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E/-<(&#E<#/0<!(-<3)OhC-E!/#EE-E!ECBB0<0-)(! & E#5C(0#)! (#!*55#Y | B#&! (3-1 =-({& A0 SCH P HEB!
0)=0@0=@*E0=C-@®)! *! /&#(-0) K #&! ,d[!-)?79-E+! * 5#(1#B! & E-*&<3!-BB#&(E! 3*E!:--)! =-@t(-=!
2<&C((#HHN=9#)=E#)+1"*9E *7*1¥)=I (3-08&H W #&$- Q! -S/-&09-)(*557! 9-*EC&-I/+! @*5C-E+! :C(!
#)571=*(*| B#& ! E-@-&*5! & E@*(*BL <5HE-! (#! (3-| EC&B*<-1#BE#)=! Y30<3!*&-1:-50-@-=! (#! B#&9!

(3-1 E#*55-=18,0(),1&q*)=! p-'2-0()0&q! <*@O(QIE"*1Y-&-1#:(*0)-=MG)! *==0(0#} ! -!<*5<C5*(0#)E!
<#)(0)C-! (#/&#@O0E*! EOD)0BO<*)(! <3*55{yB<4#9/C(*(0#)BI™MG)! (3-! /&E-)(! Y#&$+! Y-! 3*@-!
0)@-E(0D*(#24! @*5C#B! (3&--! (7&H#E§-E0=C-EH7&Iff+ a7&! gJfl*)=1a7&! Xtf)e ! (3- |=#/*90)-!
9#5-<C5Y0(30)d[! %! *<(0@-! EO(MH(3! (3-B&--)279- 1¥)=I(3-1)279-1 <#9/5-S-=1YO(3!=#/*90)-!
Y-&-1<#)E0=-&-HM! 3#/-1 (3*(! (3-1#:(*0)-=1*<0= 0(7n:*E0<D{R*9-(-&E! YO55!#BB-&!)-Y! 0) EODA(
B-*(C&-E!#B!,d[! -)?79-E! *)=! 3-5/1 -5C<0=*(0)D! -S*<(<B*)0E9E! #B! (3-0&! *<(0@0(7! *)=! 0&&-@-&EO:
0)30:0(0#)M

I"#S%& & (") *+#,&-"./ !
I"#$ %08 (&)*+$ ,-) BT "HE I "HISH % & (1'HS %&'SH#! M#$%&' () #H A) ! H#S %&!'(&')$#MAO B in
complex with 2r2M#$%& ()#+rhr1#$%& 1 ()4 11"#$"% 1&' Yo ()*&#+,-% /(0% *" % 1/(* #+% 2&*8&Fh 3&+4
I HESY6& 1%6(" i+, 4" H "8 (H *+,), - $H - BHSU&' ($%") V) B(S #'%&™ ($)*($ " 1"#$"%%&
I"#$%&" 10)*+,",-+$H™) %" %/H01' &,1#2+0%' 2,0,$#1+,0' 34+-5.%' 67' +0' 1(%' #$1+/%SHhEBY: 1#
I"H$H%&P' (%') (*+(%$H% &), &%b#+-.'1&0)+1)R34)56)
!
HO ﬁHg,
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"#3%A&. "#P%E&'()*+,-&+- #). N HH "#$%&' ()%"*(+,*( 1"#!1PVHSU & BRASUE $Y& " # $1I"#$ !

[

[ 141 <*5<C5*(0#)E! Y-&-! [-&B#&9-=! CEQ)D! (3-48E<BGE<#/0<! /&#(-0)! =0/#5-! n! 6*)D-@0)! =0/#5-!
*[|&#*<3I1#BIb*&E3-5!*)=I<#Y#&$-&E+10)!0(E!50)-*&! &-E/#)E-1*//&#S09*(0#)! @ - & E 6 ek JOh2
a#l/*&*9-(-&07?-!(3-1<3*&D-!=0E(&0:C(0#)#B!#S0=07-=!"dQ!*)=!=#/50Q|&HE (*(0<!/#(-) (0*5!=-&0@-=
*(#90<! <3*&D-E! Y-&-! #:(*0)-=! #)! (3-1 #/(090?-=! E(&C<(C&-E! *(K8:£n%g6VvRUgI\c=e! 5-@-5! #B!
(3-#&70)!<#).C)<(0#)! YO(3!(3-IR " 1&*=*@09/5-9-)(-=!0) \N*CEEQ*)LJ!/&H#D&* M #$#%%#8& HS() S+ #$
HSHNH&' | I"H#ISH " %&' () &*) %) I'(+,-%) %.,) [-'0#,1) '2) ,+"#3$"%&(K) )n a protein to evaluation of

the change in “solvation” energy associated with moving the charge from water to the protein. One
I"H$% &' (#)*+,% $-+%0 $-+,1"*.(/N&% &.&0+% *HH#& W6$ &"$ ()**)+,-.$ "/01&,)-28 ' (1" , 1 Vi !

PEYU 0@ n ey D PO (O ) HSHOE L IHS | L IHS% . (% )HE I8

I"H5%8&' %B()$HH+,$- ) 01+( $23"#+45'*'5' 63’ %$106+#4$5' 74%' $"*1' +45+816-86H(+938" |\ —

L L ) IMHSHIOE B (Yo&HS) Yo+ - -8 YoH% & HY0L-8Y681+ o8 HS)-Yo+/ Y& HY6 2$H3 .+
I SHODR H (&) +H,HYGH" [ Ot~ ¥ L#,-HY& H+"2 #S 03 A#-P)(10BH (1" )1 11! )1 1o
HSY&'S(HT, T LTI )L LTI ) L LIS IHISH 08 ()5 + +,-$1,-*06'* 06 WHHSHYoH"&'S

I"HISH Y& ()* & (*"++&Y&' (*Y%o Y, -*- [-O&L-(%o"H* 2" HS-*&(*"3$-'$)*) H$% &' (4*5,-*680)%*) & L $#"%& ' (*&)*
"4 $H# %08 VS )&+,-&# (I ,(+# 1%, &-# $Y$HI/# Yot SO'&I+# +1%(,196# $%o-# (1&H (L&)H# +# ,%0# (1&
I"HSY6&™I"()* +,1* - $.&/&,0% 1"21%.0$"3* (,1* AI"HS%& N()*+& #,& —+$& | $& '\ & #I& *"*0"-#)/& )1&

PHESWIHSE () ++(+'+*,$+-.(JO++("HIA2#S"(+))+"#( 11/12-(F+)+*-(H&(HO+(*+)++"+(*+I"#S&'($'(134+&4

prote!"# $"%I1&"($")# *$+$"+$")# )-110-)"# $11$2),# 1'&#t )3$# 4&5")$*# -21*# -"*# 1) # 2""678-)#
I"#$ IFehler! Textmarke nicht definiert." 1I"#$%&'(")*WBH#H "#$%&' ()" #$%E& "% %(&))*$+,,)-".$/0$+$
I"H#$%&' ()$%*+%, -, N H#SY0!&!'% () &#*+&+, ) HS Y &YW "#I$%0&' () ¥+1((,-.) *1&/% (%) (+01&!12, "# !
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the I"#$%&'()%*+&),$* HASYHHSI&HS %& ("&")(*"(+&',-(. 1" TV

!

