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1. Description and Functional Significance of Melanin
and Melanosomes *

1.1 Introduction to Melanin and Melanosomes
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1.2 The Structure of Melanin
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*51A%06)NCIK_YZR'<'0'(+;I*5N\()C11JJI RNH1+)2(CI(/ +V'H##2)'&.I+IG;*(%,4 |
+(2;&(;2'$1%*,)20' (%) *1 2/E'25%*BERI(/12/$' (%>/1'0);*(+1),1/;0/$*%*"*5 #./)0/$*%*!

H2[+[*(1%*1'1+'O#$/1), HOBEO/*(I5I6RI(N12/$' (Y%>/1'0);*(+1), 1 7VAI*BI 7V " 142/ + /(!



%6*1/:0/$*96*9 I1"$(.):E.1(/+10/()5+!,'%$1() #2)>%5/1%* )20'(%)*!  )*1(./1&./0%&'$!
&)**1&(%>%6(416/(N/*1(./10)$/&;$'210)*)0/2+C1(/1'6%$%(41()!5/(/20%*1(/12/$' (%>/!
&)*(2%6: (%) *+1),1(./10)$/&:$'210))0/2+1()1(/1)>/2'$$!'2&. % (/&(;211), | (. 'HSEO/*(!

HE A+1*10604) 2(*(12)$/19%H15/>I$)HUE1+(2:&(;2/K, :*&(%)*10)5/$+1,)210/$*% *9U

1.3 Physicochemical Properties and Biological Functions of
Melanin

M./ %G/ #.4+%8&)&./0%& $2)#12(%/+!1),10/$*%*+1%*&$;5/B2)'5 @"*5!
'6+)2#(%)*1(.2);E.1(/1=e!"51>%+%6 $/G+.)()2/ &(%>% (4 (%QUWS(I*51.2//  @'5%&'$!
+&'>[*E%*ER/5)U12/'&(%>%A5! 6%*5%*E!),10/('$06)*+¥51)2E*%&! &'(%)*+HV\SSCIK_W!
B'2*1*5IBN'2(0C!1JJa RIM./+/1#2)#/2(%e/+C1'12/+;$(1),1(./! #Y%EO/*(1+(2;&(;2/+@/,%*/\(./!
6%)$)E%&'S!,;*&(Y0))HD/$*0*+O1T) 21, 2#) +/+1),1(.%+!(./+%+C15/+&2%#(%)*+!), Q Po*!
#2)#12(%l+!1),1;0/$*%*1"*51#./)0/$*0%6* 12/$'(/51()! (/1+#/8&%,%&!6%)$)E%&'$I2)$/+!),!
#)(#2)(1&(%) *I*5H)()  +*+%(%O' (WPf1#2/+/*(/59 !

1.3.1 Melanin as a Photoprotector

M./ 1)#(%8&'$6+) 24 (%) | +#/&(2'1)6+/2>[5! ) 21*'(;2'$!"*5!+4%(./(%&!0/$*Yo*+1%+!
J(21$/++ 51 %*&2[+/+1*/'2$410)*)()*%& $S4INY(.I5/&2/+%*EIN'>/$/*E(1(.2);E.1 (/!
=e! P2%i##'1/(" $ICIK VB2*1*5!B/'$4CIK_YX6VB),+%6*E/2!/(I'$9CHIIIBNR'2*' 15!
BN'2(OCHIIBIM./ +/1+#/&(2'$H2)#I2(%/ ++('6$%+ (. 1&2%(%&'$1#.) )#2)(/8&(%6%)3) E%&'$!
*&(%)*1),10/$ " *%N'+196(62)'5 @'*5! ' 6+)2#(%)*%X./1+<%*!"*51/4/10%(YE'(/ H(./!
[U#)+;2/1),1;*5/2$4%*E!(Yo++;/+1()!.'20,;$12'5%'(%)* IRy)$$%'+!/('$SICIK BK)IN/>/2  OL%-+!

&.'2'&(/12%+(%8&! I'(; 26-+1&) O#S/UI™*515/+#%(/'+UE*%, %&™* (1], ) 2(+1():¥5/2+(*51(./!
A



S (Y0& SH2)H2(Y6/+CDIS*%6*1'6+) 24(%)*! .15/ %5 UHS™ (%)*  FB/2/5%(.I"*5!
B'2*'CllJJa VB'2*1*51BN'2(OC!IJJa WIOO/$$'!/(I'$9C!1IJ_Rll
7:101(1%*+)$;6%$% (4151 2(%&;$'(/1*'(;2/1),1(./10/$*%*+CI(./I'6+) 2#(%)*!
+H8&(2;01%+1$%</$A1'12/+:$(1), 11 &) O#S/UI&) 06%*' (%) *1), I'6+) 28(%6) I 51+ &' (/2%*E! (!
5%, /2% (IN'SISIFE (151 ;2(J215/#/*5+1)*I(/IEE2/E" (%)*1+('(;+1),10/$*%6*1%6*!
+)$;(%)*IFB),+%*E/2!/(I'$9C!IIIBM'2* I*5IBN'2(0CHIJa RI"+1'2/+;$(CI™*5!6/&';+/1),!
(/15%,,%8(%/+1),1%+)$' (Y EI*'(;2'$10/$%6*1%1#; 2/1,) 20 C1+(;5%/+1), 1 (./1)#(%&'$!
'6+) 24 (%) H2)H2(Yol+1),10/$*0*+1'2/1) (/418 22%/51); (1) *1+)$; 6 $/1+4*(./(%&10)5/$!
+4+(/O+IR()CIK Y VE'2*1"*5IBN'2(0C!1JJa WA%/+O!/("$9C!IMOO/$$/(I'$9CHII_Fo!!
H(%08&'S)6+) 24 (%) 12#)2(/5),)214)$:6%/1+4*(/(Y%&!/;0/$* % "*514.1)0/$*%*IN/2/!
);*51()16/1+%0%$'21*5IN/$$!5/+82%6/51641(./1&.'2'&(/2%+(%&10)*) ()*%&!62)'56'*5!
'6+)2#(%)*IFB'2*1*51BN'2(0C!1JJa FRN(1%-+1%0#)2(*(1()1*)(/CLIN/>/2C1(.'(IN.%$/!
+4% ((Yo&!+ OHS/+!"2/INVOS/$A1+(;5%/5CI{ '6+)24(%6)*1+#/&(2'),10/$*%*+ 15/#/*51)*!
+/>/2'$),'&() 2+C1%*&S$;5%*E ! (/1+4*(/(%&I0/(.)5!;+/51*51( /1) U%S5' (%) *k2/5;&(%6)*I+('(/"),!
>'206);+1+%(/+INYo(.%6*1(./12/+:$(%*E1#)$SA0MBI2*' CIK__[Fal!
M/V'6%$%(41),10/$*0%6*+1()1+&'>I*E/12/'&(%>/1) UAE/*I1+#/&%/+IPF BR5 10 %(%E'(/!
(J%215'0'EY*EY, J&(+1)FI&ISS:$ 214#2) &I++/H1%o+141(1%) (1 214.) #2) (1&(Yo>1H2)#/2(4)
'((2%6;(/51() 1(/HYEO/(+ IR +(0™*(/U("$ICIK__Z VBI2/5%(.'*51B'2*CllJJa  VB'2*1'*5]
BN'2(OCHIIBIM./ +/1*(%)U%5*(H2)#/2(%l+1.'>16//1/U'0%*/5!  (.2);E. 1+(;5%/+!

O/ +;29%*EI(N12/(N&)*+(*(+), )/ 19%*(/2'&(%)*1),15%, /2/*(10/$*%6*+INYo(. 1+ Y *RUAE/*!



*51)(./2!,2//12'5%&'$+IN%(.1>'2%);+11-F! (/&.*%G;/+! FB'2*'1/('$ICIK_Y V) 24()N+<%!/(I'$9C!
K_Y®*51#,$+/12'59%)$4+%60/(.)5+!  MB'2*'l/('$ICIK_YMAIO™*)N+<'/(I'$9CIK___ RIM./!
' 21%(12'(1&)*+(*(+1)6('%*/5!,2)01(./1#;$+/12'5%)$4+%+10/(.) 5+! 2/>I'$/5! (!
'$()E! (/)U%5'(%)*),1+4*(/(%&!/;0/$*%*1641)U%5%O0%* EED6& NI+ I/'+9%6/21(." *1(.'(!
) 1+4%(/(%&!4#.1)0/$*%*C! 6)(.1+4*(./(%&10/$*%*+! NI 2/\/,,%&%/*(1+&'>I*E/2+!),1+(2)*ES4!
JU%5%O0%*E!,2//12'5%&T$HONR0)2/CI2/&/*(1+(;5%/+1)*1%22'5%' (/5! *'(;2'$ 1.;0"*IF-1!
&I$S+. SN+ EE/+(/SI((! (/10/$*%*1&)*('%*/5INY(.%* #2)>%5/51#2)(/&(%)*E %*+(!
$WE®6*5;&/5!'#H)#()+%+!(.2);E.! (/1G;/*&.%*E!),#.))E/*/2'(/5!F B IMB/'ES$/!/(I'$9C!
13J] A
1.3.2 Melanin as a Photosensitizer

71+#%(/\ (/%) ) #2) (1&(Yo>1#2)#12(%/+!),10/$*%o*+1/+('6$%+./5!'6)>/C! (/!
HYDEO/*(+1&*I'S+)I'&(1+1#.) ) +/*+%(%O/2+!"*5IE/*/2'(/1.'20,;$!F B! #)*! ' 2)6%&!
#.)()/U&%('(%)*1R./5/</$!/('$ICIK_NY WIV$%U!/("$ICIKWYS/</$!/("'$ICIK_YIVE'2*'I'*5!
B/'$S4CIK_YX)24()N+<%!/(I'$9CIK_WH66'25 @0%(.!/("$9CIK_VR'2*'I"*5IBN'2(OC!
13Ja P &(%)*1+#/&(2'),)21#.)()%*5;&/5) UAE/*1&)*+,0#(%)*!  N/2/! 2/#)2(/5!,)2!" 1>'2%/(4!
), A (/(%&!FBI¥(;2'$10/$*%*+ "Bl N.%$L,);*5!()!  2/+/06%/!/'&.1)(./2C!(./4!
E/*12'$$415%, /25 1+%E*%, %&41,2)01(./ YdB+)2#(%)*+#/&(2'IFB'2*1/(I'SOCIK _YY&#I'2*"!
*5IB/'$4CIK_YXPRI"/U#$™ (%) *IN'+1#;(1,)2(.1,) 21(.%+15%+#'2%(41%*1 (/1&'+]1),!
1,01$%%*1(.2);E.1&)0#'2%+)*+1), | (/) #(%& $I1#2)#/2(%/+1),15% ,.12/*(1#'2(%&S$Q%O/5!

2'&(%)*+IN%(.1(./%2!, 2@ 5%& $IE/*/2' (%) *FB),+%*E/21/(I'$ICIK_ V@), +9%6*E/21/('$9C!



13316 POUMI'&(%)*+#/&(2' IN/2/ 1);*5  1()10'(&.1(./1'6+) 24 (%) 1+#/&(2;0 1), (/!
)$E)0/2%&1&)*+(%(;/*(+!),1(/1(;2'$! /; O/$ *%*+91IT;2(./20)2/C 1+;6+/G;/*(1+(;5%/+!
[+('6$%+./51(. ("EE2/E"(%)*)), 1 (/+1&)*+(% (I H' ,J&(/5 1(./%2"'12)6%&12/'&(%>Yo(4
FB), +%6*E/21/(I'$9CHIII RN/ ¥ EE2/E' (/5!)$%E) 0/2%&1&)*+(%(;/*(+IN/2/1 );*5  1()1.">/!'
YE./211,,%&%/*&AI(IN'25+F BI#.))E/*/2'(%)*! (** I(./ YEE2/E'(/5!)$%E)0/2+ 9N*I(./!
&'+/1),1#.1)0/$™*%*CI%(IN'+ 15/0)*+(2(/5!(.'(15%, /2/*(10)$/&;$'21&)*+(%(;/*(+! ' 2/
2/+#)*+9%6$/1,) 21 (./0%++%)*Cl(2*+%/*(I'6+) 2#(%) *CI'*51) UAE/*1#.) () &)*+;0#(% )*!
1U.%6%(/5!164Y HYEO/*(IR/N(I'SICHITY BIM./+/1$'(/21+(;5%/+'$+)1)6+/2>/51%*&2/ +/5!
'[2)6%&12/ &(¥%(4),1#.1)0/$*%*1%*I(/l=e O 9

M./1=1#.) ()+/*+% (%0 (%)*1), 1#.)0/$*%* ' +16//*1  .4#)(.J+%O0/5!()! 6/1$%*</51()!
| 0% & 21+ 1+ + &I (V6% %6 (4)%M5!)&;$'2! &*&/2H,)21%*5%>%5; $+BIOE. (/&)$)2/5!
+<%* 215141+ P.I5/</$Y(I'SICIK_AY VB/*&O$!/('$ICIK__ YB>%/+1/(I'$IC!IIW!
S'<O'(+;/("$9CUIIN  WEY(I'SICHIIYRN/UHS) 2% E]. Y%o+!.4#)(.[+%ER)(1*51&) Q
N)2</ 2+1.">/12/#)2(/5!(.'(1=e!+/*+%(%>% (404 +)&%' (/5INY6(.|.YE.1#.)0/$ *%*I*5I$)N!
[,0/$%%*1$/>/$+ RY%*&/*+%!/('$ICIKRINYI&)*(2'+(CI%(IN'+12/#)2(/5.'(1,'&()2+1) (./2!
(H(I10)*(1), 4.1 0/$™%*10416/1%0#) 2(** (1%*15 1(120%*%*E1&'*&/21+;+&/H%6% 3% (4
6'+/51)* *1/U'0%* (%)*1),! (/! [;0/$%*I*5]  #./)0/$%o*1&)*&/*(2'(%6)*+1%*1.;0™*!
+<%*16/,)2/1*5Y (]2YU#)+:2/10)1=  €12'59%' (Y%)*BV//**/++ 41/(I'SOCHIIFRI7);ES+IL2'+.!
*518) QN)2</2+1/U'0%*/51(./1%*5;&(%)*1),178"1$/+%)*+I"*5I'#)#()+%o+!;#)*I=€!

[U#)+;2/1),1&)*E/*%&10%&/IN% (.16 B<C!4/$$)NCI™*5I'$6%6*)1 &)’ (+M'</;&.%!/(I'$IC!IIRAN*1
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(/%21 U#12%0/*(+Cl=€D ¥6*5;&/5!&48$)6;(*/15%0/2%0'(%)*I"*5!')  #()+%+10/'+;2/5!64!
+1%6; 241&/$S+1) 21</2' (%*) &A(/+1&)* (Yo W+ EV &(%>/1&+H#EN/2/ 1);*51(0)16/1  +(2'%%*!
%*B/H*5/%(9! IV)N/>/2CI(./1=e1%22'5%' (%)*1),10/$™*  %AN'+1):*51()]  #.)()+/*+% (%/!
5D &/*(1&/SS+()1& '+ + Q@IV*S/H/*5/*(')H()+ %o+ (', 2/G; *&AE2/ (/21(.™1(./!
H)H()+%+1%*5;8/5(.2);E. 1=eI'6+)2#(%)*164178"9 NH#'2(%&;$'2C1#.1)0/$ %!
1U.9%6%(/5!" B)$51E2/"(/2!'&(%>%(41(."*1/:0/$*%*Cl+:##)2(%*EI(/1 .4#)(./+%+!(.'(!
0/$'*%* (V6*5;&/5!"#)H#()+%+10'418)*(2%6; (/1()1(./1)6+/2>/5!/#%5/0%)$)E4), 1+<%*1&'*&/2!
)216$'&<T16$)*BT!"*512/5 QU62/5H)#;$ (%)*+9 11"+ EE/+(%6)*1%*1+:##) 2(1),1&';+ (%>/!
2)$/1),1#.0)0/$  * %ol%+1'$+)1#2)>%5/51641/U#/2%0/*(+1)*1=e) @6*5;&/5178"1+%*E$/ Q
+(25162/'<+1%*1.;0"*10/$™%) &A(/+15%, [2%*E)*$41%*  1(./\(4#11), HYEO/*(1#2)5;&/5W!
+:8.12/"&(%>%6(41) &&; 2+1%6*1 &/ S+ UH2/++%*E1#.1)0/$*%*CI'2E;: %*E! (' (1(./1) 2% E%*1%+!"*!
%*(2%*+%&1&.2)0)#.)2/C10)+(1$%</$41#./) 0/$*%*1%(+/$,*5K) 20)$/8;$/1#2) 5;8/5!'$)*E!
(SHREO* ([+1+4*(/(%&!2);(/'F5/*&O$!(I'$ICIK__ Vb

\*0(%'$SA12/#) 2(/51+(;5%/+1)*1 (/1) () 2/"&(%6>%6(4!) #4%(./ (Yo&H./)0/$*%*1,);*5!
(' 1(N1&(%>'(%)*1),10)$/8;$'21) UAE/*  2/+;$(/5!,2)0HNED/*( 1#.)()%)*%0'(%)*641=¢ Q!
2'5%'(%)R./5/</$/(I'$ICIK_~Y WY5/</$!/("$ICIK_Y I FIL;%$5%*E!)*!(.%+10/&. Yo+l
N)2<C1#) ()/0%-++%)*1/$/&(2)*10%82)+&)#4P-113RN'+1:+/5! ()IG;™*(%,4!(./!
#.)()%)*%0" (%)*1(.2/+.)$51,)21*'(;2'$1/;0/$*%*1"*51#./)0/$"*%*1;+%*E10/$'*) +)0/+!
%+)$'(/5!,2)01.;0*16$'&<  Q*512/5 QU212/+#/&(%>/$B'0)<.>'$)>!/("$9CIIT]  Vem/(!

