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1-2-1  Salmonella FliG Ⅱ

Salmonella 

1-1 (a)

3 FliG/FliM/FliN

FliG

Salmonella FliG  ( 1-1 (b)) N

Ⅰ

Ⅱ Salmonella

FliG Hyper-

temperature sensitive mutant TS mutant Ⅱ



 (Mashimo et al., 2007)

Hyper-TS mutant F236 D244 K273 19

FliG

Ⅱ

FliG



1-1 Salmonella  (a) FliG  (b)

(a) C FliG/FliM/FliN

MotA/MotB

OM ; outer membrane, PG ; peptidoglycan, IM ; inner membrane

(b) Termotoga maritima FliG  (PDB ID: 1LKV) Salmonella

F236 D244 K273 Hyper-TS mutation site



1-2-2 Salmonella 

1970

1-1 (a) 

30

X

FliN YFP

Salmonella



 (FlgE)  ( 1-2)

 

 (FlgE) 

3



 1-2

 ( )



1-2-3  FACT

 (Intrinsically Disordered Region : IDR) 

IDR

 (Vuzman et al., 2012; Fuxreiter, 2004; Iakoucheva et al., 

2004)

Structure-Specific Recognition Protein 1 (SSRP1) Suppressor of Ty 16 SPT16

 (facilitates chromatin 

transcription : FACT )

Drosophila FACT (dFACT) 

IDR AID (acidic ID) FACT

 (HS-AFM) 

NMR dFACT SSRP1 HMG (high-mobility-group 

) BID (basic ID) DNA

BID AID BID HMG

AID

 (Miyagi et al., 2008; Tsunaka et al., 2009 )

HMG BID DNA FACT

AID FACT

NMR AID HMG BID

HMG (SB-HMG) AID



AID HMG DNA

4
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Vuzman, D., Levy, Y. (2012). Intrinsically disordered regions as affinity tuners in protein-

DNA interactions. Mol. Biosyst., 8, 47–57.



Salmonella FliG Ⅱ

2-1

 (Aizawa, 2009; Macnab, 1996)

MotA MotB (MotAB) 

C

FliG FliM FliN 3

 (Irikura et al., 

1993: Socket et al., 1992; Yamaguchi et al., 1986a,b)

FliG FliM FilN

FliG MotA

 (Lloyd et al., 1996, 1999; Yamaguchi 

et al., 1986a,b)

FliG MS

Ⅰ C Ⅱ

α-helical linker  (Lee et al., 2010)  (Fukuoka et 

al.,2004; Yakushi et al., 2006; Yorimitsu et al., 2002, 2003) FliG

Mot  mutant 

( )



Ⅱ charge-bearing 

ridge MotA  

( 2-1 (a))

FliG charge-bearing ridge

Mot  mutant 

charge-bearing ridge  (K264 R281 D288 D289 R297) 

FliG

Ⅱ

Mot  mutant

 (Mashimo et al., 2007)

charge-bearing ridge

charge-bearing ridge

FliG

FliG  (TS mutant) 

FliG Ⅱ charge-bearing ridge

Salmonella TS mutant

F236V D244Y K273E Hyper-TS 

mutant  ( 2-1 (b)) TS mutant 20℃

Hyper-TS mutant



20℃

20℃

 ( 2-3) Hyper-TS mutant

FliG FliG

MotA

Hyper-TS mutant 

FliG

Bacillus subtilis

Salmonella  

(Blair et al., 2008)

FliG Ⅱ Salmonella

FliG 4  (F236 D244 K273 L260 (negative control)) 