I"#S Y& (#)H"#$UES' (&)&HS I"HSYASY &I BGE () HEVIRHS %6& () *#$S *+,%0!")- H1"# 5% &# 'Y%" ()* $#
(SCAAS) model!l” "#$%&' () *I" I"#$%& 'Vol) 8$% &HBY & H SUHBHSYE' ()*' +9%b,*-(+.1(*&'"*-+&FH " #$%
I"H$%& 'H(%!") (*H#+& ,%61%& (1%"(%-& .+'#$& (/%& 0*)"0& 1%") (*#& 1'%0-8& 24UB6LEZZIHH8S &-&)#.$
I"HS &N IHSYRI(HSUEE & (HIHS %&' ()*'+,"-.[+%0)$" $0%0* + 1 OBRHSI &I # 1" # $%& # "W # SY0 00 & H#
I"#$Yo&H (H) &*S&S+(,- (1S RIHSY&HSY& () &*+,+- T HSN&E (Vo) #$Y& () +,$$*-. %" [+/0-1) 128
I"HBI00&' W'HS %68 #()&*+,*-$ JO1H#(S & #'S I"#$S #(101($ &2V, *H#$ Y I"#$% &V H#$% &' () * Yo H$%% & (
I"HHBI&H T HEYE (#)' (*)"HS%&' (+#,&" 1" HEW HSI V&I " HSY B I" 11"# $96&' (X YIHHS ! 11 11"# $%&'#
I"HSI"HSUS&H " S FHESY& ) $H! " %! (+96" Yo-..%/8%, "DYBINBES Y& ()* Yo+, #$!/$0*1+&) 1

4+5<C5*(-=1.| @*5CR-1E-)EO(0@-! (#IWH/50-=!-S(-8&)*5E0-5-<(80<! <#)E(*)(1=CEB) E0IC5*(OHYE
a3-1 <3#0<-| #BB{ <H&&-<{D-5-<(80<! <H)E({H1=-E<&0:{B-1 /&#(-0)! 0)(-&OHBE! *| @-&7! <#O/50<*(-=!
OEEC-+! Y3ME! :--)! (3-! EC:.-<(! #B! 3-*(-=! =-*(-E! #@-&! (3-! 7&H! d@*&0-(7! #B! @*5C-E! Y-&-!
ECDD-E(-=+&*)D0)D! B&H#HEUMINE!-S*9/5-+! @*)1\C)E(-8-)!*)=| < #&$-&E! -8 B#&9-=4B-<C5*8!
=7)*90<E! E09C5*(GBE0)D! (31, [2! B#&<-1BO-5=4*)=1#: (0)-=1*| @*5C-1#B!w!x! Bt&! (3-10)(-&O#&I#B!
57EAB-M9G) #C&! YH&S! Y-1-0/5#7-=1WI KW *E-=1#)! (3-| =0E<CEE0#)8OR-&-)<-TTMI5 Q6 QN2
6"d! <*5<C5*(0#)E! Y-&&B#8&9-=ICE0)D! (BNF_v,Gr! B#&<-1 BO-§=! (3- ,[6d"G2! EQ9C5*(0#)!
[*<$*D- NI

!
IHSYORH () + Sttt +- | |

I"HUHE (V&S B HISH Y& ()" #SY8 Yo' (H SVo+,- Yo-r#t ) H /%t 0124 (SHUBHERYS ) S+, -HB" #$%"

1C



I"#SY& (1) 'Vo($Yo S " HS &+, ) (1S&H-" [#-$'-$'++/-1 &) HIBHBOGHR, (Y01t )* t+,--%. [0 LI2BHS" Y&
I"#$%8& ()% & (+,-&')-"*)*$.-/1&'()&')-01($1%) % $2 1| RIBHSY0" & &()*%6) &+, -. [+ G "HISH Yo &IHS Yo &H (
It 1$H UoB&'Yo(# "Y1 *+1,-# ¥) %" # "I&# OPHIRIEEY ()*+ "HSUHE' &Yb(H)* Y+ I"HSY&"# $U&! () # +'(,*#
I"HSUR HS%& () (*+),(*- N"HSHUW&! ()$*!'("%)+,-.$ K" | 1I"HS% &Y' (&) VIS0 & #! Vgt 111YT
I"HS 068 (") HSHY& " () ¥ (Yo(+#,-#.8/180 H-THEV&' () *+,-,. +/0-&/, "H+1+,"Y&S%&' () &%) *) #*1+(#),(*-)
I"#$%0 1&$% #' %0 ()*+,% -./'1&* %0 #&% *0/% &M H W&, (# )*+# ,-) #"H#$%&'() $**+%(*) %", $-&"'&.)
I"HB0& () *+&,H#'-"* -(/&.-&-0(&1H((&.$)*" (-0" 1"#$% &

!

I'H$%8I" #$% &' YB()¥'| M #EYOR"H# $U&E (YHSHY& " Yo Yo)*+BM&I™ I "#$%&' (%' "1% (") %™ +1%(" -

I"H$"%6& ()*&+*$, #'%6*&1-(.%"/("0()*$S01 1 *& 296 & (I"#&2#$2(203%6#" %+ & (1/*.&(%&(1#$0&"/01014
!