'$OCHJIJBIM./I-11315'C1  2/>/'$/5 11&)00  )*1%)*%0'(%)*1(.2/+.)$5!' (Y 10!
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&.'2'&(/12%+(%R!6)(.! 0/$™*)+)0/+  CI2/,$/&(Y*E!(./1#2/+/*&/"),)/;0/$*%*1%*16)(.!
+'0#$/+ 91-./)0/$*)+)0/+ IP0O/$'*)+)0/+!/U.%6%(%*E!"$'2E/1&)*&/*(2'(%)* 1),!
#.1)0/$*%*R CL)N/>/2C!/U.%698(!'";*%G;/1+/&)*5!%)*% 0" (%)*!(.2/+.)$5!"(1ZIa!*0C!
N.%&.IN'+!'((2%6;(/5'()!(./!6/*0) (.%'O%*/1+(2;&(;2'$!10) (%, #2/+/*(1%*1#./)0/$*%*9  1IM./!
&1 (1#.1) 015 %1 +11$)N/21%) * %O (%) *1#) (/* (%'$! (. *1/; 0/ *%* 1%+ 1+:##) 2 (%>/1) !
(/1>%INI((1#.))0/$*%*1&);$5!  6/1*1'&(%>/1&)*(2%6;()2! )1 (/IE2/ (/21%*&%5/*&/12'(/!),!
=e Q06*5;&/5!&*&/2+!)6+/2>/5!,)212/5 Q%2/5!>+9!6$'8&Q%2/5!%*5%>%5;'$+J0#/$$%*E!
[>%5/*&/1%*1+;##)2(1),!(.%+!"++%E*0/*(N'+15/(/20%*/51641#2)6%*E 1(./1(.2/+.)$5!
%)*%0O" (%) *1#) (/* (%'$+!,) 21+4*(./@E.[) OIS *%*1641(%0/  Q/+)$>/51+#/&(2)+&)#%&!5/(/&(%)*!
),1+)$>'(/51/$/&(2)*+1"*511-F10/'+;2/0/*(+1), 1 (./1#.) ) &) *+;0#(%)*!), ) U4E/*!
)$$)NY*E/U&Y('(%)*!),15%++)$>A5(H(%&1#./)0/$*%*1%*IN'(/2  IR/N/(I'$9C!IIJa RI"$S!
+(;5%/+N/ 2/1&)*+%(/*(IN%(I(/1#.)()  %)*%0O"(%)*!(.2/+.)$5!5/(/20%*/5!,)21(./!
#.1) 0/$*%*! &)*('%*/5 1%%;0™*12/5  QU2CHS!,;2(./2Y/+('6$%+./5 (./12/$/>*&/"),!(./!
(.2/+.)$514#) (/*(%'$!5' ("1 &) $$/&(/5!;*5/2! (/1. %E.!>'&;;0!&)*5%(%)*H),!-113!()!(.)+/!
1U.%6%(/5!641#%EO/*(+1%*1#.4+%) $) E%&'$$4!2/$/>*(16;,,/21+)$;(%)*+9
1.3.3 The Current State of Melanin

"+15/+&2%6/501$ ¥ %+ [+1#.) )#2) (| &(Y6>11#2)#12(Yol +!'2/1%*(/22/$' (/5! () (./%2!
#)(I*(%'$$4!5/$/(/12%);+1+%5/1/,,1&(+!),1#.) ) %*5;&/5!)U%5' (%>/1+(2/++!"*5!'5/$%&' (/!
6'$*&/10'41/U%+(16/(N//*I(/I(N)Q!  IL'+/51)*1(./1%*&2/"+/51#.) () 2/'&(%>%(4"), 1+4* (I (%&!

#.1)0I$*%M()I0/$%%*  *BILN )6+/25/5! [#9%5/0%)$)EY6&EN22/$ (Y%6)MI6/(N//! +<%o*!
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*EN&$21&&I2+ IHBIENOIS U &)*&I*(2'(Yo)*+ CI(/1#.)()2/ &(%>%(41),I(/I(N)!
HOEO/*(+12/1 E//2'$$41 ():E.( 1012/, $/&(1™1™ (%) U%5"*(C1#2) (/&(%>/!/;0/$*%*!
&)*(2+(/51()"12/ &(%>/1"5H2)  QU%S™*(1#./)0/$*%*  IP./5/</$!(I'SICIK_NY VWA 2+*4%1/(!
'$OCIK_WWI2+'51/(I'SICIK_YIM'</;&.%!/(I"$OC!IIINGM/(I'$OC!1IJa PIT;2(./21+(;5%/+1),! (/!
%*(/2'&(%)H! =e! *51>%+%6%/ISVOE M0/ *%6*+1&)*('%*/5INY6(.%*1%6*('&(1*'(;2'$!
0/$%)H)0/+1 "2/ H/5/51()1  ,:$$AL¥5/2+(*51(./15%&.) ()04, (/' ((2%6;(/5!6%)$)E%&'$!

*& (Y6)*HY6K&: () +1*51U(2'&: () + 1(Yo++:/91!

1.4 Overview of This Dissertation
\¥1(.%+15%++/2(" (%) O (2;8(;2'SI"*51#.) )#.4+%& $I1#2)#I2(%l+1),]  *(;2'$C1%*('&(
0/$%)+)0/+  IN/2/'#2)6/5IN%(.! -113C!I" 1:*%G;/ G+;2,'&/1+/*+%(%21 %0 E%*E!0%&2)+&)#4C
OUU'0%* /(1) (1*(%'$12)$/1(./410' 415 41%*1 (/' [#%5/0%) $) EAL), I+ <%o*!"*51: >/'$!
&*&[2+9M
"+15/+82%6/FYo* (' &(0/$*)+)0/+1'2/1%) ('0/*'6$/1()! G;™*(%('(Y%>/1'++++0/*(!
(.2);E1&)*>/*(%)*'$1 (/& *%G;/+!"BI(;+Cl  [+('6$%+./5I"5] *)>/$I't##$%&' (%)*+!),t113!
SSNGIH(%S%Q(R ++/++1 (/%21 &) 0#$/UH2)#12 (Yol 48803 1%)+" 142/ +/*(+1(./1.%+() 2%&'$!
#I2+#1&(%>11),16%)$) EVEBAS ) &;+/51-1131'*5!  #2)>%5/+#18%, %&!5/('%$+!),1(./1%*+(2;00%(
R/$/+!"*51B%0)*C!1JI_ FILU#/2%0/*('$10/(.)5)$)E%/+!'2/15/+&2%6/5!,)2!(./!
5/(/20%* (%)*1),1(.2/+.)$51) (I*(%'$+!"™5!  '6+)2#(%)*I1&)/, ,%8&Y6/*(ABM-113!
b [HHOX (1), LS+ (N) ) #12(%/+1%+!),16%) $) E%&'$1%60#) 2+ &/!"*51#2) > %5/ +&/4! %*+%E. (!
%*()1 (/1) O#2)#12(%l+1),10/$*%*+IN%(.%*1(./10/$%)+)0/9! |
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>B03LH)GH2/+/*(+ 1" +(2;8(;2'$I*'$4+%4),10%U/5Q/$*06&!; >/'$10/$*)+)0/+!
%+)$'(/5!12)0 1(./1%2%5'$!+(2)0!),15%, ,/2/*(18)$)2/5!.;0™1%2%5/+ IR/$/+1/(I'$9C!II_FIM/ !
5%, ,/2/*(18)$)2/5!%2%5'$!+(2)0'10/$*)+)0/+1>"24106*1(./%21/:0/$*%6*? #.)0/$*%6*12'(%) +!
*5142)>065/1"*1/U&ISS/*(1+4+(/01()1+(;541 (/1+(2;&(;2'$10) 2#.)$)E4!), 10%U/5!
0/$"%)E/*/+%+9 11"()0%&!,) 2&/10%8&2)+&)#4P" T3R5 1+ &0+ E1/$/&(2)*10%&2) +&)#4!
PB13RIN/2/!;+/51()1/U'0%*/1(./1+%0/1"*51)>/2'$$10)24.)$)E4L), I(./+/10/$*)+)0/+9! !
SLIBINHEH/5I0)! O +;2/1(1%21.)()%)* %0 (%) ) (I*(%'$+()! /U'0%*/1(./1+(2;&(;2'$!
0)2#.)$)E4NI(/I(N)HWE  O/(+! &)*('%*/5IN%(.%BIM./1+(2;&(;2'$! )6+/2>' (%6)*+!
#2)>9%5/51641(./1",) 2/0/*(%)*/510%&2)+&)#%I+! &)*(2%6;(/'()!(./';*5/2+(*B%*E!),! (/!
B)(1*(%'$1&)*(2%66;(%)*1962%5'$1+(2) 0'10/$%)+)0/+ 10'41.">/1%*  196*5;8&%*E!)U%S' (%>/1+(2/++!
*5I'8&) (W EL)2!(./)6+/2>/51%  2%E)$) XB/H/*5/*(11#%5/0%)$)E4!),1;>/'$10/$%)0'9 I
M./H#(%& ' $I=el'6+) 2#(%)*1&)/,, % &Y%/ *(+IN/2/1G;™* (%, %/5!,) 21%* (& (;2'$!
O/$*)H)0/+( ),;2(/210/ ;211 (! #.)(H#.4+%&'SIH2)#I2(%/+!),10/$%%* 91I-2/$%0%*'24!
0/ +;2/0/*(+IN/2/1&'22%/51);()*1  0/$™*)+)0/+1%+)$'(/5!,2)0!5%, /2/*(1)&;$'2! (Yo++;/+1),!
6)>%*/1/4/+ IR/$/+1/('$ICHIKIVIS/+!"*51B%0)*CIIKI' BUM./+/10/$)+)0/+1'2/1
1,0/$*%&C16;( 1>'2419%*1(./%212/$%>/TV\"KTV\  1&)*(/*("*51(./%21/0624)*%&!) 2%E%*C!
(. +1#2)>%5%*EI'0)5/$1+4+(/01()1#2)6/1(./'/;0/$*%&I'6+) 2(%o) *I'+1'), *&(%)*1), !
0)*)0/21&)0#)+%(%)*I'*51/06 24)*%&!) 2% E %+ P>8031%)#!" (121(./)#(%& SIH2)#/2(%/+1),!
1,0/$*9%*1.'516//*1/+('6$%+./SCI(/!  6+)2#(%)*R)/,, %&Y/*(N/2/10/'+;2/5!  )21(./'5'2<!

62)N*I"*516$;/ @2//*1.;0*1%2%5'$!+(2)0'10/$*)+)0/+ @5/+&2%6/36*+8031*)+$N)!
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51(/20%*/1(./1'6+) 2#(%)*1&)/, % &Y%6/* (), #./)0/$*%*IP  >8031*)+?RR/$/+!'"*51B%0)*C!
IIKIBRIM./+/15'(1#2)>%5/1(./1, %2+ (15%2/&($S4IG; *(%, %/5!'6+) 2 (%) *1&)/, % &Y%6/*(+,2)O!

+O6*ES/C1%*('&(10/$'%)+)0/+! !



2. Applications of Photoemission Electron
Microscopy to Pigment Research

2.1 Introduction to PEEM

-113  196+!'1%06G;/Cl+;2, @B+ %(%>/1(/ 8. %G 1&H#'6$/1), 1#2)>%5%*E1 2/ $1(%0/!
U0'E/+1),1(/14:2,'&/1), 11+ 0#S/1;*5/21 Y6 . 1+# (%'$12/+)$; (%) *ONM./1#. 4+ % &' $1#2%* &Yt $!
*5/2$4%*E (. %+ (/8. *%G 1%+ (/1#.) ()/$/ & (298I & (9! BYOHSACY/$/&(2)*+!'2/1/0%((/5!,2)O!
(142, &11), 1S+ OHS/INL/FI(/V++) &Y' (51H.) () X/ 2E A1), 1 (/1%* &Y65/* (1$%E. (1%-+!
'6)>/1(./1#.)()%)*% 0" (%) *1(.2/+.)$5!>'$:/1&.'2'&(/2%+(%&Y), 1 (/1+ O#$/1) 1%*(/2/+(9NM./!
E/42'(/51.) ()/$/&(2)*+I'2/1&&/$I2'  (/5!(.2):E.11+12%/+1),1/B/&(2)*)#(Yo&+!"*5!(./!
+:2,'&/1),1(/1+ O#$/1%+1%0'E/5!'('.%E . 10'E*%, %&' (%) *91IM. /!, %2+ (1-1131%0'E/+IN/2/!
#:6$%+./51%*IK_ZE2M&./CIK_FRIT)$S)NY*E!(/+/1#2/$%0%* 241%0'E/+1(2/0/*5);+!
5/>/$)#O/* (1%6%1(./1;*5/2+(*SY*EI*510/6%+(2;0/*('(%)*1), 1-1131.+16//*I'&.%/>/5!

RH2%, % (."*51F/0#,/2CIK_YW!;/2CIK__ X!l

"$();E.C! -113! U%o+1&;22/%($AL+HU(*+%>/$419%*1(/1,%/$5!),10'(/2% ' $+!+&Y6/EL0!
V'4/+1H2%,,%(JCH%)*//2 1),1-1131(/&*)$)E4  T%*%(%' $848%/5!(./1(/&.*%G;/1()!
6%)$)E%& 'S+ O#MH512/#)2(/5 1,%2%11319%0'E/+1),12'(1/#%5%540%#RH2%, ,%(.!/(I'$9C!
K_NBIH2%, %(.I'*51.%+E2);#12/'$%0/5!(./1&'#'6%$%(Yo/+1), 1-1131+1(.//$/&(XPH(Y6&+!

HS)EN,,$;)2/+&/*8/10%&2)+&)H#A!*5!: +/51&)$$) %65 S E)$5! 51 +%6$>/2!/* . *&/5!8)$$)%5'$!

KIF/#2)5:&/51%*1#'2(1,2)0?!-/$/+C!79189C!"*5!B%0)*CIA9! 79! PIJI$RB46.%)* #$% 646 T@BRIC! 7°\?!!
KJ9KKKKKbIRRIKA91JIY9IIXYX9U
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E)$51#'2(%&$/+1()!1+/$/&(VeHE6/$14) 2 (%) *+1), '6%)$) E%&INYo(.I'. % E../21(08'$12/+)$; (%) *!
R.9%622/$$!/("'$OC!KHPP6,, %(.I"*5!L%22/$SCNHYY6,,%(.I"*5!F/0#,/2CIK_YR!-1131%0'E/+!
)21&/$$FV'01/('$ICIK_AVBIS'<'>;<'2/*I/('$ICIK_YK  VWI'6$%+()*1/(I'SO®!__JRCI>062;+/+!
RV):$/"*51H2%,,%(.CIK_Y28%22/$$!/("$ICIKET!36178"  BV):$/'*5IH2%,,%(.CIK_YZAN!
H2%,,%(.!/(" $OCIKWABSYo+()*1/(I'SICIK_W%22/$$!/(I'SOCIRTIB)*E!)(./2+ RH2;*51/(I'$9C!
K_N W0622/$$!/(I'SOCI BN ">: <'2/*I*51H2%, %(.CIK_Y] RCIN/2/12/#)2(/5!;+%*E!6)(.!
$'6/$U*EI*5I%)* F'6/SUXEI&. *%6G;/+INH1'55%6(%)*1()!(.///U#2%0/*('$!/>%5/*&/C12/>%/N+!
N/2/IN2%((/*1/+('6$%+. %*E!-1131'+"#)N/2,:$1()  $!,)216%)$)E%&'$!%0' ERIEY6,, %(."*5!
F/0#,/2CIK_Y]WH2%, ,%(.CIKVi422/$$!/("$IC! DI K
71+#9%(/1(/1&'#'6%$% (%ol +15/0)*+(2' (/516 41H2%, ,%(.1"*5!)(/2+C1 (/1 (/&.*%G;/15%5!
%)(1,8):2%+.19%*1(./16%)$) EV6&'$!+& Yo/ * &+ "SI H#SY& (%) *+1),1-1131()16%)$) EV6&'$!+4+(/0+!
SIS EE/516/.%%51&)0#$/0/*('241/$/&(2)*1%0' E%*E ! (/& *%G;/+Cl+;&.I'+1B13I'*5!
ML39U\+(/'5CI+™1:$(2'.%E.1>'&;:0IP=VeRI%*+(2;0/*(+:%(/5!,)212/$  '(%>/$41,$'(!
+0#$/+C1-1131,);*51#2)0%*/*&/1%*1 (.11, %6/$5+1),1+;2,'&/1"*510" (/2% $+1+& %6/ *&/+!
RB;*5+&.;CIK__K WI/2CIK__ X®I-113[+I"##$%& ' (%)*+1%*1+;2,'&/1"*510' (/2% $+!+&%6/*&/+!
E)!6/4)*51%0'E%*E Q! T219%*+(*&/Cl+:2,'&/154%'0%&+1&'*16/1%0'E/5!5; 2%*E1%*1+%(;!
IU#129%0/*(+1P/9EQL./ (%*ECI&))$U*EC!HUH)+:2/1()1 2/ &(%>/1E'+/+C1/(&9IR!6410)*%() 2%*E!(./!
& FE/HI%H1(V$I&(2)*%o&I#2)#/2(%/+!),1(./1+;2," &IRICEN*5Ig$;'CIK_YZ VBL*5+&.";!
J("$9CIK_ VB *5+&.;CIK__K VWE)(/20;*5CIK__Z \AIL+'+%6CIK_ Vi) 25/+&.CIK__ Mo™!/(!

'$OCHIIBIN, I(/12/+;$(%*EIN)2<!,:*&(%)*1),1(./10)5%,%/51+;2,'&/1%+16/$)NIP'6)>/RI(./!
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#.)(*I/*12EAY),1(./1%*8&%5/*(1$%E.(I"1%0'E  /IN%SSIPNYSS!*)(R!16/1)6+/2HBE6+/G;/*($4C!
*510)2/190#)2(*($41,) 21/ 24) ++1), 1%+ (J+%-E€I(;*'6$/10)%)&.2)0'(%&S%E. (!
+);28&/+1.5/10'5)  1%6(1#)++966$/1() 1+ &' 1+/2%/+1), 1#.) () *1/*/2E%/)! )6('%*!(./IN)2<!
% &(%0)*) 214+/$/&(%>ISAI(;2*1)*1)21), I 2(%&;$'212/E%)*1), | (/1+'0#$/!  P5/(I'$ICIK_ YV!
D%!/("$ICHIP<)!/('$ICIITY PUM.;+Cl1131.+16/&)0/!'1&2%(%&'$!())$!%*!+:2,'&/I™5!
0'(/2%'$+1+&Y%6/*&/+1(. 1%+ & H'6$/1),I'&. %o/ >Y*EI>'$:'6$/1'*51;*%6 G /1%* )20 (%) *9!!
3)(%>'(/5!1641(.N1&.'SSFE/+]),]  O/$™%* 12/+/'2&.Cl'12/+:$(1),1(./1&)O#S/UI(;2/!
) I(/HBEO/*(+CI ('BY%O)IE2):#  Clo*1&)$$'6)2'(%)*IN%(.IF)6/2(18/0™*%&.[+!E2):#C!
JU(/*5/5! (1! #H#$%E& (%)*1),16%)EP6&'$!-1131()10%22) 21%(+1;+/1%*1+;2,'&/1"*510'(/2%'$+!
+&Y6/*&J+ON"+1'12/+:$(CI#.)()%)*% 0" (%) *1(.2/+.)$TN)2<!, :*&(%)*+ RN/2/15/(/20%*/5!,) 2!
5%, ,/12/*(1(4#/+1),1%*(&(1* ;2" $I0/$*)+)0/+!  FB'0)<.>'$)>!/(I'$IC!IIX VB'0)<.>'$)>!/(!
'$OCHIIWL+.1/("$OCIIaWA)*EL/('$OC!IIaVi/ ("' $9C!IIJa WH'2E;%$) /(I'$IC! I IDIM. /!
#.)()%)*%0' (%)*1(.2/+.)$5+15/(/20%*/51,)21/;0/$*%*1"*514./)0/$'*%*1'2/1),16%) $) E%&'$!
%0#2(*&/1,)21;*5/2+(*SUE! (/) (/*(%'$$41#.) () ) U%&I 2)$/1), #./) 0/ *0%*1'+]
&)0#'2/510)/;0/$%%*9N  M.%+!(/& *%G:/BI+&2%6/5!./2/%*RI*BI([+/12/+;$(+1.'>/!
#2)>9%5/5!',);*5'(%)*1,)21(./12/+/'28.15/+8&2%6/51%*! >8031*)+$)*1(.//U'0%* (%)*1),l (/!
0)2#.)$)E4! ),10%U/510/$*%*+ 196*196*('&(10/$%)+)0/+ 9IT;2(./20)2/C1%*! &)*(%*;%*E!()!
JUH5IHH$%E& (Yo)*+1),1-1131()1#2)6/1829%(%6&'$IH.) (#.4+ % & SI#2)#/2(%/+!),10/$*)+)0/+C!
(NN&.FE[+1%(N$/8(2)*Yo&IH2)HI2(Yol+1),1(/1+:6+(2' (IN/2/1*$40/5!'(15%, ,/2/*(1=e!

