L ROBRELOEERIDICDWTHE
BB IO ENTWAD Y | FOE— ¥y — KRG L EEEYI RSN, 20
HEREEIEBMD NACFR L BALEREED -7,

Shimamoto 5 I X R NA AR ) X 7 ¥R LFRIGIC L W EBHES /T VT 52 &%
AL, TOBMBERIIDNAKBAEIIREL T2 DDORNASHRIEENEREL T
Tt B TOEREENIT e o 2R UBEOMEHIELRT (Fig.23) o SOKE
SR - R MR L TEAEY 2 R UBR~EATEZLOT (¥ 7Y vh—) | ¥
YNNI BERBNBHTAL L OTFOLLIBERL COLAENROKTEAT LI &
BTED, MALZHMAEIL, RNARYAF—ERF 7Ty o CTHE (ANVEFY
VERPH2T I BERE) » I8P -TETE50T, COHAOKESRIAIBEEDRE
EFUEPHEEL VI LSERKICEIDONTWS 'Y | /22 hid, —#&IcE/ 40
— AP L D LFUR L OEGEIEVEINTWER) 20— FAHiETH L, FED
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Hen-egg E. coli RNA Fab of

avidin tetramer polymerase anti-f’ subunit
EQ/\/% holoenzyme IgG
Sp :
10 to 40 molec. 1 to 2 molec.
TRITC NHS-biotin
biotin
(B)” residue
Fluorescent tag Tag linker

Labeled
holoenzyme
TRITC (tetramethylrhodamine
isothiocyanate
N\ yanate) J
Fig.2-3.

Visualization of single molecules of E, coli RNA polymerase.

Rabbit antibody was raised against a C-terminus peptide from 1386 to

1407 amino acids of ' subunit. Its Fab fragment was biotinylated ("tag linker")
and coupled to holoenzyme. The immunoconjugated enzyme was labeled with
avidin-TRITC ("fluorescent tag”) and isolated through glycerol-gradient
centrifugation.

In the following chapter, P.putida CamR repressor was visualized by the same
procedure.
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MBI N ESFORUBENIEBINLIIERHE D, ¥4 v h —(213FabT T
TAMELb DR W,

4. EABEEBRINTRNART AT - ROBEDSFEE

DNA~ S 2 BHEOHET (H90umD A% | Fig. 2-10B) (2 AR, Fig. 120044
AR TRULAHRICE > T, BRAER LA OBEROBH Y ATA FITRAE DY 7 — R
Vo FEDMPLA V2 LTz, FROLETRINALEBY) AL OBERD 7T —7
HEL, RUBESTII—E0 AR 5L LW O RBE T TEAL, FOoHt 101V =
7 avHN2hn100FThotz, TONDNANV M EZ@EBLETNTOSFD
BT FL—AL, 2B, HEAODNAOEILbpBRE THL] fmol EEIE XL 5,

bLATATA Y IBHFEET A%, DNAWKF o7 1 RTEMLE ) IEATHEL S h
LETFRHINDG, FZTHFOEEHMEZDNA LS 5 AEDMBITEODIRRETILE L
TEEL. DNALZE o AT BB ORE 2 RA 7, FOBEMNSh--TIY 5E
BOmEL T L ARETEZER L. ETMEN10° IO L~ 2% DNAIK# o7 FE
B, A4 74 v ThALEERLI,

NNV T —DFEENOSum - sec TN E EDFUBEOEE YEHAITLE, ML —
ARODEER LV HENICHREDP /DS VAL TS5y ER L ORNIEESETH -
2o 70— 1 pm - sec’ B\EOFEET, P2ODNAEDOLTHEDMITELI0" Lok
X, BRAIL9FOF L — R XD 5 DokR,

(1) 10secElEOM2um& ) b RVEEBELXBE L 2w o,
(2) EZLDNADMHEAM (=0 &£§5) EFTI3umbl EBET 5 b0,
(3) BRAFF 77+ -H A D, BEEANCBEITA50,
(4) "NV 7a—CiEL3um ERBE L, ()53 T ToORERICEE L%
W o,
(5) DM, (2)2DP(4)YyeDPHFHNTELVWL DRSS,
WO I N,

BEAETRTOFOEERERS T, DNAXV FOYMBREET A& &, b L i3
7 70— DEEAH00 pum - sec LLED & ZICHRA(4)DOBREF IR L, STDL D LT
T, FUBREDNALHEETELRVWRECH LI LG, ThE7I 7 EBNZL S
VYTIWVRKY T FTHEBEEZ LIS,

A1) 53T, FOBEZESULTDNANLV FOWAEIK DD, o+l 2i0BES

-34-



0.5sech LI EEETHBIARED /L7 70 —DOFE (30um - sec' U TF) DL Xizni
Bz, CORHDRY —Vid, 3EHTESZRNAKRY A5 —Lr0EEE L EHD
NALOFGIETLIRMOL ¥ — & =T L7,

DFoOETIR, #RFROBROER 5T 5,

5. F&:(1). [FF v 7]
HIETHREINTAIBEZESFO ML —2 FR (1) Bl%Fig. 2-41257 %, 7$F VA
TEA P SamT DNADOANL L, BTIHT7ADIIDNADL FOPREIZ L5 v 73R
TVWARLWHEEERLZENTEL, UT, oL it s [FovEr s &
Bt 5.
ADNADEHEIZIRNAKRY AT~ PHMTHESTIELP,. P, PEViaol- BB T
TE—4 %2 | T 7ADNID NADOBE IR | #F75TIZA1 70— & — 28,
FELTWLY, X MAODNADMEREEBEDLDY | BT E7FUut—4 —0ff
EIFig. 248X ANT O 2ARDEBTRT LI HEREL L > T, FIvTFsh
TWAHAUBEROMEIL, FALICELTAEME LI —FLTw/, #2TT7DNA
KOWTELIEMET e MOFARLE A, FUBES TR TR INZAITOE— 4 —
DEETEHRTEILL M7 v 7E TV (Fig. 2-5) o —7. AL TADNAKITL
THRETZARIZECA, TTDNAOLELIIRAY, FOBEIDNADOKBIZTIE
B P Py PL7URE—Y —REFTHWHILMATODIDOE AL S EEL T
fz (F—FEEE) o CHGHERSNAG TR ROBEL S OE— ¥ — L 0EAAY K
LTwaEBbhid,

6. H\(2) [A7471 7]

Fig. 2-6D AL, FOBEDSFEEH T L —RA LA N—A VR-ZXEBETH B, 1D
FPL—ARHEIINLZ 7O —IRENTWVEETOI TV 7 TH L SeoiER
(HIETS) o —~H, BidE#MEA Vs 7a—-sELAME LTWAA, DNA~NL b
DA BT DRFATIZRH L Tnd, XA CEED ST 714 2 D0EEOKEBELL
2EDLLIZLOER, NANVADEDGTO M~ A (FE#) KIEDNA L OVTHGEY
FHOTEENRGOEESIEI-Z0HbNATWE, T/, SO TSy v EsickET 5
BEORNPELS, NAVADEDSTFOL Y7 FY 7 b GER) L3l ch s,
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Fig. 2-4.

E. coli RNA polymerase holoenzyme trapped on immobilized

(A) A cit5857 sam7 DNA (partially stained with a trace amount of EtdBr), and
(B) T7 AD111 DNA (unstained). \

The enzyme was fluorescently visualized by the method shown in Fig. 2-3.
Fluorescence images were obtained using a silicon-intensifying tube
camera (Hamamatsu C2400-08). Trapped molecules are marked with white
arrowheads, and the DNA helts with dihedral arrows. White bars indicate

5 um. The positions of (major) promoters are represented by short bars.
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Fig. 2-5.

Locations of 111 of holoenzyme molecules trapped on
T7 AD111 DNA.

Arrows indicate the positions of T7A1 promoter.
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Fig. 2-6.

Movements of fluorescently visualized E. coli RNA polymerase holoenzyme.
(A) Superimposed image (every 99 msec for 40 sec). T7 AD111 DNA molecules
were horizontally oriented as indicated with a dihedral arrow. White arrow
shows the direction of bulk flow. A blurring out of a spot due to’"jumping
movement"” is also shown.

(B} Assignment of the movements.

(C) Absolute values of averaged direction 6 and velocity were calculated for
each 3-um translocation. Zero degree denotes the direction of streched DNA.

Shaded region indicates parallel direction with DNA (6 < 10°). The right
molecule (solid line) but not the left (broken line) showed sliding in the belt.
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HODFOPL—AEDNAKLF s ZAREEOFATER TH A LHTEL, MBI X
ALBREATATA VLB TA YD ET A,

7. BA(3), [Vxr¥rs]

BMA(2)D L) %) =T R EBUSNC b AU BRSFRE FAICRE T 4 B EESSER
SNz, EVFPIRRTT ML —XSNHS (Fig. 2-60/5% VA EB, HEOSFD L
— AD—ER) B, BREFIZH L THFARALETERLAZE AT, 3 5ICFg 27T, 4F4¢
NN Z 7a—Z#b ) L) ICRILAZRYETHAEITREIN TS, DL REFEHD
LLDBEHER(3 W ke [Py ¥y La#t s,

Uy UV TEBETVIEEOL Y VHETE S EETMHRLEINDE, FCEN-T
WICEBAMICEZESN/DNA (REi 23, Fig. 2202330 C) ALITLITBEERI RS
P VY EVSEE) LZZDNAOEREMEF - BB TR 2w EBEbh 5,

8. RIAZ—-EOFEIW 1 0F51F+3I2 A

AGATA Y TOFEERLVERICT L7720, DNANLV F2EBLATRTOFIE
FOFEM LA LEZOBEYSELTHES L (Fig. 2-8, BiKE) ,

HISOED b L - ZXDW, 50%HATAFA YT, Yy r¥ry, by ¥y rons
NPIZBL20%S Y YTV EY) 7 M Thol: (HIRZOHEEOBIEIIED SIEFIZ, 39%.
7%, 6%. 20%. 28%) ¢ ATATFAVZIBTAIN L —AFRLEL, 2T EENS
WYY TVRY) 7D 24T, TRUADNANV R LB 2 FIBEOSFRHEOEE
TdHo72,

TRODEEFROBEODNAKASERICLZ DL E ) e RAXL2DIZ, 2 F
O—VERZIT2VERICRETN 2B LT 2 o7 FUBRLDNAKBAIIHT L8
BREH] (O E—9 — %2 EU220bpENOEBDNAT I VAV L) o ldTL A
FaR—bLTRLET7vEALALEZS (Fig. 28, 8HE) . AF9A T4 v, Vv vy
T NIV EVTTRTUOEESRAI L, £08Y VT F) 7 bOEEFRE ML
7z (FHEOHEEOBIEII LD, SJEEIT, 13%. 0%, 1%, 66%. 22%) o T 77, hepariniZ
FoTUDNAREHMNE 7Oy 7 SN RUBETIIS L CEZEICHEROEEOE/NR
b (BRY) OBEBOBMEREDSNEEIC. 2%, 1%, 2%. 79%. 16%) « ShbHD
b,
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Fig. 2-7.

Jumping movement of RNA polymerase holoenzyme.

The enzyme reached the edge of T7 AD111 DNA belt at 0 sec,
and performed repetitive movements in and out of focus as if
the enzyme molecule was "jumping” against a bulk flow.
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Fig. 2-8.