19



 2-1 FliG

(a) Molecular wireframe model FliG  (Mashimo et al., 2007) Circle; MotA

, Black ball; Hyper-TS site, Glay; TS-site 

(b) Space-filling model FliG Ⅱ F236 D244 K273 Hyper-TS site

L260



1 MSNLSGTDKS  VILLMTIGED RAAEVFKHLS TREVQALSTA MANVRQISNK

51 QLTDVLSEFE QEAEQFAALN INANEYLRSV LVKALGEERA SSLLEDILET

101 RDTTSGIETL NFMEPQSAAD LIRDEHPQII ATILVHLKRS QAADILALFD

151 ERLRHDVMLR IATFGGVQPA ALAELTEVLN GLLDGQNLKR SKMGGVRTAA

201 EIINLMKTQQ EEAVITAVRE FDGELAQKII DEMFLFENLV DVDDRSIQRL

251 LQEVDSESLL IALKGAEPPL REKFLRNMSQ RAADILRDDL ANRGPVRLSQ

301 VENEQKAILL IVRRLAETGE MVIGSGEDTY V

2-2 S. typhimurium FliG (WT) 

Ⅱ

F236 D244 L260 K273



2-3 TS mutant Hyper-TS mutant

30℃ 20℃ WT

TS mutant

Hyper-TS mutant

 



2-2

(1) 

2-1 2-2

F236x

Luria-Bertani (LB)  (1% 0.5% yeast extract

1% NaCl) OD600 1.0

(2) 

Salmonella typhimurium DNA fliG λ-

Red recombinant system  (Datsenko and Wanner, 2000) λ-Red plasmid

pKD46 S. typhimurium  SJW1103  (100 μg/mL) 

LB pKD46 TH4702 ( Kelly T. Hughes

) pKD46

40℃

pKD46 SJW1103 30℃

MH00

S. typhimurium LT2 TH6701 LT2ΔaraBAD925::tetRA  

Kelly T. Hughes ) DNA

 (tetRA) PCR PCR

KOD FX (TOYOBO) tetRA QIAquick Gel Extraction 

Kit (Qiagen) fliGtetF

fliGtetR 5’ fliG fliF fliG fliH

DNA 2-4



MH00  ( 100 μg/mL

0.2% LB ) 

15 μg/mL LB

30℃  (ΔfliG::tetRA )

SJW1103 DNA fliG DNA

19 F236x Fp (iG) F236x-F

Rp (iG) F236x-R PCR

DNA

PCR  ( 2-5

Williams et al.,1996) PCR DNA

fliG DNA

S. typhimurium ΔfliG::tetRA 100 μg/mL 0.2%

LB fliG

42℃  ( 2-3 Bochner et al., 1980; Maloy and Nunn, 

1981) fliG

pKD46

fliG

D244x K273x L260x



2-1 

Strains or plasmid Genotype Source or referece

Strains derived from S.typhimurium SJW1103

SJW1103 Wild type Yamaguchi et al., 1984

SJW1776 F236S Mashimo et al., 2007

SJW1774 F234V Mashimo et al., 2007

SJW2829 F236C Mashimo et al., 2007

MH00 SJW1103/pKD46

MH1 F236L This study

MH2 F236A This study

MH3 F236D This study

MH4 F236G This study

MH5 F236T This study

MH6 F236K This study

Strains derived from S.typhimurium LT2

TH4702 LT2/pKD46 Bonifield and Hughes, 2003

MH7 F236I This study

MH9 F236Y This study

MH10 F236N This study

MH11 F236R This study

MH12 F236M This study

MH13 F236P This study

MH14 F236E This study



MH15 F236Q This study

MH16 F236W This study

MH32 F236H This study

Expression Plasmids

pKD46 λ-Red recombinase expression plasmid

Sockett et al., 1992, 

Datsenko et al., 2000

piGdm2 FliG domainⅡ (193-331) This study

piGdm2_Y244D Y244D FliG domainⅡ This study



2-2 

F236x Salmonella WT

Primer Sequence ( 5' → 3')

iGd2-F atcgcatatgggtggcgtaagaac NdeⅠ

iGd2-R atcgggatccttagacataggtatc BamHⅠ

fliGtetF
gctggtcattcgccagtggatgagtaacgatca

tgagtaattaagacccactttcacatt

fliF-tetRA

Fp (iG)

fliGtetR
ccagacttgccacggcaattcattagacatagg

tatcctcctaagcacttgtctcctg

fliH-tetRA

Rp (iG)

