Supplementary Figures
Supplementary Figure 1

[image: image1.png]()

100

80 -

60 -

40 -

20 A

0.0

0.2

0.4 0.6
x (fraction of DNA bound)

0.8

1.0




Supplementary Fig. 1. Estimation of error associated with ignoring [P] in ∆∆G determinations. f(x) (y-axis) is the function described in Equation (8) and represents the contribution of ∆ln[(1-x)/x] versus ∆ln[P] to ∆∆G. The x (x-axis) represents the fraction of DNA bound in the reaction. Solid, dotted, or dashed blue lines represent the curves when the protein concentration is 3, 5, or 10 times the DNA concentration, respectively. 
Supplementary tables

Supplementary Table 1. ArcA-P sites predicted in the Shewanella genome

	Predicted ArcA-P sites
	Sequence of the ArcA-P sites
	∆∆G
(kcal/mol)
	Genes nearby the ArcA-P site
	Position of ArcA-P site relative to the ATG start codon
	Microarray dataa (Mutant/wild type)

	
	
	
	
	
	+O2
	-O2

	1
	GTTAAATAATTGTTA
	0.00 
	SO1661
	-219
	5.54 
	8.66 

	2
	GTTACTTTATTGTTA
	0.64 
	SO1622
	-43
	1.61 
	1.85 

	3
	GTTAACTCAATGTTA
	0.67
	SO3507
	-77
	0.67 
	1.62 

	
	
	
	SO3508
	-46
	0.14 
	1.03 

	4
	GTTATATTATTGTTA
	0.68 
	SO4727
	-592
	0.61 
	0.57 

	5
	GTTAAGTAATTGTAA
	0.72 
	SO1942
	-270
	1.07 
	0.88 

	
	
	
	SO1944
	-52
	2.18 
	3.49 

	6
	GTTACTTAAATGTTA
	0.73 
	SO1307
	-527
	2.68 
	1.84 

	
	
	
	SO1309
	-161
	0.94 
	2.30 

	7
	GTTAAAAAAATGTGA
	0.79 
	SO4245
	-178
	1.15 
	1.33 

	8
	GTTAACGTATTGTAA
	0.80 
	SO3045
	-143
	0.60 
	0.93 

	9
	GTTAAGCCATTGTTA
	0.84 
	SO2169.1
	-912
	NDb
	NDb

	10
	GTTACAAAGATGTTA
	0.87 
	SO2162
	-440
	NDb
	NDb

	
	
	
	SO2164
	-94
	NDb
	NDb

	11
	GTTACCTCTTTGTTA
	0.88 
	SO2627
	-62
	0.92 
	0.82 

	
	
	
	SO2628
	-133
	1.87 
	4.14 

	12
	GTTACAAATTTGTAA
	0.90 
	SO2570
	-201
	2.79 
	8.24 

	
	
	
	SO2571
	-157
	1.33 
	0.89 

	13
	GTTACATATTTGTGA
	0.97 
	SO0805
	-104
	1.05 
	0.86 

	
	
	
	SO0806
	-75
	9.30 
	12.44 

	14
	GTTAAGCACTTGTTA
	1.04 
	SO1267
	-102
	1.45 
	0.81 

	15
	GTTAATTTGTTGTTA
	1.12 
	SO3342
	-181
	0.44 
	0.54 

	16
	GTTAATATATTGTGA
	1.17
	SO4466
	-296
	1.60 
	0.91 

	
	
	
	SO4467
	-16
	0.61 
	0.50 

	17
	GTAAAATATTTGTTA
	1.25 
	SO3975
	-98
	0.80 
	1.42 

	
	
	
	SO3976
	-438
	1.07 
	0.92 

	18
	GTTATCTCAATGTTA
	1.27 
	SO1399
	-113
	0.98 
	0.90 

	
	
	
	SO1400
	-160
	1.03 
	1.55 

	19
	GTTACTTTAATGTAA
	1.30 
	SO2402
	-8
	0.49 
	0.87 

	20
	GTTAGCATAATGTTA
	1.32 
	SO3479
	-452
	0.88 
	3.98 

	
	