The effects of a free DNA fragment and heparin on the movements of
E. coli RNA polymerase holoenzyme.

A ¢ffS857 sam7 DNA belt was used for the sliding assay. Statistics were
collected for all the observed molecules which had passed through the
DNA belt with bulk flow rate of 1.0 to 20 um/sec. In parentheses, the total
number of samples are indicated.

A trace containing modes "sliding”, "jumping”, and "trapping"” was
counted as each of the three even when it contains other modes. A trace
containing only mode "simple drift"” was counted as "simple drift",

and that containing "simple drift" and "unidentified" or just "unidentified"
was counted as "unidentified (any ambiguous mode of motion)".
Holoenzyme labeled with fluorescent tag (30 pM) was preincubated

at 37 °C for 1 hr with heparin (30 nM) or a 239-bp synthetic DNA fragment
containing the A pp promoter at position 134 (30 nM).
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BRI 2NNV 70O - SLEICERT A 0TIz v,
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3) ALY v Y EV T AGA T4 vV EEMAEH YR LDNA & OBESHLET
HAHEZENPL, CHITEEAMEEESISNZDNALESASA T4 27 Thb
LEILNE,

9. PiEs YNV EDBHEM L TFIAFI s A
Fig. 28D ERDPOATA T4 » FIZIZDNA L DS YUIATH 2 2 LRI ST,
ZTIT, WOBEDNABE AL V2 b nd v R0 BiconT, #O5FEIEESL &
UBEROL & LEBKIC P L —A L7z AFHUIEAE S V2 BA L 2anti-Bl1gGy > /30 B %
BIR L7z, — I IgGHU I F849160,000 g - mol” D BB A iaski 5 v /82 BT,
RNT7 =5 THLDNALBHENLBMELETLEENTWE, 72, Zhizs 7Y
YA—OMBHE L THRUBRETHRAT L ECBEVD, FOBEOLEZOT vk
DELLEBEA P O—NELTHEYTH S,
Fi R 2Fig. 2-9127R o 0B L DB GTFILL VTN EY) 7 hEFEL, A5 451 ¥ 7.
VYUY, MKV TBREACBRBIN P o7 (HEORBEILES S IEEC.
2%, 1%, 2%. 79%. 16%) o« CDTEIXFICATA 74 > 7 EBICEL T,
1) By 7y 7)) v —t8ALALLOTIEH AR, FUBEHEOBEIZLELD
THEZEFHELPICLA,

2) ASAT4 7, Wb ADNABARUILETSH LI LAFEINE,

3} ATGAFTAYTRS v EOEBHEDNADEER - OMOBEHEIEREOE
M7 Tid e W ERRBE L7,

10. A5 474 V7 DOE#

FUBEODNANV G EICBT 20 FEB2BE L TwadE, AFAFA 7 LT
2D TOE—Y —LFPRMENEHFITE Ty 7ENBLOHHE4 P L —25Nh 5, &
D—BIHFig. 2-1003FIWVAT, TTAITOE—F —DUBIZHKRTABATrNT vy 7E
NTWIZ 2 DD R OBERDTF53.66 secB L UB93seciZ AT 4574 > %85 L. DNA
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Fig. 2-9

Modes of movements of single molecules of anti-p’ IgG protein

in % c$857 Sam7 DNA belt.
Statistics were collected for 247 traces, and the same as in Fig, 2-8.
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F10pum - sec' EMBIZARILEIBYEIN, AT9A471 L TwWAFROEZEEDNA L
OMIZEER BN TWELD EFEZ LS,

BRI L C3mBAFEOSTHICBWTH AR LHETH Y, $-DNAEECDH
HAEOUBRSTOREHGZ S - 72T TH 20 THFOHEH L VY, HEORT D
HRE LTATA 74 7o ROBERENDNAEERS S S50 - @R 2S H
ODEMNZZTFTTODLIENHEEEINL, Fig 2-103F 0BRSS T O E—F —HEAI1ED
AGAFTALTNE Ty IAORFERREL TWD EBbR DA, BN ITIEEA
BB REIPFALL, FNERATAFT 1 2 e b v r R ) B T b A
Hh, TOEIZODWTIIELEEIZTEFTIVEZR LW,
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Direction ¢ (degrees)
Velocity (um / sec)

Time (sec)

Fig. 2-10.

Sliding movements of E.coli RNA polymerase in T7 AD111 DNA belts.

(A) The images are superimposed until the time (sec) indicated in each panel.
Two holoenzyme molecules can be seen to independently start sliding from
putative promoter-holoenzyme complexes, drawing traces ending in new
complexes.

(B and C) Analysis of upper (solid line) and lower (broken line) traces similar
to Fig. 2-6.
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®3IE
Pseudomonas putidaC amR?}) 7L v ¥ —od
DNAEDAGA T4 2T VT a—Y—DOHFE



§E3ES
Pseudomonas putida C amR D 7L v % —~DDNA E®
ATGATA YT oAV Fa—F—OihR

1M B 5

ME Pseudomonas putida D C amR"Y 7L v+ —if. =/ V=YD DT I S EE
%ﬁwﬂﬂmﬁ¥§%ﬂﬁmgwmﬂ@fﬁv—&yﬂ7ﬁf%%(%lﬁ\ﬂﬁeﬂo
SHRBEHRRETH B2, 73/ KBPEIIAY v I 2= =AYy s REF—
@ﬁﬁt%hﬁDNA%%Fﬂ%VT%%H%%%I%%E#%%ménTw%”Oé%
CRETOSEOY —BEPS, CamRIZFT VARV Y Tn I0HED ) F L v+ —
TetRY DA—N—T73)—D—BTH2 2 LA BEIgHEnsD

CamRDOYTLyH—& LTOEBMIEES, Pscudomonas putida 75ME— ) e 3238 &

L Cd-camphor * BILY I FE SN BN B EERBE S RO ¥ camDCABE S+ 5 = &
@g}U\EB%BWFTéﬁE%mm%@%KWﬁLTW%L“c%®i5&ﬁ@
X, CamRPDNALEDF~L—# — B camO~BERMIZHES L. Pseudomonas
putida RNARY X5 —EDEERICEBET A L ZBRLTV2Y | Zosidcant
BFDA Y T o= —Thd Ddcamphor’’C amRICEST 2 LBBRINL -1 2 N
COBGFIEWIC amRY s HODNABEEEED b DR LE S 4 b EEEDD 2
EEZ LA,

Ll BdoRnERHE LT, deamphorld) 7L v —— L — 4 —H ORI
%éi@%fn&\4v?;—%—tLf@%»@@&%&%t?:tﬁﬁ%%ﬁ%aio
—ﬁt:@iﬁ&U7bvﬁ——?Nb—&——4V?i—%—®%ﬁ®%%u\TTK
AN Y] EOIET SRR B o T, LIBNE—FT, YTl v — bkt
AWDNALDOMEMEAE TEED TER LARFZEFIIBO TA% <, £ ¥ Fa—Hh e
TFHIRENITABEETH - /2,

%CT\%2%?%3Ltlﬁ%ﬁ4%i?27v%4ﬁ%camR&7N7§Kﬁm
TAIEZED, VTV oy —bFRL—=—] | [VFLyH—r2nfnIERE
DNA#ST] . [Z0b e v Fa—t—| L OMEEROBRARIZED S\ S0 E
DR % KTz,

(1)U7VV%Hmwb@%iﬂb—&—Eﬂuﬂ@%ﬁuﬁﬁt&wwféﬁ#o

(2) KEEERNARY A~ EFOBEDATAF 7 (B28) OLILDNAE
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DEIRMEBEER 1T % ) ODhE D,

(3) AYFa—%—d, V7L vH—LDNALOHEREB—KEEET 20Hh
TNEDFROBEOHLEAET IO, E5IT, 554 27D LD LEIE
RIZHLTED L) LB 5 2 5D,

Pseudomonas putida C amR ) 7V v ¥ —DRA5 471 ¥ 72T AT AR A7)
DRAATHENE, THETICLac® Y eCrony FL oy =" 1025454 2o
BMESINTVAILEPL, IO TLyHF—loWTE AT A F 4 ¥ FHTHEE SN &
%%éﬂéoﬁﬁﬁwﬁzﬁﬁiﬁﬁﬁuﬁh\%3%?@DNAKﬁ¢%%$@%ﬂi
I3 A YT a—F—DFEFC amROFFHEII LD L) BRE 52 5001200 T
METL., ERL3 20T »IIT 5,
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§HF3ES
woE £ R

{(—FE - FEIBOBRIE)
(FHELBOHE %)
LOICE2E - F2HICEL, BUYMEMBEHEIAHLETTFROLBY,
1. R8s
cHAZU 5 74— (GC) 12, ULBONHOHR-2F v ¥5 ) —H 5 Ak 7-
Shimazu GC14-BE! (BgHE— F. flame ionization detector | FID) TiF7k - 77,
- HAZ7UR T T4 -—HBOE (GC—-MS) T, JEOL #DElectron ImpactF
— FDIMS-AX5058] (DB 7 A30mf) ZfEA L. BATIZIMA-DASO00E! T177%2 - 77,
T MA M) —BLKBHEDO L = —F Yk R & —2222.0108TIT e o 72,
- IR0 H 32 B Himac CS1008 & 11— % —RPSO ATEI 2 H L TiT4 » 77,
- DNA®DAED Y —4—Fi%, DNA Data Bank of JapanFTE DMER 70 5 AFAS T
ArHBwviz,

2. RES
- d-camphor (FIJEHZE@R)) 2 MDBREICR 2 X)) ICDMFICED L TR L7z,
BERANRNTAEE RV~ a v diThote UVEIEIZ L Y BERTBTY
d-camphorD#BRBEPRIES N T WD Z & R HETR L7,
+ protein G-SepharoseldPhrmacia LKBH: 2 SfEA L THEH L7z,
- BRIKBHERD 7 VI 25 O DN A @ EIUIBIO 101319 Gene Clean 11 % T 22 5 77,
cT0merD T A F A ITX 7 LA F K 5-GCAGGCTCTATATCTGCGATATACTGAGCAT
ATCCCCCATATGCTCAGTATATCGCAGATATAGAGCCTG-3 (BLF camO32 hairpin stem
EMTA) 1B, KEARER L EFFE LI,
CHECOMOERLICAT AN —THELHETLD0T'Y | 20BEBEICKS
TREC 2EE SWAERERE L7z32bpR) 2WMH B2, AETRIAELRL—¥
=7 A PELTERLL. CamROBEWME THTTRT,

“cam(32 hairpin stem”

5-GCAGGCTCTATATCTGCGATATACTGAGCATAT-CC
3-GTCCGAGATATAGACGCTATATGACTCGTATA-CC
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DED I FRE-FERAREDOTRWLE A D SR L THV 7,

- CamR¥% »/37E,

Z OB Y OFEICET TS mMO dcamphorfiE FTRERAR N7 b DT,
AL AR T T4 EDBEINERTH -7,
SDS—PAGERD — =V —BAh o l3My 7 BIZBHE ST, UVARY
MY LRIESNZZBEII3mg - mI' Ch o 7z,

- CamR¥% YNV HEFOL DR HIE L 72rabbit DL

camA RO X DF AL —F — @\ EELpUCIIHED T F A3 F (pIPS11B L UF
pHA37-1) *

3. BERG—#%

XV o7, 7275, DNATSFAY FDSA 5~ 3 VIZEEEMOF v b
Ligation system ver.1% F\x TAT 2 o 72, HIBREEE . BEGHBERIIRESEDPOEBAL T
fER L7

OB IZRW/REH (10XRE) SBEEBARICRNT IR0, A5 THELSD
DEFEEARLTER Lz, Ml - BREEEUTOLBY) MEEROHTHEEOL O
B o

A-Buffer +++33 mM Tris - CH,00" [pH7.9], 66 mM CH,COOK,
10 mM (CH,COO),Mg, 0.5 mM DTT.