Fp (iG) gctggtcattcgccagtggat

Rp (iG) ccagacttgccacggcaattc

F236L-F gatgttcctgttggaaaatctggtggatg

F236L-R catccaccagattttccaacaggaacatc

F236A-F gatgttcctggccgaaaatctggtggatg

F236A-R catccaccagattttcggccaggaacatc

F236D-F gatgttcctggatgaaaatctggtggatg

F236D-R catccaccagattttcatccaggaacatc

F236G-F gatgttcctgggtgaaaatctggtggatg

F236G-R catccaccagattttcacccaggaacatc

F236T-F gatgttcctgaccgaaaatctggtggatg

F236T-R catccaccagattttcggtcaggaacatc

F236K-F gatgttcctgaaagaaaatctggtggatg



F236K-R catccaccagattttctttcaggaacatc

F236I-F gatgttcctgattgaaaatctggtggatg

F236I-R catccaccagattttcaatcaggaacatc

F236Y-F gatgttcctgtatgaaaatctggtggatg

F236Y-R catccaccagattttcatacaggaacatc

F236N-F gatgttcctgaatgaaaatctggtggatg

F236N-R catccaccagattttcattcaggaacatc

F236R-F gatgttcctgcgagaaaatctggtggatg

F236R-R catccaccagattttctcgcaggaacatc

F236M-F gatgttcctgatggaaaatctggtggatg

F236M-R catccaccagattttccatcaggaacatc

F236P-F gatgttcctgccggaaaatctggtggatg

F236P-R catccaccagattttccggcaggaacatc

F236E-F gatgttcctggaagaaaatctggtggatg

F236E-R catccaccagattttcttccaggaacatc

F236Q-F gatgttcctgcaggaaaatctggtggatg

F236Q-R catccaccagattttcctgcaggaacatc

F236W-F gatgttcctgtgggaaaatctggtggatg

F236W-R catccaccagattttcccacaggaacatc

F236H-F gatgttcctgcacgaaaatctggtggat

F236H-R atccaccagattttcgtgcaggaacatc



2-3  (1L )

Agar 15 g

Tryptone 5 g

Yeast Extract 5 g

Chlortetracycline hydrochloride (12.5 mg/mL stock solution*) 4 mL

NaCl 10 g

NaH2PO4 H2O 10 g

Fusaric acid (2 mg/mL stock solution) 6 mL

ZnCl2 (20 mM stock solution pH5.5) 5mL

* 4℃

(Maloy and Nunn, 1981)



2-4 PCR tetRA DNA λ-red recombination

Salmonella fliGtetF fliGtetR

fliF fliH tetRA

tetRA TH6701 PCR fliF-tetRA-

fliH DNA pKD46 λ-red recombination

fliF-tetRA-fliH Salmonella fliF-fliG-fliH

fliG tetRA  (ΔfliG::tetRA)



2-5 PCR fliG  

 (F236 ) 1 PCR S. 

typhimurium SJW1103 2

 ; Fp (iG) F236X-R  ; Rp (iG) F236X-F

1:1 2

PCR



(3) 

(Mashimo et al., 2007)  (Olympus CH-

2) CCD  (Panasonic BL200) 

20℃ LB 1

25 μg/mL

5 20℃

80 μL

20℃→30℃→20℃ 20℃→37℃→20℃ 20℃→42℃→20℃

1

300

3

20℃ 0.3% Agar LB

2 μL 20 37℃ swarm ring

 (swarm assay)

(4) FliG

S. typhimurium SJW1103 D244Y fliG Ⅱ

M193 V331 PCR  (forward primer : iGd2-F

reverse primer : iGd2-R) NdeⅠ BamHⅠ pET28a 

(Novagen) NdeⅠ BamHⅠ DNA

T4 DNA Escherichia coli strain BL21 (DE3) 



LB OD600 = 0.6 IPTG 50 mM

OD600 = 1.0 Tris-HCl  (50 

mM pH 8.0) 