	
	SO3480
	-44
	3.73 
	7.58 

	21
	GTTAAATTGCTGTTA
	1.42 
	SO4339
	-69
	1.75 
	0.68 

	22
	GTTACCGTTATGTGA
	1.44 
	SO3067
	-531
	1.56 
	1.38 

	23
	GTAAATTAATTGTTA
	1.45 
	SO3106
	-114
	43.59 
	61.23 

	24
	GTAACATCATTGTTA
	1.46 
	SO2597
	-70
	26.57 
	23.80 

	25
	GTTAATTTTATGTAA
	1.48 
	SO3277
	-164
	0.91 
	1.08 

	
	
	
	SO3278
	-28
	5.23 
	7.30 

	26
	GTTACGACAATGTGA
	1.50 
	SO2668
	67
	0.75 
	1.18 

	27
	GTAAAAAAATTGTAA
	1.51 
	SO0639
	-195
	5.05 
	0.94 

	
	
	
	SO0640
	-255
	0.85 
	0.72 

	28
	TTTAACAAATTGTTA
	1.51 
	SO2753
	-123
	0.79 
	1.09 

	29
	TTTAAATAAATGTTA
	1.52 
	SO0786
	-18
	0.35 
	1.03 

	30
	GTTGCCTAAATGTTA
	1.55 
	SO4457
	-50
	3.23 
	6.32 

	31
	GTAAATATATTGTTA
	1.56 
	SO0189
	18
	5.03 
	1.20 

	32
	GTTACTAATGTGTTA
	1.59 
	SO0438
	-14
	1.59 
	1.04 

	33
	GTAAACAAATTGTAA
	1.63 
	SO2460
	-39
	53.03 
	113.49 

	34
	GTTACTTAGTTGTAA
	1.64 
	SO1967
	-303
	0.36 
	0.17 

	35
	TTTACCTTATTGTTA
	1.65 
	SO2004
	-654
	1.20 
	1.30 

	36
	GTTAAAACGATGTAA
	1.65 
	SO3561
	-62
	1.70 
	1.23 

	
	
	
	SO3562
	-227
	0.66 
	0.45 

	37
	GTTAATTAATTGTTG
	1.65 
	SO3564
	-441
	1.01 
	1.59 

	
	
	
	SO3565
	-244
	0.27 
	4.28 

	38
	GTTAATTGATTGTAA
	1.66 
	SO3855
	-164
	1.29 
	1.40 

	39
	GTTAGCAAGTTGTTA
	1.67
	SO0114
	-193
	0.87 
	0.82 

	
	
	
	SO0115
	-128
	0.23 
	2.50 

	40
	GTTACCACTCTGTTA
	1.69 
	SO3952
	-7
	0.76 
	0.73 

	41
	GTTATTAAATTGTGA
	1.71 
	SO0306
	-192
	11.02 
	5.83 

	42
	GTAAACGTTATGTTA
	1.72 
	SO2591
	-9
	1.28 
	1.52 

	43
	GTTAAATTCTCGTTA
	1.76 
	SO0913
	-613
	0.81 
	0.31 

	44
	GTTAATACTTTGTGA
	1.76 
	SO3099
	-243
	0.02 
	0.04 

	45
	GTAAAAAAAATGTGA
	1.77 
	SO3423
	-962
	0.47 
	0.86 


aMicroarray data were taken from (1) and are shown as the ratio of gene transcriptional level in the arcA deletion mutant S. oneidensis MR-1 strain versus the wild type strain. bND, not determined.
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Supplementary Table 2. ArcA-P sites predicted in the E. coli genome
	Predicted ArcA-P sites
	Sequence of the ArcA-P sites
	∆∆G (kcal/mol)
	Genes nearby the ArcA-P site
	Position of ArcA-P site relative to the ATG start codon
	Microarray data*
	Other gene regulation data**

	
	
	
	Gene ID
	Gene name
	
	(Ref-1)
	(Ref-2)
	

