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1. Figures S1-S9.
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Figure S1. Stereo view of the protein environment surrounding Tyr161 (TyrZ) of Photosystem

Il from 7. vulcanus (pdb 3ARC). All amino acid side chains and cofactors within a 5-A radius




from TyrZ are shown. Distances shown are from the phenolic oxygen of TyrZ to His190 and to
crystallographic waters, as well as His190 to Asn298. Crystallographic waters are shown as
small red spheres, the WOC as large orange spheres with Mn colored purple, oxygen red and

Ca green. Tyr161 is the thick, central amino acid.

“ ARG 180

" ARG 294’\ i\

g VAL 286

|
ALA 290 ﬂALA 290
PRO 161
SER 155(,,«:’A
—— —
ILE 159] HF'ISQI
—— ——

Figure S2. Stereo view of the protein environment surrounding Tyr160 (TyrD) of Photosystem
II from T. vulcanus (pdb 3ARC). All amino acid sidechains and cofactors within a 5 A radius of
TyrD are shown. Distances shown are from the phenolic oxygen of TyrD to His189 and the
“proximal” water, as well as the backbone carbonyl of Phel69 to Argl80, the “distal” water to
Argl80, and His189 to Arg294. TyrD is the thick, central amino acid. Waters are shown as red

spheres.




o

GLU 189

2.6 \
J

-
2 >
R PHE 186 ‘
JEE’DMET 293

65

ASP 170

EVAL 286

H ALA 290

—-—

vAL 157 “TYR 161 ALA 294

6? TYR 160

r s
A ALA 156 PRO 161 )
PRO 162 SER 155.~

ILE 160 ‘ L 159|
/ -

/

Figure S3. Side by side comparison of the protein environments surrounding D1-Tyr161 (TyrZ)
and D2-Tyr160 (TyrD) of Photosystem II from 7. vulcanus (pdb 3ARC). All amino acid side
chains and cofactors within a 5 A radius from TyrZ are shown. Left: Distances shown are from
the phenolic oxygen of TyrZ to His190 and crystallographic waters, as well as His190 to
Asn298. Crystallographic waters are shown as small red spheres, the water oxidizing complex as
large orange spheres with Mn colored purple, Oxygen red and Ca green. TyrZ is the thick,
central amino acid. Right: Distances shown are from the phenolic oxygen of TyrD to His189 and
the “proximal” water, as well as the backbone carbonyl of Phe169 to Argl80, the “distal” water
to Argl80, and His189 to Arg294. TyrD is the thick, central amino acid.




ASN 32 ASN 32

N
ILE7

\\/\“Gﬁw \\\ ILE 77
ILE 78

Figure S4. Stereo view of the protein environment surrounding Tyr8 of the BLUF domain from
SIr1694 of Synechocystis sp. PCC 6803 (pdb 2HFN). All amino acid side chains and cofactors
within a 5 A radius from Tyr8 are shown. Distances shown are from the phenolic oxygen of Tyr8

to GIn50 or GIn50 to the FMN cofactor.
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Figure SS5. Stereo view of the protein environment surrounding Tyr122 of Ribonucleotide
Reductase from E. coli (pdb 1IMXR). All amino acid side chains and cofactors within a 6 A
radius from Tyr122 are shown, as well as Trp48 and Fe2. Distances shown are from the phenolic
oxygen of Tyr122 to ASP84 and a water coordinated to Fe; of the diiron active site.
Crystallographic waters are shown as small red spheres, the diiron site large orange spheres, and

Tyr122 as the thick, central amino acid.
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Figure S6. Stereo view of the protein environment surrounding Trp48 of Ribonucleotide
Reductase from E. coli (pdb IMXR). All amino acid side chains and cofactors within a 6 A
radius from Trp48 are shown, as well as Tyr122 and Asp84. Crystallographic waters are shown
as small red spheres, the diiron site large orange spheres, and Trp48 as the thick, central amino