HisTrap FF column (GE Healthcare) His-tag

FliG Ⅱ thrombin 4℃

16 His-tag HPLC (Biologic DUOFLOW Bio-

Rad) Hi Trap Q HP (GE Healthcare) Tris-HCl  (50 

mM pH 8.0) NaCl 0 1 M

50 mM NaCl  (50 mM

pH 7.0) Amicon Ultra 3K centrifuge filter unit (Millipore) 

SJW1103 37℃ D244Y 16℃

D244Y 37℃

FliG 16℃

D244Y Hyper-TS mutant 37℃

20℃

20 μM

 (Jasco J-720W 

spectropolarimeter)



2-3

2-3-1 FliG

FliG

(1) F236x 

Swarm assay 20℃ F236L/ / /   (WT)

swarm ring F236I/V ring

 ( 2-5 (a)) 37℃ WT F236W

swarm ring ( 2-5 (a)) 20℃

swarm ring 6 25℃ 30℃

F236V 25℃ F236I/L 30℃ swarm ring

( 2-5 (b)) F236I/V/L/M/Y 5

TS-mutant F236W

WT swarm ring

TS mutant WT F236I/V/L/M/Y/W

swarm ring Mot  mutant

Mot  mutant

WT 20℃

236

F=W>Y>M>I=L>V ( 2-4)

 ( 2-7)

WT



F236I/V/L/M/Y 20℃

37℃ Mot  ( 2-6) 2-5

20℃ FliG C

Mot 20℃

5

Hyper-TS mutant 20℃ 1

FliG 20℃

C FliG

swarm assay WT F236W Hyper - TS 

mutant Mot  mutant

F236I / L F236M F236Y swarm assay

F236V WT



2-5 F236x swarm assay

(a)  F236x 0.3% LB 20℃ 8~17 37℃

4~7

(b) (a) TS mutant 5 Mot F236W

WT 25℃ 30℃ swarm assay



2-4  20℃ 37℃ F236x

Swarm assay swarm WT

20℃ 37℃ swarm

Mutant
Swarming

20℃ 37℃

F236F ++ ++

F236W ++ ++

F236Y ++

F236M ++

F236I ++

F236L ++

F236V +

++; 75-100% +; 1-75% ; 0%



 2-6 F236x

F236W WT



2-5 F236x

20℃ 1

10

Mutant
20℃ 30℃ 20℃   37℃ 20℃   42℃

20℃ 30℃ 20℃ 20℃ 37℃ 20℃ 20℃ 42℃ 20℃

F236F ++ ++ ++ ++ ++ ++ ++ ++ ++

F236W ++ ++ ++ ++ ++ ++ ++ ++ ++

F236Y ++ ++ ++ ++ ++ ++ ++ + ++

F236M ++ ++ ++ ++ + ++ ++ ++

F236I ++ + ++ ++ ++ ++ +

F236L ++ + + ++ ++ ++ +

F236V + + + + +

Motile fraction : ++; 75-100% +; 1-75% ; 0%



2-7 F236

F WT W WT

Hyper-

TS mutant



(2) D244x K273x

F236x swarm assay 

2-6 2-8 2-7 2-

9

D244x WT D244D D244E/N/S

D244A/C/H 42℃ swarm assay Mot

37℃ 42℃

F236x Hyper-TS 

mutant

42℃

D244G swarm assay WT

Hyper-TS mutant Hyper-TS mutant

D244P/Q/T/K/R Hyper-TS mutant 

D244

K R  (D E) 