I"#$%$&(($()*+,( ! L 1I"H$%$&'$()*+,-. $/&01$+2)0)'30-4$4)+3*&. - |
! gl
PER EE UES%  UESE RS | W UEY A% UESE UESh
WL WL WL ESL HS ESL  ETL L ESL 'S
I"#$%% ! !
USO8 I"HSOR I'#'$ 0 I"H"$$%6 I'#'$"%  I'H'$'b I"#'$$% I"#"S06R I'#"$%R !"#'$Y6R
HSL IUHSD MHSL  IH$L 'l MHSL 1431 'HSL I'H$L 1'HS$
I'#$%& ! !
"HUSU0b  IMHUSOOR I'#'$"0b  I"#"$"0b I'#"$96R  I'H"SU6R I"#'$%6R I"#"$06R I'#'$"% I"#"$%K
L TR B "1 "1 HSL IUESD MEHSL IH$L 'ES
I'#$%& ! !
USO8 I"HSOR I"H'$U6R I"H'$"0b I'#'$%6R  I'H"$$% I"#'$%R I"#'$%K (0.020)! I"#"$%K
tyrosine! ! ! ! ! ! ! ! ! ! ! ! "4 |
"1 "1 "1 "1 "1
I"H#$%&( ! ! ! ! ! ! ! "1

I"#'$%08 "#'$%R 1"#"$N. 1"#"$%K 1"# UK

T MHS%" & 'Y(") S &+$H ! Heéxperimental I"H#S%6& (&) $Yo*$+&+*#B)*(
!

I"#$ %8 &% H() S HEY& (& %" & "+,-'&"),.& /& -(#$%-)%.8 018 2*BEESB"1" () *Y&HS+1+) ,-) (1)
I"H$06& (0% )$"+,$+"%-* /% 01$$%"* "VAERPENT08." ( I"HSYRESY6& ( )&*( #"SHHSYE Y%'%()1*+)"),(&

IHBYO& (VI * (#, $Y6* | &Y0-$.506$)1IF)* "4, SO0 (HB!"* (U6*) & LH*I (") I"* [ LBICRH (8 E&HE")*+& HYo&H

IHE06& (&)Y S+& +HE, (& - " HISEDUR, (H'S ) +(#S 105 ,-.15)235 ,-.-5 %&'$ 14" //0$14'56/$)23$
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Tyr435!" #$%&$'()*$+,!" -.(/)0$L" /%" (2$" *$#/3$" -4" (2$" 4)*$" '[+'5+/($1" 1)$+$'(#)™ -0%(/0(" 1$&$01$0(
"#$%&" # $HK"H#SVHSYP& ( )+ " #P %P &'() ("%)*+$ +(&%,!"*$!")($)-*$%.) | /*$ O!)*$ H2A M $% &' (‘# %0 ) #
"#$%E&™! | Ishift of up to 4.7 p! | "#$%&'(%')*!+,"-."./0.13.,'23*4'0+(1#"5' (' "#$% P& (I#$%&' () *&!+&)(
"#$% $&% $"'(% )!1$&% *% '+,-&.'&/)0% *0$)1"% 2)$"3% *1,% )1% 4)!"% 5)$'% $"'% 267732%) &!1%68% 9,
" 'S%&S! " NI H$%& &I ()I&*S&I (+&,'- [+01& ! (+&(23#'02& 41" Yo &) H+&-)3+&I+%% &), *3*, 185 (*,(&6"1
"#$%&' ()*'+*,(%"-'1$%."%*-"(/#*' ($'()*'"0,*$,&' &$-, (/1$+1H Y &H S &S () ¥ "#+,%0+#-+#- #/'01#) &(-2"(1#+,%
"#SHY 1 &'(B)*#P% +(,-. %0 $#' 1#% 05% 1'(1(*% O++# LI ('$% #)!"# Yol 2 IPAHE0) T +) 21 Yo# & (IS &' ("#()*
"#$%&' ()* $%B(HI%E&Y0'(&) %™ Yo SH "Wl &'#( ) #+, #-1*( - &I +/1%0 "$%&'# ($"# ")*"+# ,-.(Yo-# ")-#
"#$H%&SP () *+,*$"&$") '%$"*) $-') '%./0'1) 2%*) &3$24") *28") 2*)U#BEBR'(! "#$%&!%'()* $+,-./(OL"#
"#$%"&'()*+,-./"")0 !, lvalues. However, once dopamine monocation is positioned in the active site,

its steric requirements demand removal of nearby water molecules, which enhances the
hydrophobicity of the environment. As a consequence, the resulting tyrosine pK, values are controlled

by two opposing effects. Firstly, binding of the cation, which favors deprotonated form of tyrosine
sidechain, thus lowering its pK, "#$%&'(")*(&%+,)*#-(./%(0)+1%"&%*(/-*1,2/,30+()".$1%/(,4(./%("+.01%(
"H#P%&' (") (& "*+ 1 &H#Y-+.1&-1&")'#$" % &S %&'()! | 1"#S%&' () $* (*Y0&PH#+&(,%-./&+*"+%(+0"+(+0%(#"++
"I#$%E& ()*+,%'!,-+$*./%*.%).%0(!") ++%-&1)'2,%,3*"$%0"%$4'0,*.1%)#*2¥$4%#0.,$).$,5%
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L Dopamine

I"HSY0& N HSY8 SRV PR HSYS& () *HI"HB"HEV& (HHSY6& ()*"+,-%

"#$%& "% (") *# $%&H# '&(&)*HBBYE'($%")!%0)4EBwell as the simulation trajectories reveals that all