	1
	GTTAACTAAATGTTA
	0.28
	b3603
	lldP(lctPRD)
	-120
	NDa
	-11.4
	  -90 to -100 (Ref-3)

	2
	GTTAACTAAATGTTA
	0.28
	b0733
	cydA
	-588
	1.32
	5.2
	   8 (Ref-4)

	3
	GTTACATTATTGTAA
	0.67
	b0281
	intF
	32
	NDa
	　
	　

	4
	GTTAACTCAATGTTA
	0.67
	b2979
	glcD
	-148
	NDa
	-7.1
	 -12 to -15 (Ref-5)

	
	
	
	b2980
	glcC
	-104
	NDa
	-2.6
	　

	5
	GTTAATTTAATGTTA
	0.71
	b1603
	pntA
	-314
	1.14
	　
	　

	
	
	
	b1604
	ydgH
	-211
	1.2
	　
	　

	6
	GTTACATAAATGTAA
	0.75
	b3397
	nudE
	-92
	NDa
	　
	　

	
	
	
	b3398
	yrfF
	-229
	1.15
	　
	　

	7
	GTTAATGTTTTGTTA
	0.94
	b1778
	msrB
	-61
	NDa
	　
	　

	
	
	
	b1779
	gapA
	-282
	-3.45
	　
	　

	8
	GTTACTATTTTGTTA
	0.96
	b0452
	tesB
	-146
	NDa
	　
	　

	
	
	
	b0453
	ybaY
	-73
	NDa
	　
	　

	9
	GTAAAATAATTGTTA
	0.98
	b3081
	fadH
	-17
	NDa
	　
	 -10 (Ref-6)

	10
	GTTAAACAACTGTTA
	1.00
	b0469
	apt
	-72
	-1.07
	　
	　

	11
	GTTAAATTTATGTAA
	1.00
	b4132
	cadB
	-248
	NDa
	-2.1
	　

	12
	GTTAATATTATGTTA
	1.02
	b1805
	fadD
	-75
	NDa
	-2.6
	 -69 (Ref-6)

	13
	GTTAAGAATTTGTAA
	1.03
	b4403
	yjtD
	-84
	NDa
	　
	　

	14
	GTTAACTATATGTAA
	1.05
	b1324
	tpx
	-30
	NDa
	　
	 -2.5 (Ref-7)

	
	
	
	b1325
	ycjG
	-90
	2.1
	　
	　

	15
	GTTACACTGATGTTA
	1.13
	b3544
	dppA
	-135
	-1.37
	　
	　

	16
	GTTACGGAAATGTGA
	1.19
	b3748
	rbsD
	-75
	-4.83
	　
	　

	17
	GTTACGCTCTTGTTA
	1.21
	b1451
	yncD
	-177
	-1.62
	　
	　

	
	
	
	b1452
	yncE
	-66
	NDa
	　
	　

	18
	GTGAAACTATTGTTA
	1.22
	b2289
	lrhA
	-557
	-1.06
	　
	　

	
	
	
	b2290
	yfbQ
	-364
	1.23
	　
	　

	19
	GTTAACTTTCTGTTA
	1.24
	b0720
	gltA
	-655
	-107.01
	-5.2
	 -20 (Ref-3, 8)

	
	
	
	b0721
	sdhC
	-55
	NDa
	-7.3
	 -19 (Ref-3, 8)

	20
	GTTACCTATCTGTTA
	1.27
	b3562
	yiaA
	72
	NDa
	　
	　

	21
	GTTACTTAAGTGTTA
	1.27
	b2210
	mqo
	-75
	-1.68
	　
	 -2 to -4 (Ref-9)

	22
	GTTAAAAACATGTAA
	1.27
	b0346
	mhpR
	-129
	NDa
	　
	　

	
	
	
	b0347
	mhpA
	-63
	NDa
	　
	　

	23
	GTTAATGAAGTGTTA
	1.29
	b2150
	mglB
	-64
	-2.96
	　
	　

	24
	GTTATTCAATTGTTA
	1.30
	b2830
	nudH
	-107
	NDa
	　
	　

	25
	GTTAATTATTTGTGA
	1.34
	b2215
	ompC
	-509
	-1.45
	　
	　

	
	
	
	b2216
	rcsD
	-231
	NDa
	　
	　

	26
	GTTATCAACTTGTTA
	1.35
	b0330
	prpR
	-226
	1.59
	　
	　

	
	
	
	b0331
	prpB
	-14
	NDa
	　
	　

	27
	GTTAATGATTTGTAA
	1.36
	b1135
	rluE
	-76
	NDa
	　
	　

	
	
	
	b1136
	icd
	-97
	-14.04
	-2.7
	 -10 (Ref-10)