K273x K273D/E Mot  mutant K273P/W 37℃

K273Y/V 42℃ Mot K273F 5 Hyper-

TS mutant K273C/H/G/I/N/S 37℃ 42℃ WT

K273 Ⅱ

 ( 1-1 2-1) K273



Hype-TS mutant K273



2-6 D244x

20℃ 1

10

Motile fraction:  ++; 75-100% +; 1-75% ; 0%

Mutant

Motility assay Response to temperature shift

Swarming motility Swimming motility 20℃ 37℃ 20℃ 42℃

20℃ 37℃ 42℃ 20℃ 37℃ 42℃ 20℃ 37℃ 20℃ 20℃ 42℃ 20℃

D244D ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++
D244E ++ ++ ++ ++ ++ + ++ ++ ++ ++ ++ ++
D244A ++ ++ ++ ++ + + ++ + ++ ++ + ++
D244C ++ ++ ++ ++ + + ++ + ++ ++ + ++
D244H ++ ++ ++ ++ + + ++ + ++ ++ + ++
D244N ++ ++ ++ ++ + + ++ ++ ++ ++ ++ ++
D244S ++ ++ ++ ++ ++ + ++ ++ ++ ++ ++ ++
D244G ++ ++ ++ ++ + + ++ + ++ ++ ++
D244P ++ + + ++ + + ++ + ++ ++ ++
D244Q ++ + ++ + ++ + ++ ++ ++
D244T ++ + ++ + ++ + ++ ++ ++
D244K ++ ++ ++ + ++ ++ ++
D244R ++ ++ ++ ++ ++ +
D244F ++ ++ ++ ++ ++ +
D244Y ++ ++ ++ ++ ++ ++
D244M ++ ++ ++ ++ ++ ++
D244I ++ ++ ++ + ++ +
D244V ++ + + + ++ +
D244L + + + + + +
D244W + + + + + +



2-7 K273x

20℃ 1

10

Motile fraction:  ++; 75-100% +; 1-75% ; 0%

Mutant

Motility assay Response to temperature shift

Swarming motility Swimming motility 20℃ 37℃ 20℃ 42℃

20℃ 37℃ 42℃ 20℃ 37℃ 42℃ 20℃ 37℃ 20℃ 20℃ 42℃ 20℃

K273K ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++
K273A ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++
K273C ++ ++ ++ ++ ++ + ++ ++ ++ ++ ++ ++
K273G ++ ++ ++ ++ + + ++ ++ ++ ++ + ++
K273H ++ ++ ++ ++ ++ + ++ ++ ++ ++ ++ ++
K273I ++ ++ ++ ++ + + ++ ++ ++ ++ ++ ++
K273L ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++
K273M ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++
K273N ++ ++ ++ ++ + + ++ ++ ++ ++ + ++
K273Q ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++
K273R ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++
K273S ++ ++ ++ ++ ++ + ++ ++ ++ ++ + ++
K273T ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++
K273F ++ ++ + ++ ++ ++ ++ ++ ++ ++ ++
K273Y ++ ++ ++ + ++ ++ ++ ++ ++
K273V ++ ++ ++ + ++ + ++ ++ ++
K273P ++ ++ ++ ++ ++ ++
K273W ++ ++ ++ + ++ ++ +
K273D
K273E



2-8 D244

WT

Hyper-TS mutant



2-9 K273

WT

Hyper-TS mutant



(3) L260X

F236 K273 L260

19 Swarm assay

L260R Mot  mutant WT

R K Mot

L260R

L260R

L260

L259P/Q/R Mot  mutant  (Irikura et al., 

1993; Mashimo et al., 2007)

2-3-2 CD

FliG WT

FliG Ⅱ Hyper-TS mutant D244Y FliG

CD

WT D244Y 208 nm 222 nm

α-helix rich

15℃→25℃→35℃→45℃→15℃ CD

WT D244Y

 ( 2-10)  (

) 



2-10 FliG Ⅱ CD

WT D244Y Ⅱ (139 ) 

15℃→45℃→15℃ CD



2-4

FliG

3 FliG

2 Ⅰ

Ⅱ

 (Irikura et al., 1993; Sockett et al., 1992; Brown et al., 2002).

