Asymmetry in Charge Transfer Pathways
Caused by Pigment-protein Interactions in
the Photosystem II Reaction Center
Complex

— Supplementary Material —

Yoshihiro Sato* and Danielle Sicotte
Department of Physics, Gettysburg College,
Gettysburg, PA 17325, U.S.A.
*email: ysatol@gettysburg.edu



S.1.

Primary Charge Transfer States

Cupling with state 1+3~

-1.0 -0.8 -0.6 -0.4 -0.2 0.0 %*
Q147 f—
0.2 1757
W 0.0 i 421+§— J—
HES
—0.2 537 {—
0 20 40 60 80
0.40 Coupling Strength [cm™1]
0.35 1000 TT TT —1
- . o
2 0.30 800 I 1 L
> 4 Hi .
& P TR R I EEEE R AR
§ozs ; i ii — s
= g 600 i il — 6
5 0.20 s - HH e 1ea-
= > 11 [} ae
1] D 400 " on an s 1%3
"g 0.15 o i I 2+1-
o w [ (A 23"
~ 0.10 o 200 ™ ¥ - 4t3-
0] HIH HH = 5+3-
0.05 0 i+ +H - 6*+3~
0,00 bams i ii
"-10 -08 -06 -04 -0.2 0.0 ~200 i [N}
Level Shift AE (eV) -1.0 -0.8 -0.6 -0.4 -0.2 0.0

Level Shift AE (eV)

(b) Same condition as (a)

(a) AFE3 varied while AE,, 3 =0

Figure S1: Transfer efficiencies, site energy change, and coupling strength. (a) Transfer
efficiencies and AET have been computed with 7 = 1 ps and T' = 77 K for a range of level
shifts at Chlp,, that is AE3. The level shift at all other pigments is zero as AE,,x3 = 0.
CT states of less than 0.02 transfer efficiencies are not displayed. In contrast with Fig.7,
AET does not change from zero because none of the active CT states involves Pheopy, or
Pheop,. (b) The site energies €,,, are shown for the values of AFE;3;. The top panel shows

the major states coupled with |1737), extracted from Fig. 5b for those above 10 cm™.



S.2. The second CT pathway, FEs — |3757) — [1757)
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Figure S2: Population and AET dynamics of FE and CT states for the CT pathway
of FEs — |3t57) — |1757). Out of the 36 states used for computations, only the 14
selected states are displayed for clarity. The levels shifts are set to AE; = —2600cm™1,
AE; = —6000cm™!, and AEy = AE, = AE; = 0. AET at each moment of time ¢ has
been computed by setting 7 = t in Eq. 7. The insets show the populations for the first
400 fs. (a) Results for 77K. (b) Results for 300 K.
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(b) AEg varied while AE4 = —0.384eV

Figure S3: Transfer efficiencies and AET with 7 = 1ps at T = 7T7K. CT states with
transfer efficiencies less than 0.02 are not shown. AE,, = 0 for m = 2,3,5. (a) The
level shift AE, varied while AE,, 24 = 0. (b) The level shift AEg varied while AE, =
—3100cm ™.



