Supporting Information for “Molecular Dynamics Modeling of Methylene
Blue-DOPC Lipid Bilayer Interactions”

1,23

Nazar lleri Ercan™??, Pieter Stroeve®, Joseph W. Tringe? and Roland Faller®’

! Department of Chemical Engineering, University of California Davis, One Shields Avenue, Davis, CA

95616, USA
% Lawrence Livermore National Laboratory, 7000 East Avenue, Livermore, CA 94551, USA
* Chemical Engineering Department, Bogazici University, Bebek 34342, Istanbul, Turkey

* rfaller@ucdavis.edu




(a) H( M 50) H M 59)
/ |
H(Msa o250 s O 4 >Q) H(&Ls@

N\
cC 314/ c(e‘sqe) c(a’54e) CO 8142)

) I , , ] oo,
c( 8 979) r 2'23) r/ \ g; c( Po79)
T T D c¢.e19) c(P.o C( 223)

NC-J. o 7a) 9 2 o)
G 2( \ﬁ \G W
/ s(@o4) |

H(@%ﬁaﬁl‘h) = s (ﬁéﬁw%)

(b) H( oM 28) H(eﬁzs)
|
H(ofM 32) c @ 247) NG . 718) c(/d’ 247) H(Gﬁ32)

Heofbia) OO 6159 c(d® 5?’?) c(d¥s77) CO 3159) H(ofB15)
H(( . 15)) [7 ] v a H(of®14)
C(a%e62 . ' \f , C(G 062)
Z C(a%232) : C(8%232)
H(oMb30) | "y |2 C(,dz%d’.lgg) cCB199) . 2 5y 150) 2 H(oMb49)

. c(#.267)
| an s(fB34) \
P ED D e

?88@) H( ’800)

H(e&%%

Cl1(-0.650)




(C) H(fZQ) H(423)
H(‘L38) ) e 2&2) ) g. 797) c( 9. 3056) H(ﬂ32)

s o825 > c(d’SS?) c(t G 888) nY

H(ﬁle)
C(@:v19) :
_ci@fes2) c(é‘aes) o
o B:% c(8.154)

A s('zsg) '. |
» H(d¥222) H((ﬁe@)
H(@%¢@4?%05) H(‘falﬁ%&%)

H(-8%011) H(@33)

H(eﬁz?) H(ofM27)

H(@'.L25)c£,e? 256) N(>7. 733) c( 9?256) H(@'”j)

H(O®B36)
H(of®36)

C(-0.062)

Z CLBY159)  (¥o0q)  c(d¥24)
H(oMB?73) ¢ o 56) c(-é’.z% i ¢2£) NC- 0. @gs)

l s(’zm) gﬁ
H(ﬁg‘}g H(Gdgii) H(o#193) C&g 8%6?)

15) of15)

Figure S1. Distribution of partial charges for MB obtained from DFT calculations. (a) Cationic form is
solvated in water. Undissociated form, where Cl is connected to (b) S or (c) one of side N, was

solvated in heptane. Rreduced form of MB (d) was solvated in heptane.
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AGl-Iydrati(m = AGs + AG, — AG,
AGsoation = AGs + AGz — AGy

AGTransfer' = AGSolvation - AC"Hydration

AGTransfer =AG, — AG,

and

_AGTransfer

logP = R Tin(10)

Figure S2. Thermodynamic cycle and related equations used in this study. AGjs is the energy required
to remove all internal nonbonded interactions of the compound in vacuum. Since the internal non-
bonded interactions were excluded due to small molecule size, this term is set to zero. Moreover, by

definition dummy does not interact with the rest of the system. Therefore AG, and AG5 terms are
zero.
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Figure S3. (a) Peroxidation reaction upon addition of singlet oxygen (b) Regular and oxidized DOPC
based on MARTINI model. “*” next to P2 indicates the separation distance being 0.33 nm instead of
the standard lipid bonding distance 0.47nm.



Figure S4. Initial configurations of MB distributions with respect to lipid bilayers systems: (a) MB'-
peroxidized DOPC, (b) MB'- regular DOPC, (c) MB salt or neutral MB - peroxidized DOPC, (d) MB salt
or neutral MB-regular DOPC.
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Figure S5. Total energy profiles throughout the simulations for: (a) MB*- peroxidized DOPC, (b) MB*-
regular DOPC, (c) MB salt - peroxidized DOPC, (d) MB salt — regular DOPC, c) Neutral MB - peroxidized
DOPC, (d) Neutral MB — regular DOPC.



Table S1. Partial charge values obtained from DFT calculations for MB+ in water as well as MB salt
and neutral MB in heptane.

Charge Value
.. MB in heptane
MB' in water Cl'bonded to S Cl bonded to side N Neutral MB

(ox} -0.142 -0.159 -0.088 -0.171
C2 -0.239 -0.247 -0.306 -0.256
Cc3 0.540 0.577 0.557 0.488
Cc4 -0.019 -0.199 0.006 0.024
c5 -0.263 -0.267 -0.184 -0.291
(3) 0.223 0.232 -0.038 0.159
Cc7 -0.019 -0.199 0.062 0.024
Cc8 0.540 0.577 0.469 0.488
Cc9 -0.239 -0.247 -0.262 -0.256
H1 0.159 0.128 0.129 0.127
Cc10 -0.142 -0.159 -0.223 -0.171
C11 0.223 0.232 0.185 0.159
C12 -0.263 -0.267 -0.336 -0.291
H2 0.154 0.132 0.132 0.125
H3 0.159 0.128 0.123 0.127
H4 0.215 0.255 0.200 0.193
H5 0.154 0.132 0.138 0.125
H6 0.215 0.255 0.222 0.193
S 0.004 0.294 -0.269 -0.204
N1 -0.678 -0.718 -0.797 -0.734
C13 -0.041 0.058 0.044 -0.013
Cl14 -0.079 0.062 0.019 -0.062
H7 0.044 0.000 -0.011 0.015
H8 0.094 0.067 0.057 0.067
H9 0.044 0.000 -0.005 0.015
H10 0.062 0.014 0.010 0.036
H11 0.062 0.014 0.012 0.036
H12 0.097 0.049 0.051 0.073
C15 -0.079 0.062 0.011 -0.062
Cil6 -0.041 0.058 0.013 -0.013
H13 0.062 0.014 0.042 0.036
H14 0.097 0.049 0.086 0.073
H15 0.062 0.014 0.095 0.036
H16 0.044 0.000 0.033 0.015
H17 0.044 0.000 0.084 0.015
H18 0.094 0.067 0.094 0.067
N2 -0.074 -0.179 0.003 -0.096
N3 -0.074 -0.179 -0.150 -0.096
cl - -0.650 -0.208 -




Table S2. Hydration and solvation free energies obtained from the MARTINI model.

AG,,y, (k] /mol)

Experimental®®*® -4.54 — +10.83
All-atom MB" in water 82.373
simulations Cl bonded to S in 1-octanol 76.863
Cl bonded to side N in 1-octanol 72.491
Neutral MB in 1-octanol 61.766
Between MB" in water and 1-octanol 149.49
Coarse-grained MB" in water 167.666
simulations Undissociated MB salt in 1-octanol 159.89

Neutral MB in 1-octanol

145.287