three investigated tyrosine residues are found in front of the re!!"#$% & #$YI&#S$ #%oBH#SYRASY0E& '
"#$%&'()*+$ -1 "#P %R H#H#P%& " ()*"+,1&!"-$.& "/%& +0$& +0,(%6& )/$& 123(4556 & ,7& 8)9/%& :$+;$$/& +
"#$%&%'($%)"*$+,* U BP8OE0 (%0 1) *+,-% ./, 011 "#SHW&' () +",- #$,+ $/,+/)"0%./%1#2+ &'$30,+ %4+ $/,+
"#3%&' ($HFS%S&Y0# (") ( *+",*&%!( "% & HPBo&Y" (U &H $Y&YO' (VoY "$Y&&H H# (# )1*# *($I+#
"#$%&H#S'()*$'$+,-(./0%/(1*$(/23*"4$+(5"+3$3(#$%" &' (%) Yo*#+1*%0,"#-(1.+*9%0./" &*," O1*%0#+* 1" #$%"
I"#$%E&' () Y&*(+,-&'%) -*) 1,() %./% A IIEHS% #SRHFBY& # ()*+," # "-# & # %o+ # /S0 1 2BBO #SY #&' () *+,*-%
M"#$%&™ ()*&' +#$(*,-' #,%+." &"/0I"# $%&# ($&)$*1+# (B # 1--&'$*).# "*$&/# 0%*-%o# $(.&$%&,# 0*$%#
"#$%$"&' (") #' %+"),-.%%/,".,&%,)#"&'(0-/$&1'23,#,'-),4'(")',5-*10,4'("6&7'8"%3'397)":,&-%, 7'$&'%3,’
M"#$%"#& '(N& (& *+"& ',-./0& 1234 1"#$% #$% #&% '()**+*&,% -#,"% ,"*% )*.*&,% $,/01% 21% 3#h),"% '&C
workers,”“who used Mulliken population analysis on several substituted!!"#$%&'(#&)("*+,-)(.*#.(.*~(
"#$%&'# ()$*+# '&*)#,)-$%./)# $%&' . 0# 01$*-)# $, 2B #8900 "#8% &' )S)#* #&+',-%.* ) O(F'#S!" 11"#$ I
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#$" N"H#S%EHI1$%& HIBUHS!I%&' &) #+",",(%0-.)*&DUS " Y$HE' () (#*$'+,-. $#"/')(%"$+01-$2'3(%$'
"#3%&$1)S(*$+,-$./1#0'11./2$3.1"$4(5.1.6#78$ 1 02#9$ 0#5. QHES# % & " (HS% &' (") " *+((', 11
"#$H% &S "% ()*" &) "#+& P, *&-#!'+. % * RAEHRU S water! " #$$%0 &' () " *VHE % &S ' ()$*+,,)*)-$.)/(1"0*.*$
"#$%&%'()*)#%+, #*+-*19&* 1+

I

"#$% &' ()*% +,%-.%/'0% (*% 1** 0% #B Y63 () *#"$ *+$ ,&-#%$ &8P % !"# $%%&' @K, value of 8.8
PHES%&' )*' +,-., "#$%& (&'#1$%!&' ()*+',-' ,+.-I'*0-&' .-',' 12&)*#1*].$' ,$%.3!"4.%!  1"#3$%B&%0#'(")(
"H#P1%&'( $H&)Y0&)*+( ,-&*( &*( &.("#"/1.'Y#HP% &'(&)"*&+#,-% .#/0"&.% 1+% 234% 3% 56% 7,*.,6% ,+(
" '$%&S! 11"H#$%%& () * ("B #SUHE I"HSYS& ("HI%&' (&) $*'(+,)-./) ) $01$2(+2'$) +#&) $3"4'&)
"#1$% &'()% *+),+)-% (% !".% #/1+0.% 1+1.$%!".%/(22.1'(),+)-% A3 49FH&' (%) YeH$%&'()*! by as
much as two pK; units. Therefore, in order to verify our calculated pK; shift using the PDLD/SriRA
approach, we also calculated the pK, shift of the dopamine using the free energy perturbation
adiabatic charging (FEP/AC) approachUVUfand the thermodynamic cycle outlined in Figure 3 of
reference 49 (see also references UJand VL). That is, the charges of the dopamine were perturbed
from its charged to neutral form (with the proton being replaced by a dummy atom with no charge in

the neutral form) in 51 mapping frames of 50 ps length each (total simulation time 2.55 ns) in both
aqueous solution and the MAO B active site. This gave solvation free energy differences of K53.7 and K
54.1 kcal mol'® I"#"#$%H&' &Y% (#)* VS %S &' (B I"#$"%&'(")*+, -.'%., Y%/ I"#$/01#, &/, Z:#S%H#UI&S"
"#$#%&!"( ! Ishift of 0.3 kcal mol™, using the relationship pK,” = pK," + AAG/2.3RT (see for example
reference 70), where pK.,” and pK," denote pK, values of dopamine in protein and in water, in the

same order. This is in good agreement with our PDLD/SrbRA calculations (Table 1), again suggesting

IHHSI6&' ()" ("Y0)*$+(), (- (+ JO(L ) (. () FHE SH (LY +(-."20), (B 2$+( IH Y8 (1" HISYoH
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1"#$% "&' ()% *+#56%&' () *& 41! ! !!.. P !! g LE 1 M ES % #&lies! "#1$% &'& (% )*% 1"&%
"#3%&' ) &*)H+(*(,) &) &, FHSHY &S (V #P%&' (&) "*+,&-. &' H+0& ./ 1O&PBR &Y' (&) *&) +,)#$% &%) &$(-."$)
"B 1$Y0# &' (" (+%,-# ./\$#0# 1 2% %# %, Yo 2 BAEBHRH " #HHmol™ at physiological pH (7.4). It is also
worth noting that analysis of the simulation trajectory reveals specific interactions of the protonated
amino group with the aromatic cage (Figure 3), where, in a typical snapshot, the observed distance
between the dopamine nitrogen atom and the centre of the phenyl ring on tyrosine residues assumes
values between 4K5 A. This, in conjunction with the elevated tyrosine pK, values, suggests that these
residues might !"#$% #&% '(!)*+#&+% *)",% '&% -+#.""/'&0% +1,% MHP8E& Do() %™ +#*%,(-.' ()*/01)'
"#$%&'()* % (#H+(&)+(,'$-.,+%(/)0+,1),1)$'1'2-(,)/+#'.1-+(/3) %) ,|$%4&!) .-, +IA[ "HPY&'#!(")*+1#,*#,$*
#1068 (")* . I"HS %& (H Y HS %&S S )+ S - ) +E&HS Yo IH+$ (&) (PN 1"H#S 19685 1$ "&utf
I"HS%& " (1)*I"HHS Y& # BI%& ("H#S HU&' ()*+*)$ B %8&!H %S ()$ *+(,(-+./,$ +OIFTEYI 4 Soo#
"'#$%E& %! ()% V8" $%&(#ISN&! () *+, -1(19&%'!-, )]  MHSUN&EHS #Y%& #'(%)&$""Y&protonated
"#$%& ()" 1"#$ ' 1"#S %&"'&" &S ()B $%&SHKYS.8 kcal mol 1 I 1"4SWE #$%" &'()*%!+$!'&" 1, $!!
"H#S0R" 1"H#$%&'#!(")* &NBHSVIRI"HS %& ()& H B I"H#SHWE& () I"#$ " #%&# "#E%&S!" "(Y&S)#)' "&*
I"HIS%" &' H (HYO () I"#$1%!" 8" ($)*"+#*1%(&, ("(-$#!!
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Dopamine

I"#$%& [ H#EY&'()" *+(%*,-." /" .,0" *&12) (.&-+".3(40".-3%5'$1% &'() % )#"*) $+)I" 11" #$% &Y' %6 () * +H2"%, (
I"HSUo& HI N HE " Vo8t &H()*+,%" &-)* -#,/&[-0"&-Y 1 &#" &2) #*%o-#"181%2-., %" &-.,%*&0)*324

!