Bind-Buffer -+ 10 mM Tris - CI' [pH7.5], 10%(v/v) glycerol, 1 mM EDTA,
0.5 mM DTT, 50 mM NaCl, 0.1 mg - ml” BSA.

Bsr-Buffer +++ 10 mM Tris * CI' [pH7.8], 10 mM MgCl,, 150 mM KC1, 1 mM DTT
0.1 mg - ml" acetylated BSA (New England Biolabs#t) .

H-Buffer ~=-50 mM Tris - CI' {pH7.5], 10 mM MgCl,, 100 mM NaCl, 1 mM DTT
0.1 mg - mi" BSA.

L-Buffer “++ 10 mM Tris - CI' [pH7.5], 10 mM MgCl,, 1 mM DTT,

0.1 mg - mlI'' BSA.
M-Buffer *++ 10 mM Tris - CI' [pH7.5], 10 mM MgCL, 50 mM NaCl, I mM DTT
0.1 mg * ml'"' BSA.
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(CamR7vyEAHDNA “AicamODNA” ®IVA NS 2 av)
“AcamO DN A" (44 Kbp. 15um) . Agtll DN ADEcoRIZ O — = W 7 E4F 12
camOREE T b DD NAWH (250bp) @A L TIER L. KEFRL /2,

- KEEEMC41008k (F araD A(argF-lac) U169 rpsL relA fIhD deoC ptsF rbsR) (1 1E| 571 & (Z5RF
FATRREHRIFZE & ¥ & — DA ER L, LR S /-, IMIOOKE (recAl supEad
endAl hsdR17 gyrA96 relAl thi A(lac-proAB)) \XEFERE(ER) 7 Competent cell Kit% B> 77,

F T =2V TR Y =gl 1B L UAGE Y 10908k (supF hsdR araD139 Alon AlacU169 rpsL
trpC22:TniXtef) pMC9) 13 B B{REM AT EILE W IRTFIEE 2 bt 5 S niz,

T 7= VHFAOBBBIIADNAN Yy =T 7% v b (Amersham®t) 2R LT
W AR

- A-brothiZBacto-Tryptone (DIFCO4t) 10g& NaCl2.5 g% A * »AZHAKI LICHED L TR L
725

- ethanoliLE L. > 70D 3 EE DK ehtanol, FEE0.3 M sodium acetate F L T
0.2 mg - ml"Dglycogen (Boehringer Manheim(¥)) # I L. -20 T2 T30 minft B2,
HEEERL LB TS mnBiL L TiTh o7,

- LB (Luria-Bertani medium) (3, dextrose (FIFAHZE(HER)) 1g. NaCl5g. Polypepton (HZA
BIE(HR)) 10 g¥ L TYeast Extract S ( HARIERR)) S gZHK1112E D L. 4 M NaOHK
B TpHE7OIZAE L TRLEH L/,

- dideoxy terminationi& 2 & 5 DN A D — 4 > 2 7 & i3 United States Biochemicalit @
SEQUENASE ver. 2.0 IV TiT R 572 74 YV b— 7 [a-S1dCTP% 1 pCifE I L 77

- pBluescript SK M13(+)}iZSTRATAGENE# 2 SBEA L. SCB' Y WREWASHERL-L O
w{FE o 77,

HiE

(1) AgtlIDNADS 77— % in vitroBHER L. KEEEMC41008k 2R G 2 4730 C
TEBETLHBEREYH/ 2. £ 0bLac” (5Sumol IPTGEHA-broth £, 30 C) #>ts (LBE.
425C) D7/ 84 7%RTI I a0o— kA7) -2y 5 LT,

(2) Fhzs50mOLBH T ECEMEME THREEL THALILIIDLB~MEREL, Y v —7
FAYY—RFRLTCRKEINERELYE 30C) » HHEIOD, =352 L7825 TSI
T 400 mDLBZE VT — b Y ¥ 7 a L, 3538 CT3MERYHEIT.

(3) 50ml@chloroform®MA T 77— X ¥ & —PNTHREAMICERE S &, ELTLEYH
Ik, @' 'Y oFECECAg DNAZ KEIOER L (E06mg) -
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(4) H-Buffer (50ul) RTAgtll DNA (Sug) %EcoRI (16 units) T—{EFL0HT L
(37°C. 3hn)  BHN/Z2200DT7F 72 b (19.5Kbp £ Dright arm & 24.2 KbpE Dleft
arm) % Calf intestine alkali phosphomonoesterase (2.5 units) THABSERULER L 7~

(5) —7. 77 A3 FpIpsit (Sug) %25 ulOM-Buffer Hin dIIl (36 units) TV =7
FAZXL (37C, 3hr) | By s LethanolibB 'Y Lizd &, FOWRE % Klenow
fragment (10 units) &dATP, dGTP. dCTP. dTTP (%1nmol) #Mx 3 I &2 L 0 FiE{k
L7z (A-Buffer 20 pt#. 30 C. 15 min®UL) » #2250 ngDEcoRIAKY 1) o 7 —
doxy(pGGAATTC) e RIL E# THLHEEoRITEINT L, 8%FK ) 77 Y L7 3 FFLESR
PREDZ & o TeamO% E1e250bp 4 Y4 — P 75 7 2V b % HEEL 72,

(6) D757 A+ (100 fmol) % right arm & left arm (40 fmol) O RIC T £ 4 — k
Lo (L) 5 (3)DFIRE BIRRIC L Cinvitro/S 2 o5 — P 2 7 L 72, Y1090kk% VW CHBE TS
BHET A7) ==V Y (Lacdrots) %, KBEEHE IOV vy—~T77—22 ) 12k
ThicamODNAZHRABMLU- (NE1.Img)

{A::camO DN A DJAEE)

(1) AicamO DN A % EcoRI“H-Buffer. Sac1/L-Buffer. Kpnl,/L-Buffer® £&BE T4
BrL. 077 AU —AFNWESGRYTZ YT IRV EABRIKE*1T % - THIR
BEEUIMT I & RBL L 72,

(2) AncamO DN A @ Kpnl— Sac Il % pBluescript SK MI3(+)D TV F o 0 — =V 74
A F~NEAL. KEBEIMIOKEBWCTT V7)) 7 74, Kpnl—SaclZ U —= 3 7484
DY—=F A% 272 (TMUrea, 6% KN T2 )T I FFIL, 30W, 212D EZR
vkED) o

(3) VLEDFEEREDS camOBiF AFENICEA SR TWAI L, FARY Y ar—T
HoHZE, BAORE IhicamO DNADSEH S Sac I-Kpn IDNEHETH A & R L
77,

(A5 4 FFS5ADKRERH)
aviding /37 H 2/ LZDNADBEREICELT E2E - E2H5DNANLIORA
) .
1. AGARTFRAES U HEDEEDHEL ILIIED S,
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2. BRICDNAGTOREY LY —BiLT 5,
PHWIZ, AFGA RS2 L0Y5 /= VEPL200KEEE SOOI FL 22y R
Thols “YrH—8" %, Southern - MaskosH D HE S 1Y B cA/k L

(Scheme 1) »

SRR, AT AREOKBREOHE ZOEREMOERES S /3 UORECEETH
BIEY | IS VHOBRMED £ ICES T B L £ D I2D NAOERYE L RS
ERMTHHIE™ Y 2FLVOBRETHSNY A —HA LR H T AREICH
CEEFTHIET | nEomREbEicLiz,

o

- HRABRRREL. RGP 0T N T T 4 - HEHER L BEAER. 00
Aldrich #tHEA L TEE L7,

Wik

(1) 203Ny FED 100 MBS~ 7 VHICxylene % 35ml, 1-propylamine % 3.4
ml. € L T3-glycidoxypropyltrimethoxysilane 29 mi{x ¥ L (B &, #I~AT NV ITEMA T
A FT T RAEELEAN, S0OCHEEBETTIBKEL RS VELEALL'Y RISk,
methanol & diethyl ether T#E {2 B8, 3272,

(2) FERIZL T, ¥ 7 VHIC1 A-dioxane %42 ml & 1) | 9 gPhexaethyleneglycol & 1 mi?d
trifluoroboron T 7V EEE T N EFNEB S 2k, FOPICETRBE R Y T AER
#90C. 1hiRE S €L (ZRFVEOBEEL ) Y H—DAK) 'Y . KIGE, acetoned
7z iddiethyl ether THE¥ L. 20 CTHRFEL 7=,

AHTEIDED L) CRALE LT VIEERT A FrSABBEA V. TORT
ARTIAOFERICL D DNAY IR ENDNED, RBEDLDEHNIEE &
8L TIFRERE L.

{(DNA~IV FOFRE)
E2E-F2H Mo B LR 2EBOLOEFER L,

(CamR ¥ v/ 37 HFPIFRFFT 2 E d-camphorDE &)
CamREmPDH, dcamphord HEIIHEE L TWVEHDPFHL0E S DEHLL 0,
GCltk it  TBELGC—MSILIARER TR 7m0 B, HEEAEPH--7-F<
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A

1-propyl amine + (MeO)3Si-(CHjp)3-0-CHo-CH-CH»
80 °C, over night N7

Glass slide

(0
CHs}4-O-CH»-CH-CH
(CH2)3 2-CH-CHy
0 0
Boron trifluoride + HO-(CH5-CH5-0)5-CH,CHo-OH
90 °C, 1 hr
OH OH

| |
(CHy)3-O-CHo-CH-CHy-0-(CHy-CH»-0)5-CH,CHy

Scheme 1.

(A) Reagents and conditions.

(B) Product.