	28
	GTTAAGATTATGTGA
	1.37
	b1838
	pphA
	-40
	NDa
	　
	　

	29
	GTTAAAAAAATGTTG
	1.38
	b1958
	yedI
	-88
	2.57
	　
	　

	
	
	
	b1959
	yedA
	-86
	3.29
	　
	　

	30
	GTTACATTACTGTAA
	1.44
	b0432
	cyoA
	-64
	-23.3
	　
	 -4 (Ref-11)

	31
	GTAAATTAATTGTTA
	1.45
	b3236
	mdh
	-264
	-17.95
	-3.1
	 -6 (Ref-12)

	
	
	
	b3237
	argR
	-172
	NDa
	　
	　

	32
	GTTACTGATTTGTAA
	1.45
	b0887
	cydD
	-107
	1.97
	　
	　

	33
	GTAAAATTTATGTTA
	1.49
	b3818
	yigG
	-9
	NDa
	　
	　


	34
	TTTACAAAATTGTTA
	1.49
	b0116
	lpd
	-205
	-15.29
	　
	 -5 (Ref-13 & 14)

	35
	GTTATTTATATGTTA
	1.51
	b1748
	astC
	-26
	NDa
	　
	　

	
	
	
	b1749
	xthA
	-421
	-1.82
	　
	　

	36
	GTTAAAACATCGTTA
	1.52
	b2153
	folE
	-157
	-4.4
	　
	　

	
	
	
	b2154
	yeiG
	-102
	NDa
	　
	　

	37
	GTTAAATAAAAGTTA
	1.53
	b3523
	yhjE
	-188
	50.94
	　
	　

	38
	GTTACAGAGATGTGA
	1.54
	b1368
	ynaA
	-145
	1.14
	　
	　

	39
	TTTAAAAAAATGTTA
	1.55
	b2518
	ndk
	-110
	NDa
	-3.4
	　

	40
	GTTAATTAATCGTTA
	1.57
	b2172
	yeiQ
	-31
	NDa
	　
	　

	41
	GTTGACAATTTGTTA
	1.60
	b0760
	modF
	-63
	NDa
	　
	　

	42
	GTTAACATTTCGTTA
	1.61
	b1387
	maoC
	-88
	NDa
	　
	　

	
	
	
	b1388
	paaA
	-198
	2.12
	　
	　

	43
	GTGATCTAATTGTTA
	1.65
	b2808
	gcvA
	-44
	NDa
	　
	　

	44
	GTTATGGAAGTGTTA
	1.65
	b1607
	ydgC
	-25
	NDa
	　
	　

	
	
	
	b1608
	rstA
	-105
	NDa
	　
	　

	45
	GTTAGGGCATTGTTA
	1.66
	b3018
	plsC
	-53
	NDa
	　
	　

	46
	GTTATTAACTTGTTA
	1.70
	b4332
	yjiJ
	-43
	1.46
	　
	　

	47
	GTTACGGTATTGTTG
	1.70
	b0373
	insE
	-296
	NDa
	　
	　

	
	
	
	b0375
	yaiV
	-1256
	NDa
	　
	　

	48
	TTTAAGGAATTGTTA
	1.70
	b1542
	ydfI
	-14
	NDa
	　
	　

	49
	TTTAAGGAATTGTTA
	1.70
	b4600
	ydfJ
	-76
	NDa
	　
	　

	50
	GTTATCTGTTTGTTA
	1.70
	b0929
	ompF
	-547
	NDa
	　
	　

	51
	GTTAACTTATTGTTT
	1.72
	b4213
	cpdB
	-163
	3.03
	　
	　

	
	