N'S/SHE(+1()10/+: 2/ ) #(%68& $I'6+) 24 (%6) M-+#1&(2'196*1+960%$' 2!, +.9%6)* ()1 (/!
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0/'+;2/0/%(1),)(/1+;2,' &5 A% 0%&+1,) 21+;2,' &/ *510' (/2% $+!+8%6/*&/+ONIM %+ *)>/$ |
(/8.%%G;/ CIN.%&. 1! [*6$/5!(./15%2/&(1G;™(%o,%&" (Y%6)*1),1(./I'6+) 2#(%)*1&)/,, % &Y/ *(+1),]
+OL*ES/CI1%*('&(10/$%)+)0/+),1>'2% 6 $/HIBE 0/*(1&) O#) +%6(%6) T 45/+ &2%6/5! 95803 1) +#+

"5l 2@+!I"$+H>/S)#/5 1./2/%*9!

2.2 The PEEM Instrument in Detail

"14&./0'(%&N), (/1 -1 13 1%+1+)N*1%9%&'()*+"9NM./1%*+(2;0/*(1&)*+%+(+1),!'l
0'%6*1&.'06/2C! 1$/*+1&)$;0*I"*51'5/(/&(%)*1&/*(/2CI'$$!),IN.%&.1"2/1./$5!:*5/2! =Ve 9!l
10%++%)*1), 14.) ()/$/&(2)*+1) &8;2+IN.HISWE. (1), ' ##2)#29%' (/IN'>/$/*E (1 %+!
%$$;00% (/5 (/1+:2,'&/1),VI+0HS/  O'1>'2%/(41),14.) ()*1+); 2&/+1'2/">'%$'6$/1()!
TU&Y(/!(./V/$1&(2)*+IPIR'AC!+4*&.2)(2)*12'5%' (%)*Cl)2!=e!'2&I$'0#+1'*51$'+/2+ROte!
TU&Y5('(%)*1%-+IE/*/2'$$412/G;%2/51() 1#.) () %) * %O/ (./1>'$/*&/1ISI&(2)*+1),16%)$) E%&'$!
0'(/2%'$+C1"*51%-+1(H#/&(2'$I2*E/l;( %$%O0/5!,)21(./HUEO/*(12/+/'2&.15/+8&2%6/5!

(2. )i( 1(Yo+!(/+YHD &Y /G *&N), I(/1%*+(2;0/*(SIB/+%E*  1(./1+'0#$/10;+(16/!
%$$;0%*' (/5INY(.I'1#.) ()*16/'01' (. %E 196*&%5/*(*ES/  GIMp!,2)01(/1+:2,'&/1%)20'$ 9!l
M. %%o+1%6+1%/&/++2416/&";+/1(./10'U%0 $I2/+)$: (%) *1), 1(/1%6*+(2;0/*(1%+1'&. %/>/51)*$4!
NL/1(J2/1%+1'1+.) 2(IN) 2<%*E15%-+(*&/16/(N//*(/1")5/I"*51(./1+'0#$/1Po!XO00R C!
+.)N*1%*1 %&'()*+"9N

MA#Y& ' SSAC! (/1+' 0#S/1%-+1. /5! (M*/E' (Y%>/14) (/* (% FI<eRI*5!"1/$/&(2%6&!,%/$5!
%o+1&2/'(/516/(N//*1%(1 *5I'E2):*5/51"%)5/91IM. Yo+ 1#) (/*(%'$! &&/$/2' (I +1(/IE/*/2'(/5! !



<

|

U0&' ()4 ++-+;48*<01&4+57+18*+ABBCHEBHHIM./1%*+(2;0/*(1&)*+%o+(+1),1(./10'%*!
&.'06/2CI$/*+18)$;0%1"*515/(/& (%) *1&/*(/29NM./1*)5/1"*5 1+ O#$/1 &' 2 (2% 5 E/1'2/!
B/#9%&(/5!%*1(./10'%*1&.'06/29IF/#2%*(/5!,2)021" I T2//11$/&(2)*ID'+/2!  hi-.)()/0%-++%)*!
1$/&(2)*13%8&2)+&)#/!B4+(/0'PT1R113R!1641VI!"5/ CISOIf*ECIBIIDI!I1*E$%+.CIA9IV'2(0*C!
FOITO!7'>%+CIF9!IA9!8/0'*06&.Cle9!89!D%(>%*/*<)CN\9!e9!-%* 4/>CIf9IS;I"*51A91391AQ1 3'5/410/6*!
B;2,'&/F/>%/NI"*51D/((/2+CL)#42%E. (1q!K__Y!S)2$5!B&%/*(%,%&9



#)O/SI&(2)*+1(.2);  E.VH2%/+),V$I&(2)* ) (Y&, (/21 ++U*EN(.2);E.1(/1$/*+!
&)$;0*C1(./110%((/51/$/&(2)*+1'2/" 0#$%, %/51641"0%&2) &. **ISIHS' (/'*51+;6+/G;/*($4!
%0'E/SI) () ) +#.)21+&2/1% QU1 71&'0/2' & H(;2/+!(/I5'(" 1,2)01(./1+&2/ [* OIM./!
I$18(2)*1)H(%o&+1#2)bI&(1(./1Y%0 E/H#S*/1),1(./1+'0#$/)* () (/10%&2) &. **/$I#S' (/CI(.;+!
[ 6$%*EN(/15%2/&(1&)$$/&(%)*1), I +#'(%'S@4+) $>/5!%0'E/9N!
T)2I'EN)0/(2%& ' $$4! $'(1+'0#S/CI(/18;22/*(1$' (/2'$1%*+(2;0/*(  '$12/+)$;(%)*1%+!
'6);(IKJ 1*0! M%)*E!/("$ICHIIBIV)N/>/2C! 6%)$)E%&EBHS/+ 1'2/18."2 '&(/2%O0/MN%(!
+O6E*00,%80JRH.)$)EAI5I+:6+/G /4 ($4  12/5:&/(/1 Y%*+(2;0/*($12/+)$;(%)* 1(.2);E.!
+OHS/IB/H/*5/*(!' &&I$/2' (Y*E!,%/$5!'6/22' (%o)*+ OM.+CL/I+# (%'$12/+)$;(%)*1), (/!
113L4/51/2/%*1,)21  O/$*)4)0/+  19+)*1(/1)25/21),1(/*+1),1*)0/(/2+C1'12/+)$;(%)*!
21/U&II5/5 1641)(./21%0 'E%*E!0%&2)+&)H#%/+9
\FI'5506(%6)*1()1(./1$'(/2'$12/+)$; (%) *C106(1%-+1*/&/++241()'$+)162%/,$41'552/++1(./!
5/#(.1),1%*,)20'(%)*1), 1-11391M./I5/#(.1),1%*,) 20" (%) * 196+1(./15%+(*&/N6/(N//*1(./!
+; 2, &5 )% (I'(IN.%&.19%*,) 20" (%) *1, 2)01(./1+'0#$/1&)* (2%6; (+1 ()| (/1%O0'E/1(!"!
+H8&%,%1/512/+)$; (Yol);$/1/ (" SOCIK_Y BUM)IE/*/2'(/'#.) ()/$/&(2)*+CIS$%E. (I(.'(!
HI¥1(2'(1+1()1+ OH#S/1%o+1'6+) 26/5C196%5: &/+1#.) () %) *% 0" (%) *CI™*51(./1#.) () %) *%O/5!
I$18(2)*+1'2/1(2*+#)2(/510N(./1+;2, &N/ (S A (/¥ +&'#], 2)01(./1+'O#$/1)1(./!
>'&::01  P/'6$%-+()*1/('$ICIK_RIM./I5/H(. BI#*5/*(14%I$5!), ) ) E/*/2'(I5Y/$/&(2)*+!
%o+1%)(1<F)N*QNL+(%0' (/+1,)21) 2E*%&I0' (/2% $+1+;EE/+(1(. ($/&(2)*+1'2//E/ */2'(/5!

N%(.%*1(./!,%2+(IKI*OV);$/1/(I'SOCIK_ Y IRIV)N/>/2C1%(19@H ) *6$/1 () ++/2(1(.' (/!
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4%/$5!N%$S$!5/&2/'+/IN%(.15/#(.1,2)0!(./1+;2,'&/1"*51+)IN.%S$/'$%E. (10'416/!'6+)26/5!5//#!
%*1(./1+'0#S/CI(/1>)$;0/12/$' (Yo>/$41*'21(./1+;2,'&/'N%$$ &) 0#2%+/!(./15)0%** (!
&)*(2%6;(%)*!()!(./'+%E*'$M2%,,%(.!"*5!F/0#,/2CIK_YMIT;2(./20)2/C!'+ 10/$*)+)0/+ !
2111, 1 &(%> 1118 (2)*1+&'>I*EI2+1%(1%+!$%</$H/$I& (2)*+E/*/2'(/5I6/$)N! (/!
+:2,'&11 211/, %&Yo/*($41(2'##/59
2.2.1 Spatial Dependence of the Signal

"+ #2/>%);+$415/+&2%6I3(./ISYE 4); 28/ 10;+( 1%$$;0%*'(/1(./1+'0#$/!' (. %E.!
%*&%5/*("*E$/IN% (.1 2/+# &) (/1+;2,'&/1%)20'$1:)*+/G;/*($4C!  )*$41'1#)2(%)*1), (/!
+HO#S/1+:2,'&/1%+15%2/&($41%$$;0%* (/516/&";+/1(./10)2#.)$)EAL), I(./1+#./12)%5'$ !
0/$)+)0/+  WY1&;2>/51+%5/1),1(./+#/&%60/*!,' &Y%*E!(./'%*&%5/*(16/'0'N %SS! ">/
+90E*%,%& * (BB /21#.) ()/$/&(2)*1,$;U! (% 1(IN)#H)+%(/'+ %58 H%>/*(./'E/)0/(2%&'$!
&)*+905/2'(Y0)*+&H./12%&'$!+ 0#S/+IN%BSH; S(196M1'+400/(2%&#.) ()/0%  ++%)*!1%0'E/9!
M./ 1$)*E'U%HN(/N +0#S/5! %0'E/N%BY,%*/5!'+ 1(./""U%+H# 2#/*5%&;$'21()! (./1%*&%5/*(!
$IE. (91'M.%+1%+!(./{UEB4+*) (! %*,$;/*&/5 1641(./! '+400/(24 (.'(12/+;$(+!,2)0!(./!
E/)0/(2%8&'$1&)*+(2'%*(+1),1(./1-1131"*51(./1%*&%5/*(1SYE. (1+);2&/! FB/#%b<)!/("'$9C!IIR!

M/ 1.2/ B%O0/+%)*$\)H)E2'#.4 1),16%)$)E%&'$!+#/8&%0/NRISSH )1 2/+;$(1%*!
#.)()/$/8&(2)*1/0%++%)*!'(1>'2%); +I"*ES/+9 IIM.;+Cli+."#/+j12/>/'$/5!%*1(./-113!%0'E/!
0'412/,$/&(1(./1%*(/2#$ 416/ (N//*1('%$$;0%* (%)*1*ES/  *5I(./1  +2,'&INEN0/(24 @)(!
+900HSA!(/1+.#11),1(./'6%)0)$/&;$/9  N10%((/5Y$/&(2)*+1#)++/++!<%*/(Yo&!/*/2EH5 1(./!

$'2E/1'&&/B/2' (Y EWE) /(%' Do+ 1;+/51() 1&) S/ &( /+/1/$/&(2)*+INY%(.'10%*%0;01$)++1),!



$(/2'$12/+4)$; (%) *IRH2%, ,% (5! 1*ES/CIK_FRRV)N/>/2C! #2/'5%*E1)216;*&.%*E!),1(./!
10%((/5! I$1&(2)*+12/+;$(H,2) 01 )#) E2'#.%&'$!/$/8&(2% &Y/ $5!>"2%' (%)6H1&) 0#$/U! (.2// Q
59%0/*+9%)*'$1+:2,'&/ HAE/O#, /21/("SICIK_Y FDU"+1'12/+:$(CI(./'%0'E/0'41.">/15'2</21)2!
B296E.(/212/E%)*+1'&&)25%*E ()| (/I)H) E2'#.%8&1,/'(;2/+1), 1(/1+ O#S/ON"*1'#/2(;2/!

D& (/51%6*1(/1$/*+18&)$;0%1%+1;+/51 () 1#2/>/*(15/,$/&(/5!/$/&(2)*+!,2) 012/ & Y*E! (/!
51(/&(%)*'21'9N T, $1&(%6)*1), 1 (/IS &(2)*+)(A#% & SSA!)&&; 2+!,2)01(./1+065/+1),'#2)(2;+%)*!
NL/2/+(JY$I&(2)*+1'2%+U*EL, 2)01+:22)*5%*E! $'(12/E%)*+1"*51 (/) #I2/E%)*+! ),!
#2)(2: 4% )+ (. 2);EN(JUSI&(2)*  QH(%&+!+4+(/01*5] $/&(/5NM.;+CI(/1()#12/EYo)*+!

), #2)(2;+%)*+1'*514:22) 506+ E ] $'(I'2/+ ' H#] 216 2%E. (/2IN. % $/1(./1+%5/+1), 1#2) (2;+%6)*+!

" 1(N) B%0/*+%)*'$1%0'E/15/(/&(Y)*IP(/1:T1+/2>[+I'+I'"(N)  B%0/*+%)*'$!%0'E/!
#$*/CINO%(.1/'&.1#%U/$!. SU*E!(/1+'0/I2/' RI&2/'(+I'"*)*  @%*/'2!5%+(*&/1+&'$/!,)21(./!
%O'E/N),! (1I0/$*)+)0/  9IL)*+%5/21(./1#2)b/&(%)*1%0'E/N),"1+#./2/C! %&'()*+$09!M./!
2/E%)*1),1'&;2>/51(.2/]  B%O0/*+%)*'$!+;2,'&/1%0'E/5!)*()I"*1%*5%>%5; $1#%U/$I%*& 2/ +/+!
N%(I(N*E$/1,2)0!(./1+;2,'&/1%)20'$9!IM./2/,)2/CI"&;2>/5! 0/$%)+)0/  IN%$FR(./2!
I&(1(N121+)$; (%) *1'&.%/>/516 41 (/1%*+(2;0/*(9!  1S%(.1%*&2/'+%*EI*ES$/!,2)0(./1+;2,'&/!
$20'$CI(/H.)()  QoI&(/5Y$/&(2)*+1%*%(%'$$4!.'>/1%* &2/ +/5!>/$)&Y6(41#2) b/ & (Yo)*+1%*! (/!
#E*/1),1(/1+;6+(2'(/CI™51,*1); (IN%(.15%, ,/2/*(I5/E2//+!),1&;2>' (;2/'#2%) 2!() 6/ %*E!

'&&I$/2' (/5! (JN'25+!(./1$/*+1&)$;0%911"+1'12/+:$(C1%,! (./'&&I$/2'(% *EW)(/*(%'$!%+12/5;&/5C!

(/1+%O011),1(./'%0'E/IN%S$!%* &2/ +/BH& () *+$ 15%+#$' 4+ (N1S/*E(1),1(/1$)*EIU%+1),I( /! |
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%&'()*45,4D301&099:+2*3*62*6 1+;&'609+45H 81+ 01 &56;+75)+;38HLUDDUB PRIIL 2/ Q
59%0/*+%)* $1+#./2/\#2)bI&(ISN*OVI(N)  B%O0/*+%)*'$l+;2,'&/PERI"HS)(1+.)NY*E!(./!
5I#/5/*&11),1(./'%0'E/5%'0/(/2!),"10K]I*0! | 0)93:1/;0/$*%*IE2*;$/)*I(N
'&&IBI2' (Yo EH) (/*(%'$), 1 (/1%*+(2;0/%(9 !



%O0'E/),I"0K]J 1*01+#./2%& '$10)936;:3.32:88:0/$*0%6*  0/$%)+)0/  IP2/&'$S!(.'(!
12068 BI+(2; & 21+ HHH 21+ IS$Y0#+) %65+ RINVG (1 2/+#& (1) (/' &&I$/2 (Y*E>)$(E/QN"]
B/ 215/#/*5/*&/1%+1)6+/2>/51,) 21(/' &&IS/2' (%)W )(/*(%'$!/U'0%*/59118/#%b<)!.'+!
5I>/$)#/51'1 ()21 (%&'SI* B4+ %o +1) 1+ &I/ UH2%0/*(*51#2)>%5/+],;  *&(%)*'$!
2/$'(%)*+.%#+1,)215/(/20%*%*E ! (/I'&(;'SI+%0/), 1(./1(.2/] BYO/*+%)*'$I+#./2%& S 2(%E&S$/!

2)01+:&.15'( IFB/#%b<)!/(I'$IC!IIR!

2.3 Determination of Threshold Potentials?

M)I'&G;%2/1(./1#.)()%)*%0' (%) *!(.2/+.)$5!),I" *19%*('&(10/$'*)+)0/ Cl=e!
N'> [$FE(+! 2/ +&**/5I*5I(/1%*(/E2'(/5!62%E. (*/++1),/(/1%0'E/!  %*'$40/5!'+!'!
*&(%)*1),1(/U&Y('(%)*!/*12E4 IB'0)<.>'$)>!/(I'$9C!IIIX V'O )<.>'$)>!/(I'$9C!1IT] W!
L;+.1/("$9CHIJaWA)*E!/("$OC!IJavim/(I'$9C!1IJa WH'2E;%$) ! /(1'$9C! I Jrl!
2.3.1 Substrate Preparation

B;6+(2'(/+! N/2/'#2/#'2/5!,2)0  KJIT'Q2%/*(/5!+%$%&)* @&#/C!-B)#/5R !
#,2&8.'+/ 5!,2)0!e"1B/0%&)*5;&()2CN\*&9!PT2/5/2%&<+6;2EC!eOB'0#$/1#2/#2'(%)*! N'+!
%*%(%'(/5!641&$/'>%*EIN',JRH+G;' 2/12/E%)*+1),I'##2) U%0' (/$4!K1&0 '9IM./+/IN',/2+!
N/2/1&$/*/5L+%*EN(./1+(*5  '25!F:"IN/(1&./0%&'$1#2)&/5;2/  IN%(.);(1(./'.452),$;)2%&!
'&965!+(/#B/*(;2%' CIIIKRN+)$'(/510/$'*)+) 0/+IN/2/1+;+#/*5/51%*1"18"*)#; 2/IN' (/2!
+)$;(%)*1"*515/#)+%(/5!)* ()1 (./'&$/*/51+%$%&)*IN',/2+1%*1J9]IrD!'$%G;) (+9'M./!1+'0# $/+!

