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Crystal Structure Determination. Diffraction data were processed
with Mosflm (1) and Scala (2). Initial model for the
Rully g -Felll,, o structure was derived from the palmitic acid-
bound P450-BM3 structure (Protein Data Bank ID 2UWH)
(3) by molecular replacement using Molrep (4). Coot (5) and Re-
fmac5 (6) were used for model fitting and refinement. The final
models were validated using the programs Procheck (7), Sfcheck
(8), and Molprobity (9). Most of the above processes were done
with the graphical interface to the CCP4 program suite (10). All
structural graphics were generated using the Pymol Graphics
System (11).

Kinetics Data Analysis. The kinetics data were analyzed in terms of
the following reaction sequence:

k
*RUZK}c [F e3+(OHz)P}mso—ﬂ’Ru%:wc‘[FeH(OHz)P}mso
.[Q]
“Rugh,c-[Fe’" (OH, P]P450 Rugl,c-[Fe*™ (OH,)Plpy5
Rug},c-[Fe’™ (OH, P}P450_’RUK97C [Fe* (OH,)Plp,s

)
)
Rugrc- [Fe3+(OH2)P]P450—>RuK97C [Fe** (OH2)P} Jpsso
)
)Py
)Py

Ru12<457c [Fe** (OH,) P} ]P450_4’Ru%<+97c'[Fe3+(OHZ)P;]MSO
Rug),-[Fe*" (OH, ]P450_>Ru1<97c [Fe¥ (OH,)P]p,s0
Ruidsc-[Fe? " (OHy) Py Jpyso 2 <—k s Rugl;-[Fe** (OH,)Plpys

Ru2+
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Chemical entities are identified with the following symbols:

A ="Rug;-[Fe** (OH,)Plpys
B = Rugj;c-[Fe*™ (OH, ) Plpys
C = Rug;c-[Fe* (OH, )P Jpsso
D = Ruigh;c-[Fe?" (OH, )Py Jpyso
E = Ruigy;c-[Fe** (OH)Plpys5,
[Fe3+ (OH

F= Ru%<+97c 2)Plpaso

The differential equations describing the reaction sequence
are as follows:

dA dB dc

E —(k0+k1)A E:klA_(kZ—i_kS)B E:k3B—k4C
dD dE

o k4C — (ks +ke)D +k_E s keD — (k_¢ +k7)E

The general solution to this set of coupled first-order differen-
tial equations is a sum of five exponential functions with empirical
rate constants yi, y», 73, ¥4, and ys. These rate constants are
obtained by solving the following secular equation:
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(ko +ky) 0 0 0 0
k, (ky+k;) 0 0 0
0 ks v -k, 0 0
0 0 ky (ks +ks) k_g
0 0 0 ke (k 6+k7)

The five roots to the secular equation are

n=kotk 1=k tks y3=k4

1
Y+ =§(k5 +ko+k_g+kq)

1
+§\/ (ks + kg + kg +kn)? — 4(ksk_g + sk +keky)

1
Y- :E(k5 +k6 +k_6 +k7)

1
—5\/ (ks + ke + kg + kr)? — d(ksk_g + ksks + keky).

The boundary conditions were taken to be

A(t=0)=A4y; B(t=0)=C(t=0)=D(t=0)=E(=0)=0
limA(¢) = imB(1) = imC(¢) = imD(r) = imE(1) = 0.

The time-dependent concentrations of the five reagents are
given by

A(t) = age™! =Age !
B(t) = age ! + fue ! = kiAo (e —erat)
Y2—n"
C(r) = ace™" + pce™" + yce™™
e_}’lt e_}’zt

— kiksAo {

rs=1)(2=11) (r3=12)(r2=11)

et
D(t) = ape™' + Bpe 7! + ype 3 + Spe T+ 4 {pe T
E(t) =age™ + Bre " + ype 7 + Spe 7+ 4 {pe 77,

where
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The transient absorption kinetics data [AAbs(A,t)] can be de-
scribed by the following matrix equation:

AAbs(4;,t;) AAbs(,.t)
AAbS(/ll,tz) AAbS(iz,tz)

AAbs(A,,.t;)
AAbs (lm ,tz )

AAbSs(4,,.t,)
e_VJI

) AAbS(},Z ,tn)
e~ rh

AADbs (), 1 ,tn

e~ e rh emr+h

e Nl b el erih eTr-h

e Vin el oVl oTViln V-l

a4 ap Gc @p Aap
0 pp Pc Pp PE

X0 0 xc xp XE
0 0 0 &p &g

Aey(Ay) Aey(ly) Aey(Am)
Aeg(d1) Aep(dy) - Aep(dy)
X | Aec(h) Aec(hy) - Aec(dn)
Aep(d) Aep(dy) -+ Aep(dn)
Aeg(4)) Aep(ly) Aeg(Ay)

The molar difference spectra for the five transient species can
be determined if numerical values for the elements of the expo-
nential coefficient matrix (i.e., ;, §;, xi, 6, (i3 i =A, B, C, D, E)
are provided. Because there are nine elementary rate constants in
the model, and only five empirical rate constants obtained by fit-
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ting the data, it is not possible to determine empirically all of the
elementary rate constants in the kinetics model. Consequently,
absolute molar difference spectra cannot be evaluated, but
unscaled difference spectra for the five transient species can
be determined. An optimization procedure for the four adjusta-
ble parameters in the kinetics model was used to minimize the
differences among the transient spectra at the three pH values
for each of the five species.