	
	b4214
	cysQ
	-28
	NDa
	　
	　

	52
	GTAAACAAATTGTGA
	1.73
	b2181
	yejG
	-41
	-5.08
	　
	　

	53
	GTTGCCTTTTTGTTA
	1.74
	b2599
	pheA
	-5
	-1.64
	　
	　

	54
	GTTACTTTATCGTTA
	1.74
	b1243
	oppA
	-99
	-3.79
	　
	　

	55
	GTTGAATACTTGTTA
	1.75
	b1406
	ydbC
	-3495
	NDa
	　
	　

	56
	GTTAGTGTAATGTTA
	1.75
	b2749
	ygbE
	27
	-4.32
	　
	　

	57
	GTTAACATTACGTTA
	1.77
	b1012
	rutA
	-74
	3.14
	-3
	　

	
	
	
	b1013
	rutR(ycdC)
	-158
	-2.53
	　
	　


aND, not determined; *Microarray data were shown as the fold changes of gene transcription when the arcA gene was deleted. **Other gene regulation data (last column) refer to the results obtained by reporter gene analysis or by protein level analysis. “+”: positive regulation; “-”: negative regulation.
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Supplementary Table 3. ArcA-P sites predicted in the Haemophilus genome
	Predicted ArcA-P site
	Sequence of the ArcA-P sites
	∆∆G(kcal)
	Genes nearby the ArcA-P site
	Position of ArcA-P site relative to the ATG start codon
	Microarray data* 

(> 2 fold regulation)

	1
	GTTAAATTAATGTTA
	0.23 
	HI_0017
	-197
	

	
	
	
	HI_0018
	-62
	-2.5

	2
	GTTAAGAAATTGTAA
	0.76 
	HI_1349
	-127
	+3.4

	
	
	
	HI_1350
	-148
	

	3
	GTTAAAATAGTGTTA
	0.81 
	HI_1739.1
	-61
	-3.2

	4
	GTTACATTAATGTAA
	0.83 
	HI_0747
	-35
	-11

	5
	GTTAAATGAATGTTA
	0.86 
	HI_0608
	-43
	-5.5

	6
	GTTACAAATTTGTGA
	1.00 
	HI_1662-1661
	-56
	-2.8

	7
	GTTAAGTTGATGTTA
	1.04 
	HI_1728
	-16
	-3.5

	8
	GTTAAAAAATCGTTA
	1.13 
	HI_0005
	-112
	

	
	
	
	HI_0007-0009
	-3248
	-7.8 to -9.7

	9
	GTTAAATCAATGTGA
	1.14 
	HI_1269
	78
	

	10
	GTTATAAAAATGTAA
	1.30 
	HI_0164
	-286
	

	11
	GTAAAATTTTTGTTA
	1.33 
	HI_0720
	-74
	

	12
	GTTATTTTTTTGTTA
	1.43 
	HI_1731-1730
	-33
	-5.9

	13
	GTAAAAAATATGTTA
	1.45 
	HI_0854
	-109
	

	14
	GTTAGAGAATTGTAA
	1.54 
	HI_0098
	-159
	

	15
	GTTACAATAATGTTG
	1.55 
	HI_0884
	-71
	

	
	
	
	HI_0885
	-122
	

	16
	GTTAAATGTTTGTGA
	1.57 
	HI_1233
	-89
	

	
	
	
	HI_1234
	-212
	

	17
	TTTAAATTAATGTTA
	1.59 
	HI_1629
	-154
	

	
	
	
	HI_1630
	-14
	

	18
	GTAATAAAATTGTTA
	1.62 
	HI_1682
	62
	

	19
	GTTAAAAAAAGGTTA
	1.62 
	HI_1465
	-110
	

	
	
	
	HI_1466
	-29
	

	20
	GTTATAAAGTTGTAA
	1.71 
	HI_1244
	-93
	

	
	
	
	HI_1245
	-106
	

	21
	GTTAGAAAAATGTGA
	1.72 
	HI_0114
	-6606
	

	
	
	
	HI_0118
	-3322
	

	22
	GTAAAATATTTGTAA
	1.75 
	HI_1222
	-12
	


aND, not determined; *Microarray data were taken from1 and are shown as the fold changes of gene transcription when the arcA gene is deleted. “+”: positive regulation; “-”: negative regulation.
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Supplementary Table 4. Summary of E. coli ArcA-P promoters for which footprinting data is available.