!

MH$%&S'( )% &ESY&SHIHS% & () "#S%&'() | 1! I"HSIB!" #$%" &'S()"HSYd HEYR! I"HHSI YRS
I"#$%&'() &%) "HE%&' () (*+,- I"HSHY&"H# $U6&H '($!) &t *IS&H*EY6& "# " This idea is in full agreement
I"H$U%HSEY' () &*+&, Yo &, &- [ VBHBOUBBE )"+ #(1#-$.5# (1/*(0$$/(123('&)'4114*  IVMI"H#$%"&%' ($#%
I"IH$ %01 8H'S ()% &tt+8Y6&, I #$%69%6&' ()" ) #(+, +-&SH# $U&BIBYS & HHSYE " ()*+& ,'& - $%SH"Y0'|
I"HBU&'()*+,-,. +/0-&/, "+ 1+, WHSY & (HYoH) Vol 185" Vi $%$"& %! () values below K2)I" II"#$ % #& %6 %
I"H$%61&™ )+, +, (HS-(J(O112U/(1&Y%("#  MHHSYoHE | I"HS %&'#()*+,*8%S *" *$ &-&($ *"#.I"$ *'&$
I"HSOBHS %8S (&S )% H)+$ ,-("( THHEBY& ()1%)+)$,%-( ., %/($)0*$" %o ( +)11I"HBY6%6& & (")# &'#*+(,-Yott .I#
I"HSNS%&" ("8 " SRSV REHSYOE () -+, +1-' () . I"#SUH&' () $*)+],1)"$-1$./0$H& (1#"$2"$&!-$(#-$3&14&5$
I"#$%$& () *S(+ HI"HHS HYoH"&'S () +$, ) (-, +#.$/-+0$.)1,2-%#S$ #1")+) %, +-)%$ +)$ +OHEBWH8B1S
"#$%&'() *$") ($+&,-) .() |#/"0™"$0(1) #/&"]) 0") *1(%&*$,) +O(H2Y'#$% HSUBHBMS, | I"#$% &1%$$%
I"HIHS%&!" I"HSIA8ESY& (1) *$%*)Yo++),"-. ") &" ¥ %+)/01%!'&")%()%) (*%, * &2)10'&*3)
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!
!

I"H$%& H()*+,-*./ !

I"#$%& # () &>+ HHI&' ()*+,(%-.( (¥ (/- (HO(#1"(23#)4'&5".(,*'(0%"-,(-6-,' 7+,%8(-, 1 &6 (#0(, ' !
I"HSY% & HI"IHBISY& )+ AHSHY&' (%' &) *+&(H# $(QH1"IHS%" & (Yo)H*&' +1"#$% &' (Wt 1"#$%
I"HSU& (QI"H S%& N "HE Y &YoH () #S+ HI'H"SY& "#()+""'S,"#  I"HSWHB HS%&' () "HSY%&HS H
I"#$% &'()P&KI"HSU&S ("HE%&™() #*+,' &I I'H'$1% &™ (% )*% )+(% ,&(-+(."-/0% ")(,Y6+EH& ()

I"#SUN " HSYBH SV (*+ -+ H+H 0% 1#2+BHH#S & " Yo& (" Yo) (11 +" (1% ,-'1" Vo &. %" H+1%*%- %" % & ™
" HHHS%& () +1& 1" $" 11"H#S U, 1 1"#S%& (& )*%6& +',"-.1%& .)0%#(1& "0& 2%##& "0& ) *%6& (3%%6& Yo%
I"HSUHE () * S+ H Yo HRHS" Yo&™ (#)*+,I" -."-/01"2#03'19%64" 58 Hiculations were performed using I"#$
I"HHSY0& () &+) #&-. $+!$-/(SOLHHEV0& %" () *%$(1+,-) !

!

I"# $96&H# '()*+&" %" (# "-UWT'HS %&'S () +%0(,-%".$ Yo/#"+()'S #+(10#SEIB | ! "H$%&' &(")' *+%' ,")-%'
I"HS"0& () KI"HS% & I'HS%&' (JH*)' +,- #* -+%.-."[,01' $)-'*0,,-%20" #"3' (+$-, %04!$#0™ 5+41- 0/

I"#1 11"HSYQIMHSY& 1)) SH" "+ -+ B/ "+ HO-HS)*$L,2'00. " (H+' S/ H+ 2" 3+, "+) (" /$#4 #-' 10"
I"H#$%"&$%' (%" YFHHSYHE' | 1"#$" % $&' ()% "*(H#" | I'HSU%&'("#)"*+ ' $+ -%3$.)&$+ /$.,(")&/+ 01+ ', $+

"' SUHE! (H)*F' "+, H#-) &+-&.&tt&I+ 0) " IH&J+' [1' 234" ) +5%BYEB Y& H(#)$ ™ (+,- #B 1 I"HS%&' () $H#* + %'
I"HBY& B+ "+ "&+ S&H) 1" + UBIHHIBY6& " () (*+$," %&S(-+%6!1&"1)" #1$%+%.(/0" *12-'(3" 45/60" 31#27%&
IS Y& (¥ 1" (B 1+)&*,-(BL1 1 "H#$%& (") *(+,%-Y%./+,("&&OL/"+%6*(-%620!"#( 03( ."+%-( 20#%1$#%& (3-02(
I"HSU& (BHE' #)H *+,- H&(').J+,%),08"$H.' 11/ &28YH&(' #)&' #.+,(SUKI ¥ #$%&' ()*(+,)-,( ., %o( #"..%I(
I"#$96&" (" SU&BHSH V&' (1) «! I"HSIb! I"HY "HEI"HSU6&' (| I"HHSIObI"HIS "UeS B I'# $%&'H () *&)'H &'#
I"HS%&H#()*+$,,"-%".) /() %0") -0$+1") 2,) "+ &!2+3"+%64) 50&-0) 52*#.) $1$&+) /") -2+6&6%"+%) 58%0) $+)