acid.
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Figure S7. Stereo view of the protein environment surrounding Trp382 of photolyase from E.
coli (pdb 1DNP). All amino acid side chains and cofactors within a 6 A radius from Trp382 are
shown, as well as Trp306. Crystallographic waters (labeled W) are shown as small red spheres,
and Trp382 as the thick, central amino acid. The conserved hole-hopping pathway (including
FAD) is rendered with thick lines. Positions of glycine residues are denoted by the label GLY.
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Figure S8. Stereo view of the protein environment surrounding Trp306 of photolyase from E.
coli (pdb 1DNP). All amino acid side chains and cofactors within a 6 A radius from Trp306 are
shown, as well as Trp382. Crystallographic waters (W) are shown as small red spheres, and
Trp306 as the thick, central amino acid. The conserved hole-hopping pathway (excluding FAD)

is rendered as thick lines.
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Figure S9. Stereo view of the protein environment surrounding Trpl122 of azurin from
Pseudomonas aeruginosa (pdb 2I70). All amino acid side chains and cofactors within a 6 A
radius from Trpl122 are shown, as well as Cu(I) with its coordinating AAs. Crystallographic
waters are shown as small red spheres, and Trp122 as the thick, central AA. ReI(CO)g(dmp) is
also rendered as thick lines, with Re(I) a blue sphere. Distances shown (in A) correspond to those

relevant to hole transfer.

2. Derivation of eqs 5.18 and 5.21.

Consider eq 5.15, which is here rewritten for the electronic state |¢k> in vector form:

V,IT, +V(O)|¢) = E, (0)|4,). (S2.1)

By applying V, to eq S2.1 and projecting the resulting equation on the state ¢n> , it is obtained,

similarly to ref ',

Vo @, +V)|4,) =V, V|g,)+ (T, + V)|V 16, ) = [V, E, (Q]|§ )+ E, (Q)|V o8, )
= {8,V Vo) +(8,| T, + V)|V 00, ) = (8,|V ,V|6,) + E,(Q)d,, =E (Q)d,,  (S2.2)

{2,IVoV©Q.9)4,)
E.(Q)-E,(Q)

nk




The orthonormality of the basis electronic wave functions at any given nuclear coordinate gives

6,)=0, Y0 = V,(4,

¢j>=<vQ¢n

¢1> - _<¢n

(9, 0,)+(8,[Vo8;) = (Vo Vod,) (52.3)

Proceeding as in ref 1 and using eq S2.3, we obtain

<¢n Vé|¢k> = VQ '<¢n VQ¢1< > _<VQ n VQ¢k> = VQ d,, _Z<VQ¢n ¢,><¢, ‘VQ¢k>
j
(S2.4)
= VQ -d,, +Z<¢n VQ¢j>‘<¢j ‘VQ¢k> = VQ -d,, +Zdnj 'djk
J J
that is eq 5.21 in the paper.
3. Derivation of eqs 6.9 and 6.10.
Consider the self-exchange (weak-overlap) ET reactions
Ox, + Red, = Red,, + 0x,, (n=1,2) (S3.1)
and the cross-reaction
Ox; + Red, = Red; + Ox, (S3.2)

The following approximation is used for the reorganization energy of the cross-reaction: *

— j“11 + j“22

5 (S3.3)

(S3.4)

where K|, is the equilibrium constant for the ET cross-reaction. The expression of k , is



AG*
k,=x,Z exp{ T J (S3.5)

(see eq 6.7 and the meaning of the symbols in the article). For a self-exchange reaction, AG® =0

and w” =w", so that AGS =0 and, considering eqs 6.8a-b, eq S3.5 becomes

p
ko o=(k,), Zexp ——2 lexpl ——=— |, n=1,2. (S3.6)
k, T 4k, T

Therefore, for Z = (Z1122,)Y2, &, =[(k,),,(k,)» ], and using eq S3.3, it is

ln{ ki, ky }: Wi+ Wy _j11+j'22 _ A

> = . (S3.7)
Z (K'el)ll(K'el)ZZ kBT 4kB71 2kB71
It is also
ln(klz ks, J __ wi+w” (A+AG’ +w” —w') +(A=AG’ +w" —w")?
VAL % kT 47k, T
_ owiw’ A _(AGO +w? —w")?
kT 2k,T 2k,T
_ wHw’ —w, —w,, +ln{ k, k,, }_(AGO-FWP —w")? (S3.8)
2kgT Zz(Ke])ll(Kel)22 27kgT

