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General EXAFS considerations. In the fit tables of EXAFS data, N refers to the number of
scatterers used for a particular shell, R is the distance of the scattering shell, o’ is the mean-
squared deviation (or Debye-Waller factor), E is the edge shift parameter, and the goodness of

fit (GOF) parameters are calculated as F = \/ z k° (){exp = X cale )2 )

F'= \/ E k° ()(exp ~ Xoote )2 / E k° ;(expz . For all fits, the amplitude reduction factor (So*) was set
t0 0.9.
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Figure S1. Pre-edge region analysis of CmlI®. The experimental data (black dotted), baseline
(red dashed), pre-edge peak components (red solid), residuals (green solid), and total fit (blue
solid) are shown.
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Figure S2. Pre-edge region analysis of CmlI®*. The experimental data (black dotted), baseline
(red dashed), pre-edge peak components (red solid), residuals (green solid), and total fit (blue
solid) are shown.
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Figure S3. Pre-edge region analysis of CmlI”. The experimental data (black dotted), baseline
(red dashed), pre-edge peak components (red solid), residuals (green solid) and total fit (blue

solid) are shown.
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Figure S4. Fit (red solid line) of the unfiltered (black dotted) EXAFS data (inset) and
corresponding Fourier transform of CmlII® (Table S1, Fit 17). Data was fit between k = 2-14 A,
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Table S1. Fit parameters for the unfiltered EXAFS data of CmlII®, between k=2 — 14 A",
Fit 17 gives the most reasonable fit of the experimental data.

Fe-N Fe-O Feeeoke FeeeeC GOF

1 6 210 7.61 -10.3 300 568

3 4 211 4.81 -8.82 323 590

5 3 212 2.60 1 201 2.03 -9.71 304 572

7 5 210 4.99 1 194 5.01 -12.8 281 550

9 4 213 4.87 1 202 4.61
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Table S1 (continued). Fit parameters for the unfiltered EXAFS data of CmlI®, between k=2 —
14 A™' Fit 17 gives the most reasonable fit of the experimental data.

Fe-N Fe-O Feeeeke FeeeeC GOF

Fit N RA) ¢°10° N RA) ¢°10%) N RA) 6’10°) N RA) ¢°10°) E, F F
19 5 2.11 4.75 1 1.94 4.36 1 334 8.55 0.5 2.58 -2.50 -11.7 198 462
3299  1.03
5 3.14 1.15
4 399 331
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Figure SS. Fit (red solid line) of the unfiltered (black dotted) EXAFS data (inset) and
corresponding Fourier transform of CmlI®* (Table S2, Fit 15). Data was fit between k =2 — 15

Al
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Table S2. Fit parameters for the unfiltered EXAFS data of CmlI®*, between k=2 — 15 A",
Fit 15 gives the most reasonable fit of the experimental data. The Feee+C shells at 3.57 and 4.28

A are consistent with bound His ligands.

Fe-N Fe-O FeeeeFe FeeeeC GOF
Fit N RA) ¢°10°) N RA) ¢10°) N R@A) ¢(10°) N RA) ¢(10°) E, F F
1 6 211 10.64 0.50 408 704
2 5 211 868 122 388 687
34 212 692 1.88 383 682
4 3 212 526 246 404 701
5 4 211 658 1 195 18.06 -0.27 378 678
6 3 217 244 1 203 -0.50 226 3.57 659
7 3 218 45 2 204 392 1.33 388 687
8 3 216 174 2 202 074 2.42 331 635
1 184 3.5
9 3 216 196 2 202 094 331 252 -1.78 248 550
1 185 3.63
10 3 2.17 219 2 203 1.6 331 235 2 312 367 -0.76 239 538
1 185 445
11 3 215 1.8 2 201 098 331 320 2 3.07 1044 -2.85 209 504
1 1.84 3.08 3 357 .14
12 3 216 177 2 201 099 332 353 2 3.06 928 -239 190 481
1 184 322 3 358 0.55
3429 1.07
13 3 215 179 2 201 099 332 322 2 3.07 1095 -2.65 191 481
1 184 3.6 4 357 170
3 429 1.18
14 3 217 210 2 203 1.1 331 240 2 312 336 -0.74 230 528
1 185 428 3 431  3.17
15 3 215 173 2 200 097 332 338 4 357 139 379 196 488
1 183 271 3 428 1.04
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Figure S6. Fit (red solid line) of the unfiltered (black dotted) EXAFS data (inset) and
corresponding Fourier transform of CmlI" (Table S3, Fit 23). Data was fit between k=2 — 15 A"
1
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Table S3. Fit parameters for the unfiltered EXAFS data of CmlI”, between k=2 — 15 A™".
Fit 23 gives the most reasonable fit of the experimental data.