Global fitting of the transient absorption kinetics to a five-
exponential function for the three different solution pH values
gave the following empirical rate constants (the value of y; was
extracted from luminescence decay measurements):

pH 6
73=2.0x10°s7};

71 =25x107s7";  p=15%x100s7";

i =20x10*s"!;  y_=6x%x10"s"!
pH 7

—24x107 57,y =15x105s7";  y3=15%x107s7";
Yo =12x10*s71; _=7x10's7!
pH S8
71=3.0x10"s71; =20x100s7!;  y3=1.0x10°s7";
Y. =40x103s71;  y_=3x10's"!

The following assumptions were invoked to generate differ-
ence spectra of the transient species:

1. Values in Table 1 are an average of optimized fits for two sets
of data. Error is given in parentheses.

2. The value of A, set equal to 1 for the pH 6 data. The data at
pH 7 and pH 8 were normalized to give equivalent starting
concentrations.

3. The value of k| was given by k; = *¢gr7,, where the quantum
yield for production of Ru**, *¢gr, was set equal to 0.8 (0.05)
for the pH 6 data. Optimization gave the values of *¢pp = 0.7
(0.15) at pH 7, and *¢gy = 0.5 (0.2) at pH 8.

4. The value of k5 was given by k3 = ¢gry,, where the yield for
heme oxidation by Ru**, ¢gr, was set equal to 0.5 (0.25) for
the pH 6 data. Optimization gave the values of ¢gr = 0.5
(0.25) at pH 7, and ¢gr = 0.55 (0.05) at pH 8.

5. The position of the Fe3*(OH,)P** = Fe**(OH)P equili-
brium is determined by the constant K., = k¢/k_g. The values
of K4 obtained by optimization are 0.59, pH 6; 0.93, pH 7; and
10.3, pH 8.

6. The rate constants for the two ground-state repopulation path-
ways from oxidized heme (ks, k;) were assumed to be equal.

The optimized difference spectra for the five transient species
are shown in Fig. S5. Elementary rate constants are set out in
Table S2.
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-' Fig. S1. *Ru'yg,-Fe',,o0 (A) and *[Ru(bpy),(IA-phen)}?* (B) luminescence decays at 630 nm. Monoexponential fits are in red; the biexponential fit for
“Rullg7c-Fel s is blue.
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Fig. S2. Ru(NH3)3* quenching of *Ru"g;c-Fe'"py5, (A) Luminescence decays at 630 nm. (B) Stern-Volmer plot.
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Fig. S3. UV-visible of ground/resting state species at approximately equal concentrations (yellow, [Ru(bpy),(IA-phen)]?*; blue, BM3 K97C; green,
Ru'"g7¢-Fe" paso)-
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Generalized singular value decomposition indicates five phases (black, 390 nm; blue, 400 nm; cyan, 410 nm; green, 420 nm; yellow, 430 nm; red,

["Ru""-Fe""(OH,)PJ: Ph 6, red; pH 7, green; pH 8 blue [Ru"*-Fe"(OH,)P] [Ru"* —Fe"(OH,)P]
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Optimized difference spectra for the five transient species generated in the photochemical oxidation of Ru''4,c-Fe',,c; at pH 6 (red), 7 (green), and 8
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Table S1. Data collection, refinement statistics, and validation

Data collection

Wavelength, A 0.979
Unit cell, A 117.08, 117.08, 273.85
Space group P41212
Resolution range, A 45.52-2.40 (2.53-2.40)*
No. of total reflections 793,591
No. of unique reflections 74,965
Completeness, % 99.7 (99.6)
Rmerger % 12.6 (82.7)
{/a(1)) 15.4 (4.2)
Wilson B-value, A2 456
Refinement statistics
Resolution range, A 10-2.4
No. of reflections used 69,343
Free R reflections, % 5.0
R/Rfree 0.200/0.237
rmsd bond length, A 0.0113
rmsd bond angle, deg 1.374
Ramachandran analysis, %
No. of residues in
Favored regions 97.4
Allowed regions 2.6
Outlier regions 0.0
PDB entry 3NPL
*Data for the outermost shell are given in parentheses.
Table S2. Elementary rate constants extracted from fitting
pH ko ki k, k3 kg ks kg k_g ky Keq et Per
6 5x 108 2x 107 1x 108 4x10° 2x10° 7 %10 1x10*  1.5x10* 7 %10
(0.3x10%) (0.3x107) (0.4x10%) (0.8x10°) (0.2x10°) (1.6x10") (0.5x10% (0.7x10% (1.6x10') 0.7 0.8 (0.05) 0.5 (0.25)
7 5.5x 108 1.5 % 107 1x 108 5.5x 10° 1.5x10° 8x 10’ 7 x 103 45x%x103 8x 10’
(0.3x 105 (0.3x107) (0.6x10°) (0.3x10°) (0.1x10% (0.3x10") (3x103) (1x10%) (0.3x10") 1.5 0.7 (0.15) 0.5 (0.2)
8 6x 108 1.5x 107 1x 108 8.5x 10° 1x10° 4x 10 3.5x% 103 3.5 x 102 4% 10

(0.3x10%) (0.6x107) (0.6x10°%) (2x10°) (0.2x10°) (0.3x10") (0.7x10%) (0.8x10%) (0.3x10") 10

0.5 (0.25) 0.5 (0.05)
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