M#P%E&' ()" #' *+&,-1*-.($" #B/(O1! "#S "#P%S&Yo#'( ")( *+",*&%!( +-$Y0.#$%T'#S%!& "#1$ 1"%$
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constantly exchanging with the bulk water!!"#$%&#3$"#$%&"'%()&" &*+)",--%.%*/,0") (%)% & %' (&
"#$%E&' () #* &' "+#,-&' . #&I' 0%, +*' ' |(H'HEVoH "HEN&! "#SUYH HHP H#$%&!%' () +',-+ $.- ISF HSVHL S
M"#$1%&' (") *( %+1%( &, (-1 YoH( O# "$ES%"&' () #P%" &' (#%0) *+,-%#., *'+/) O* IHE%E&'()*&+,"-( &.)(
cationic (protonated substrate) species. Additional proof was provided by visualization! !"# $%&#
"H#P%RHPY0 &' () H& WHBY&' () (*)+#,)-./(#,%/&0)0%#&( #*(0"/( 1), 12( 2#3)4%&/( 0#%),2!( 05,#!1%&/(
"SR I H BV (') ¥ H+Yo#" - [0)1"#I++.)0H0+/2"#+ [ +#3(,%4 (0% AH HEERIHE, 1" 1#$%" & H#Yot (Y0)" 1#
"#3%&'(")%& Y%*+& *#, *&-. ++&+$+.,/&0"1%&'11"0#'%+2& 3#%*& %.'$1!".%0#$,&'&."%"$'%+28& 2" 4# S+,
M#$%&™()*(%+(+,-))+%."(-+(-)(/&01"%$(2$"0-)"13(,*4(+,"(2$*+*&%+"5(5*2%!-&" (0*/15("&+"$(+," (678
"#$%&' (") &WE&' &() " *+,-" " --0& *+ xS BOX S L+ & -2$3& " PL F+& " 3(&-&/*" %$(4)"./5"$0("2.6206.*
I"HSYQHAI"H#BI08H () *1+" %, -#.%/01 #ILN"#$"% " "HHSI% & #(%)*%0(%)$(*+& $(&!(,-$!$'% (&' (%) B (*.% &/
I"#$%" &% "#1%' ) #) &*#$+%,) (-. %/0#%# 1 #%#1$% ($2*#"3$24%2) 5%6) 1#%) , V" (%80 2) (&) Tt 1 $ %/ (
" HHESUNEH &' (P)IH "$Uo#&YE "#S%&0' (""" #'#$%!"& " $(1)*&+,-). %" &"#S%!| H&H#$N "#&' Y () $*1#+,

[

I"#'$%& '#'()%'& *)++& ,%& ()$%-#%(& #.*/$('& %+"-)(/#).0& .1& #2%& YoBHELo&IHHEEOKY0(*"S
M'H#S%&' (! 111"H# $%&H # |(# ) +# ,$-$S# . +/+. 11"#E% &'(&)' % #3$)*+,% +-)'+."1.% +/0% +&&'(&""+#)% 1"))%
L"#$%& '()*)(+,-1. 1" 11"#$%& H%&($) (*) Y%o+,) $"-.,#/) 0(%&($) 1+(".2) 3&,.2) 4#."'HFY0&'$'#$%"&'
"#PHY&' &((&)$"$*+$',!--".1")/1011+$&'2&$,&& 1" &3&/+-'Yo##""12-&'0&)*+ W BPV0& ' Yot ($#)*+,-, (*(‘#(.,/O#
"#3%&H H(1S&HYN"H#PY0&H Y0 () *"'+%,&%0-#.+/0#1%,-%123%4%.5+)6#%!) +#% KERT O FONRE04S) < &)
"H#$%&' () #*+#14+*,&$'- I # $%&' () *# W "HIWHSPY& Yo () * (#++$,() "% (-*$%! . $#/(0,&#-112(-%)"*0*$*,

I"HS %6&' ()*+& I"# "$%6# &' ()1 ! 1I"HS %o&IME(S ) (LS - LS /0S 11 1S H)I (2 WXy
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IS8 () HI+H1#, &-.1&1)'10.8.$1) 2896) 1)9%6'1"2) & -./& 1%%6) 1)%6'1" 2) & . 31" HSYo' & #3-#E-%0) & -2 28, ($#) 4!
IHEY08 Yo(JHY +&'8* +Y0(-#, (MBI ()*(1)+'$, *&HS6&Y6 () *&+,(-%$, "$-+&(."+/*$.(1-%!+,(Furo

!

!

HS%& )+, !

I"H"$% &"1"% ()" | I"HSV0& HSY0 &'V &()*H% &($% +' $*")*% -$.$)/0(% 12$+*03% 4'/% 4"%)*0")1% .566'/&%
I"HS%&™()')*+06),"-"HS)-" )0 KI"HS%&'B()*+)&S*+ $-.//,01.&')&2$/,0,%/-+$1/.3,-*$-.&*/%-*$4.5%
" K"HSAI"E'S %8/ ()*+,,-$./012,)3%)4$ (5)$ 6+&17)'0$ 8199:44:10$ *18$'0$ :03:;:3+ FLHS% &"#$%
IHEY68 () 96" 8, +--) JO1*8 2)$8 3% $++$& A+5+-)*6+"HT & 8) " HEV SH B BASE K" #E06&! 11 1111 1
I"HEYES () &*"& + -(8*+)&.)%'/+&0))),01+&1"#-1'$&2345& 6UHETEIY & *+,-+./&018 2344801 &56 3&70)
HSSY%"&'()*+ %) () -..(10"1&21)('3($.%"S I"HSI6& ("B)H!"+* -$-+"H#)*)'(.-$%)
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!ll#ll!ll$%ll& !