Fe-N Fe-O Feeeoke FeeeeC GOF

1 5 208 12.13 1.63 202 615

3 3 210 6.99 3.64 211 629

5 5 208 8.96 2 186 14.71 -2.53 190 599

7 4 210 777 2 191 1533 -1.50 187 592

9 3 2011 641
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20 3 213 1.98 2 197 1.52 1 333 2.88 3 3.5 2.58
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Table S3 (continued). Fit parameters for the unfiltered EXAFS data of CmlI”, between k =2 —
15 A™'. Fit 23 gives the most reasonable fit of the experimental data. The Fes++C shells at 3.14,
3.56 and 4.28 A are consistent with bound His ligands.

Fe-N Fe-O FeeeeFe FeeeeC GOF

Fit N RA) ¢°10°) N R@A) ¢°(10°) N RA) ¢(10°) N RA) ¢(10°) E, F F

22 3 213 247 2 198 203 1 334 444 3 314 484 211 109 451
1 183 393 3 356  1.65
1 282 1.54 3 439  4.64

23 3 213 250 2 198 209 1 335 447 3 314 487 -1.86 111 456
1 1.83 4.05 3 356 1.46
1 28 150 3 428 512

24 3 213 243 2 197 195 1 312 877 3 334 043 -359 116 465
1 182 350 3 354 878
1 282 147 3 408 14.75

25 3 214 289 2 199 252 1 357 775 3 312 461 -177 113 459
1 183  4.66 3 334 143
1 282 098 3 397 576

26 3 213 205 2 198 166 1 333 303 3 315 290 -279 130 493
1 1.8 3.5l 3 354 185
3 425 499

27 3 214 325 2 199 303 1 330 645 3 312 171 -087 131 496
1 184 559 3 429  8.00

1 284 143

28 3 214 338 2 199 297 3 309 359 -124 142 516
1 184 524 3 360 210
1 283 0.17 3 430 5.64

20 3 214 281 2 199 237 1 336 455 3 315 7.5 -1.70 111 456
1 183  4.56 3 357 086
0.5 2.82 -1.50 3 428 491
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Table S4. Component Analysis of Pre-edge Features of CmlI Intermediates.

Species | K-edge (eV) | Peak Position (eV) | Peak Area (units) | Ratio
CmI® 7122.1 7113.0 0.14 0.1
7113.1 6.7 4.4
7114.8 1.5 1.0
Total = 8.3
CmlI** 7124.1 7113.4 4.9 1.0
7115.0 9.6 2.0
Total = 14.5
Cmil" 7124.9 7113.7 5.1 1.0
7114.9 14.1 2.8
Total =19.2
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Figure S7. Full resonance Raman spectra for CmlII®* (top) and CmlI" (bottom) in H,'°O (black),
H,'*0 (red) and D,'°O (blue). Aex= 561 nm, Power = ~100 mW. All spectra were collected in
solution at ~4 °C. Protein concentration ~1 mM for each sample, 50 mM Bicine pH/pD = 9.
H,'®0 enrichment of the samples was ~60%. All spectra were normalized to the sharp protein
feature at 1002 cm™ marked with #. Removal of the fluorescence background affected the
normalization such that the intensities of the resonance Raman peaks are not necessarily
comparable. The peak marked with * is an artifact of the fluorescence background subtraction.

S14