'FI#2)5;&/5!%*!#'2(1,2)0?!-/$/+C!79!189W!IV)*EC!DOW!V; CERW\()C!BOW!8/0'*%&.CIF9!A9!"*51B%0)*C!A9!79™R1JJ_R!
$%&"#(%0)*"#HIB ?IKKZXHKZ]KC!7\KIIKIIKKb#_IXKAY*

I



N/2/1'$$)N/51()'%2 B241%*!'1+(/2%$/!-1(2%!5%+.16/,) 2/ /U#/2%0/* (' (YoNY%(1&'2/!('</*!()!
">)%05!1+'0#$/1/U#)+;2/1()!  =e I$%E.(9,(/2!524%*E!PS!ZJI0YRC!(./1+'0#$/+IN/2/!
(2'*+,/122/51;*5/2!  =Ve 1%*()!(./!-113!&.'06/2!,)2!5'("1&)$$/&(%)*9!  IM)V/*+;2/ I'"$'2E/!
+O#SY*EC!(./'%*+(2;0/*('$!,%/$5"),1>%/NIN"+!+/(1'(1]I!Ir09 "$$1%0'E/+!N/2/1&#(;2/5!
N%(.!"7e: &ZKI!3I5%E%('$!&'0/2'1,2)0!7e:!:)0#*4CN*&9IP";+(%*C!MnRI!!M./!5%E%('$!
&'0/2'12/+)$;(%)*IN'+IKZIINKIZI#%U/$+t1KI 6% (#BIG; %+%(%0)*! (%0/+!N/2/\/&9
2.3.2 Excitation Source

M./ 1H#)*(**]);+1/0%++%)*10)5/1),1(./17;</1=e Q/$/8&(2)*1$'+/2!PT1DRV'+!
+/510)1'&G;%2/1(.2/+.)$5+NT/('%$+!),(/17;</'T1D\.">/16//*15/+&2%6/5!/$+/N./2/!
P5/1/(I$9CIK__ YBUM./'TID!IN'+!(;*/5!(.2);E.|(./1+#&(2'$!12'*E/!,2)01XJ!()! ZKJI!*O!
P]9K/HIX9JJ!/eR!%*!]1*019%6*&2/0/*(+9
2.3.3 Measurement Procedure

M./IO/'+;  2/5162%E.(*/++!),1(./! 0/$' *) +)0/IN%(.%*!(./! #.)()/$/&(2)*1%0'E/! N' +!
(<IF1016/H2)H) 2(%)* $10)1 (/1) 0 &; 22/* (1 +1(/10Y%++06) 18 22/*(1&**) (16/!' &&J++/5!
%*I'l+("*5'251-1139!  I"*I960'E/IN'  +1)6('%*/5!,)21/'&.IN">/$/*E(.1"*5! (N
0/$%)+)0/[+  1%*(/E2'(/5!62%E.(*/+€0AN" +10/'+;2/5!64!'+;00'(%)*!),I'$$!), | (./1#%U/$!
E2'41+&'$/15/#(.+1%*(./'+/$/&(/5'2/E%)*9IM./10%*%0;0!"*5!0'U%0;0!E2'41+&'$/!>'$;/+!
'2/12/E'25/5!'+16$'&<!)2IN.%(/1+'(;2'(/5C12/+1#/&(%>I$4AN0O'E/+IN%(.I'I$'2E/!, 2'&(%)*!),!
(/H%USI&);*(+1$)&' (/5! (1(/+1>'$;/+12/+;$(1%* "1 $) ++1),1(./1%*,) 20" (%) *12/E'25%*E! (/!

B20E. (*/++1),I0/$*) )0/ I*BILH))/ISI&ER  )¥1&;22/%(1%+I)IS)FE/214#2)#)2 (%)*'$()!

ld



(N'%*(JE2' (/516 2%E. (*/++QIM)1/*+; 2/1(./1%*(/*+%(41.%+()E2'01), | (./1%0"E/1+#"**/5!']
5%-+(2%6;(%)*!'&2)++! (./1#%U/SIE2'41+& $/I5/#5H1'>)%5/5 16$'&<I"*5IN.%(/!+'(;2'(%)*C!
(S1>)SCEN YI(N0;B(%&. *$HS' ("5 I(N1+),(N' 2/IE'%*!),|(./1%0'E%*E!#2)E2'0! N' H
'5b;+(/59!1!

-29%6) 2101 $4+%+1),1(./1(.2/+.)$5!&;2>/+CIH("*5'2515'("1&) 22/&(%)*+! N/ 2/1*//5/5!
)21(.11)6('%*/510/'+;2/0/*(+ OIM./1%*(/E2'(/5!6 2%E. (*/++N' +&)22/&(/5!,)2!(./!
+),(N'2/1E'%*1'5b;+(0/*(1(.2):E.1(./'IG;' (%)*? !

gain(db) =20log,,G. ! ! ! ! PKR
M)I&'$%62'(/1,)2!(./10;$(%&.**/$#$' (/'>)$(E/ & *E/ H)*! 0GHL131%0'E/+! N/ 2/!
&)$$/&(/5!'(1,%U/SIN'>/$/*E(. "51+),(N'2/IE'%*+C!6;(IN%(.15%, ,/2/*(1>)$('E/+9! IM./!
&)22/&(%)*!,'&()2N' H#2)>%5/5164(./1 2'(%)),! O16/(N//*I(./1  (N)! %0'E/+9'$+) @B/&";+]!
), I'6 +)2# (%) *BI(/'5/#/*5/*&/"),|(./1%*&%5/* (' TLDI#)N/21)*1(./1&; 22/*(1%*!(./' T1D!
+()2'EM%*EI(/1#.)()* ,$;UN),1(N1%*&%5/*(IN'>/S/FE(I&.*E/  BI'+1)*/1+&™* */5 |
(.2):E.N(/'=e!2/E%)*  9IM.UN'+ 10/'+:2/ 5I*BI&)0#/*+'(/  5!)2IN%(.1/'&./U#/2%0/*( 9!

M)D6('%*!(./1#.)()%)*%0O" (%) *I#) (/*(%'$), |(/1+'O#SICI(.2/+.)$51&;2>/+] N/ 2/!
*&(%)*'$B4!, %(INV(. /2541 () 2/(%&IB)5/$+1#2)#) +/51 () UHS %*1#.) ()/$/& (2% &1 &; 2>/+911
\*IK_ZKCIT)NS$IB/+&2%6/5!(./1#.)()/$/&(2%&!&;2>/1),1+)$%5!0/($$%&!+;2,' &/+INY(.1"*!
JU#2/++%)*1((IN' +1I':*&(%)*1), 1 (JO#/2'(;2/1"*51 (.11, 2/G:[*&AY), | (/' %* &%65/* (1 $YE . !

PIYNS/2CIK_ ZBIM./1%*(JE2' (/516 296 . (*/++1), 1(./1+ 0#$/C OC1#2)#)2(%)*'$! () !(./!



#.)0&;22/*(C! 1CI1%+%*#2)#) 2(%) ¥ )1 (/1#2)5: & (1), 1(/1+G; 2/) \ (1 (JO#I2' ;211!

+'0#$/CI<CI*5I' | *&(%)*! ;=53E%>/*164r?

#py 1 8
St I(!," b)Y Tzf?é‘%'(!m/z/ roo ! RR
B

2u 3u
!f(u):e”! e_2+e_2! nmnn b oy ! |
2

g o

j2 2 " 20 13u 0

“rglir & ! ...-f]!!(u! o)an | !
&

=" 4 -1

.......... 6 > ! ! 22 + 32
\KI(/UB)SIUH#2[++%)*+Cl || %+1(./1(.2/+.)$51H)(I(%'$I*5! | 19%+1(./1(./20%)*%&!IN)2<!
F&(W)IPy = xo— & QUI2/IUNI%+I(N*2E 4N, 1(/L%E./+(1)&&;#%/510)$/&;$'21) 26 % (‘'$RI!!
M.;+CI(/1 +;2,'&/1#.)()%)  *%0"(%)*I(.2/+.)$51#)(/*(%'$+!),10/$™*)+)0/+!P5%o+&;++/5!%%6*!
>8031*)4BRIN/2/15/(/20%*/5 (12 1,:*&(%)*'$$4!,%((%*E!(./1(.2/+.)$5!&;2>/+1),102<8>+0!
%ABOIM. Yo/ & *%6G;/1VAH/1+'0/1:+/51#2/>%):+$41  ()15/(/20%*/1(./'#.)()%)* %O (%)*!
(.2/+.)$5H)(I*(%'$+),! [;,0/$*%*I"514./)0/$"*%o*] B'0)<.>'$)>!/("$9CIIIX W!
B'0)<.>'$)>1/(I'$9CHJII]  WE+.1/("$9CUIIaVWA*E!/("'$ 9CHIIAN/("$9C!IIIa WH'2E;%$)!/(!
'SOCHIIR*SIN 96$M./ +/1#.)()%)*%0" (%)*(.2/+.)$51H) (/*(%'$S +'2/1)6('%*/51%*1%+)$'(%)*!
*5IA5/21 =Ve INU(.-113C12/0'2<'6$/18)*+%6+(/*&A1.+I6//*1)6+/2>/5INY  (12/+#/&(1()!

INI(N10/$™*)+)0/+16/.">/1;*5/21#. 4+ %) $) E%&'$$412/$/>*(1&)*5%(%)*+!  A/N/(I'$9C!IIJa M



!
2.4 Determination of Absorption Coefficients®
M./1#2)&/5;2/1,)2+%*E!(./ 1113 1()!5%2/&($4!"*5!G;*(%('(%>/$4!5/(/20%*/!
'6+) 2#(%)*1&)/,, %8/ (H 2!+ ES*(&(O/$*)+)0/+  1%+!/+('6$%+.152/%* 9
2.4.1 Substrate Preparation
MN)!5%,,/2/*(1+;6+(2'(/+!N/2/1;(%$%O/5!%*(./'6+) 2#(%)*1&)/,, % &%6/*(1&'$&;$' (%) *9!
M%("*%;01+;6+(2'(/+!N/2/1;+/51%* "+ %*ES/IN'>/$/*E(.IP | IcIXXI*OR!"*'$4+%+9!IM./+/!
+6+(2'(I+IN/2/1WH2/#'2/5!,2)0IN" /2+1),1  IKITQ2%/*(/5!+%$%&) @+#/CILG)#/5RC!
#;2&.'+/5!,2)0'e"1B/0%&)*5;&()2C\*&9!PT2/5/2%&<+6;2EC!e"RM./+/IN',/2+IN/2/!
&S$I">/51()! +G;'2/12/E%)*+1),'##2)U%O0' (/$4IKI&O ™*5I(./*1&$/™*/5);+%*E!'1+%60#S$/!
+)$>/*(1#2)&/5;2/9! B#/8&%,%& $$ACIN',/2+IN/2/I'55/5C1%*1+;6+/G;/*(1+(/#+CI()!"
(2%8&.$)2)/(.4$/*/16'(.CI"*I'&/()*/16'(.CI"*5!"0/(.*)$!6'(.!,)2!]!0%*1/'&.9! IM./IN',/2+!
N/2/I(FHS&ISY)  HISH+HHH219%6* 1+(/2%S$/!-/(2%!5%+."*515206/5IN% (.1 1+(/'54!, $)N!) !
*00(2)E/IE+OM"#$%& %6 ()*#+$*,-$' $(*& " $%6/*& $%$*, 0'HS(*& L#t+*+#+1 *21*"1-3*458TR!
+OO*E!(./1g;2(!A9ID/+</21-e7!M!11 @/'0I"*5IM./20'$!3/('$!11>'#)2'()2!P-%((+6;2E.C!
-"R9!
B;6+(2'(/+1#2/# '2/51,2)0VIN',/21),1%  Q4#/'XV @%:C!#;28&.'+/5!,2)0!:2//C\*&9!
P7;2.'0C!8:R IN/2/1;+/5!()!5/(/20%*/  IN'SISFE(ISHASH( 1'6+)2#(%)*1&)/,, %08Y0/*(+!

HSIDN(IH2I5)0%* (/1 +6+(2'(/+/51%* (/1+(;5%/+12/#)2(/51%*1>8031%); 5! 29IM./!

AF/#2)5;&/51%*1#'2(1,2)0?!-/$/+C!79!89!"*51B%0)*C!A%7 9! PIIKIRP6646.%)*"#$%646TEE1" QYKC!7"\?!
KJI9KKKKIw!bEKIKIIII_9JJa]adM!"*5!-/$/+C!79!189!"5|B%0)*C!A9!79PIIKIRY6& "#(%0)*"Eh# 2!

_aMQaYZC!7 \?KJI9KJIIKkb#KIlaJ¥d *5!-/$/+C!179189W!D%*C!19W!S'<'0'(+;C!g9W!N\()C!B9I!'"*5!B%0)*C!A9! 79!

I"#$%& " #(%)*"#CRAR!Z_KPZ_]C!7°\?! KI9KJIIKKbOKJII"G.
I



N',/2IN'+1&./0)0/&.*%&"  $$41#)$%+./5!6418e"B\:!PD/IL);2E/( @; @'&C!T2*&/R!'*5!
&$/'>/51()1+G;'2/'2/E%)*+!),IKI&0 '1641"0/2%&*1-2/8&%+%)*1 7%&%*EC!\*&9!PB'*1A)+/C!:"R9!
\*596>905;'$!+;6+(2'(/+IN/2/1(./*1+;60/&(/5!()!  (/'+'0/  1+%0#S$/1+)$>/*(1&S/ *%*E#2)&/++
5/+&2%6/5!,)2!(./'M%!N',/291B%0%S$'2!()!(./1#.) () %) *% 0" (%) *!(.2/+.)$5!+'0#$/!
#2142 (%)*C1%+)$' (/510/$)+)0/+IN/2/1+; +#/+5/51%6*1'18"*)#: 2/IN' (/21+)$; (%) *I"*5!
SH)+%(IS)*I(/1+:6+(2'(/  H%*1I9IrDI'$%G;)(%0/5  %'(/$414#2%)2!1()//U#/2%0/*( (% BIM./!
+0#$/+IN/2/"%2 BG2%/5!PZJI0%*RN%(.10%*%0'S!/U#)+;2/!()!=e 1$S%E.(1"*5!+;6+/G;/*($4!
(2'*+,/122/51;*5/2!  =Ve 1%*()!(./1-113!&.'06/2!,)2!15'("1&)$$/&(%)*9!  IM)!/*+;2/I'$'2E/!
+0#$%*EC!0/$*)+)0/+!N/2/1%0'E/5!"(1,%/$5+!),!>%/N!),!K]J!Ir09 !
2.4.2 Excitation Source

"*106*(2'&'>%(415);:6$/5!"2 X1%)*1&)*(%*;); +IN'>/! $'+/2IN'+1:+/51()1%$$;0%* (/1(./!
+O#S/'(IyICHIXXI*01,)2!  #2/$%0%* 241%*>/+(%E'(%)*+1)*IM%!'"*51$' (/24) 2#) +/+1),!
JY*5%*E 5! )&;+%*E!(./1+'0#$/1#2%) 21 () IN'>/SFE(1+&*+! )*IB%:IN%(.I(./I(;*'6$/1$'+/2!
+);2&/91D'+/2!/U&% (" (%) %$%0/5!,) 2! (N '>ISIFE(ISHFE/*(1  '6+)2#(%)* | U#/2%0/*(+!
N'+1#2)>%5/5!641'+)$%& ( (/! (;*'6$/1**)+/&)*5!$'+/21+4+(/0!,2)OI'#) (/< CI\*&9!
P:'2$+6'5CL"RIT7'(IN'+1&)$$/& (/5" (1(/1,)SS)NY*EIN'>/$FE(+  2NXXI*0!P]9JY/eRC!N
*0IPX9Y1!/eRC!INII*0IPX9]_/eRC!IYJI*0IPXIRRLC!I_J*0!PX9IY!/eRC!ZJJI*0IPX9KZ!/eR!™*5!
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HE12%&'SI+ O (&)L (NIF-1 1:0/$™)+)0/+  G)N/>2 CI/'+#I&(12'(%)1%+!
+:&1( (1) 2%/*('(%)*1),1(./10/$*)+)0/+ 1&'*16/15/(/20%*/5!,2)0!(./1-1131%0'E/9 I
\¥1 (.%+196%+(*&L1%(1%-+1%/&[++ 241 () ('</'%*() ' &&): (11 ESNE/(N//*1(/1%*&Y65/* (1$%E. (!
HSICH $)EIU%+!),I(/10/$%)+)0/9!  IM./I0)5/$/510/$'*)+)0/C1)2%E %*'$$4!)2%/*(/5!
HI2#1%5%8:$'21()1(./1%*&%65/*(12'59%)*C1%+12) (' (/51%6*!"1&): *(/ 2B.$) &<N%+/12) ('(%)*1'2) :*5!
(/' zQU%+!64!12'5%"*+!(.2);E.!>'2%'6%/!+;6+(%(;(%)*!
x=Xcos(! )+Ysin(/ )5 1 | ! ! PR

TSRS IINRIY ! ny=Ycos(/)! Xsin(/)9 ! ! ! I

M./1&.)25I$/*E(.+1(.2);E.1(./12)('(/5'0/$%)+)0/1'2/1(./*I5/+&2%6/5164 !

s(X,z!)=2{[a’b’[! c*X?cos(! )* +cos(/ )’[a’(c®! Z°)! 2c®X>?sin(! )*]! |
sin(! ’[b?(! ¢ + 22) +c*X?Sin(! )?]]] /[c?[a® cos(! )? + b?sin(! )*)* ]} 2.

PKJIR

8)(/1(./(1%1(.%-+1)2%/*('(%)*C1(/10'D) 212'5%: +1%)I$)*E/21$%/+'S)*EI(./!  x CUY%+CI*51I+1'

&)*+IG;+&ICI (/L ##/21$%0%(1),1(/1%*(/E2'(%)*16);*5+)2!(/1 X Q'2%'6$/16/&)0/+



1, ={[(c? = 2°)[a*Cos(")? + b°Sin(")?]1/ c*}? I{[Cos(2" )]’} * OM.;+CI(./'>I2'Elt 1 1,)2!

S$,0),1(/12)$:0/1),112) ((/5Y/$$%6#+)%5'$10/$*)+)0/1%+ |

[ s,z )dxdz

|y = — B ! ! PKKR
fo dxdz

F&IIE'%*C! ! 1&%16/1)6('%*/515%2/&($4!,2)01(./1-1131%0'E/C!™*51(./*C1(./'$%0%(+1),1(./!