In DNA belt, linkers leave the avidin moieties adsorbed to glass, and
repulse the phosphate backbone. The linker are covalently bound to
the glass through the aliphatic ether oxygen clusters

(after Southern et al., 1992).
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TORERFT T ARBEFANTITE o7,
Hit

(1) CamREFEmDALbLy 7&EW# 2400l (03mg»C amREH) &. FEHED
8 M®guanidium chloride/Bind- bufferi& i % & <IRAE L 2% 45 L7, 4 CT—RaDR.
— 7713100 ml?>4 M guanidium chloride,” Bind-bufferi& il 124 L THEF L (2 H 54 722 b
O—)b) ( BRYBERETICFOTIEE LS,

(2) YR, WY > 7021 miDdichloromethane %1 2 T d-camphor? B H % 4T 721>
dichloromethanetfl @ X b & HWTEILL 72, % > 7V % % N2 Nsodium sulfatedE iy %
lem® & TREO/IAY =V ERy b EEETERBIK-PAS-5P , 5344 A X) I2@L
THREITHAK L. 1 mDdichloromethane% & & 2 5B L THRWVET R 570 T2, BEEA
IR R ER TS L 7o dE (d-camphor,/B bufferi&F i) 120V T b [AAEDBIEL 4T
otz

(3) d-camphor®DFHE L 7203 _TDH v TWIZ10 pldd 1-hexane X I L TH 5 |
£ IR AR F T —Mdichloromethane % & LTI L 72 FOAD 5245 (0.02 mg-C am
REE) 2F ID-GCRENEFRA Yz P L, F¥ T —HAN, (L7 —45KPa,
H,50KPa) . X427y 7H AN, 100KPa, Hi&100 TH 5280 CHORELE. 18 mind 4
HToMETE oo, REMAOEBRERGDFEBCIHF L. ¥ — 2 Hi& & dcamphorD{:
REDPORERTER L,

(4) mESNIZE— 27 2 dcamphorTHEPE )P ECGC—MS IZH > TAOBYH * 4
YTVaxo b UTHANz, TSGR, ¥ v ) 7~ F AHe, A 1 m - min'. £i560 T 5
100 CE T 2.5min, 100 CAH 5150 C ¥ T12.5 minDiBELEL,

{CamR"V 7L y#—15FOaH{l)

HE- - FB2HRNAR) AT —E¥OHEIM-72 EREESILKOLBY,
~anti-C a m RIgGR Y 7 0 — F )VHEIL, rabbitdFTHLIE 2> & protein G-Sepharose D+ — 7
YHTLCRCIT 74274 =00 NS5 T 4~ (FMEWE20 mM Phosphate buffer
solution [pH7.9], 0.1 M glycine - CI' [pH2.71/2 & V8 heif ) 12 X B8 L. B2 PBRSIZ
BERLTLL4CTREL, ¥k CamR ¥ ¥/ B & Dsoichiometry? EL T S A
CEDRDAEIA, BRENTESFOC amRFGEOEIZEZ3% (IgGhE) B LU

29% (Fab7 5 7' A ¥ M) Th o,
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- CamRI(ISuperdex 757 T L FHWTHEBR R L2V b0 % E -7,

Wi
FTARTDERIISuperose R2OTFNVREA S L2 O NS T 4 —ITHE -7, BIAE

B DOBRBOBBEDI2HIZ U b V5 74~ %4 o720, BHRY— 2 OB BEE

RABRE7 0T S ALEL LEbEAZE THAERNC amROSTFEFEE L &
CAH 1GFOCamRIIIGFOERY FHHEELTWE I EHbh ol

{1 IR LA FF “camO32 hairpin stem” 1 5T DL T ~L)
HIEE - F2WRNAFRY AT —¥OFEIM o720 FLEELITROEBD,

(1) DNA | OFEBGEITH V., T4DPase & biotin-dUTP % V> T camO 32 hairpin stem
DA i biotink % 1 DEA L7z,

(2) CRIZHEETLVEO "8y 7" 2SS, BREICHEBESZD NA *Mono QF
LML BT 2F B/~ M7 74— (BREETGE, H5#0.1ml - min-1. 75574 L
¥ PE—FOMDP 51 MONaCliEEREL, SOmin) THBEEL /-,

(3) UVARZ bOs T A, BABENE, BXIKEND 5 HLEHRD NADOES % F
# L T4 5Bind-Buffer (DTT% L) 2 /GEICBREROBINBR 21TV, 4 CTIREL 7%

(HAEHMEETOCamRODNAFREHME) Y

(1) camO%= &L 77 A 3 FpHA37-1 (60 pmol) % H-Buffer (240ul) #. Scal {180
units) T 1 ABIM L TESELL, FPRT AV -3k L7, #ODNA (20 pmol) %
1.3 pmol DRABAF C a mR 721X EEAEBRILC amR & & b (ZBind-Buffer (30ul) T
25C, 40minf YFa~X—tL, CamR-DNABESGEEZ R LS, FICCamR
AELEDNAFRFEDF YL barto— e LCHEREL,

(2) 15%% H60%HEE Delycerol 77 7 4 L b /Bind-Bufferi5 i (84A%517ml) % H
PLCHAOFY72=FAL TELEIZHEL., (LHOHF» FUEFRFRIZ DV TE LS
(150,000g, 4 C. 4.5hr) 247% v, #EHHOCamR, DNA, #L.TCamR—-DN
ABEBETHL.

(3) Y7V ERESIOEL, F410WFEL T SAT, 2u%0.7%7 Fu—2
TVEKKEET YV NI AT, FRNFNGHLESTOC amREDNAZRE -
LAY,
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(1FFTAFIZAT L)

AERNARY AT —¥DLZFLRABIILTIT R - 720 7277 LESHIZ0.5 mg - ml'
casein’® & Bind-Buffer (DTT% L) 2fH L. DNA~UV b %25 CITES 72 A5 5 BAMSEER
i R
HNHEEEDEHE

HIRBC amROT Y 7 VBEREOmMAP 510 mM  (#i88) D MgCl,/Bind-Buffer
e L CRBELTDNANV FENET LR, CH2REKPHREED-EEEMAF
=Ry ZAERLTCOA Y F 2R~ [CHEL, 30mniBkASA Fyro 2
B LBRRESRBIB v T 2 o 72,

WEIZIEC T, 5 mM®d-camphpor¥ & rBind-Bufferz # DA 5 4 K& H )N —~DEIz 4
Vs bLTHTORFEEAILL,

WETHI T v A

DNA UV b EiZBind-Buffer 20 pl & /85— 2 v PRt FI~EEESC amR
(220nM) T 2B camO 32 hairpin stem (380 nM) D ¥ P VEHIO WE ¥Ry b
TAY V2 bL, #0551 5FEODNA b FICBIT 28 EHBE L7,

T 72, BOGEE#camO 32 hairpin stem (330nM) L REHMOC amR 2.7uM) &%
Bind-BufferT25 C., 40minfli7 LA Vv Fa_—Ta v L A2 7 v 4BV,
COFRFTDNALC amRVBEESELERTHI LTSV TR 7 v A THREL:.
Competition 7 v t A

HHH LcaseinTHEERY 2 — b L7oF 2N b ZBind-Buffer® & V) . BOVAZESILC am
R (44nM) & camO 32 hairpinstem (44 pM) %25 °C, 40minf 7L A ¥ F 2 X— } L7,
44 pM camO 32 hairpin stem % & {rBind-Buffer 20 Wi DN A~V F FIZHE/Z L THh S H 8
—ZPF, FCAY U TIVEREA V2 P LTRABODAS AT 4 T vk A BT o
A
AV TFa—H—D%E

H o LdcaseinTHEESR I — b L72F Xy P IZBind-Buffer & #EES mM®
d-camphpor, DMF&E# = & ) BEEFENE L2, FI~EAERELC amR (100 aM)
Tz, 257C, 80min7 L 4 »Fa~— 1+ Lz, 5mMODd-camphpor? & tsBind-Buffer 20 ul
ZDNAWV PRI L, FRICASATA 2 TDT w4 %45 % 072,

d-camphpor® S mMiZ, 7 v F 7Y R S Y L REOF LY 7 F ORESLEBE
L7,
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(VY7 PTve41085CamRD (Ya—F) Fxb—5—fg) 2
=TI, BRA Y TX 2 LA FF “camO 32 hairpin stem” %, % 72idpIPS11%

M-Buffer™ T Hin clI8 & U Hin dIITHEAL L TR 72camO% £ 8126 bpD 7 5 7 A v b %

BHL7.

R ER Y -REFEIZLDADNAOHEERMPICRWH SRz <L — 2 —HEFfl6ek
f12.5 (3£ 3 &) &, Al Sam7 DN A DAAN-Sph IETH (0.3 mg) % H BN

Aval-Bbi 1L/ L-Buffer5" 4 ¥ . 2 h D115 bplT i & L TF1.6 % .

Bsr1 (New England Biolabst) Bsr-Buffer¥ 4 ¥z X k 144 bplf 5 & L Cf12.5% .

ETNFNFBEL /2,
cR0EF RV =8 —EF L DRBFEHED 2 VD OT, f1.6% AR T LHEICHE S 172290 bp?

SEDTH A,

(1) 7'B@—7 (7pmol) % Calf intestine alkali phosphomonoesterase (2.5 units) = & - T
UVERALEE (37°C, 30min) LTAS, 75T, 1S minii#A L TEEEL RERS W, FI
T4 polynucleotide kinase (10 units) & [y-"PJATP (1 uCi) 2MA 74V F—FHEA LT,

(2) 877 INT I FSNVEFKEITRHERELZ-7I—7 (0250M, 1nGCi) 121250 nM
?»C amR &120ng - pI' Dpoly(dl-dC)% M A . Bind-buffer®25 C, 20 min s S &7z, £
DFFL 250 sM#A* 52500 sM X TOREDOHFHER] (f1.6. £12.5. 2.0, 5V iIRTHFD
Agill DNA) ®3EFIE7,

(3) BT YT Wea%7 7 ) VT I FF VI~ F L, 6.7mM Tris - CI' [pH7.5].

3.3 mM sodium acetate, 1mM EDTAZ ikEIZRER E L T4 CTTERRKE 27 % o7, F0
PRUKEIAEIC R AZ Ry TRMAMNT. 7/ — FEE H Y — FREIOSEE €2 TEE
w7z,

(4) VBRIV EFHBRIECF - NSVF T 74 —FRBFTV Y X N) — 24T 00
BEAT L 720

7272 L\ camO32 hairpin stem\Z DWW TIET A V =7 I~ ueg$, Zhz12uM&C
a mR8.8 pM*% b S ¢ ER TERKE) (FkEFEEH 45 mM Tris - borate [pHS..0].
1 mMEDTA) L. EdBrT/\Y FEMHRALL 72, 5 mMOd-camphor® @M L 2% 7V b 5
HLUTHBEILA-LZA, ZOBSICRFVY 7 MBPBREB IR W L 2EIDLY
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{(DNA7Z 7 XA MIEEL/CamRDHEE)
“AucamODNA" EOC amROFEMNBLFRE TS LORFELBOTEY 2B,
- protein G-Sepharose D A 7 ') — 355K FE D50 mM NaCl/TEBHW TG - i L bow

R L7z TEOHMBIZ10mM Tris - CI' [pH7.8]), 1 mM EDTA,

-anti-C a mRIgGIZFENIZ L - TPBSH 550 mM NaClL/ TEIZ /R ERER L THLEH L

PARS
i

(1) AucamODNAZ%ZEcoRI, Sstl, 5\ ZBamHI& Hpa IHE, \ZL hiprL, 378
FOTIRBEEM T 2RAR L (Fig.3-7)

(2) ThEZholr (240ng) #CamR (042pg) . BSA (220ng) & & 1260
pi?Bind-Buffer (DTTZ% L) HT25C, 20 min7 b A ¥ F a2~} L1z, #Dd &protein
G-Sepharose 2 7 ') — (32 ul) &anti-C a mRIgG (80pug) #MATE 51237 C. 90 minX
RS (@ffEssul) . CamREFEE L zproein GOEM A & BERYHE S/,

(3) HHEHEHA 5 LE (s i) & Sepharosel g % @ik UL L . #FE D 71200 wlod
TEZ M2 ZiE TS5 minfl# L < FEHL THRE L7

(4) BURLSEER. EiFidethanolitB ' LTHRFEL (WHE) . Sepharose#fgid %
512200 pi?50 mM NaCl /TEZ IR FEARICH L < B3 L THE L7,

(5) Sepharosef§tig 7 =L L T4 5200 ul90.5%SDS, 10 mM Tris « CI' [pH7.5].