	Promoters
	Encoded genes
	Predicted 
ArcA-P sites
	∆∆G (kcal/mol)
	The position of ArcA-P site relative to the ATG start codon
	Predicted sites in footprinted regions
	Regulation by ArcA-P
	References

	1
	lctPRD (b3603)
	GTTAACTAAATGTTA
	0.28
	-119
	Yes
	-90 to -100
	1-2

	
	
	ATTGGGAAATTGTGA
	4.74
	-162
	Yes
	
	

	2
	cydAB (b0733)
	GTTAACTAAATGTTA
	0.28
	-588
	Yes
	+8
	1, 3

	
	
	GTTATTATTTTGTTA
	1.46
	-620
	Yes
	
	

	3
	traY (UTI89_P105)
	GTTAAGTAAATGTTA
	0.38
	-87
	Yes
	~+17
	4

	4
	glcDEFGB(b2979)

glcC (b2980)
	GTTAACTCAATGTTA
	0.67
	-147
	Yes
	-12 to -15 
	5

	
	
	GTTAAATTGATGTAA
	1.30
	-158
	Yes
	
	

	
	
	GTTAACTCAATGTTA
	0.67
	-104
	Yes
	NDa
	

	
	
	GTTAAATTGATGTAA
	1.30
	-93
	Yes
	
	

	5
	sdhCDBA (b0721)

gltA (b0720)
	GTTAACTTTCTGTTA
	1.24
	-54
	NDa
	-19
	1- 2, 6

	
	
	GTAATGATTTTGTGA
	2.78
	-255
	Yes
	
	

	
	
	GTTAACTTTCTGTTA
	1.24
	-655
	NDa 
	-20
	

	
	
	GTAATGATTTTGTGA
	2.78
	-454
	Yes
	
	

	6
	icd (b1136)
	GTTAATGATTTGTAA
	1.35
	-96
	Yes
	-10
	7

	
	
	GTAAAGTAGTTGTTC
	3.98
	+7
	NDa
	
	

	7
	lpd (b0116)
	TTTACAAAATTGTTA
	1.49
	-204
	Yes
	-5 
	8-9

	
	
	GTTTAAAAATTGTTA
	2.12
	-231
	Yes
	
	

	8
	aldA (b1315)
	GTGAATACATTGTTA
	1.81
	-34
	Yes
	-7
	10

	
	
	GTGAACCACTTGTTT
	3.37
	-183
	Yes
	
	

	9
	psi 
	TAACAAACTAGCAAC
	2.75
	NA
	Yes
	NAb
	11

	10
	pflBA (b0904)
	GTTAAATATCGGTAA
	2.96
	-289
	Yes 
	+5
	12-13

	
	
	ATAAAATAATTGTAA
	3.25
	-311
	Yes
	
	

	11
	sodA(b3908)
	GTTAATTAAATGATA
	3.05
	-64
	Yes
	- 1.0 to -1.5
	14-16

	
	
	GTTAATGCCGCGTAA
	3.84
	-32
	Yes
	
	

	12
	uvrA (b4058)

ssb (b4059)
	TTTACTATGTTGTGA
	3.20
	-183
	Yes
	-
	17

	
	
	ATTAACCGTTTGTGA
	3.70
	-69
	Yes
	
	

	
	
	TTTACTATGTTGTGA
	3.20
	-71
	Yes
	-
	

	
	
	ATTAACCGTTTGTGA
	3.70
	-185
	Yes
	
	

	13
	ptsG (b1101)
	TTTGAAATATTGTGA
	3.22
	-215
	Yes
	-2
	18

	
	
	TTTTACTCTGTGTAA
	5.42
	-117
	Yes
	
	

	14
	rpoS
	GCTAACAAAATGTTG
	3.90
	NDa
	Yes
	~- 3
	19

	15
	moeA (b0827)
	ATAAAAATTCTGATA
	6.33
	-148
	Yes
	+
	20

	
	