%*(/E2'$+I9BM(01856+ 12/ '5h;+(/5!'88&)25%*E$4Y !
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3.  Structural and Morphological Analysis of Human
Iridal Stroma Melanosomes

3.1 Introduction

M./1#.)()2/'&(%>%(%/W, 10/$*%*+ I'2/\E/*/2'$$4! 5/+&2%6/B+1#.)()#2)(/&(%>/1"*5!
*(%)U%S5™(1,)21/;0/$*%* 145 W.)()2/'&(%>/1"51#2) QUYS™(1,)21./)0  /$*0%6*!
P./5/</$H("SOCIK_Y VWA'2+*4%!/(I'$OCIK_ YuI2+'51/(I'SOCIK_YIMA'</; &.%!/(I'SCHIINMM/(!
'$OC!IIBIT;2(./20)2/Cl+I(./'#%5/0%)$) E A1), 1+<%*1&*&/21"*51:>/'$10/$%)0" !
U6*506& (/+1"1)6+/2>/51%*& 2/ +B1%*&Y65/*&/1 ) 1%+ &2/ +/512/$' (Yo>/1&)*&I*(2' (%) *+1), !
#.1)0/$%*Cl (/! [:0/$*%*2#.1)0/$*%*  12'(%)IN%(.%*1*'(;2'$$4!)&&; 22%*EI0/$'*)+)0/+ !
UoF/* 15%+8&;++/51'+'16YH) EY%& $SA!+UE*%%, %68 * (101 &/*+%!/ (" $ICIKVEN &OS$!/(I'$9C!
K_ Y®E'<O'(+:1/(I'$9CHIIN WA /('SOCIIIYRIM./L, &(1(.'(#.)0I$*%* 1 '+$)N/2!
96)*960" (%) 1) (* (%'$I(.*1/;0/$* %6 106+ 1$+) 1 +:##) 2(%>11), (. 1 1>%/NI(.'(1#£./)0/$* %!
&);$5!6/1"*1'&(%>/18)*(2%6;() 2! ()1 (/NE2/ (/2!1%*&%5/*&/12' (/") )=e  @6*5;&/51&*&/2+A/(!
'$OCHIIBI=H)*1&)0H#'2%+)*1), 1(./1(.2/+.)$51%)*% 0" (%) *I/*/2E Yo/ +1'++%E*/51()1/:0/$*%* |
PIYI*ORI*51#./)0/$%%*  PZIa*ORNY%(.(./1+)$'21%622' % *&/I'(I(./11'2(.[+1+;2,'&/1,)2!

+>12'$15 %, [2/*(1+)$'210/* % (Y ES/+Tb(1%-+1)6+/234(B (1) *1%+/U#)+/5! () IN'>SISHFE(+1),!

KF/#2)5;&/5!%*1#2(1,2)0?!-/$/+C!79!189W!V)*ECIDIW!V; CBEW!\()C!BIOW!8/0*%&.CIF9!A9!'*5!B%0)*C1ABYEQ!"#
(%)*"#+Q1$ ?IKKZXEKZ]KCI7\VKIIKIIKKb#_IXKIN™51B%0)*CIAQ!79!"*5!-/$/+CI79189%(%0)*"#
N GE$?IKX]EXaJC!7\?1KJI9KJIIKK'2KJJIN ! 41
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SWE(M(I'2/1 +;,,%&%/*(1()!1%)*%O/H#./)0/$*%*C16; (1(.'(!(/I'(0)+./2/1/'2$4!
&)0#S/(/$416$)&<+I(NNSWE. (12/G;%2/51()1#.)()%)*%T[0/$*)+)0/+  IRN(I'$IC!IJa Rl

T)21#.1)0/$™*%6*1() 16/ &(%6>/1%*1%6%5; &U*E 1+;&. 1) U%S' (%>/1+(2/++1%*1¥(;2'$!
+4+(JO+CHN/>/2C! %o(10;+(16/12/+/*(1)*) 215/ 21(./1+:2,'&/), (. J10/$%)+)0/+911\, I( /!
#.1)0/$ %% 1%+ 1#2/+/*(19%*1(./18) 2/1),10/$'*)+)0/C1 (./*1%(1%+1. % E.$41;*$%</$41(.'(!
#.)()%)*%0" (%) *IN%SSIS/ 5! () /$/&(2)*+1(.' (& +&HN(./N) 2E*/$$/9NM. %o +16/&)0/+1/>/*!
0)2/1%0#2)6'6$/!:#)*1&)*+%65/2'(%)*1),|(/IU&/ISS/*(1+&'SFEW*E  H2)#/2(%/+),!
1,0/$%%*91IM.;+C! 5/(/20%*(%)*1),|(./'H%EO/*(1&)0#)+%  (%)*I(1(./1+;2,'&/!),10%U/5!
0/$'*%&10/$%)+)0/+1%+1),16%)$) E%&'$1%0#) 2(*&/9N=*5/2+(*5%*EN./(/2! )21¥)(! (/!
0)2#.)$)E41),10%U/510/$%*+1%+1+:&.1(.'(#.)0I$*%*I1$%/+'(1(/1&)2/!  0'4] #2)>%5/!
%*+96E. (196%()!(/16'$*&/1), (. / 15%&.) ()04, I(/HUEQ/ (+ 1*5I(/1#)++%6$/12)$/+!
0/$'%)+)0/+10'41#$'41%*1(./10)$/8;$'210/&. *%+0+1),1&; (**/); +1"*51:>/'$!
0/$%)0'9 |

M./10/$ ) E/41+%+1), 1(/{(N) HYEO/*(+1%+15/+8&2%66/5 164 (/IF#2  @'+)*!
+&./0/C! %&'()*H OMHHSA%*E!S'(),2) Ol $+/12'59%6)$4-+%-+1+(;5%/+12/#)2(/5!64IM'5D'*5!
*51- (2% &<IF%$/ID*5I"*51IF%$/4C!IIIVD*51/(I'$ICHIIZRTN()™*5! &)QN)2</2+IN/2/1'6$/!
0!G; *(%,41<%*/(%6&+1,)21+/>/2'$1+(/#+1) | (/I #/2@'+)*1+&./0/  IR()CIIIZN)!™*5!
S'<O'(+;CHIIY  RIM.NIS(19%*5%&" (/1(." (1) */1&*1(.%6*<1) 1 (/1+4*([+%+1), 10/$*0o*+19/6*]
(120+1),1Z  Q(/#1#2)&/++AV % (%' $$41&A+(/%*4$5)#'1,) 20" (%) *IN%$SS!) &&; 21()1(./U&S; +%6)*1),!

[;,0/$* 0% 1+-4*([+%+Cl'+HS)EI+1(./1&)*&/*(2' (%) *), 184+ (1%*/1%+IE2/ (/21 (.*1J9KZIr39 !
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B/&)* 5CU%5'(%)*1),1&4+(/%*4$5)#'1()1#./)0/$*%*1) &&; 2+1 ) 21&)*&/*(2' (%) *+1),!
&A+(/%*A$B)HIE2/ (/21(.*1_Ir391  IT%*$SAC!/;:0/$%*1%-+IE/*/2'(/5h)&&; 22%*E!",(/210)+(!
)N NN&A+(/%*AS5)H 151 &A+(/%*'$/>I$+1' 215 /HSI(I59! 1S.%$/1(./2/V'2/1*)1+(;5%/+1(.'(!
#2)>9/1'12/'$1(%0/1>%/N1), 10/$%*1,) 20" (%)*IN%(.%*!(./10/$'*)+)0/CY/$/&(2)*!
0%8&2)+&)#A41),10/$*)+)0/+1'(15%, ,/2%*EI5/E2//+1),10/$*%0" (%) *1%*5%& (/!(. (% EO/*(!
E2'*:$/+IE2'5;'$SAIE2)NI()15%'0/(/2+1),10ZI*0INY(.%*1(./10/$™)+)0/CI'*B1)*&/1(./4!
2/'&. (. Yo+ +AOI%) 2//1+#'&/1&16/15/(/&(/5  IFDY%;I"*51B%0)*C!1IIAEY%0)*!/(!' $C!HIFM
HY%>/*1(.%+10)2#.)$) EAC!(/'ZQ-(#1#2) &/ ++18.'2' &(12%-+(%6&!), 1+ 0#$/+1&)*( %*%*E16) (.
#.1)0/$*%*1'*51/:0/$*%*IN); $5!1#2/5%&(1'+(2;&(;2'$10) (%, IN./2/1(./'0ZI*OIE2"*:$/!
N);$5L'>/H.N)0/$%%  *I'(1(./%21&)2/"*51;0/$*%*I(1(./1+2,&/9!1  IM.%+!(4#/1),!
0)$/&;$'21+(2;&(;2/1. ' +16//*1#2/>%);+$A1#2)#)+/516'+/51)*16%6)&./0%& $I+(;5%/+1) !
0%U/510/$*)E/*/+%+1"*51+)$;6%$% (4 1#2)H#/2(Yolyt+4*(/(%&!0)5/$1+4+(/0+! PE2;#1/(I'$9C!
K_YMO/<%!/(I'SICIK__PBIV)N/>/2C15 [+#%(/!(./\&)O#/SSY*E 1 /3%5/*&/1H2/+/*(/5!,2)01 /!
%*1>06(2) 1+ (;5%/+C15%2/&(1/>%5/*&/1+;##) 2 (%*Eli& +%*E10)5/$j!'2&.%(/&(;2/!,)210%U/5!
0/$*96&10/$%)+)0/+1%+)$'(/5!, 2)01(/1+<%* )25/ L+IR)(16//*12/#)2(/5 9N
L/&';+115%,,/2/*(1#.) ) %) *% 0" (%6)*!(.2/+.)$5+1&.'2'&(/29%O/!(.//(N)HIE 0/*(+C!
-11319%0'E%*E!), |(/10/$%)+)0/1+;2, &/1&*1:* %G ;/$415/(/20%*/IN./(./2!) 2!%) (16)(.!
HYEO/*(+1&) OH2%-+/1%(+1+;2, &UBIE'*)+)0/+1%+)$'(/5!,2)0! (./1+(2)0'),1.;0'*19%62%65/+!
2/ H(%0'SIH+A+(/01) 214+ & 11+(54  I'+15%,,/2/%(1&)$)2/51%2%5/+1&)*('%*10/$*)JO/+!

) 1> 24%*EN/;0/$*%6*24./)0/$*%6*12' (%) +  IFS'<0'(+:1/("$OC!IIIA  RIM.%-#4-+(/O!
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H21+1*(+ 1INV 2(*%(81()1%*>+(%E (N (142, &I )02/ &( %o>%o(AI'+(/12/$'(%>/!
#NO/S  *%XI&)*&/*(2'(%)*I&.FE/+ 1(.2);E. I +U*ES/(4#/1),1.;0%  10/$%)+)0/  IN%(.!

N'>/$FE(. @/#/*5/*(1-113!%0'E%*E9 !

3.2 Materials and Methods

3.2.1 Sample Isolation

1U(2'&(%)*1),1(./1%2%+IN"+1#/2,)20/51)*15)%)21/4/+1,2)OL(N) ' (%/*(+1),15%, /2/*(!
&)$)2+"*5'E/+CI5'2<I62)N*CI'E/IKXCI'*516%$:/ @ 2//*CI'E/laa9IM./1#)+(/2%)2\-1 IN' +!
%+)$'(/5!,2)01(./1%2%+IN%(.I"#2/>%);+$415/+8&2%6/510/(.JB2)(1/('$ICIK__ YTI'*51(./!
2/0'%*%*EN-1 G &2'#/51%2%+! (Yo++;/+IN/2/1+()2/BDAL: 1 * (%S, 2(./21;+/9! I"*1/*040'(%&!
JU(2'&(%)*IN'+1;+/51()1%+)$'(/1(./1%2%5'$4(2)0'10/$%)+)0/+1,2) 01(./1%2%+!(Yor++;/1; + %*E!
(/1+'0/1#2)&/5;2/V+1(.'(12/#)2(/5!)*10/$™%)+) 0/1%+)$'(%)*1,2)016)>%*/1%2%B%;!/(I'$9C!
1316 FRIL2%/,$ACIN/(1%2%+!(Yo++;/IN'+1&; (196%() 1 +0'$S Y6/ &/+1"*51+:6b/&(/51 () (. 2//1+(/#+1),
[*O40/\5%E/+(%)*+!'(1ZM}:1%*1-LB!; *5/21'2E)*C1&)$$'E/*'+/1PaY!=kODCIN%(.!1103!
$IRL)2! " Kal.CHF™*&2/' (%*IPI9]I0EKIODR!,)2!11.CI™*51(24#+%* PaXal=kODC!N%(.!1!03!
SIRL)2ULOL 1 (/21 & I5%E/+(%)*C(./12/0'%*%*E10" (/2% '$IN'+IN'+./5IN%(.IN'(/2!
+/>[2'$1(Y0/+1*51(*14;6+/G;/*($41+:6b/&(/  5!()!,;2(./2!/*O40/'5%E/+(%)*+9!IT)$$)NY*E!
(J+1121 (OF*(+CI(N10' (/2% '$+IN/2/1+;+#/*5/51%*IKZIPN(k>)SRIM2%()*In - GJJ1+)$:(%)*1'*5!
+(%22/5!,)21K9]LI'(12))01(/0#/2'(;2/1*5/2V2E)*9!  IML/H2(%&S/+IN/2/1(./*IN'+./5INY%(.!
0/(.")$KN' (/21K ?2KIP>)$k>)SRI*&/1™*5  1(./<IN%(.IN'(/2!,);21(%0/+9! 1" (/2N'25CI(./!

HISSI(+IN/2/1(21'(I5IN%(.! &)S$S'E/* +/1PaY!=kODCIN%(.111031::$IR!,)2!Kal.l'(1Z1}:!
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*B212E)*9! IM./12/+;$(%*E!6$'&<!()!62)N*10/$'*)+)0/+!N/2/IN'+./5!NY%(.IN'(/2!,%>/!
(%O0/+1*BI</#(I(N QI *(%$;+/9!
3.2.2 Scanning Electron Microscopy

3/$F)H)0/+IN2/\++  #I¥5/519%*VIN'(/21+;+#/*+ %) *I*5I52)##/51)* ()|, 2/+.$4!
&$/'>/5!10%& " 1+$%5/+1%*!1IrD!'$%G; ) (MRI+$%5/+IN/2/1(/*10);* (/5! *1+('%o*$/++!+(//$!
HIE+IN%(.15);65/1+(%&<!(‘#/I"*5'%XB2%/5!%*1(./15'2<IM./10);*(/5!+'0#$/+  IN/2/!
&)'(/5!N%(.!";k-5!;*5/21'"2E)*1#$'+0'1,) 21110%*!' (1K]!0"; +%*E!'IV;00/2!e!+#;((/2!
&)'(/2!P"*'(/&.C!B#2%*E,%/$5C'e"RY-.%$%#+!InDZJI1B13!IPT1\I&)0#*4C!V%$$+6)2)C! FR!
1G;%o##/5'NY%(.1"16' &<+&'((/2%*E+/&)*5'241/$/&(2)*15/(/&() 2!N'+1;+/5! () /U'0%*/1(./!
+O#$/+ 196*1.%E.1>'&;;010)5/9! 13;$(%#$/!B131%0'E/+IN/2/'& #(;2/5!"(10'E*%,%&' (%) *+!
),IKIQII,)21/'&.1), 1 (15%, J2/*(1+ O#S/+9L: 2/IN'+I (<1 () /*+;2/1(.' (/' &.\%0'E/!
&)$$/&(/5'8)>/2/5""1&)0#$/(/$4!5%, /2/*(1+;2,'&/1"2/'9!  IM./'5%0/*+%)*+1),1(./!
0/$™%)+)0/  +I&'#(;2/5!%*!(./'B131%0'E/+IN/2/10/'+;2/5!;+%*E!B&*5%;0N0'E%*E!
B),(N'2/!1P"$40#:;+!B),(N\0'E/!IB)$;(%)*+C!D'</N))5C!:"R9!  IT)2!/'&.1+'0#$/C1)>/21K]IJ!
E2'*;$/+IN/2/10/'+;2/5!,2)0'al () IKX1%0'E/+! ('</*!I'('KJ QJJII0'E*%, %&' (%0)*IM. /!
o+()E2'0+!),I(NISFE(A!) I 1+)2("BIS)*EIU/+),I(/10/'+;2/510/$*)+)0/+IN/2/!
#$)((/5"*51,% (1)1 1+ %*ES$/IH'; ++%"1,;*&(%)*9!
3.2.3 Free Electron Laser-Photoemission Electron Microscopy

M./1#.)()%)*%0" (%) *!(.2/+.)$5+!),1(./1+'0#$/+IN/2/'"*'$40/5!N% (. (./1+'0/!

#2)&/5;2/+!'+15/+&2%6/5!%658031*)+"0!



3.2.4 Atomic Force Microscopy

IN'(/214;+#%+9%)*1),1962%5'$1+(2)0'10/$%) +)0/+IN"+1#%#/((/5!%+1 9] !r D!
'$%G;)(+1)*()!,2/+.$41&$/>/510%&'I"*5I'SS)N/5I( )'%IXF24!1%*1(./!5'2<9IM./1%*+(2;0/*(!
*510/(.)5!),1%0' E%*EL +16//*1#  2/>%);+$415/+8&2%6/5!%*!5/(PE$I&41*5!B%0)*C!
1JIK FIL2%/,$4C!"T31./%E. ("*5!#.'+/1%0'E/+IN/2/1&) $$/& (/5N %(.I"8"*)B&)#/N\\'!
L%)B&)#/""T3IP7%EY%('$%(2;0/*(+CIB™*('IL'26'2'Cl:"RI)#/2'(/51%* I (‘##%*E!0)5/9!  IM./!
"T3L/'5IN'+10);*(/5!)*!'1d/%++!IPM.)2*N))5C!8fR!"U%)>/2(\BKIJIMe!%*>/2(/5!}#(%&'$!

0%6&2)+&)#ICISS)NEI>%-+ $1)6+/25>'(%)*1), 1(./1+'0#$9

3.3 Results and Discussion
3.3.1 Shape and Size Analysis of Iridal Stroma Melanosomes

B1319%0'E%*EIN'+!;+/51()'"*$40/1(./10)2#.)$)E4!),16$;/ E2//+1*515'2<!
62)N*1962065'$!+(2)0'10/$*)+)0/+1,2)015)%)2+1),'E/laal *5IKXC12/+#/&(%>/$4IP  %&'()*+FRY
M./ #I*514960/1)6+/2>/51%*1 (/1™ $4+%6+12/>/'$/51'1&)*+%-+(/*(10)2#.)$) E%&'S !
5%+(2966; (%) *I'&2)++1+ 0#S$/+12/E'25$/++1), 1(./%212/+#&(%>/"E/) 21%2%+1&)$) 2! )RABE %6*+9!
S)EMSI)2(MUM), I O/$™)+ ) O+ INJ2/10/+;2/5!,2)01(./+/\%0'E/+CI*51(./!
2/+:$(Y%*E!.%-+()E2'0+IN/2/! U 1+U ES/TH' ++%'1, *&(%)* C¥o& () +@M./1);(&)0/+ 1)1
(1, %((%*E'2/1E%>/*19630.9*+I9IM./10) 2#.)$) E4A12/>/'$/5!,) 21 (.1 +/1%2%5'$!+(2)0'!
0/$'*)+)0/+1641B131%+19%6*'E2//0/*(INY(. 1#2/>%);+$412/#)2(/510)2#.)$) E%&'$12/+;$(+!