50 mM NaCREAHIZBE L, 65 C, S5mind Y FaX—F L, Ei#Eidehtanolit i L T8
FL7 (W2HE) o

(6) SepharosefiEDREEE (r ) »H4uehH, SDS—PAGE (125%7 2N
TIF) THEUYNRIEDTRELTEVREREICTHRIE L. (BIESE2E, 16~<—Y) ,
¥ D 13 2 5 iZphenol-chlorofom@& M2 N2 TR » /827 MBE L (65°C. 5min) '' . ethanol
TERTDNAZENE | W, W2k & D1207% 74 0 — A7 VESKE THHF L
TAS
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1. CamRY 7L v —Fdd-camphor®ig

CamRYTVLyH—4 s HEEL2 I~ F Y ABEFamRODBOFEGEFTL S
D (Fig.3-1) . 4 ¥ 72— —T32dcamphor® C a m R ~DEEEIZ & ) camROEEEH
Besa iz’ Y, 72, CamR ¥ ¥ /827 Hiddcamphor® 7 T Tinclusion body 7> & 6]
fLEN2HEEL-TwAEY | #2TC amR Y REICHET 20 L EAO SRR |- &
RIES mMO d-camphor 2 ¥EIIT 24 57 2 a »aftabh® © 20 | 2SS,
AFYRRBIUTYNVER O NS 74—, BWBEYETC amREGSER XA
Tw5&2“0%ﬁucwﬁﬂ%mwécttttﬁ\4y¥7vayﬁumM§ht§
E D d-camphor PR IZHEE L T v &S 2o, b LdcamphordSC a mRICES L Tw
BETHITZFDEBEIEN VPP ERLEBEL L, LI T T vk 27y 7
Vb EOREET v A ETIE ORI T 5% 5 O d-camphor® L. EHEIND
BICHBELREZEFROLNTWEDT® ¥ | dcamphortd C a m R DR T =TI Y
BRAONEGPIEIREL THRVEFBLLNTERY . LeLadss, BFETIAYE
REBEITF 121 20F 525 —%F0FTHRUTIHECREOE VT v L4 ZT
HY (F2E) | BIERETR) Ly L5251 v Fa—H—08RrEETL 2
ERELFREATH L0, B ZOMBEITEYHAT,

d-camphor¥ WEBE THDOEENIZGN L., 2 ORI ENGT L2 EETILEN S L 77
WIHAZ AT VT T T4 ——HEEDT (GC—-MS) T4 o7, BEEECTCAENE
BERIEPNTELIIL P05 T, b Ldcamphord™2 b v Z RSB I N7 6
ZTHRECamRI U HIZHEICES L TWALEILNS, FITWo72AC amR
%4 MDguanidium chloride TEM € TR LFRILEWEME L, GCEGC-MSizo—
N L7z, #DER>Fig 3-217R 7,

INANVADHA T b7 a0LB), BEREZ2minl2 ¥ 7 F LA S i, #
CAI R #E d camphorid Bt L B LAHRMEB TH 72 (FOWEIICA My Z7ERIZET R TV
DTT7% EXRFEGRES.6 minlEOMBIZESHIEESN) o SORBIEME b ORky
SHOIMSTRBITLIZECA, FOEEBOD A 4 V5854 (3 d-camphoriZE& O A <=2 |
VERLI: NAVB) o GCREDEDFARRROLETS (RANVADT T 7) |
CamRFZ VYNNI H10ugh7:95ng, T4HECamRIA T —1000FH7 0 155FD
d-camphor® A TW/z, I PO e LT, CamREPEMXS/BICEF LY
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Fig. 3-2.

Detection of CamR-bound camphor.

Purified CamR protein was denatured with guanidium chloride. A half portion
of the sample was solvent-extracted, dehydrated, and subjected to (A) FID gas
chromatography and (B) El mass spectrometry. The other portion was dialyzed
as a control before the analyses. The amount of detected camphor molecule is
shown in the caliblation curve (injected sampie was 2-ul volume, equivalent to

20 ng of CamR protein). No camphor molecule was detected in the dialysate.
Measurements were duplicated.
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YITNERGHT LA, F 2 ilidd-camphorldE E e o (F— LB
DED#ER, CamR¥y v I HOFICIZdcamphordfEE L7275 7 a3 vH515% (¥
AV—HE) FHELTWZEehb, BRRENZTOHEDOFTIEIDNA L OLELES
HAEARRTE L WEFEESRE EEHEEY S L2 FHER» S, d-camphor7® 1 43
FRIFELZZCamRI AT —12ldA L —F —EEREEDENTLOD., 245Fh
BFLLZSDIZZEDFEEFERDbIL TV, 7— 5 &8E)

2. RMEMBLUHABHC amRDODNARSEL

CamRV 7L yH—10FOTHILS. RNAKRY 25 —Y¥DBEE (Fig.2-3) & HEHE
CHUE (T V) REALTEEY FEBEATAFER AV, R LERALRY
7O0—FVMRAKIEC amR A -&F2HEE L TBOWLZADTH 2720, 4 77)
YA —DFREEFCamRODNAKBESERICKELEEZRIZL TV ATEEXS L (K
BE2H) o TCTIDFIAFTIVAT v/ ORICENRERILC amR EFXEHC 2
mR & DHFEEE KD 2, T2, LOGCC-MSOERDPLEBHC amREEIZLDN
ARBEREDEY, HAVIEERIELZ 7927 a vHELTVAI LA TFHERNL 20,
R ESE S OEE YR,

FAEH, HABEHEFNFNOC amRY VSV BE2 BN L TISEBREIENDNA TS &
AU b (AR —F -2 ELIKbpR) LESSY, HEBBNEDCH LES T V) O
—NVERQEECIITHEELY, ELISAEICLIHNCamRe, BRKEEDF |
AP)—IZLODNATI AV M2 ENFNEELHEEDFig. 330595 7Th b, &
AVR—FZ Y VERMTOTO T 7 ANVERTALE, RMEMC amRIZES1210 USRI
A) | BAERIC amRIZESINC (XANVB) ( FLTDNA7ZS 7 A Y MAEST
2 FANC) EERTW i, REHC amRO—HIZIIT /) ¥~ BLRABED
KEWTITZ Y a3 VIR ALY,

LW, DNAL Y YN EOBEABRIIVEVESICRE IR L& 2 TS, EE
D7 774N NRNVDEE) Tid, DNAIESS (REHC amREFET) 7213
H559 (BGERECamREFT) & DNABMTOME L h BNESICHEHLA
(Bi#R) « CTRIIDNAGTOERBESZNEFN3N% GREEC amRIEET) BLUYS
% (BHEHBC amREFT) BEIMLACELE2FELLTEY., CamR¥ 32 E0k
BWDNADIY T A—VavBikE b b Lzt EzoNn LY

NANVDEEMADY VRIEHEOTI T 740 (FEH) KEEDIZ200E— 7230
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Fig. 3-3.

Sedimentation assay for DNA binding activity of P. putida CamR repressor.
Operator-carrying 3-kbp DNA fragment (20 pmol) was preincubated with
intact or labeled CamR protein (1.3 pmol in dimer). The mixtures were
centrifuged through 1.7 ml of 15-60 % glycerol gradients and removed into
12 fractions. The amounts of protein (circle) and DNA (triangle) contained
in each fraction were quantifed by ELISA and densitometry after agrosed-
gel electrophoresis (vide text, experimental part). The scales of ordinates
were normalized to the maximal values. Sedimentation profiles of (A) intact
CamR alone, (B) the DNA alone, and (C) labeled CamR alone are shown,
and those of the incubated mixtures with (D) intact and (E) labeled CamR
are represented. Arrows indicate the direction of sedimentation.
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LNTH, A, BEDHBILENLILERESY V%75 EDNA-C amREAEES
THHLEEZLNL, EY—VEBOKERDILZSH, FEHDOC amR D86%HD N
ALRELTBD. BNOUBIIEEATHEL TWiadorz XFZ0D) 2V, ZofE
i, GC-MSTEEL 2d-camphorilEAL72CamRD 7527 3 vOREIS% E L <
—HLTwa (FTHE) .

B SIN2CamROFEE, T8I DNALEEEETEL TV, 8BS~
BODNARESEL IEHME LB L TOBRBRESATEY, 20 b IdARFERFHIC
FESL L RREOBEEY RO L TWEEEDbNAL, SEOSFADNARSIEESHE L
Tl e LENERIEC amRIISHOFTEHRECEAICHED LHEFL T v 1 o
HUlzo ZOB, 820%D 77273 a B DNALDREGBEABERSTEXLVWHDT
HHZLEEZRTHIULENSDD, LoT, 5HBOIGFIAFTIVAT v A TERLNS
THHIFER, 72T vy (BE28BEIHN) OLH% ML — A0S IEAF
CEFEEh B EFHIE NS,

3. 15F¥4F3 272 LH8BHHEASEOKE

MicamODNA] 2HOWTASA FFFAICDNA~W P 2ERL, 2ODNAIR
AgtlIDN A (&E#H44Kbp) DIZIZHROAME (19.6Kbp) O 1 #FiFFI2CamROA
Ry =8 —camOr FURBE S 770V LTEBLDTH 5,

10 mMAOMg” % ELEAERILC amROBEHFDNAN D LICB %25 CHOEET
THEGERZ L/ 2A, RNAKY AT —¥DLE (Fig.2-4) BV IRIZES v
TEINTEFEE SN (Fig. 3-403% VA) o T0LH% (VS ¥y OBEFIX
ARV=F = EFRENLNE (NANVEHORR LI—FHLTwiIERE, VT
byt —&Fd_L—F - DEEEPTHASINH TWE EBbhL, LELads, 1
A CamREDNAOKRTE, $AVERPEL 450 1 OFRICOEAEL R L
Twiz,

NAVBREDNAR RS A Y MZGTTEDHBIZWLS2CamRAFF Ty 7E3hTw
LDWREFEEDICANT T LIZ0, FEDEOGFIF L — % —EFRISNAHEIC
EBLTWEL 0D, RRYEFEHSLmP 512, 13KopDMBIZHHD Y — 7 5308 5
Nize Mg*DBEZ10mMP H0mME TEL S TH, ETFORODBENHED L N7 1BEE
THANVBOGHDOINY —VICBRELREEAL N o, T/, B2ETHWSCa
mR DEESENE D72 VA el Samm DNA (LUF, A DNA &BET) ~JL hCTRAEIZT v
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tALAEZA, RRYDNADOEERMNE, H5VidiIPL 45D 1 DBFRIZFT v E Y
FIRBOL LN (F— 5 EEE)