I HS%8! "B HS%& (GIW!IMICurd"# # 1" A # L "I # 111 1"HSHG" 1 |

O &**0.-+, Ml My ((-@0+dM!(&,3-856178&8$PE])) +; +IWKIgWM

QEAHE (HNVIWE--) +dMIMGHESH¥2MHMG! - @ &HHMIMH@ C-5(3dMIMH) D +4MH7)(8)16* #$&#

8:%( + +IIUWJILM

IXN"#$%&"BI M"#$%& I 1"#$"%& 111968 I"#$90R"#$%b

cTebC HHMIMV4B-) +8MPBOFMINPG* #:7)(8)16* #8::; +HI@+!fff KEIgM

dUEF*)=0D*9* +' MIMMEO#)=E#)4QVMNVI$BE#8\7 &8#())) +B; +IWLTWVLTgWM

IVHIHSOA IHHSU&I "IN "B HE%"&SIBT . | 1" HHSYR I HEI™ ™ I"H# I"HHAI"H |

o éN=9#)=E#)4+QVNVIy((- @0+ MYB0)=#4M§E, MMIC:*5-$+ MA'((#P &IB7&8BH())< +. +!1JIfgK
1JIgM

cJeQ-14#50:GIEMGE, MYB0)=#4M§CE (BDMIN=9#)=E#)HQUNVIH (- @ 0-+d MI(6 186)G8C 1) 340 18D9C
0)= +E: +IWUKWUfIM

HL M"#$HM. H.; Vervoort, J.; vI"#S%&U( UM I 1"AG00&N"# 1'"# 1"#$$HA"1"# |

dl eW#=9%)+ 6MI2MGIC)(#)+ 6NUBKA)-&+1%0p8)#559%))+1%MBEH38), $GSF5*8),H-$
<7)(8)16*6151)*®)-5-$6IF&()K&'051!,<\&*Y rhl055+!F-Y v#&$+!IW(3!-=)M+IWLIIM
HWHIHS& B I"EHSU! 1" HSOH! 1MI"HSOMN " #HSU &R N 1" I"#$ 12011, 6419K6433.!

(Ig )1"#S%&H" I I"H#HSURN I "#HS%&' (! I I"#'#$%! I"#'#$! A.; Edmondson, D. E.; Mattevi, Al'!!
DM L 11 1HS008K1 " #S U

dX e%0)=*+NC:25-$HG0NyH-& ?0DM(-&50) DMYEO#) =E#)+ QMINM@ 0+ ME$ & 3HSAT & 8#
()= +L +fIXFKITXM

HT W"#$%, S. S.; Karahan, O.; Yildiz, I.; "#"$%&. Org. Biomol. Chem. 2006, 4, 646K658.!
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dUd%0)=*4Miy*)D+!>MaMyHC:z5-$HMYA((- @0+ MM=9#)=E#)+| QMHGBIL 7&85-O(Ni$ +1B +!

TUILKTUWTM

113 HEdmondson!!! 1" I"#'#$$H#% " "#&&W'K.; Xu, J. Biochim. Biophys. Acta 2000, 1479, 52K58.!
(WLEdmondson, D. EI"#'#$$#% " #&"#! I' I"#'#$%&! 1" 'N"#$%E&™ ()*4I""# I'" "#SYR"#"$ |
(W) Husain, M.; Edmondson, D. E.; Singer, T. PI""#3$%&" ()*#!"#$ I"" 1"#$HKI""# |
IWW'#$%&™ 1" 1"#8#$1%#S$ | D. E. Biochemistry 2000, 39, 15258K15265.!

(W@ Walker, M. C.; Edmondson, D. ! '""#$%&™ ()*#I""# "l 1"#$YREHS%

AWVERO5@-&9%)+!" BTl 3#C >M!>NRNUFHE EVIESCHSAT&BHIBEAHLN +IITILKITIIM!
ANVER05@-&9%)+!"NBGRNHSCBABEBH#S$988#< +LN +XIVKKIgLM
GNVER05@-&9%)+!"NIVAMSAT &84 HBE&=H+HL +1ggRgXW!*)=1&-B-&-)<-E!<0(-=!(3-8-0)M
IWELHSO0" 11T 1M 1L IR 1L 1 S008I 1M B HS008 (I . | "B SYHR 1" #$%68&™ ()*4
T HESYHRI S |

IWIIHSI6& (M 1 I HSO& I I HS! ™ 11" I"4SH 4!

IGLUIH$ % 11 1Y "Bablinlll I "#HS06& (1 1T "HHSVHR 1 ITHS06& (41" # 11" "HSYH"H'$

g1 IIHSOH! I B HSAIL 1" IS % L 1" IHHSI6 111 1" I"EHSY00RE I 1L 14 L 1M NI 11 1"
I"H$ KI"#$%

@VE2*:502M! MYHOE*7 +' MINHBIS 647 &8#48::> +B @ IXLVKXLVUM

IggUI"HS % Il 1 PTHS0&™ ()* 4™ 11" 1"HSYH " H$ %%

LGN 1 I 0681 "B HHSI L B HASV& NG HS Yo 1L 1ML 111" | I"#G NI LI 1%
I"HS! K"H$%&
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IgT) "#$%%. 1" 1'"# 1 1"# 111 ep! 2004, !" 1"#SK"#$!

IgUN"#$%! S. S.; Buyukmenekse, B. J. Neural ! ransm. 2011, 118, 1021K1029.!

Igf) I"#$%d!Il ' 1"#'HS%IN ' I"#'H#E%" &SI ' "I I"H#SURE&HSON™# "I "M "#S!
IgJII"#$%I! 1"MVang!! I 1"#'#$! "f€accia, C.; Carotti, A.; Salvati, P.; Edmondson,!! I"E.; Mattevi, A. !!!
I 1" Chem.'2007, 50!"#$%08"I#$ !

SXLE>H)-E+laM! JIbKBE*+IBYP-(*+!, M *OE*7+1"MITM$%& (£§),-8# 10)* +L/ +IVLRVIWM

XWN&OOES-7+N\MIM3H5(?+1> M-+ AMIRB0&S, SOLB# +IL +IWXWTI1*)=1&-B-&-)<-E!<0(-=!
(3-&-0)M

XebCBB-&+! dMBEIME 8#SA&**$356*BN- | IfKWLIM

IXT#S %0 NPT S UL 1 g g 11 'HSH#S!
IXUIRamsay!!l! I'! "##$%&N "#H#HASYOI 1 ' I I"HS "0%& N # 1'N"# I"H#$H"#S!
IXVIHS"%0 1 I S HS # I I HS008 ' ' H#E%&™ () +#I"#$ I'" "H#$%0R "#"$ !