)*192%5'$1+(2)0'10/$%)+)0/+164!  M13! P/;1/(I'SOCIK__ MYA;!/("$9CIK__ BBl



%&'()*+P, HDBC+&<0"*;+57+I-K+20)R+.)5H6+&)&;+<*9065;5<*;+062+ISK+.P**6+&) &;+
<*9065;5<*;=
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QO0.9*4# +B(<<0):+57+18*+;&T*+0609:;&;+57+18*+<*9065;5<*;+&;5901*2+7)5<+8(<06+
Q&P+ =AY 2RY24%6*10/'+; 2% *E! (./15%0/*+%)*+1%+!s!]z91IM./1.%+()E2'0+!) I (./I$/*E(.+!),!
6)(!(./'S)*EI*51+.)2(""U/+IN/2/V,%(\()!"+%*ES/'H';++%'*];*&(%)*9NM./1#/'<1), 1 (/!
|5%+(2%6;(%)*!%+!('6;$‘(/59!!M./!.'@%5(.!),!(./!5%+(2%6;(%)*!%+!E%>/*!%*!#'2/*(./+V+9

Iris Color Length/nm Width/nm

Dark Brown 560 (140) 260 (80)
Blue-Green 540 (160) 250 (70)
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7:2%*EI(/1+O#S/H2/#'2 (%) CI (/! \-1 1%+1&'2/,:$$412/0)>/5!,2)01(./'#)+(/2%)2!
+:2,'&11),1(/1%2%+OF)N/>/2C1 &) 0#S/(/15%++/8&Q6)*1),1(/N\-11%-+1*/"2$41%604) + +966$/1()!
'&.%/>/CI*51 (/1™ (/2%)21\-112/0'%*+1(% E.($416);*5!()!(./1%2%+!(%o++R2)(/("$ICIK__ Yo
"HII&)* G F&ICI0/$)+)0/+H1%H)$ (51, 2)01(%+HIN-1  Q&2H/5]1%2%+! (Yo++:/1&) 0#2%o-+!
()+1,2)01"*(12%) 21\-11'*51%2%5'$1+(2)0'9!  13)2#.)$)E%&'$SAC!(/N\-110/$*)+)0/+!'2/!
+#.12%8&'SCINY(I'*I'>/2'E/15%'0/(/21),IKOIIIFOCIN ./2/'+1(./1%2%5'$!+(2)0'10/$'*)+)0/+!
2/1+0'$$/2C1)>) %5 H/51) 2E"*/$$/+INY(.INYS (. I*BIS/*E(.15%0/*+%)*+1), LJOI]*51J9aX!
rOC 12/+#/8&(%>/SB;1/("$ICIK__ MY 1/(I'$OCIK__ BDIM./! B131+%0/15%+(2%6; (%B)*$(+!
2/>1'$/51'10)2#.)$)EAI( (1%+1&)*+%+(/*(1  NY(.1#2/>%);+$412/#)2(/515%0/+%)*+)21% B!
+(2)0'10/$™)+)0/+IP  %&'()*+@I55%(%)* $$ACI(./12/#2/+*( (%>/'B131%0'E/+1+.)N*196*!
%8 ()*+R%$S;+(2'(/1(./15)0%**&/), 1)>) %651+ . #/+12' (/21 (IS 2E/21+#./2/+9  NT2)0!(./!
+060/I" 51+ #/1"'$4+%+1),1(./10/$)+)0/+1%+)$'(/5!,2)01(./16$;/ @2/ *515'2<!
62)N*1962%5/9@1%-+18)*&$;5/5!(. (L/1+'0#$/+1'2/!  5)0%*(/5!6419%2%5'$!+(2)0'!

O/$)+)0/+12'(/21(*15(/2%)2N-19 !

3.3.2 Surface Photoionization Potentials of Iridal Stroma
Melanosomes

M./1+;2,'&/18&)0#)+%(%)*1),10/$*)+)0/+1%+)$'(/5!,2)0!  5'2<I62)N*I*5!  6$;/ Q
E2//*! %2%5'$1+(2)0'1(%++;/IN'+//U'0%*/51;+%*EITXEL139! IM./1%*(/E2'(/51%*(/*+%(4!PBR!
)1(/1-1131%0 E/+IN'+I5/(/20%*/5!'+1'*&(%6)*1),1(./TU&Y("(%)*IN'>/$/*E(. !
E/*/2'(/51641(/'TID  1*5I( /! '&G;%2/55'('1,2)01%*5%>%5;'$10/$%)+)0/+!  N'+ !

X&) S Y(INTI+HY(N(1,'&(1( (10 1$%)+)0/+1%+)$'(/5!,2)01(./1%2%5'$!+(2) 0" (Yor++;/1
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&)*('%*16)(.1/;0/$%*1"*51#./)0/$"*%* 106*1>'249%*E12' (%) +I5/#/*5%*E 1) *19%62%+18)$) 2!
R2)(H("$OCIK__ YE'<'O'(+Y/('$ICUIIN  FCIHISA+90-+1), 1(./IHS) (+1E/*/2'(/SINY(.I(./!
T1DQL13!(/&.*%G;/1,)2!5'2<I62)N*I*  516$:/ @2//*1%2%5'$!+(2)0'10/$*)+)0/+!
2/>I'$/515'CIC(IN'+  16/+(1,%(164 1+%*ES/1#.) () %)960' (%) *1(.2/+.)$5!),1X9 ~1J911/e!PI]Z!
*ORIP& ()*+URBM. %-+1(.2/+.)$5IN'"+!'((2%6; (/5! ()1/;0/$*%*1+%*&/1%(1%-+1&) 04 2'6$/1()!(./!
1;,0/$%%&1(.2/+.)$5!/+('6$%-+./51%6* 1#2/>0%); +12/#) 2(+1)*1#: 2/$41/;0/$*%&!+4+(/0+P/9EIC!
0)93106*<I"*516$'&<.'%6210/$™)+)0/+R  IR/N/(I'$9C!IJa VWH'2E;%$)!/('$9C! I FIT)2!
21,12/*&ICV(./H.1)0/$*%*1(.2/+.)$5!%+1&.'2'&(/2%O0/5!'+1Z9Y! ~1J91l/e!PZIal*0R!,2)0!

&)0# 2%+)*1+(;5%/+1)*12/51.'%210/$%)+)0/+  IR//('$IC!IIJa FL)*+%-+(/*(IN%(.1(.%+!
&)*&$;+%)*1%+1): 21%6*'6%$%(41()1)6('%*1-11319%60'E/+!)*19%2%65'$!+(2)0'10/$%)+) 0/+1; +%6*E!'l
N' S/SHE(I((18$/'2$414.)()%)*  %O/+#./)0/$*%*1%*12/51.'%210/$™%)+)0/+9  IIM./+/!
2/+;$(+1+;EE/+(1(. (15/+#%(/!(./1&)$)21) 2%E%*1), 1(./10/$%)+)0/CI)*$41/;0/$*%&!

&)OH) *(+  I2/W2/+*()*)21%/'21(/1+;2,'&/9) 11

3.3.3 Morphological Surface Organization of Iridal Stroma
Melanosomes

"10)2/15/('%$/5!>%/N1),1(./1+;2,'&/1),1(./10/$%)+)0/+1%+1)6('%*/5INYo(.!(./!
"T3160'E/+IP %& ()*#VRU./ LI%E.(*5l#.'+/  1960'E/+!,)2!5'2<162)N*1%62%5'$!2J0'!
0/$™)+)0/+!  2/>/'$!(.'(1(.['+;2,'&/'%+!&)0#2%+/5!),1+0'$$/2!+;6+(2;&(;2/+9 'M.%+!12/+;$(!
N'+/U#/&(/516'+/51)*1#2/>%); +1+(;5%/+1),1*'(;2'$$4!) &&; 22%*E1#YEO/*(+1%+)$'(/5!,2)O!
>'206);+1+);2&/+HP$*&AI*5!  B%0)*C!I1IIKD%:;!/("'$ICIIVD%:;!/("$IC!IIJOVA)*E!/(I'$9C!
1302 RI$S!), | (/THUEO/*(+12/>/'$I+0'$$/21+: 6+(2;&(;2/+IN%(.1$'(/2'$15%0/*+%6)*+1) I /NI |

n



1
)

14,
131A B
12]
11 H
10
< 94 < 3]
2 8] Jul
£ 7 =
] o
S 2 8?2
4]
5 3 51
24
%: 0000000000 [©) 0' o S
150 160 170 180 190 200 150 160 170 180 190 200
ik, T hik,T

!
%&'()*+HU+W61*)01*2+H0/*9*6'18R*3*62*61+%BXABBC+2010+75)+20)R+.)5H6+&)&209+
;1)5<0+<*9065;5<*;+062+ISK+.9(* J)**6+&)&209+;1)5<0+<*9065;5<*;=++

1Z



[JJ1*0 !

[JJ1*0 !

%&'()*HV, +0bC+&<0'*;+57+20)R+.)5H6+&) QPO ; 1)BHO+ <0665 A+BGt+++
+:6+(2;&(;2/+1),1(./1%2%5'$1+(2)0'10/$%)+)0/+1'2/1)6+/2>/51%*16) (.l "RI(/./%E.(1%0'E/!
SEILRI(N#. +I1%0'E/ 9 !
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(I*+1),] #9)0/(/2+91  M.I+/12/+:$(+1'2/'55%(%)*' $$A41&)*+%+(/*(IN%(.1(./1>%/N!),!
O/$™*)E/*/+%+#2)#)+/51641L2;0  6%E.1%*(/I$'(//K_a J+R.2;06"E.CIK_aY R*I(.'(!
2/#)2(CIL2;06";E.1+.)N/5!(.'(1/;0/$*%*1#2/0/$%)+) 0/+1&) 0#2%+/! O%EO'EE%*E!
$)*E%(;5%*'$1+(2*5+INY6 (.| &2YFYo*<+1(.'(1)&&; 21/>/2411JJ1e QIT;2(./21*'$4+%+1),1(./!
I$/&(2)*10%&2)E2'#.+15;206*E ! (/%% $I+(E/+1),10/$™%)E/*/+%6+12/>/'$/510/$*%*!
5/#)+%6(%)*1)&&; 2296+ E1'2); 55 1 #)*1(/+/10'(2%U/+9!  I"+112/+;$(1), 1(./1+(;5%/+CI(./!
T1DQ1131(/&.*%G;/IN):$5!16/1#2)6%+EN(/1+:2,'&/1),1(/+/1+0'$$/21+:6+(2;&(;2/+!'$)*E!
(N14;2,'&/9IM.;+C! %(198F&$:5/ 51(.'({(./+/1+;6+(2;&(;2/+1,):*5I$)*EI(/1+:2,'&/1),1(./!
%29%5'$!+(2)0'10/$'*)+)0/+I'$$1.'>/1/;0/$%*1&)  '(+9

996/ (%&+(;5%/+1),1(/1%*%o(%o'SI+(#-+1), 1(./IFHTR+)*1+&./0/1,) 210/$*) E/*/+%o+!
[+('6$%+./51(./162"*& Y*EI6/(N//*I/,0/$*%*"*514./)0/$*%*1#2)5;&(%)*9!"$(.);E.!
%*06(%'(%)*1),1(./1,) 20" (%)*1),1/'&. 1H%EO/*(1%+1'&. %/>/51641(.///*O40'(%&!1)U%S5' (%)*1),!
(42)+%*/1641(42)+ %6+ +/CI(/1<%*/(Y&I5' (1+;EE/+(+1'1 .2/ (/#1#2) &/++1,) 210/$*)E/*/+%o+!
)$S)NY*E!(.%-+1)U%S5' (M5 *51'*51F%$/4CIIIIWY) CHIIZM) '#51S'<0'(+,CIITY P!
T%2+(CI(./1%*%(%'$1#2)5;&(%)*1),|&4+(/%*4$5)#') &&:; 2+IN /¥ (/1 &A+(/%*/1&)*&I*(2' (%) *1%+!
E2/'(/21(."*IK9Z!Ir39!  IM./*CIN./*I(./\&4+(I%*4$5)#'1&)*&/*(2'(%)*1%+IE2/'(/21(."*I_Ir3C!
+:6+/G;*(1)U%5'(%)*1),1&4+ (/%*4$5)#'1() 1#./)0/$*0%*1) &&;2+9!  \(1%+1)*$41",(/21(./!
SI#$/(%)*1),10)+(1),1(./1&A+(/%*AS5)H 15184+ (/%*/1$/>/$+1(.'(1/;0/$%%*1,) 20" (%) *!
)&&; 2+AM.[+/1<%*/ (Y& 2/+:$(+1+;EE/+(11+(2;&(;2'$!5/+ I E*INY(.I'IH#./)0/$*%6*1&) 2/!

[*&'+I51641'1/;0/$%6*1/U(/2%)29! 1B (;5%/+!)*1(./16%)&./0%+(241),10%U/510/$"*)E/*/+%+ |
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PE 2;#/(I'S9CIK_YR*5!(./1+)$;6%$%(41#2)#/2(%/+!),1+4%(./(%&!0)5/$!+4+(/0+P O/<%!/(I'$9C!
K_ NR$+H)#2)#)+/51(.%+16%0)$/8&;$'21&' +%*E10)5/$9!"+16) (1), 1(./1&)$) 2/5!%2%5'$!+(2)0'!
0/$*)+)0/+1"*$40/515%+#$'4/518..'2' &(12%+(%o&+1) 1 2/1/:0/$*%* ) ¥ (/1+:2,'&IC! (/!
T1DQR113 12/+;$(+1#2)>%5/1+(2)*E!/>%5/*&/!,)21(./1&'+%*E!0)5/$1%*!.:0"*1%62%5'$!+(2)0'!
0/$' *)+)0/+9 !

"1&./0%&'$!"*' $4+%+1%6*>[+(YE (Y*E!(./12/$' (%) *+.%#16/(N//*I(./10);* (" *5! (4#]!
),10/$ 9% 1519620+ HIEO/*(' (%) *IN'+12/&/*($415/+&2%6/5!%*1(./\$%(/2' ;B 2) ('1/(I'$9C!
K_ Y@'<O'(+/(I'$9CHIIN  RIT)215%,,/2/%(18)$)2/5!%2%5/+CI(./'0);*(1), 1#./)0/$*%*!
2/0'%*/51,'%2$41&)*+("*(CIN.%S$/! (./\/;0/$*%*1&) 0#)*/*(1%*&2/'+/51%*15'2</2  @)$)2/5!
%2%5MO12/+;$(1),!(./1&'+%*E!0)5/$!I"*5!  (./ IT1DQLL3!12/+:$(+CI(./1#2/+/*&/1), '
2/$'(%>/$A1&)*+(* (1#.1)0/$*%&1i&) 2/jINYo(.I'1>'24%*E/;0/$*%&/U(/2%) 21%+ 1#2)#) +/5!
)218)$)2/51%2%5'$!+(2)0'10/$%)+)0/+9! IM./1>'2%'(%)*1),1(./'(.%&<*/++1),1(./1/;0/$*%&!
+./$3!1%+!"((2%6; (/5! )N 5%,,/2/*&/"),1(./'[;0/$*%*?  #./)0/$*%*12'(%)9! \*I$%K.(/2 Q
&)9$)2/5!%2%5/+!P6$;/C!.'O/$C!/(&SRTHD/+!.">/I'"$)NI/;0/$'*%*? #.1)0/$*%*12'(%)C!
5 14:6+/G: /% (BACII(.%*1/:0/$*%&!+./$$!1 %+ /UH&(/591 *I(/) (/2. *5CI5'2</2  @)$)2/5!
%2%5/+CIN.%&.1#)+HIE*%, % & *($4!. % E./21/;0/$ %P 0/$*%*12' (%) +C! '2/1/U#/&(/5!()!
">I11(.%&<!;0/$*%&!1/U(/2%)29!

T2)0!(./12/#)2(1#;6$%+./512/&/*($4164! S'<'0'(+:1/(I'$9C!(./!
1;0/$*%*? #./)0/$*%*12'(%)+!,)2!;>/'$!10/$'*)&4(/+!,2)0!/4/+'N%(.!6$;/ @&2//*1P."O/$R!

*515'2<162)N*1%62%5/+!'2/1%5/*(%, /B IKOZI*SIK XY C12/+#/8/A6IFS'<'0'(+;1/("$9C!
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1JIN B=+0*E!(/+/12'(%)+C1&)*&S;+%6)*+1&*16/152'N*I'6); (1(./1>'2%'(%)*1),1(./' (. Yo&<*/++!
)ICN0/$%%&1I&) (+9! 1BHI&Y, %8 ' S&MB;$ (%) +1+)NIC (N 0/$7*%*1/U(/2%)21%+19XY!
(%0/+1(.%&</2!,)215'282)N*1%29%65/+1(.'*1(.'(1,)2!.'O/$1%2%5/+CI'"++;0%*E!(./15/*+%(41), I(./!
+:6;%96(+12/0'%*+1&)*+(**(1,)216)(.1&)$)2+9! I\, IN/I0)5/$!(./1+;6+(2;&(;2/1),!(./!
O/$'%)+)0/+1'+1+#./2/+1),15%'0/(/21ZI*OCI(./'/;0/$*%&!U(/2%) 2IN); $5!6/! " 1*5179a
*01(.%&<1,)21(./15'2<! 62)N*I"516$;/ @ 2//*1%2%5'$10/$*)+)0 /CI2/+#/&(%>/$ACI™*5!(./!
&) 22H#)*5%*EI5%'0/(/2!),1(./'#.)0I$*%*1&)2/+IN);$5!6/! " KI'*51I9Y1*0C!
2/+#8&(%o>I$AD! 5/+8&2%6/519658031%)+"C(./V/$/&(2)*/+&#15/#(.1,)210/$%)+)0/+1%+]
JUBI&(/510)16/1,INIF*)O/(J2+4W!  (+CI(/I6+*&I1),1(/1#.1)OI$*%&I+UE (;2/1%+1%)(!
+:282%+%*E15/+#%(/1(./'(.%*1/:0/$*%&!+./3$9

M./1.)()2/'&(%>%(41),1(./10/$*%* HYEO/*(INY6(.%*1(./10/$%)+)0/16/8)0/+!
%0H#) 2(*(I+11&)*+/G:/*&IN) N (J+12/+,$(+9!  1"5'2< @)$)2/51%2%+INY%(.I$)N/212/$( %>
#.1)0/$%  *1&)*&I*(2'(%)*IP.%E.I/;0/$%%*? #./)0/$*%*12'(%)RI%+#2/+;0/5!()!.'>/1'
(.%&<!/;0/$™*%&!/U(/2%) 204.12/,)2/C" (121(./N)U%5' (%)*1), 1(./1+:2,'&/HYEO/*(C(./2/1%+!
+(%SS!' IS 2E/10);%(1),1/;:0/$*0%*1(.' (& 16/12) (1&(%>IVE'%o*+(1)U%S5' (%>/1+(2/+  +9!
V)N/>/2C19%*10/$%)+)0/+1, 2)0IS%E.( @)$)2/5!%2%5/+C!',(/2!(/)U%5' (%)*I"*515/E2'5'(%)*!
) 1(0/$*%6&1+:2,'&ICTI&I2('%*'0);*(1), HE./)O/$*%6*10)$/&; $/+1'2/\[U#) +/51'*5]
+)NI(/%21#2) QUYS*(1#2)#/2(Yol+CI&";+%*E N (Yo++;/15'0 E/B./+/12/+;$(+'2/1&)*+ Yor+(/(!
N9 (.1(./1%*&%65/*&/1),1;>/"$10/$™%)0'1%*15%, /2/*(12' &/+!"*51%+1/4/+1,2)015%, ,/2/*(!