0 P ,r\2
:ané+ln[ . ki Ky }+ln exp{— (AG *tw' —w') }
Z (Kel)ll(Kel)22 2j'kB’T

0 P _ 1 ,r\2
ks Wéexp{—(AG +w” —w) }
4 (Kel)ll(Ke1)22 2)'kBT

whence, by exploiting eq S3.4,

10



k k — 2 kll k22 f12 W2
12 ™21 el 12
(Kel )ll (Kel )22

2 k11k22 k12 f12 W2 _K.2 k11k22 K12 f12 W2 (S3 9)
12 el 12 .

(Kel )11 (Kel)22

= k122 =Ky
(K11 (K)o Ky

1/2
K
= k12 — K.e]|:kll k22 12f12:| ‘/Vlz
(Kel)ll(Kel)ZZ

that is eq 6.9 for

(AG’ +w” —w")?
In =— . S3.10
fo 20k, T ( )

Eq S3.10 is the first equality in eq 6.10. The second equality in eq 6.10, which generalizes the

second equality in eq 6.6, is then easily verified. In fact,

P _ " _ 0 N A 0 P72
K, =lnf ¥z | W =W G-AG 4w —w")' —(+AG +w" —w')
21 kgT 4rk,T
(S3.11)
wl=w _AGO +w? —w"
kgT kgT
so that
P 0 P
an12+W wh __AG 4w —w (S3.12)
kT kT
Moreover, eq S3.7 yields
Z7 (k)1 (Ky) 2 kT 2k, T

Finally, eqs S3.12 and S3.13 give

11



2

r __ P
(ann"'wk;v j 0 p N2
5 _ (G Wi W)y (S3.14)

n{ ki, ks, }_'_ Wit Wy 27kyT
Zz(Kel)ll(Kel)ZZ kBT

-
—

quod erat demonstrandum.

As an alternative, one can proceed directly via manipulation of eq S3.8.

4. Derivation of eq BS.

Averaging both sides of eq B4 over state |¢, , R, Q>, one obtains:

¢,.R.0)

., d P; + PQ2 A REE PQ2

lha_plm(R’Q’t)=<¢n’R’Q| +H p(t)_p(t) +H

t 2 2

=Y ¢, (e, (O] dR'AQ'AR"AQ" %} (R) 2,(Q) 2! (R") %, (Q") {16,.6.,
uy

R,Q'\R".Q"|(P? + P})| R, Q)]

R,0)—(R,0

x[(R.0|(P} + PR Q)R Q"

+(R,Q|R,Q\R".Q"|R,Q)V,, (R,0)5,, -V, (R,0)5,,]}

= le, 0 [ dR dQ'dR"aQ"x; (R, (@] (R"),(2")
x[3(R" = R)6(Q" - 0)6® (R- RN (Q - Q) ~d(R-R)6(Q - Q)6 (R"=R)d*(Q" - 0)]

+ Y [dR'AQ'dR"dQ"5(R - R)3(Q - QN3(R — R1S(Q” - Q)L ! (R (@) (R")x,(Q")
k

e, (e OV, (R,Q)— 2" (RN 1, (@) 2! (RN g, (Q")e (e, 1)V, (R,Q)]
(S4.1)

where P, is the momentum operator for the mass-weighted coordinates X = R, Q, and we

exploited the orthogonality of the basis sets for electronic state and proton-solvent position

representation. At this point, use of the following property of the Dirac delta function and its

derivatives®

12



[0 = x) f0de = (=" f 7 (x,) (54.2)

yields zero for the first integral. Since V , =V, for the given Hamiltonian and real wave

N

functions, eq BS5 is soon obtained:

ihipnn (R,Q,t)= ZV,,k(R,Q)[Ck (e, ) —c; e, Oxl R (Qx! (R)x,(Q)
Jt C (S4.3)

=20V, (R.Q)Im[c, (), O x! R 2, Q) x! (R)x,(Q)]

k#n
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