FliG

 

 (Lloyd et al., 1996, 1999; 

Zhou et al., 1998a, b; Irikura et al., 1993)

 (charge-bearing ridge  : K264 R281 D288 D289

R297)  ( ) Mot

charge-bearing ridge MotA

 (Zhou et al., 

1998a, b)

Mot  mutant

FliG

2-8

CD FliG



2-11

F236 D244

K273 F236

Mot  

F236

236

F236 F236

Ⅱ helix H helix I  (3-10 helix) 

233 237 -F-L-F-E

F234 F236 F236

Ⅱ

D244 K273

CD Hyper-TS mutant

FliG FliG

MotA C

FliM/N

FliG Ⅱ 2



Charge-bearing ridge

F236

charge-bearing ridge MotA



2-8

Mutant
Phenotype

Wild-type Hyper-TS Mot -

F236x FW Y>DILMV ACDEGHKNPQRST

D244x DENS ACHGPQT>FIKLMRVWY

L260x ACDEFGHIKLMNPQSTVWY R

K273x ACHIKLMQRT GNS>FPVWY DE



2-11 Salmonella Ⅱ F236

T. maritima FliG (PDB ID: 1LKV) 

Salmonella
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4-8 (e) (f) 15N AID pAID SB-HMG

AID (pAID) 

Pro

(e) SB-HMG AID

SD

(f) SB-HMG pAID



(3) dsDNA AID BID-HMG

AID BID-HMG AB-HMG

AID 1H-15N HSQC AB-HMG IDR

AID SB-HMG Ser

( 4-9)

AB-HMG AID

( 4-9 (a)) AB-HMG

AID AB-

HMG dsDNA AB-HMG AID

AID ( 4-9 (b))

AB-HMG AID dsDNA

pAB-HMG pAID

( 4-9 (c))

pAB-HMG AB-HMG

dsDNA

dsDNA pAB-HMG

( 4-9 (d))

AB-HMG pAB-HMG 1H-15N HSQC

dsDNA



AID pAID HMG

AB-HMG BID-HMG

( 4-10) IDR

HMG AB-HMG pAB-HMG S572 K621

BID-HMG AID

HMG dsDNA AB-HMG

pAB-HMG HMG dsDNA

A606 K621 G553 dsDNA

dsDNA

HMG AID pAID BID-HMG

HMG dsDNA



4-9 (a) (b) AB-HMG pAB-HMG dsDNA

(a) AB-HMG ( ) AID ( )

(b) AB-HMG + DNA ( ) AID + DNA ( )



4-9 (c) (d) AB-HMG pAB-HMG dsDNA

(c) AB-HMG ( ) AID ( )

(d) AB-HMG + DNA ( ) AID + DNA ( )



4-10 AB-HMG

pAB-HMG HMG

DNA

(a) (d) (g)  HMG ( )

HMG+DNA ( ) 

(b) (e) (h) (j) AB-HMG 

( ) AB-HMG+DNA ( ) 

(c) (f) (i) (k) pAB-HM ( )

pAB-HMG+DNA ( )

G553 BID

HMG



4-4

HS-AFM

dFACT dFACT

dFACT (dFACT-WT) Sf 9 10

(Ser / Thr)

(Tsunaka et al., 2009) dFACT Ser

Thr Ala dSSRP1 dFACT (dFACT-10SA)

dFACT dFACT-WT dFACT-10SA

HS-AFM

( 4-11 A B) (14)

(GD1) dSPT16 (401−887) dSSRP1 (1−404)

HMG IDR

IDR 2

(GD2 GD3) GD1 GD2 GD3

IDR IDR1-2 IDR2-3 ( 4-11 C) GD2

GD2

dFACT-WT dFACT-10SA IDR

dFACT-WT IDR1-2

dFACT-WT dFACT-10SA IDR2-3

4-11 C 4-1 4-12



H1 (GD ) H3 (GD3 ) dFACT-WT dFACT-10SA

GD1 GD3

( 4-1) H2 dFACT-WT dFACT-10SA

dFACT-10SA H2 2 (1.1 nm 1.7 nm )