&)$)2/51%2%5M8%65/0%)$)E%68 $!+(;5%/+1)*1(/12/$' (%) *+.%#16/(N//*1%2%5'$1&)$) 2! 5!

n



%*&Y65/&/1),1;>/'$10/$)0'1+;EE/+(I( ({(N'$WE.(  @)$)2/51/4/1P6$;/C!.'O/$C!/(&R!"*5!
&M%+ (1. %E.[212%+<I(*1(/152<  @)$)2/5Y/4/1*5!" 2%6&™  Q+%'*+IBY6&./$+)*!
*51B.%/$5+CIK_WWI;&</21/(I'S9CIK_VI)$$4CIK_VE/55)*1/(I'$9CIK__ VeIb5%&!/("'$9C!IIVK
V(I$9CIIT] RIB;6+/G;/*(U#)+;2/1),1(/1#.) () 2/ &(%>/1"*51#2) QU5 (!
#.1)0/$7%*1  &):#S/5I0(NS)N/2I()(SI'0);*(1),10/$ % 1% IS%NE. (12 @)$)2/5!%2%5/+!
&);$5!6/1'1&)*(2%6;()2!()(/)6+/2>/5!/#%5/0%)$)EA),!:>/'$10/$+)0'9 !
\(1%+19%6%(/2/+(%*E! () 1&)*+%5/21 (/1#) (/*(%'SI%0#$%& (%) *+1),1(./+/!, %* 595 Tt
)&$210/$ %) )0+ LS BIHI( [1)&+ 1I2/%* CHo(!.H#2/>%);+$A6//* 1/+('6$%+./51(. (!
+0609%6$'21/* & #+;K%)*1), 1#./) 0/$*%*16 41/;0/$*%* #IEO/*(+1%+1&.'2' &(/2%+(%&), I(./!
*[:2)0/$ % E2"*:$/+19%6+)$'(/5!,2)01>'2%6);: +12/E%)*+1),1(./1.;0™*16.2'%* IR.;+.1/(I'$9C!
1332 WO)CHIJAWE+.1/(I'$SOCHIT_RIM.%6+1+:EE/HI('((/1+(2:&(2/1),10/$™)  +)0/+!
&)* ('Y U*E16)(.1&S'++/+1), HYEO/*(+10'41+.'2/1'&)00)*1+(2;&(;2'$10)2#.)$) E4C!
UO*BIH*5/*(1),|(Yor+-+;/1(AH/9! 1"2/&/*(1+(;5A1)*I(./\/;0/$™%o* 1B 1. 1) O/ *U6*1&)*(/*(!
%*1;>/'$10/$)0'1&/$$+1,);*51(. (10/$%) 0'1&/SS+1.'>/1'>/241$)N! 1;,0/$*9%6*1&)*(/*(!
HEIL0/$ 0% 24./)0/$*%6*12' (%) Cl+IE* R YBAIS)N/2! (. #1(.'(1,2)01%)20'$!
0/$%)&A(/+9! IM.I+/15 %,/ P&/+1$%</$A12/*5/210/$™)0 '1&I$$+10)2/1+:+&/H#(%66$/!()!
0; (E/F%&I, [&(+1),1=12'5%' (%)*I'*51) U%S5' (%>/1+(2/++!"*510'41/* *&/1(./1%2!
#2)$%,/2'(%)*C1(./2/64) &&I$/2' (YR (/1#2)E2/++%)*1),10/$)0")  PV;1/('$9C!1II_Fo
1#%5/0%)$)E%&'$!+(;5%/+1%*5%& (/1. ({(./'%*&Y65/*&/1), 1&; (*/);+10/$*)0"1%*!

%*5%>%5;'$+INV6(. | SEREB]2/5!+<%*1%+E2/'(/21(."1(.'(!,2)01%*5%>%5;'$+!N%(.|5'2@

Y



8)$)2/5!+<%*9IM./12/$' (%>/12%+<!1),IN.%(/K6$' &< >I Y192l () IKAIKI%*I5%, /2/*(12/#)2(+!
FB/LE;(1/("$OCIK_ XW2/++!*5IV)$SACIK__ AMI+%!/(I'SOC! I IBNB(;5%/+!1),1/;0/$* %151
#./)0/$*%*1&)*(/*(1),!1#%5/20'$!0/$*)&4(/+!,2)0!5%, ,/2/*(15)* )2+1%*5%&"(/1(.'(1(./!
1;0/$*%*? #./)0/$"*%*12'(%)!&)22/$'(I+IN%(.!(./'&)$)2!),!(./1+<%*I"5!(./1/(*%&!
6'&<E2);*51),1(./15)%)2+9!  13/$%)&4(/+1,2)015'2<  @)$)2/5!+<%*I"*5!" 206&*W'0/2%8&.*!
5)*)2+L">/M'E2/'(/21'0);*(!),1/;0/$*% *I"*5I'L%E.12'(%)!),!/;0/$*%*?  #./)0/$"*%*!
LHI&)OH /5101 (INY(ISWE.( /2@)$)2/51+<%HIB1 &+ FS'<'0'(+:1/('$9C!IIJa  FON,!
(/101$%)+)0/+1%+1;>/'$10/$%) 0'1&/$$+!"*51/#%65/20'$! 0/$*)&A(/+1.'>/11+9%0%$'2!
+(2;&(;2/1+1(.'(1%*1%2%5'$10/$%) &4 (/+10/$%)+)0/+Cl(/15%, ,/2/* (1%*&Y65/*&/1) 1&; (**):+!
0/$'*)0"1%*1%*5%>%5;'$+IN%/(.!>'2%);+!&)$) 2/5!+<%*+!"*51(.['#2)E2/++!),1;>/'$!
0/$%)0'1&);$5!6/1/U#S'%*/5CI(1$/+(# 2(SA4CI6AI(/1+(2;&(;2/  1),10/$™%)+)0/+"*51(./!

5%, ,/2/*(1(.Y%6&<*/+++1),1/:0/$*%&!I&) (+9!

3.4 Conclusions

M./1+;2,'&/1#) (/*(%'$+1),1%2%5'$!+(2)0'10/$*)+)0/+1,2)01.;0*15'2<162) N *!
*516$;/  @2//*1%2%5/+!.">/16//*1+(;5%/5!N% (.| TIDQL13CI"*5!,;2(./21"'$4+%+1) (/!
+:2,'&/10)2#.)$)EAIN'+1#2)6/5IN%(.1"T39!  I"$$I0/$"*)+)0/+!+.)NI#;2/1/;0/$*%o*1)*!
(J%21+;2,'&I+CI%FBI*5/*( 1),1(./%212/+#&(%>/1];0/$*%*2#./)0/$*%*12' (%) +9! IM./+]!
2/+;$(+1#2)>%5/1>/241+(2)*E!/>%5/*&/1,) 21 (/&' +%*E10)5/$1%*1 (./1.;0"*1%2%5/+!"*51%0#$4!
(I NHO'SS/21+;6+(2;&(21+I'SL>/1;0/$*%*1&) (+1),1>' 24%*E! (%&<*/++9]  IM.%+12/+;$(!

#2)>%5/+1%IN1%*+96E . (+19%*()! (./10)$/&;$'210/&. *%+0+1:*5/2$4%*E ! (./\#%5/0%)$)E4!),!

1!



SISI0/$%)0'91 1"+ 112/ &(%>/1H.1) OIS %% 1%+ <& +/516A1(./1H.) () #2) (I &(%>/!
1,0/$*%*CI5/E2'5' (%)*1), 1(./\/;0/$*%& U (129%) 21%+1%/&++241)/U#) +//(./'#2)  QU%5™(C!
#.)() 20" &(%o>H2)#12(%/+1),1(/1#.1)0/$*%&1&)2/9!  17/E2'5'(%)*1),1(./1/;0/$*%&!+:2,'&/!
&6/ & YI>[51(.2);E.1+/>[2'$1#2)&[++[+  1P#.)()6$/ & %*EC)U%F%)*RCI6;(1/U#)+;2/1),!
(/1#.1)0/$*%&1&)2/IN%$S! 2/+:$(10)2/1G; % &< S UH ISV EQRD) 2/5!%2%5/+(NYD6**/2!

1,0/ *% &1+ /$$+OIM.[+/12/+;$(+1'2/18)*+%-+(/*(INY(.1 (/' #%5/0%)$) E%& $I+(;5%/+CIN.%&..!
+ NI ((1%*&Y65/4&1), 1 >1'SI0/$™) 0"+ +IE2/ (/210641 &'+%6 ™1 ™*519641/4/+IN %6 !
SUE@)$)2/5!%2%5MFR(./21+(;5%/+1'2/1¥//5/5CL)N/>/2C1()1&)*,%201(.  "(I(./1);(/2!

#2)(1&(%>11$'4/21(.%*+INY (I (/'S E. (IF%*EL),1(/1&)$)21),1(./1%2%+9

al



4. Ultraviolet Absorption Coefficients of Bovine
Ocular M elanosomes Containing Eumelanin

4.1 Introduction

M./1/;0/$*%*1&)* (' %*/5IN%(.%*1&; (*/);+1"*5!)&;$'2!0 [$*)+)0/+! '+ 16//*]
%5/*(%,%/5!"+1.' >SU*E'>"2%/(41),1,;*& (%) *+&( 1% (1%+!(./12)$/ ) ()#2) (/1&(%6)*! ('(1%+!
),(1(N10)+(1&%(/5  'Ry)$$%'+!/('SICIK VB CIK__ IVBI2/5%(.I"*51B'2*'ClIJJa  FaL:/*(2'$!
O1;*5/2+(*SU%*E!(./1#.) () &.10%& $1#2)#12(%/+1),!  [; 0/$*)+)0/+  CIO/$™)+)0/+!
#2/5)0%* (/$41&)0#2%+/5!),1/;0/$"*%*C1%+1"15%2/& (10/'+;2/0/*(I'*51(.)2);E.!
5/+&2%#(%)*1),1(.1%2!'6+) 2#(%)*1&)/,, % & YAF%6(.%*15'2<$418)$) 2/5!0'00'$%*1/4/+C!
[0I$*)+)0 [+ 2/1&)*('%*/51%*! +/>/2'$ 1$'4/2+!1),HUEO/*(/5!(Yo++;/+C1%*&$;5%*E!(./!
&.)2)%5C1%2%+!"*51FF1240'/(I'$9CIK_AD%:;!/('$ICHII]GW;!/(I'$9C!II_RM+15%+&;++/5!
%*$8031%)+ICI(./+/1(Yo++;/+1'2/1),1>' 24%*E/0624)*%&!) 2% E W+ P &/$$+1'2/15/2%>/5!,2)0!
(11);(121%1;2)1&()5120'$1+./' (1) N (/Y AI&;# 1B (/1 >['$I0/$*) &A(/+1'21! ) *2's
&2/+(1)2%E%*C!(./1+'0/1/0624)*%FRY%E%*'+1&;(**/);+10/$*)&4(/+! FB)25$:*5CIK_Y W!
B&.2'/20/4/2I'*5IV/%0**CIK___ WEO+(/5I*5IL'2*+('6$/C!IJII  W)%++41"*51V)2*4'<C!
1JJa PIT;2(./20)2/CI+(;5%/+1),I(./! 1;0/$*%* 1%+)$'(/5!,2)01(./[+/15%, /2/*(!(Yo++;/+1%*!
6)>%*/1/4/+1 5%+#$'AII2*EN),ITV\:"KZV\  10)%)0/2  12'(%)+D%;!/(I'$9C!III]BIM. ;+C!

B) >0\ 4/+1#2)>%5/1';*%G;/1+4+(/01,) 21/U'0%*%*E!L)NI(./1'6+) 2#(%)*1&)/,, %&%/*(+1),!

KIF/#2)5;&/51%*1#'2(1,2)0?!-/$/+CI79189WID%*CI19W!S'<'0'(+;ClgOWN\() C!BO!"*5!B%0 ) * CHABIFAY #(%)* "#OMa!
1Z_KQZ_]CI7°\?! KI9KJIIKkbOKJIIM.
ak



1;0/$%)+)0/+1>'241,)215%, ] 2%*E10)$/&;$'21&) 0#)+%6(%)*I'*5!/06 24)*%&!) 2% E %*1()!
(960" (1$41#2)>%5/1%*+%E. (1%*()!(/10'&2) +&)#%6&!6%)$)EY&'S!,*&(%6)*1), 1#.) ()#2) (/&(%)*9!!
"##2) &IH10I5'(/1)215/(12  O%*%*E!(/)H(%&'SIH2)#I2(%/+!),1%*('&(10/$™)+)0/+!
%*>)$>/1%*508AI0/ +;2/0/*(+1*512/G;%2/1+  +;0#(%)*+!'6);(1(./'(./20)54* 0%&!
H2I2(W+1) (1% &(1)2E*/$$/N PNEG;/+!*513&",$%, /CIK__KWA'&G:/+!/(I$9CIK_Val
B(2';++/(I'$9CIK_WR%6+<0"**1/('$9CIIIIVHS%&<0™*I/(I'SIC!INBY;0™*1'*5]
L296*<0"**C!1JJ] FIF/&'$$IBBO3L*)+ RC!(/1'6+)24(%)*I&)/,, %&%/H(HO/$*)+H)0/+! 2/t
20#)2(/5!+! 1. CI%*1;*%(+1),196%>/2+/1$/E(.CI'+1(./1$'&<!), I<)NS/SE/), (./10/$%%*!
(2,80 21H2/>1(HE&'B&S (%)), I(/1&)*&/*(2'(%)*! . IIN'EG:/+!/(' B! (%$IB/1%*5%2/&(!
(1&*%G;/1),! [U#$)+%>H#)2%0'(%)H)!& ' $&;$'(/1%*(12%'$I'6+) 2#(%)*1&)/,, Y&/ *(+1),!
+>[2'$1(4#1+1),10/$*)+)0/+9!  N* I(.%+I0/()5 QUI'E+)2#(%)*1&)],.%&%6/*(1%+!5/5;&/5!
2)01"++;0/51(./20)54* 0%&I#2)#/2(%/+1),1(./10/$*)+)0/"*51(/1(.2/+.) $5!
(JO#12'(;2/10/+;2/5!" (121.1'(%*EIN% (. WS H/51$'+/2 132# 34BS . %$/10)+(1),1(.%+IN)2<!
SHBI )& +/51%%1(./10%5 QYo+%6$/IN'>/$/*E(.I2E/CIE/*/2'$! N'>IS/FE(. G/#/*5/*(!
'6+)24(%)*1&)/,,%8%6/*(1%6+1#2/5%&(/516'+/5!)* (/1+&'SUE!), I*196¥1>06>) 1+ #/&(X) B/ (/2!
O/ +;2/0/%(1),1&;(*/);+10/ $*96*1()!(/'&G;%2/5!5'(1 RVEG;/+1*513&";$%, /CIK__KW!
A'&G;/+!/(SICIK_PI"+112/+;$(CI(./15/(/20%*/5IN'>ISIFE(.  GBIH/*5/*(1'6+)2#(%)*!
&)/, %8&%/*(1,)21&;("*/);+! 0/$*)+)0/+1%+1#2/5%&(/51()!6/! /c(”,,)=1.701 107" **em’' CI

N.9%$/1(.'(1,)2! F-110/$*)+)0/+  19%+1#2/5%&(/5!()!6/\0ZY$5!E2/" (/291!

al



7I+#%(/1(/1&)*+ %5/2'6$/1/,,)2(15%2/&(/51()15/(/20%*%*E1(./'6+)2#(%)*1&)/,, % &%/*(!
),10/$%)H)0/+CI(N2/+;$( H5)¥)(15%2/&($412/, $/&(1(./'6+)2#(%)*1&)/,,%8%/*(!), I'+U*ES/!
%*('&(10/$%)+)0/9 IIV)N/>/2C! 1¥)>/$I##$%& (%)*!),1(./! -113  1/*6$/+ 1(./15%2/&(!
O/+;200/() 1/ V'6+)2#(%)*1&)/,,%8&%6/*(+1),19%* (&(1*'(;2'$D /$*)+)0/+ IP-8031%)+"1Q!
M. +CI9B*1/ )2(10!  ,;:$$4VU'0%*/1 (/'#.)()&.[0%&'SIH2)#2(%/+ 1), [;0/$%)+)0/+  @/!
1131(/&.*%G:/1 YHOHS)AISI ()10 +: 2/1(/16+) 24 (%) 1+#1&(2'), 1+ ES/CI%* (& (1 (;2'$!
OI$*)+)0/+1),1>24%*E!  TVA\"27VAI2'(%)+  1*51/0624)*%&!) 2% E %) >/21(./1+#/&(2'$!
2+E/1,2)0!  IXXFOI)IZKI0  1() 1G;™*(%('(%>/541#2)6/1(.] 12/ (%6)*+.%6#16/(N//*I(./!

'6+)2#(%)*1&)/, Yo8Y6/*(FBIHUEQ/*(1>' 2% (%) *+Q!

4.2 Materials and Methods
4.2.1 Sample Isolation

TI(%$+1),1(.1%+)$'(%)*1), 1(/1+(;5%/510/$ '*)+)0/+1,2)016)>%*/IF-11&/$$+!"*5!
B)>%6*/1%62%6+1"+518.)2) %5 (Yo++;/+IN/2/1#2/>%) H#BIB%6+./5!'$)*E! N%(.1(./%2!&./0%8&'$!
W$A+[+ IADY%;!/('$ICIII|BIL2%/BACI0'(;2/!PENIA/ 2+1)$5RI51%/N6) 25 PSIKIN//<R!
6)>%*/1/4/+IN/2/1)6('%*/5!,2)0!"*%60'$IM/&.*)$) EACN\*&9!PMAS/2CIMNRIYo++/&(%6)*1), 1 (./!
14]+1)&&;22/51%00/5%'(I$41;#)*12/&1%#(! NY%(.I"1#2)&/5;2/15/+&2%6/51641L);$()*!/(I'$9!
R):$0*!/("$ICIK__ JBIM.2):E.1(.%+#2)&/5;2/CI/ &.1/A/IN"+1./0%+&(/5!" (1(./VG:;'( )2!
B[4 2' (/51%* () (/1*(12%) 215 1) +(12%) 21/ 41&;#+911" (1212/0)>%*E 1 (/1$/*+1'*5]
>06(2/);+16)541,2)01(./1*(/2%) 21+/E0/*(C!(./1%2%+1"*518&%$$%' 2416)54IN/2/1(</*1); (15!