4, Va—FFRV—7—-DFERECamREDES

2T, AWLZDNALIZC amROFBEEMEFTOT — DD BEF ALV E S P,
AT T —VOERY A= v R OBrLRERRLT (Fig. 3-5) o FOBE, A%
Pseudomonas putidal 2 \3EZE L2 VAT 7 — Y ODNA EIZ158805 1610 bp ¥ T & 124774
512499 bp®D 2 AFTIID A, 80% D 5H90% EEFIIHBVWERT OV — % & DEFIARE WB X
Nize EBE, AgtillDNA (MW TiEAzecamO DNA) iz I WS OEBRAEFEINTS
D% FNENHFig 3-4D 2+ I ATRLNSY — 2 10304 BIBFT GRES %
WA 512, 13KbpDALE) CHFEL Tz, T, 2 00 4211.68 L UFF12.5 & 83,

fFlLeLfI2512C amRAESLFELEI DL, FUIY T T v A TEBRMICHEDTL
7z (Fig. 3-6) o fLOEfRSEFNENEEUAD NADKIBRBRMA &, FA00REY
LTCamROBETM EITHRET Y =D WV1922H052212bpF T (LLF. R2.02873)
cBOCWMR TR L, 72T AR~ R EODNATS ALY M2 TAV b—F
SRVLALDORHEL (L—-UNC) . ThECamREFESRXTTHF LI 7 FOME
PHEDPDTIZ (L—VPC) o FORIEN/ YAy FOADNA, HBWiifLe. f12.5. 2.0%
EBUDNATS AV MELARMRIZEZAHS, 7O—TOBEIIHLT/H Yy POADN
AX20088 DERE (TIVIL) T, fL6IZ400EOBRE T, f12.5THI000EDEBRETY
M7 hENwTO—-THmbN, Sy POADNAL, 1.6, fI258 R & 0 485
FREEDMRVRE P o722, ChBEENFOEENLZEDBENIL 7200, Hbnit
FEOV—RETROBEE L2789 FRKHNDOC a mRGABMUSFEET LD TH S
LEZLNE, —F, RODHEITI000EBBECHBETIIFIINY 7 F OBSHEIZRS
o,

L4, flekfl25%2 70 —7L LTHEC amREDEASRICEFE UEBREBHTTHN
72, L—VPCO LS Y7 MLV FidES ol (F—44E8) . 2Fh, C
amR & DEMBEEIERDOF L =8 — L h b hLhigneEZLNL, FNTEAED
IR FEE DRSS £ ) 3 (competition assay) TORERNL7Z VY 7 b7 v ko
fedi, DLEOEREYI LEDDL L, flLeLFI2SDEMTA RV -4 —DIDEBOTEH
ETOV—3L, ENLIIHENIRUREROLESYCamREFTEICEFHLI LR
72 L7220 T, flLEEFI25 Y 2 — FARL =4 — L WA REFMNTHY, FAEHD
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N P camO vs. competitor M
C C| A f1.6 f12.5 12.0 K
X200|X100,400,1000 | X100,400,1000 § X100,400,1000 bp
% - 281
“@

Fig. 3-6.

Gel shift assay for pseudo-operator binding of P. putida CamR.
CamR dimer (1250 nM) and 32p_jabeled camO DNA (0.25 nM) were
equilibrated jn the presence or absence of molar excess

of non-labeled competitor DNA,

Competitors used are 50 nM of non-cut A DNA, 25-250 nM of
pseudo-operator DNA 1.6 (115 bp) and £12.5 (144 bp), and 25-250 nM
of non-homologous sequence 2.0 (290 bp), as indicated on top.
Lane NC, no CamR protein added. Lane PC, CamR without
competitor added. Lane MK, molecular size standards, indicated at
the right. The samples were loaded onto a running 4.0%
polyacrylamide gel. Black arrowhead shows gel shifts.
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TFEDFg 3-4TD N7y 73N CamRAFONHIEELYEITVEbDEEL LN
%o

5. RELEICLA2BNESEORYE

VA= FARL =5 —fl6Ef25DHELH L % 57288, Fig. 3-4DC R | 75 Ad
LIFELILZHDOC amREESTMLIA:camO DNALDOLE#HE DL 7 A Y Mibt o<
FHELTWAEEZEZOLNS, HDWIE, 0L BB LS mOERFEFED T v & A
BELHLZDTRZ WP EW)TREFBTOND, BB LB ELREYTET L0, L
TOEBRZITLVRIEL7:, MEZHRT S (Fig. 3-70/8AVA)

AuncamO D NA DR A OFIRBEEMNTZAEL (SAVCOL—20) | B4 Cam
RLDHIZEEHEZHMSE, £h%anti-C amR IgG% A L Tprotein G-Sepharose i f5 17
MESFELERLLE (RAVBOL—Vr, FOLEFL-—-s) , EEBEOSER
T2EESELELERIELLE (FOLBEISEVCOL W1 EW?2) | By 3
FHBIIIVBESEPLODNAZHEL TERKBTHHL., CamRAhcamO DN A
LD EDHFIIRELRKE L TV ERMITIRA L) E&A7: (NALVCOL—
r) o COERBREHETIZ, B FDC amR % T TSepharoseBlED~<L v + & LTEIL
TAILYTE (RANVBOL—8) o FIUTEITN TV BAcamO DN A O FIFRE:
RETA 2 T FTEER TRV L (OS2 LCL—YW 1) | 2 EIZ50 MMONaClE A TER
THWEAITR 2722 (L—vW2) , CamRELEWTHCEALTWEEI LA
LUTHEDERE L2 ZEIDWEVOHRICHL 2D ST C amRICES LTV B A REASL
—Yr IR, FOVTROPIZSE TR —F —camO& ¥ 2 — FF <L — #11.6.
fR5EFALMAPHELEL, TOEPICHWLOPDREPRWE SR (USZAD)

CNLDFERE N camO DNA LICAFET Y —BETR VRS2 h o B O
HOPITTHE LB, Fig 34l bNGHm DN — v 2T 5,

B, ERICEL TERERZ D,

a) CamR%ZMZ ¥ anti-C a mR IgG & protein G-Sepharose B 5 751 TEER % 47
Bolcll A, LEOHIBERMAPHIEL Lt - bonEnbidT<T
2EDE ORI THIEL SEH LN, SANCOL -V r ORITIIERIKE
THRBENLEDP 2 (F— 5 E8E) |

b) EHLZAgtIIDNA & FNHEEDK:camO D NAIZDWT, 390 BamHI 3

-69-



Sepharose
resin

<2 DNA fragments

+CamR
+CamR +DNA
pro- +Cami HgG +lgG  +gG B
tein | | | I | 1 r Cam
G r s r 8 r s r s R

Fig. 3-7.

Immunoprecipitation assay for determination of location of CamR trapped
on A::camODNA .

(A) Schematic diagram of the isolation of CamR-bound DNA fragments
using a solid phase immune complex (a modification of the procedure
described by McKay, 1981). A::camO DNA was cleaved with Eco R,

Sst i plus Bam HI, or Hpa | as presented in the following page (C, lanes
denoted by "0"). The DNA samples (4.4 ng/ml) were preincubated with
CamR (7.7 ng/ml), BSA (4 ng/ml), rabbit anti-CamR IgG (1.5 mg/ml}), and
slurry of Protein G-Sepharose (32 pl), and centrifuged. Supernatants
were removed (B, lanes denoted by "s") and pelleted Sepharose resins
were rinsed with TE buffer. The wash solutions were ;

saved (C, designated as "W1") and residual resins were rinsed again
with 50 mM NaCl / TE buffer. After the removal of the buffer solutions

(C, "W2"), resins were resuspended in 0.5% SDS, 10 mM Tris, 50 mM
NaCl (lane "r" in each panel) and electrophoresed through (B)a 12.5 %
polyacrylamide ge! and (C) 0.7% agarose gels ( vide text, experimental
part).

(B) SDS-PAGE of immune complexes. Proteins were visualized with silver
staining. Lanes 1 to 9 contained Protein G-Sepharose. Lane 1, no proteins
added; lane 2 to 9, added as indicated; lane MK, purified CamR alone.
(continued)
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Fig. 3-7. {continued)

(C) Immunoprecipited DNA fragments bound to CamR.

DNA was stained with 0.5 ug/ml of EtdBr.

Arrowheads indicate fragments carrying camo, 11.6,

and 12.5, respectively.

(D) Summary. Shaded boxes indicate the locations of the DNA
fragements visualized in lane r in each panel (C).
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SRIPALO P IZIER YT S T S Wb DB o 72 (28 Kbpii il & 35 Kbpili i
ZAF) o AFIMMLLEEDERLEEZ O NLPHERIFBTH L, FDO2HIT
TETA T2 AP SN WEHITF A3 )V C ED® [Sstl+BamHL) 255
NHD, ENHIRBEREDI» LFS CHP SISO N EH I T A D B
520w DThHA,

S3HBOLHTHLNMILA L)L, 15FFAFI VAT Y v A TIREMEOE VLY
BEOESAETEETRILT 2L/ THE, — RSV T NER T Y N 7Y ¥
MEY B ETHHLENE YV FME, FO—T &5 LS BORENHRIE S B2 72
JTaEYy (RER, EREKEFTS U UGBS L) AR sk KL
TVRBILHAET, TNOT v A FEDATT 4 75— 5 IIREEEE O K 5 WEAKRREL
EEONSCEEROFEELEE LRV, YOLILBEAEIREINL L. BT LE
M2 70—~ TORBELET v A EOWEIZL 5725, KIFERICBTE 15T A4 F3
AT v A BEBT VTN A LA TESRBET M Th L S THBENLSTFEY
FHFEEREL IR E2HT 5,

6. BIREEME. AT4 71 2 7 ORH

F2EORBERNAR) XS —V¥OHEEEREE T 2 T, Pseudomonas putida C a
mRY Ty —lOWTHEMLE 1 DF VA FITAT v A 2Tk o7, BB
72CamRY TV yH—DhicamO DNAXLV b (25 CHEE) LB 55FEEEs . A
W7 7051002520 um - sec” DIRERN THODNA & D24 HEEIB0EL LD & X412
FL—A L& IAh, RNARVAS—E¥DLELARIISDOBR., (HMTFv 7,
(2YAFGATA VT, (3 YEY T ()Y TIEY T M, (5)FDf, (2)e D
(DD PHFAREEL D, R ah7: (72 & 2 iEFig. 3-4, Fig.3-8) o ¥72. CamR
DAFTAT 47 EBICOSDNALOBMOBENICGERNLTWALEX SNLIEEDET
PERR S, WEAFENLREERDOFEIRBE I N, CRETHER) , X510, A5
ATV TERTET v T7E3NDLTFLE L, FNEC amR DA camOF <V — ¥
—DHEBHYT, Va— FFRL—F —fL6RfI250TET A EHEINLI B THRES R
7z (Fig.3-9) .
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Fig. 3-8,

Movements of fluorescently labeled P. putida CamR molecules.
A::camO DNA belt was partially visualized with a trace amount
of EtdBr. Absolute value of averaged direction 6 for each 3-pm

translocaion is shown. Defined region of sliding ( < 10°) is

shaded. The belt (dihedral arrow) was immobilized at 0 °. The
upper molecule shows sliding, and lower simple drift.
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Fig. 3-9.