IXFUIHS %0 1 I 1" HSOAR " I'N"#$%& ("™ ' I"HSH "I |

I"HSY6&H (B)*
CTLel#D-5+HMISGBB-&+ dNIRBIHSAT &BHSBL 14+ IE. +ITKUWM

(Tl eH*&&OE+! gRITRYH&+\MOBAG)(  +HE@HFTKIFM

ITVMIHS 1 HHS06&1 I I I 1 1L s 11" IAHSH08 " #$ 04

CTQEY-&) E(-0)+1AWIBH-(?5-+AM! G550 EMI>MYL&!>& MNM! NIBO< M QMYED - & E#M!"BR)* &=+
[My2309*)#C<30aVIgt ECOOMI"#$ 26 #$4 BB +1.: +I TgRTX\WM
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ITXU™ N LIS UZIT I AS%&N MICompII"#$ MI™H 1" I"H#$HI"#$!

CTTe23*9 WMIMBGH MiMgH#+HHMy*&E3-BdMI(60&5)))) +HBP!IgIEXLVM

CTWES*(#+, MKOES0*SHI® Mgt &E3-SHdMI(60&51€))? +N/+IFWBFXXM
CT\e*CEEQ*)!LJ+!"-@O0EO0#)!dMI+!"&0E<3+!,M!>My!a&C<$E+\M!bMy!2<35-D-5+HM!%My!2<CE-&0*-
43--E-9%)+I>MI"My!2<*59%)0+\My!1%*&#)-+!;My!,-)) C<<0+!%My!k-(-&EE#)+\M!dMy!F*$*(EC.0+!HMy!4
60+!IrMy!H&*(<30*)+IHM!kMy!G?9* 7 5#@H e} N8By 2#))-):-&D+I>M!I6My!H*=*+1 MyIN3*&*+!, My
att7H#(*+18My!" C$C=*+!"My!H*E-D*Y*+1>My!GE30=*+!, My!F*$*.09*+laMy!H#)=*+IvMy!80 (*#+![My! F*$*(
aMy! #)(D#9-&7+!>&M+1>M!IdMy!k-&*5(*+!>MINMy![D50*&#+!"My!%-*&/*&$-+ -NYNHABSLOMISMY IS
2(*&H#H@-&H#H@+!;MIFMy!8#:*7T*E30+!"My!F#&9%)=+I>My!"*D3* @*<3*&0+!8My!"-)=-55+1dMy!%C&*)(+>I
a#t9*E0+!>Myl4#EEOQ+! My!"-D*+!IFMy!,055*9+IFM!>My!85-)-+! My!8)#S+!>MINMy!4&HE E +!>M!%My!%
>*&*Q0554+1>MHRHE +1"My!12(&*(9*%)) +!"MINMy\v*?7-@+![My!dCE(0)+!dM!>My!4*990+!"My!k#9-550+!4
>MIbMy!,*&(0)+!"MI6My! #E&H#SCO*+18My!_*$&?-YESO+,;M\My!;#(3+\M!dMy!2*5@*=#&+'kMy!Q*))-):-&
Q*//&0<3+12My!Q*)0-5E+!dM!QMy! *&$*E +{My!"#&-E PIPHHNUSANOARESY ES0+!>My! #S+IQM!>MN*CI
G)<M+b*550)DB#&=!4a+'WLLIM

CTfd2<3C(MMMy+&E3-BdMI(60&5%))8 +H +IXLKXIVM
CTIE%&*CH2*)= 42MYBC& 7 SRIMYBCH MiMIg*& E 3-S5 Vs 7 VA7 &881 ()= +IEP+! TfdT IWM

TULN"#S%&N " HS%&N M HS%&MI™ # 1" I"H#SYH " #S%

AJ1d%CR7TRIMGH(#+, Myr&E3-SHMI(60&5))); +: +XINKKWUM

dJWI6--+I MI2 K& E 3-5eMESAT&8HS<TBIH +HPBHIgILIKgILVM

dJeP90(3-KM!INMEC))-+M!, Myi&$+dMINMN@ E(-&-)+! bM!" NES<7M-#SA TR 8# +HPBWL LBWLIXIM
dUXIF-E/#C5#CRBMyIR)#55-(> M QVD#S #$< &K 0#$< (6085 #S@H TXITI M

dJTEA&OE (8#) DN &5#Y HIMIIHS #$<7)(8)B#? +B+ TLKTIUM

UF#&.(3HUIdMYB3*((*<3*& 7 72NB&C35*QMI\MB<7M-#SATEEBP4L/ +IXILWXJIITM
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dJ\@b*&E3-54MA68K'0&($763&*5,I$6I$A7&851)*$=&)1056,-$5,3R,SMB&-$), 3HVEBIE6, -
G)(-&E<0-)<-+!IF-Y!V#&$+!1JIVM

dUfeb*&E3-54MQCEE*)HM@B0)DWILE617&85-08w? -+ +!fgUKigVWIM

dJXE\5-))#)+! aM!, MP55+HRE3-56MI5617&85-A(N) +@RIUXIKIUTIM

AVLe #(3-&DO5EMIL=9%)+]  M!"Migt(&CES$HDFRE3-58MHSC8#SAT&B#IVBA#1B +IIUIJK
ITUWVM

V1eb*&E3-564M15617&85-0@w-8+E +!gIUVM

VWHQ-*$7)-+UMIdMH( R-&!c,*C()-&e+MI"#SCBH#HSAT &8HIBGHHIEB+ X\BKVIM

A/, *+! >SMIAPHCD3-& (T VIR 8#$=88# +PBH!IgLIIgWX+1%)=18-B-&-)<-E!<0(-=!(3-&-0)M
AV HEQH#CD3-&(T!MIB&, 1&::? +1B. +!IUKUIM

VTE\*:-&'1-$+! * @ &OBINAT &B#FS<7M-#$B &0 G EL X VKXWV M

OV, * @ &0+ MBH55-8-AYI=| 0-DNWS 26*#$90( LORSEL7&88::; +L@gLKgIWM

AN\, <NY-)I>&VAM!, MBAE*SOMB-) 21> & I NS 456 #SATRBH+/ @+ TWKTWWTM
vfd,<NY-)I>& VAU MESAS6* #SATRBH+IE +'WLIKWLIFM

A/ JE2-@-8&0)'GMRIMS " #$456 1 18B# +B 1! WHWX UM

dL €290(3+!,M1%My! *&<IHERU-$C3>),1&3$W(1),51$A7&85-0(MX$=&)1056,-Y$?&17),5-8-$),3$
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