GD2 2

( 4-12) 2 H2 1.1 nm

dFACT-WT H2 1.1 nm 1.6 

nm 2 H2

1.6 nm dFACT-WT H2

HMG 1 nm IDR 0.4 ~ 0.6 nm

(Kasai et al., 2005) H2 1.1 nm GD2 HMG

1.6 ~ 1.7 nm HMG IDR

D2-3 (GD2 GD3 ) dFACT-

WT dFACT-10SA ( 4-12) D1-2

(GD1 GD2 ) dFACT-WT (15 ± 5 nm) dFACT-10SA 

(17 ± 5 nm) 2 nm ( 4-1)

HMG IDR1-2 IDR2-3

IDR1-2 AID

HMG

HS-AFM GD2 HMG HMG

IDR1-2 2

dFACT-WT HMG IDR1-2

IDR1-2 AID



AID HMG

HS-AFM NMR AID Ser AID

DNA BID-HMG

FACT DNA

1. AID BID-HMG AID AID BID-

HMG 2

2. 1H-15N HSQC AID BID-HMG

AB-HMG AID AID

HS-AFM AID BID-HMG

3. AID BID-HMG

pAID pAB-HMG Ser

pAB-HMG dsDNA

FACT DNA

HMG

pAID HMG dsDNA

HS-AFM pAID BID-HMG

HMG IDR

FACT



HMG IDR

FACT

BID-HMG AID dsDNA

( 4-13)

dSSRP1-HMG Nhp6a DNA

(Kasai et al., 2005) NMR

Nhp6a DNA Nhp6a L HMG DNA

HMG N BID (Murphy et 

al., 2001 ) Nhp6a DNA Lys Arg

DNA - DNA

NMR

dSSRP1 DNA AID HMG

BID-HMG

HS-AFM FACT-IDR

NMR AID

HMG DNA

AID

AID

HMG pAID

HMG pAID HMG

pAID HMG



DNA HMG

FACT 4 6

FACT DNA

DNA FACT

FACT

AID BID

HMG FACT DNA

IDR IDR HMG

NMR HS-AFM

IDR





4-11 d-FACT-WT dFACT-10SA HS-AFM

Figure 2

Typical HS-AFM images showing the molecular features of dFACT-WT (A) and dFACT-

10SA (B). These HS-AFM images were clipped from the movie files (see Movie S1 for 

dFACT-WTand Movie S2 for dFACT-10SA). Every image was taken at 67.08 ms/frame 

(~15 frames/s). The time from the beginning of the clip is indicated at the upper left of each 

image. Scanning area, 100 100 nm2 with 80 80 pixel; Z-scale, 4.0 nm. The observed 

molecular features of dFACTare schematized according to the definitions in C. These 

schematics were drawn freehand by tracing the AFM images by visual estimation. (C) Top-

view (upper) and side-view (lower) schematics simply represent the characteristics of dFACT 

observed by HS-AFM. Gray-colored ellipses and black-colored thick solid lines represent the 

GDs and the IDRs, respectively. The symbols used for image analysis are also depicted. For 

every image, we selected three points (P1–P3) (green dots) representing the peak heights (Hi) 

in their respective GDs. Using these points, a distance from the highest point of one GD to 

that of another was determined. For example, the distance from P1 of GD1 to P2 of GD2 was 

expressed as D1–2. In some images, the appearance of GD2 or GD3 was unclear; there was 

no point with distinct heights around the area usually seen. In this case, P2 and P3 with the 

highest height around the middle and the end of the IDR were selected. 



4-1 HS-AFM

Table 1 



4-12 d-FACT-WT dFACT-10SA HS-AFM

Figure 2

Height distributions of three GDs and distributions of distance between two GDs of dFACT. 

Height distributions (H1–H3) are shown for dFACT-WT (A–C) and dFACT-10SA (D–F). 

Distance distributions (D1–2, D2–3 and D1–3) are shown for dFACT-WT (G–I) and 

dFACT-10SA (J–L). Green lines represent single-Gaussian fitting. Note that we did not apply 

Gaussian fittings to the H2 distributions because the results obtained had no statistical 

relevance. A summary of the analysis is presented in 4-1. These results were obtained 

from analysis applied to three molecules for each construct. 
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AID BID-HMG

DNA

AID AID

AID

BID-HMG pAID

HMG

L
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