	GTAAATTCCATGAAA
	5.48
	+9
	NDa
	
	


    aND, not determined; bNA, not applicable. Gene regulation data (Column 7) refer to the results obtained by reporter gene analysis or by protein level analysis. “+”: positive regulation; “-”: negative regulation. “+” or “-” alone indicates the gene is weakly regulated by ArcA. Numbers in column 8 indicate the references listed below. Promoters 1-8 belong to the 9 canonical ArcA-P regulons21.
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Supplementary Methods

Supplementary Method 1

Determination of the active concentration of ArcA-PE and ArcA-PC
For the EMS and protein binding microarray experiments described in this study, it is necessary to know the active concentration of ArcA-P present in the binding assay. ArcA-PE was used in the EMS assays as described and was phosphorylated by E. coli ArcB78-778. ArcA-PC was used in the promoter microarray experiments and was phosphorylated by carbamoyl phosphate treatment. For the EMS assays performed with ArcA-PE, the percentage of SO1661 wt promoter DNA bound was 40.6%. The binding constant was determined to be 136 nM according to the curve-fitting EMS method with unlabeled competitor as described in the paper. Because the Kd and fraction of promoter DNA bound were determined, the concentration of active ArcA-PE ([P]) was calculated as 93 nM using Equation 2 above, and the total input active ArcA-PE ([P]0) was estimated to be 100 nM ([P]0 = [P] + [LP]). For the EMS assays performed with ArcA-PC, the percentage of SO1661 wild type promoter DNA bound was 85.2% (data not shown). The binding constant was determined to be 154 nM according to the competitive EMS curve-fitting method. Based on Equation 2, the concentration of free active ArcA-PC ([P]) in these assays was calculated to be 887 nM. The total input active ArcA-PC ([P]0) was then estimated to be 895 nM. The protein binding microarray was also performed with same amount of ArcA-PC ([P]0 = 895 nM). 
Supplementary Method 2

Determining the percentage of binding data in PBM assays

According to Equation 7, the first step in calculating ∆∆G is to determine the percentage of bound DNA ligand. Since the fraction of bound and free DNA ligand is difficult to obtain directly from a PBM assay, it was determined indirectly by comparison with the results of an EMS assay that was performed with the 48 bp SO1661wt promoter DNA using identical binding conditions as used in the PBM assays. The percentage of SO1661wt promoter DNA bound by ArcA-PC was determined to be 85.25% according to EMS assays (Table 3). In both the EMS and the PBM assays, the concentration of input ArcA-PC (895 nM active protein (Supplementary Method 1) was far higher than that of the DNA ligand (5-10 nM in the EMS assay and ~pM range in the PBM assay), which is consistent with the approximation that the change in [P] is negligible (Supplementary Figure 1). Under these conditions ([P] is equal in these two assays), it is assumed that the percentage of bound wild type SO1660 promoter DNA data observed in the EMS assay is proportional to that determined by PBM assays. It is also assumed that equal amounts of DNA were immobilized onto the PBM microarray slides for the different mutant promoters. Under these assumptions the percentage binding of the mutant promoter DNA in the PBM assays can be determined based on their signal intensity relative to SO1661wt. Based on the resulting percentage of binding data, the ∆∆G of different mutant promoters relative to wild type was calculated using Equation 7 (Table 1). 

Supplementary Method 3

Competitive EMS assay

A homologous competitive binding assay was used to determine the binding constant of ArcA-P with target promoters. The binding reactions were performed with a fixed amount of ArcA-P protein (which resulted in < 10% radioligand bound in the absence of competitor DNA (data not shown)) and labeled promoter DNA in the presence of various amounts of unlabeled probe, and then the bound and unbound forms of labeled promoter DNA were separated on native PAGE gels. The percentage of bound radioligand DNA (% binding) was determined according to the band intensity of the shifted radiolabeled DNA versus maximum binding (the amount of promoter DNA bound in the absence of competitor). The IC50 value (the concentration of unlabeled probe that results in 50% inhibition of the binding of labeled probe) was determined by plotting the percentage of bound radiolabeled DNA binding against the concentration of unlabeled probe using a four-parameter logistic nonlinear regression analysis (also known as sigmoidal dose-response analysis) (1). The Kd value was then determined using the equation IC50 = Kd + [radioligand] as previously described1.
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