Typical time course of the velocity of a sliding molecule.
A DNA containing no camO site was used in the assay.
Labeled CamR passed the edge of the belt at 0 sec,

and trapping occurred at 10 sec. The binding site
agrees with the position of pseudo-operator 1.6.
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DNANWVFETERI SN P L — ADHE % Fig 3-1002R 7, #EE#L/~CamR
T (FERE) (owT, 1504 TUVOEKPLENASAF4 v, Vv vy, b
Sy EVITOWTIPERL, FNLDHRTELIZATIATA v FE Sy 7ok
WZ4E gD/ (HIRE, BESOBMERAE» S IEEFIC22%., 10%. 24%. 21%. 23%) o
HAOZ2DNANNV MIHES 12D ICEHB L ON LW, PSSy 70 E5D25480R
NARY 2AZ—YDbkE (6%, Fig.2-8) LHRTHRIKREVWIEFFETH L, ME
TFig. 3208 R > 6, F20% D75 73 a YBDNA L DORELEAEEENTE L ne
EZLNB0, NIy SOEBRELICLDBVARESSEH L, —FH., A5 AL F 4
YUDEEEIRNARI AT —EOFFCamRED 2HEEL, 0L REEOEV
DNALDEEROKFGIIMEMTERID LD TELRVPEELILNL,

BT, ZDEIRIGTFIAFTIVADT v AR ARL -5 —%2E582bp0 A1) I
X7 VAF F (camO32 hairpin stem, AEE 2 5) * KERMNZ CHEERIELITh o728 =
H(BEBD) \  RASAFT4 S, Py vEYS, Py SOBRSAEXCEEINT
EAEDTFIEL Y TNVEY T b ETE o7 MEOBMEIIELSIEEIZ4A%. 2%, 6%,
73%., 15%) o COTEEFRNARYVASG-E¥OF—2&—KLTHEYH (Fig 2-8) . EH
SNTFFDOLIvEY S, AFGAT4 VT, Dy vV CamRY vy EDDN
ANDEFILLDZIDTHLIEERLTWVES, LI, AS5AF4 7T v ¥
DL ) REUBRES LI ERO CNIIEERMDNAKAD 1 BETHE EEZL
L5,

7. §VRNVEDDNARKERNLEATGAT 4 7

INETOERIAFATA TS RV EEDNAEDERICINREL TWATT
BEM 2SR LA, SHICO Y PO —VERY TR TINEHIOAELDBIZ, X5 4
T4V TEESC amROVODELEDNAKBERMLICERL TWa0h, #hb by s
I AFERMOEZBOEMTEL TV EDARIIDWTHAL,

METEFHER E L THW R~ -2 E5832b0pD A ) TX 7 Lt F FeamO32
hairpin stem{Zbiotin-dUTP# L A F &, FTICENY FPEA L TTHILL 720 TR
BEDNAZ Y YN EQEELFRICLITTFIAF I AT v 24 LIZERDFg. 3-10
DFEFTH L (BBRE) o 203FDFTFD b+ L —ADP0%FTL B IV R 7 L Th
D, A53AF4 27, Px 807, FIvEVIOEBEIRO TRDP -2 (B0 H
HE, MEOKEILLLIEEIZ4%. 0% 3%, 86%. 6%) o ZDHEEIIDNAEE
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Fig. 3-10.

Statistical assay for singie-moiecule dynamics of free and complexed CamR.
(A) Effects of operator-containing DNA and inducer on the movements of
labeled CamR. Pror to assay, labeled protein (44 nM) was equilibrated with
camQ 32 hairpin stem (44 uM) or d-camphor (5 mM).

(B) Modes of movements of camO 32 hairpin stem coupled with fluorescent
tag and its complex with intact CamR.

Data collecting were the same as in Fig. 2-8 except that A::camO DNA belt
was used in the assay. In parentheses, the total number of traces are
represented.
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MEb/lvIigGy YV EET v Lz EOFER (Fig. 2-9) LEBICL L —FT 5,
DEEBERD NAL TNV SEBROREHC amR, TohbbiH L3t wvs
YRJEERT VA YR aR— L, FOEEKEY Y TINE LTHFEIEEREE LT

(BEMAEDFHR) o CHIEDNABESBRELAND S Y3y R TOLDNA N F LS
LILHBTEAHEMTHL, COMIMIHBERDNALTOER WEHELoBkR) &
BIZE-THD, AT474 VI3 EAERC amREMBTORRE (EEL0BKE) O
LY CHEIIRBE S W o (BRROFHR, SEEOMMEIEED SIEFITS%. 1%, 2
% 85%. 7%) o COTEFATATF 4IRS V2 EORZEOETIEMSLTwn
HZOTiER, DNABERUILEATHLIExEDLTWE, AF54 74 7L 3E
2B RERLEDNA— Y UV HBEARTHL LA E o7,

8. CamROBEIIEZ A4V Fa—F—0%hE

CamRY 7V yH—100nME ZD A ¥ 72—+ —~TdH 5 d-camphor 5SmM% 7L 4 ¥ F 2
N=2ayLTPblGFIAFI7ATvEA L, £DOFL— A% %5 L7 (Fig 3-10
DERAEFHR, O RIBEIZE 2 5 EEI30%, 14%., 6%. 29%. 21%) .

—IRIZ) T o= S RS BRA T a -t b AT AL AR L — AN
(HESNLEERZ DN TVLEY, FNLUNOEHFRHEDNALS~OEAICHET 215
IO TZ LV EFORHETIId-camphorFEETFTTOC amRDAT A 74 v & (FE
ER) B LA2EerbvoTEML, Iy Y¥Y Y (Ya—FEhiddRkot < —%
—~~OFRIFEES) OAPRE(HESIN, E5IFg 34REBEENI LIRSy 7
ENCamRFICHLTHENSS mMDdcamphor 2 I A &, FhbidwviorzA
DNAD»SHBT 200 7V FY 7 LTDNAXNV O LEERZD, AT 4574
YT REBLD T AN AN, DF 0, Ak & bd-camphoré C amR D
B AYTa—F—R@GU TV o - ORRMHEIEROLEBEEL, 25474 v 7i0ft
RENDIIFROHEVER ICERELEELSA 2V LT E Lo 72,

BroZimt, )7Ly —IZidRY - FHERN 20086 T~ F2BEHT 585k
LS D CIIBEEMIEEL, A VFa—F—RBATA 741 v e EUESERWMBESE
RIS T FICIREL S oW EHIIE A,

B#%IZ, Fig. 3-100 LA D5 AIZDOWTHERLT 5,
BT OLENLCamRI VA7 EORITIIDNA L EAFEEHETE 2 WHTFIR0
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WREFET 2 2 EBRLAH (Fig. 3-3) THLPE LD, FDI5%Eb L4 &
d-camphor \SRENICHEE L72C amR OBV T Wi E T S 17 (Fig.3-2) . b L#
5ﬁ%h@ﬁﬁm%%#%%n%MDNAﬁ%éﬁﬁm%énfméwﬁu&<\%%%
n%%®ﬁﬁ%%tfw5ﬂ%ﬁﬁ%0\%%ﬁé&%@x?%?4>f@?H5u
d-camphortZ 58 E 12445 L7 C a MRDEELZ T vd, bS5y EY 77— & 1458/
e Tns,
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§F4ES
.

1. # NI EGFODNANIL b EIZHIT HEIRE

B2E, BIETBEL T, KBERNARY X5 —EROBESB L FPseudomonas putida
CamRUZ7VLyH—o, HREREEMDNA (DNAXLV L) FioBiT25F8ELTHE
fElize MDY N BIHRBLAERE LT, BHROTTY E&CL D [T
FU 7] . DNALETELETA (Moo ey | BB LT L TEE G2 [V
YRV BRI, SHUDNALF>TFFTEBETL (RS54 74 5] %48
b5 LTI L7z, B—BRE, B—BRABNNICBWT, 25454 v 7idoh
COBREOFTHEVEETREINAZEPL Y VNV EEDNALOTELHEER
HATHLLEZLLND (Fig 2-8, Fig. 3-10) o

ATZAFTAYTEDNANN FPAOEEOBF TER S0, FO8ER, &3
BRODNARKEIIHTHEERICL > TRECET L7 (Fig. 2-8, Fig.3-10) . F7-, v
HDOWLDNARE NAA YR LR wPEy Vo B (Fig.29) #4) TX2VF5FF |
Fig.3-10) . ®25Wi2ZD4 ) TX 7 LA4F F&CamROEAE (Fig. 3-10) 1ZIXR 5
A T4 TEBOEN ol TRHEDOIEDL, AF5AF 4 7 EIIDNAES R X
AVIZEBERBENODNAMEROBSW 1 BETH L LERSINEL,

VY VEYTEDNARV FATH ECKEBROT y VRETEL CBElS N, #04
PHRIEVYVEVITRATGATA VDL L EROBERERLIZZEPS, DNAE
DFEEVHEE L TWE2EHTHLLELZ OIS, DNAOTRIEBEI Yy JICEEI N
BalV—7E2RERTAILFHLY B2EFIH2HE) . VY EVISEIFNLIICE
BEARAIEEINIZDNALDOAS A F 14 v I Tl EBEbhb,

M EYFIZOWTLEMRICDNAKEICL 20D TH B I LATRENT (Fig. 2-8.
Fig.3-10) o PIYE L TRATATA VI ERR YA LS LB EDEBITTEL,
FIF7aE—4%— (Fig.24) R+ -F—, Ya—FFRb—%— (Fig.3-4) &\o
125 N EVRRNICEE T AMBICES L, NSy E VIR v YRR
BERAEKTHLLEZZONE, AFAT A VIR ZNOBEDHMLTCIFT Yy 73013
e UITLIEHE LS (Fig. 2-10, Fig.3-9) . & VS0 AR RWSMA L OBE T T
DEBRE LTDNALRASAFA VT AT ENTRETHDLILFRLTWS T8
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2. AFAT4 v TOME

RNARJAS—X¥ECamR) 7L v —Ltolicid, E—DNAKEASEEY b oM
ZlRDE, EOHREK, Y7oy MEE, I (GRBELHAE Y 0 E) iy o
JEEHOEEICERBEEIIZ L (B1LE, Tablel) o L2L%AS5, EDICDNA ED
ATGATA YT ENT-Z b, TNEZRBEL{DNABSY NI EODNAI®
M AEELHEERER TR 2R EEDNE, 72270, BESKSHLER YT - T
WERBTIRSH LD, 25474 Y FOFHEHFICEIRNARY XS5 —¥ECamRY 7
Vot —DRITERALN, BIEOHBPHRE LD BEWEHBIDSED LN, & 237 B8,
EEOWHELLTATATA Y/ DFHREF LT LTS D2 (i)

AR THCZ1GFFAFI A7 v AT, RNAKRYAS—¥E-CamRY 7
Ly —DASAF74 5 207 70--2%05um - sec LLTOWo7-h E LA-BED
EET, FUI LG T VBRI A NN — A YR X EANTHBIC FL—AEX N h o
72 2SN 70— DRFEIZ XL D IESEMTA2E, ASAFAYFELVELTE-XD
PL—23NBLH10%Y), FREENMTE3umlEich - 2B RAT, THETIC
FIEERIEIPORDONTE B ODNARBESY U NIEDRAGA 74 v 7 BT
10° 25 10°bp, #9407 5400 nmTH N 278 | T HIEHEEME OSBRI E NS T
B 5o

b LAIFA T4 75 [l L0dtel s (B THESRTWALL, 728 2iF
FUNEBIDNACHBFRERNLEARLER L TCARGOBIIATIA T4 3T %o
TWhHOTHUE, LHFEEOREVIUL Y 70— (BESTFEOHAEY D - 7 200EZ)
DRHSEIDRVATA T v EEY 525, SIS 2EEIH10HEEEIES]
i 6 HOMER,
(MHBRENTRNARY A S —EDAT A 74 7 OFHEEE. BERWN vioER
L OBMMEREEMD L RO LN IFRRNBEEBROBHFLEARETH -2,

(2) B AR20 pm - min AT OFEE T AN JO—OFEELBRESNDIRFA T4 ¥ 7D
SR EREILITIZHA L 72
TEE—HT A,

EEVEBLZRVEEORATA T4 V73, COZERRBLAELDTHALEERD
N5, FFRRLEDNA -5 UV BEEHDFGDS V7 HE4ALL>TRLBHD
b, FNRBELIZATA T4 VI OFYBEHIE -5 o0 EEROUETH I LE
F S IS
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3. ATA T4 v T DS
SEIFGFIATIVAT v A TROVABERICEIATPR ET A VF il hiB2 k
IRPWEHIEIN TV LV, W TU—DHEBLE AT AT IO OBGIRT
LN AFAT 4 YV RBESTFLOBERIERT I XN L EGHTHLEE L LN
o ATFTATAY T LT VEY YNJHEDER® ML —AF AL, 0TIV T oD
BEICRONG TV BRI L B L —RADRESL EPNIE A LEL S o7 (Fig. 2-6.
Fig. 2-10, Fig.3-8) o DNALDEEICL D ¥ VX0 EE TS5 o VEEIC LTINS
BHELLLDEEDLDNL, COL) REENTII LW LERNEE T BN 2 EA RO
%, Crothers® 13 [MEHEEIKAE (semi-bound state) | £IFA TV5 ", von Hippel & Bergii,
YN HE-DNAMOBERLERIGERESRELHBELAT I T4 v V2 WHEe LT
MBDOTERVWRERELTWE" Y LOALEEDT vt Tld, HENESHICE
AR VS HIIZAGATA VT OFHFERZD L7295 (Fig. 2.9) . X945 +4
YTHEDY N EEI BB ES NI TDNA L DRERBERESBR L TWLDT
2, FRDANIB Y U0 (DDNABE F AL Y) OMECERT S L) 24E
BRI TVWEDOTR VWA EHER SIS,
EESREBIHLTEZESENIL IR I ETFVEBEL TWE, BOFERDEED
MRS CHINIE, WEREORSE L., KSFRH T v —4 4 Y BORY - Bk T
PNy DEBEFEEFRCREABELRAL TS Y 2 - RICREEL 2
ERE LI, TR OLondon—van der Waals T 3 ) F— F BB KB L 2L X - DB
TERENDY , KUY T4 THLEDNADEHE, REER2EBII2EHCZ->THE
Bes )y F—RICE) LHICELTEBY., ZOBELEEREEILIEIT T L OEEES)
CTFLTwAHEEZONL, DL LREBR2ERBHN. ¥ 32 EODNAFKAE K
AAVOREOBER2EBTIRL, BEMIIATAFTA v /OO0 EE LTEHVWTWD
EHBRINL, EFEINFEFERBEOERBTEALVIEEITWE, AT T4 4
ROy R BNV ICERT AL, FREFTCEL CEISENERRFNARICS
HODEREST-REBR2ERBICEBRT A4, JOEMIBEMNSYOLFEHWERSR
PRECRALA-LOTHEN, 2L v s B THRESR2EBRLAEL VAL
EME LD BOBRAENEL 2, BMMEORBEIFREER 2EBOMMANEHT 20 E
IPHTRESN, FERMDNARBOREER 2EREDEL DL, EMNHREEE D
DEDERNINFLETFREIND, L—BHLUIEEL VIS V30 B LB & DR
CKEHEET DO L, RRVEGRT RIS, ERMIHIEIZVWION, ZORRK
25 [HEEDOFEA LY (readout) | THH [ TiEIhrwiZs30, L LEFS Thhid,
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FUNTEIFHEBERZERBOELR ) %8 L /oreadontDFAT R OB L. HHNEFDE
BRTIAEERKERETBICLD [FHAE) | 2RILTVWEEbMEEINE, BT,
Fig. 2-10°Fig.3-9i&. DNAKE S VN 7 E S ENSMEOER R IT LR IBIZIAT A 74
Y7 EZDNALOBEFERE L TERLTWLWEELERELTWAE Y 2 8 Z2hnpp
BHLELTASGAT 4 vV OBOEEOETIZHbA T AR LA v, 0L 7%
T A MORILIEADDNAKEY V237 HIZHT 2 EEROER Y LHBNIE
VAL bERICIE AN, AT A T4 ¥ S ROS T ORERIIZ 1005 D14 5 1000501
BT 5,

4. AV Fa—t—D5FHRE

B£3F10EHTRLAZEBY., dcamphorid Pseudomonas putida C amR ¥ v /S4B D 2
TATAYTRBEEYT, Py EVIOBBEOATKRE{BTEY, ASAF 4
QIHERERNOEET, Py E VS IRRNE SRR LD FEIRETHL DS, Ca
mR & dcamphorDPFE T A ¥ F 2= —13") FL v~ DBENHEEER O L P BEET
HrEZOND, KGEDlact XUV 25 T5) 7L vy — (LacR) L4D( ¥ Fa
— = D—BEIPTGOHEEII DWW TS, IPTGIEL a ¢c ROFERM L DN ARSI BT
EFSALVI LD S POV O—ABE Y AT aruv b T 74— Y | S
BTE Y RFALAEBRPOHRESN TS, b LT DL A VT a—H—DaFHE
DAFIFFROMEBEERLRBENICEL L TBLIETHELRZWESL S0, DNAKEAD
EREENinvivoTRIZL TV ARE, LODIFAS A5 4 v 72K 5 EBHEHEOHH
BHEEITRTH S,

BiTHinrichs 5D 7V — 7i3C amR EFFIIHFETI D —DF T e t RY V2K (K
BEELIH CELT, 204 V7 a—4%— T betracycline & DI FHE% (DNAJEH®E
T) ZBE, )7Ly —-OF XL -8 —BEEELEH T v Fa—H—DAH =X
LEZBBLTWE'Y | 22T, A L7 25 FDretracycline?sT e t R ¥ A4~ —RHD 6
FEDTNVT 7=V I ARBELT2RON) v A—F V=N v & ZAEF—7
TENEFNHERTHEE~EPL. HRLLTDNABE N AA v oEM2ITA LD %
FEERAL [seesaw BTN | DIREEN, TOFAAL YOI AI T e t ROFRIA~
L= —EERETRESEHIEETH L LEILNTVD, BELITLTe t ROFEIFE
DN AKE & eracyclineD BAFR 2 FFE L 72813 7 (. [seesawEF IV ] 284 R L & — D)
NODNAZKN L THEHSNELPEPETRHZY, TN -DNAKES F AL i3k
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RNDNAFEDAVARET, FRBROMEEAEHFTHERE L > T B TEEMSY D 5,
BESC, CamR ¥ ¥/S7 B b deamphori & 5 A SR % 8 L 2 A 1E L
TVWADTEZWAEFRENG,

IH7EShirakihara, Yura* Gob @4 L —FI2L ) C amR O XS BEBr B LU T YA
— VBRI DIFFED 50 5T v b, d-camphork C amR DD N AKEA IS 5450 — 157
HROMBHEZRLEL L L DI, RERTOHMRNSEFNS~DO—B & %2 D155 2 & b i
Th,

5. DNAL Y U NI HOEBFERWESHE

Pseudomonas putida C amR "V 7L v ¥ — EXiicamOD NA &£ OMEMEMIZEE L T (Fig.
3-4) . VTV HF—dvb® AR -8 —EFIDNC DB L EATE AL
BRGIZ Lize BRLOWERIE. 16, fI25D Y2 — FF RV — ¥ —T, cETJ— &
FIZLBRRTH o7 (Fig.3-5) o fl.6EfI25% 7O =7 LTC amREDEEE TV
VINT R ATRRATAIEERALD, ARV —F—% SO— T HOEBED LD
IRV T7 LY PRGN d o7, # C Teompetition assay ¥ BEFH L7270V 7 k
TobtAT20bMPIZCamRE[BET LI ERIEH LD (Fig 3-6) . FITEH
WARRDF AL =5~ I SFEETHLEEZION, DXL 15T ¥4 3
GAT A RANT, #FRL a2 —-FFRL =9 — L CamRIVSIISENSE S »ITR
DZEETRILL, SHLERBREBOEREASLE T, FTOV—H—FCHRETEL
Polk ) BEDOC amRESEAMA AN camODNA LICHEET A E2EHMITELS
(Fig.3-7) o« CHOEHABALLZT7 v EARCEELTRVWHREIN-EARET, Ca
mRY T Ly DR LFBEELRMLADbDOTH L,

CDEYIT, TV T e EBFOERFETIIRB SN2 WETVEAT RIS,
CNZITOTFEYFETE [FFRFROEES] LV IO ERBICOEINTE LD TH D, L
o TDNAL Y Y7 BEDVWDhY S [FRBROEEE] &iX, (1) A5A4F74 >
FDX) BT v A ETHHIRTE LR VBINESEE (2) BWTIED 205V
RERTRBRETE 2o 250 (FHEOEV) SUNSRNEAKE OB TH L EEL
LB,
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il

§# FES

Plb, AMELR TR KRBEERNARY) A9 — ¥R UBEES & U Pseudomonas putida
CamRV TV H—%xRIILT, FY N7 EDODNA LIZEYT 55 TERED LR
D7y —DDNAKEBILGZ L4 v Fa—H—oBaomit, 55 (205 SRR T
Ho7y VNI EDDNALDAT A5 4 Y I DRAERIT RV, ¥ X2 EODNA I
TAORWAEEROBB LKA, T/, TOLDOBEETTCOBER - LBEIC LK
T A A

§452E§

& B KB & avidin-biotinfE & OIEAIC L D LB LA AHE L CDNAR RS 4 ¥ 7
TALICERET 2% LVWERFHOBRITE E Lo/, BAEEFTURHAREEFIE L
TY VNI HICEAT B L LV FTODNARKASERYHIET L 2 & 2 CTHALT 2
FERHELL, KIBERNARY A9 —¥HAUBEODNA LB 25 FEfE 4 BE
WY AL L, FOBEDOATA 74 ¥ I #FFBEL -,

AEIZBWTIEM TR LB EAR L,

- N. Shimamoto, H. Kabata, O. Kurosawa, M. Washizu,
“Structual Tools for the Analysis of Protein-Nucleic Acid Complexes,
Advances in Life Science” , pp. 241-253, ed. by D. M. J. Lilley,
H. Heumann, and D. Suck, Birkhaeser Veerlag, Basel (1992).
- H. Kabata, O. Kurowa, 1. Arai, M. Washizu, S. A. Margarson, R. E. Glass,
N. Shimamoto,
“Visualization of Single Molecule Dynamics of RNA Polymerase
Sliding along DNA” ,
Science 262 (5139), 1561-1563 (1993).

SE3IES

Pseudomonas putida C amR V) 7L oy —IIDWT AT A F4 VIV OFEERY BV L.
CHABDNAKESY V0 BOERBNLEECHATEM LT LI, A ¥ Fa —H—1T
& & d-camphorid C amR OFRMWDNAKEOAFHEL, R T4 574 ¥ 725+ 54
EERICREELS S 2 W e BERIZ L,

FETREO—EHEZHLE LTAKLL,

- DEtE=E . IBA (K.
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[DNA—% /30 HBEROBELES | |

Molecular Electronics and Bioelectronics. 5 (4). 251-262 (1994).
- H. Aramaki, H. Kabata, N. Shimamoto, Y. Sagara, and T. Horiuchi,

“Purification and Characterization of a cam Repressor (CamR) for

the Cytochrome P450cam Hydroxylase Operon on the Pseudomonas

putida CAM Plasmid”

Journal of Bacteriology (1995) in press.

§ELES

BEOMBELSDNA—8 /S HMEMERIZOWTERL, 29474 ¥ 7 L i3I

ENDNABETHAHI L, FLTVDOOIEERNESELEZ. AFAF427DL)
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