(10#)2'2%$41+() 2/51%6*1 7;$6/&&) [+1#.)+#.'(/'6:,,/12/51+'$%*INY%(.): (&' $8%:; 01"*5!

av



O'E */+%;0!P-LB"RYIB%0%$ 2$4C!(./1>%(2/);+16)541"*51%/:2'$12/(%*'IN/2/12/0)>/5!,2)0!
(W) +(12%) 21+/EO/*(1*B1(/IF-11&/$S+IN/2/1(/*1+&2'#/51), 1(./1L2;&.[+10/062"/!
*51(/0#)2'2%$41+()2/5!%*1-LB"INT)$$)N%*E! (.%+12/0)>'$C!(./1&.)2)%5!0/06 2"*/IN'+!
$%, (/51*5I+/#2'(/51,2)01 (/1) QIBED/*(/51+&$/2'1*51'$+) 1 (/O#)2'2%$4!+()2/51%*1
-LB"9!l M%-++;/+1,2)01(./{(N)!5%, /2/*("ENE2);:#+IN/2/1#))$/51,2)0113  QJ1%*5%>%5;'$!
JA1+9UM./1+'0#S/+IN/2/1+()2/51(1  @IpL*(©%6S$!,;2(./21;+/9M
"+15/+&2%6/58D%:;1/(I'SOCHIIJBCI(IF-110/$  "*)+)0/+IN/2/1/U(2'&(/5N%(.!(./!
#2)&/5;2/15/+8&2%6/5!641L);$()*1/(I'$9 C16;(N%(.1+)0/10)5%,%&' (%)*+R.);$()*!/(I'$ICIK__Id!!
M./E-11&/$$!+;+#/*+9%)*IN'+1.)0)E/*%O/5!:+%*EV IM/,$)*k  E$'++1.)0)E/*%O0/2I*5IN'+ |
+:6+/G;/*($4! &/*(2%,;E/5!"(ladlE!'(ta}:!,)21al0%* QUM./12/+;$(Y*El+#/2%(*( IN'+!
&)$S/&(/5!*51(./ #ISSI(IN'+2/ QO ) E/*%O/5I'*5! &/*(2%,;E/S9UM./ 1+ #/2* (*(+ ,2)0!
6)(#2)&/+++! N/2/! +:6+/G;/*($4! &)06%*/5*51&/*( 2%,;E/5!'(1ZIINE!(a}:1,)2!al0  %+9!
M./LO/S*)4)0/+  IN/2/12] G +#*5/51*51+:6b/&(/51()1(./1,)$$)NY*E 2%, %& ' (%) *!
#2)&/5;2/+9T%2+(CIOM+)0/+IN/2/IN'+ /5] %*I(2%HS%RIYH(.!-LB" ;+06*E!
&1%(2%, E'(%)*I'(1JIIIEL(1a}:1,)21KII0%*9! 1B/&)*SC./! 2/+;$(%*E/$™)+)0/+IN/2/!
+:6b/8&(/51()"1+%0#$%, %6/515%6+&)*(%*:): +1+:&2)+/\E2'5%/*(1&/*(2%, E' (FPH(.1193131'*5!
KOXI31+;&2)+/1)2IKLI(IX}I(1ZIJIIED! IM.%261(./12/+$(%o*BHS$S/(IN'+IN'+./5! %>/1(%0/+!

NY%(1#:;2/IN'(/2I*5]  $4)#.%$%0/5!",(/216/% B Q- +#/*5/51%* IN'(/29! !

al



M./1+;00'2%0/5 /*O40'(%&!/U(2'&(%)*!;+/5!()1%+)$'(/!(./'%2%5'$!+(2)0'!
0/$%)+)0/+!,2)01(./'%2%+!(Yo++;/! 5/+&2%&N%*+8031%)4$!1% £V1+'0/1#2)&/5;2/'(.'(! N'+!
/(%$%Q/R 10/$'*)+)0/1%+)$'(%)*!,2)016)>%*/1%2%+*5!&.)2)%5! (Yo++;/+AD%; !/ ('$9C! I I | B!
4.2.2 Photoemission Electron Microscopic Analysis

M./ =e!'6+)2#(%)*1&)/,,%&%/*(H,1(./1+'0#$/+IN/2/!  G;™*(%,%/3NY%(.!(./'+'0/!

#2)&15;2/+'+15/+&2%6/5!%*8031*)+"9

4.3 Results

%&'()*+1! 1+ )N+I2/#2/+/*((%>/-1131%0'E/+  1),16)>%*/)&;$'210/$*)+)0/+!  )*!
M%!6+(2'(/+ (1 ! IcHIXXI*Or(13Ir0!,%/$5+1),1>%/N OI'(1(. %+!/U&YRE)*IN'>/$/*E(.C!6)(.!
(J14;6+(2'(]  "*5I(/10/$*)+)0/+1#.)()/0%(C!6;(1 (/) 2E*/$$/+1'2/12/+)$>/51%*!(./!
%O0'E/N+I(/V],, %&%/*&41),1%)* %0 (%) *IP/$/&(2)*+1#/21'2/'R15%, /2+16/(N//*1(./1+;6+(2'(/!
H5I(N0/$%)+)0/91 M.+ #II*B15%0/+%)  *+1)1(/1)6  +/2>/510/$%)+)0/+1'2/!
&)*+%+(/*(IN (. 142 %);+$412/#) 2(/5!1+& **U*E!/$/&(2)*10%&2) +&)#AI"™ $4+/HFD%:; !/ (I'$9C!
13316 FON*/'&.1%0'E/CI( /1+;6+(2'(12] >/'$+!1+."B)N+)*(/1,'21+%5/1),!1(./10/$*)+)0/+!
('("2/1)2%/*(/51%*1(./15%2/&(Yo)*1),1(./1%*&Y65/*(1$YE. (C12/#2/+/*(/5!'+! (/IN.%(/!'22) NI'(!
('$1,(16)(( )OL),1#+/SIP"  RMA./1+.'S)N+12/,$/&(1'15/&2/'+/51#.)()%)*%O" (Yo)*1%* (/*+%o(4!
Y CNH;6+(2'(11+112/+;$(1), 1 (1'6+) 2#(%0)*1), ! (. 11%*&%5/*(1$%E.(1641(./10/$*)+)0/+9!

"R106% (/5 +0(418)*(); 21#$) (1), 1(./1+. B)NIE/*/2' (/516 41(./1'6+) 2#(%)*1), lyIcl X X! !

al



2 Hm £ Him

2 pm Ty

Ty

%&'()*H! ,+ABBC+&<0'*;+574<*9065;5<*;+&;5901*2+7)5<+-K+02(9062+SK+6*H.5)6+
.5/&6*+YABO+H%+02(9062+LK+6*H.5)6+485) H@IPH<* QNG5 ;5 <D 62+ BHH-O2{F -+ BI&6*+&) &=
M.N'%O'E/+!&$/'2$412/>/'$! ([1+.'5)N+IE/*/2'(/5V'+1I'"2/+;$(1),1'6+) 2#(%0)*1), ! (./1%* &% 5/*(!

S%EIR [clIXXI*ORIIM./I+.'5)N+1"2/1)2%/*(/5!%*1(./15%2 /&(%)*!),1%*&%5/"$%E . (1P %&S95!

641(./IN.%(/I'22)NR9+
! !

ab



*OISYE. (164IIING)2*  1F-1 10/$™)+)0/1%+1+ )N*%6*  %& (1" J O1I"6+)2#(%)*1),!(./ !
0/$'%)+)0/1%+1)6+/2>/51641(./12/5;&(%o)*1), 1(./14.) () /0% -++%)* 1% (/*+%o(491 DY/ 1#S$) (+!
25N (/1+# (%' SIS *&IN), 1 (/) ()0%++%6) %% (*+%o(41(.2);E.); (1(./1+.'5)NO!!
) (+),1(N1%*(I*+%(AIS)*E! (] 15%2/&(%)*1),1%*&%5/* (IS%E. (I 51/ 2#/*5%&;$'21()1(./!
%6*&Y65/*(1SYOE. (I"2/1+.)N*IOBHE' ()*+1" IS45! 1" 3> CI2/+#/&(%>I$491IM./$SYot+)%5'$!+. 1) !
(N1OI$*)+)ONBY&("(+1(/1+. H1) 1 (J+/1HS) (+O1IM./196* (*+%6(41%-+1+400/(2%&!"6); (1(./!
&I*([21),1(/10/$™))0/  ON"+1)*/10)>/+I'N'41,2)01 (/1&/*(/2!()N'25!(./! [¥541),1(./!
$)*ErU%+CI(NH# (SHFE(1(.2);E.1(/10/$%)+)0/15/82/ +/+1&":+%*E10)2/1=e!$%E. (1()!
21'&N(1+;2, &/1*514+:6+/G:/*($41#2)5;&11.YE.[21#.) ()/0%++%)*1, 2)01(./1+;6+(2'(/!
6/.%*51(./10/$%)+)0/911"&&)2  BUFESAC!'+!)*/10)>/+I'N'41,2)01(./'G;'()2!()N'25!(./!
O#1),1(./10/$™%)+)0ICI(./H ($I*E.(+1(.2);E.1(./10/$*)+)0/15/&2/+/CI"*5!. %E /2!
#.)()/0%++%)*1%-+1)6+/2>/51%*1(./1&) 22/+#)*5%*E!+.'5)NI12/E%)*+8
-11319%0'E/+1),I'+%*E$/I'5;$(16)>%*/IF-11/;0/$%)+)0/! 21+ )N*19%*1 %&'()*+
1 $1)21/ & INSISHFE(U0%*/5  1)*IB%:I'(IK]IIr0!, %/$5+!),1>%/N 9N*1/'&.19%0'E/C!'!
+'B5)N! %%+ $9%60/516/.%*51(./10/$)+)0/M*SIN'+1)2%/*(/51%*1(./15%2/&(%)*1), 1 (./!
%6*&Y65/*(1SYE . (CI2/#2/+/*(/5!+1(/IN.%(/' 22)N (1(/1$/,(16)(()01), 1 "*/$IP" RB)(/C!
'$()ENNHA+%&'S! FESN),I(./1%*8Y%5/*( 1),IS%E. (12/0'%*+1&)*+(*(CI(/I##'2/*(!
5%2/&(%)*1)*(./1)6(%*/51%0'E/+.%, (+IN%(.15%, /2/%(!, %/$5+1), I>%/NI+'12/+:$(1), 1&.*E/+!

Uo*1(./18;22/*(+1(.2);E. (1(./V$/&(2)0'E*/(%&))H(%6&+9!! 1;0/$%)+)0/+IN/2/1%)(1)6+/2>/5! !
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%&'()*+" ,#D301&09+2*3*62*64*+57+18OR5HI 38N 1+ 2+ ¥ B+HCHIBH&G146: &+
45615()+3951+062+SO+>K+&61*6;&1:+9& B/A- ARG/ =+ %(4!&)*(); 2!#$) (! Y%o}1(./1+.'5)N!
2/+:$(%*E!,2)0!'*/N6)2*16)>%*/IF-110/$"*)+)0/1P*) (1#%&(;2/5R9  ND%*/1+&*+1),1(./!
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Figure 15: Summary of the average measured absorption coefficients of the bovine
eumelanosomes versus wavelength. Adult bovine RPE (squares), choroid (circles) and
iris (triangles) are plotted.
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an inversion of the intensity distributions. This calculation, outlined in the experimental
methods section (Chapter 2, Equation 5), was used for each eumelanosome at all
wavelengths. Aslong as the region of the shadow analyzed is determined in this
manner, it is the case that the calculated ec values for the eumelanosomes predominately
reflect absorption of melanin.

It is important to acknowledge that although eumelanosomes are mainly
comprised of eumelanin, they also contain proteins, lipids and various ions. While most
lipids and amino acids exhibit negligible absorption between A = 244 — 310 nm, the
aromatic amino acids do absorb in this spectral range. The absorption maxima
(extinction coefficient) of the aromatic amino acids Phe, Tyr and Trp are 257.4 nm (165
M-em), 274.6 nm (1,430 M'cm™), and 279.8 nm (6,000 M-'cm™), respectively (Wetlaufer,
1962), with the extinction coefficients of the latter two on the order of the observed ec
values. The contribution of the protein to the absorption measurements can be deduced
from reported amino acid profiles of eumelanosomes. The protein content of the
studied eumelanosomes increases from RPE to iris to choroid and ranges from 9 — 15%
(Liu et al., 2005b). The distributions of the amino acids, however, are similar and the
aromatic amino acid content makes up less than 10% of the protein composition for each
type of eumelanosome (Liu et al., 2005b). Therefore, the contribution of the aromatic
amino acids is expected to be at most 1.5% of the total absorption throughout the

spectral range studied. This total contribution to the measured absorption is negligible.
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Figure 17: Predicted absorption spectra as arising from the sum of the absorption of
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Pezzella et al., 2009b). The collective work observes absorption spectral shapes of the
DHI and DHICA monomers that gradually shift towards the broadband eumelanin
spectrum upon oxidative polymerization. In the studies of the DHICA polymerization
(Tran et al., 2006; Riesz et al., 2007), the absorption maximum at A = 320 nm was found to
decrease as a function of time and a 20% hyperchromism was observed for the DHICA
polymer compared to that of the monomer. These model studies have shown that the
chemical linkages between the monomers affect the spectroscopic properties of the
resulting oligomers. While the relevance of these model studies to the actual eumelanin
oligomer remains to be assessed, similarities between the optical properties of the model
oligomers are in accord with those of the natural eumelanosomes. The electronic
structure of the eumelanic oligomer does not resemble the electronic structure of the
monomeric building blocks, DHI and DHICA, suggesting that the monomers are in fact
modified upon polymerization to the eumelanin pigment.

In an effort to further examine the natural oligomeric structure of the eumelanin
pigment, a comparison of the absorption coefficients of the eumelanosomes as related to
their embryonic origins is of interest. As plotted in Figure 15, the absorption coefficients
calculated for the bovine RPE eumelanosomes were on average 1.5-fold greater than
those measured for the uveal eumelanosomes. These results suggest that either the
eumelanin pigment is present in greater density or that there is an underlying difference

in the eumelanic molecular structure. The greater absorption coefficient between the
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5. The Ultraviolet Absorption Coefficients of Human
Iridal Stroma Melanosomes

5.1 Introduction
$%8&'()&*+*,&-.+1' [10*1123(.+1) (+.4%).51/6(1)*7/1-*))*41&4/1 *-2+.1!
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421 ++11(4-.7(1911/6(1%6**%1*/(-/&3(1(2) (+.484  !:I"#$%&'() B(E%*721(1*01/6(!
%&,) (A &TIA(-(77 . 111/*1&4'2-(FE& J&3(17/1(T7=1104(1)(-6.4&7)1911:6 &-6!/6 &7 !-*2+'l
*.-211871/61*2,6*E&" J&3(1".).,(/*1/6 (1) (+.4*7*)(1*3(11/&) (5! (E%*7 &4, 1* 111 (+(.7&4, !
16(1%6*/*/*E&-1%&,) (4/=1P(-. 27 (/6 (1*2/(1(2) (+.4&41+.1(119(-*)(71/6&4  4(1!:&/6!
84-1(.784,1%6(*)(+.4&41-*4/(4] 5172-61.1)*'(+1*01Q".). ( Z4'2-('RI(E%*721(!*0!
%6(%)(+.4&A&TI1-*AT&TI(41):&/61/6(1(%&' () &*+*,&-.+1*97 (13./&*4T=P2/1*/6(11%1*%(1/&(7!
*0UB(1) (+.4%7%)(71).11.+7*1-6.4,(178,4&0&- .4/ +11:&/6!-*)%* T &I&*41/*1-*1 1 (+./(1:&/6 1/6(!

(%8&'()&*+*,&-.+1".[.=1l C62751&/1&7*01&A/(L(7THTH-*47&' (11 :6(/6(1! */6(1! %66*/*%617&-.+!

AS(%1*2-("1&4! %.1/101*)TII(+(75!U=IV=L4"IWE&)*4A5IX =180 & "#(%0)* &%+ TIHNBAN"K5!UOYT!
G?=G?>GZ[%G?3MMR)*45!X=1U=1.4"1J(+(75!U=IV=1;>2G2B#(%)*"#.)"/ +)TIGL\BGLN?5!UOYT!
G?=G?>GZ.1G??P#HI
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7(33(,+4'(83)'+7(&)19%1.<)%S$#' (%l 1H#SYH#8&S' (&)1%3'-&I#(26&/) . $&!I+)+.4411, %/ T+,'&T1%!!
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$%&!" (&) $*+,1*+-.&L1/1011121345!-6 7!8%&!B:+,I'$%;6+!6&,+-;";6&'1+*&!+-1&<)&,,&-B!
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5.2 Materials and Methods
5.2.1 Sample Isolation
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5.2.2 Photoemission Electron Microscopic Analysis

$%&!"(1)*+,-./0,112,&330208&1/+!,31/%&1+)4.58+!6&-&!78)1/030&9!60/%!/%&1+)4&!
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5.3 Results and Discussion
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141KI"#$%&' (2M!) 19R!)+1)1-&+85/R!19,&+11,/1.%,/,&40/")/'/%&!5,1<&-16)P&5&1</%+!&V/)401&9!
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-&<)-95&++!,3!0-0+!2,5,-:
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5 um

" #3%&) *"+,,-'.10#&1'23"  40%5'6%2789409'1:%2/0'/ &908212/&1'0:;<'A'=">??8/ '
084'@4.'='A(B'8/ CThe white arrow at the bottom left of panel A) identifies the direction
of incoming light. The black spot observed in the right center of each image is the result
of damage of the PEEM multichannel plate and is not part of the sample surface.
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:7&08&63.".; A) Absorption spectra for synthetic eumelanin (solid black line) and
pheomelanin (dashed red line) obtained from (Sarna and Swartz, 2006). Extinction
coefficients per monomer (B) were calculated from data reported on synthetic melanins
in A) (Jacques, 2001). The eumelanin (solid black line) is reported per DHI monomer and
pheomelanin is reported per benziothiazine monomer (dashed red line).
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not influence the measured eumelanin spectrum. These results suggest that the
monomers are modified upon polymerization to the resulting melanin oligomers. This
result is not unexpected based the work comparing the UV absorption spectra of
eumelanin comprised of different DHI:DHICA ratios to the monomeric extinction
coefficients (I"#$%&'() ). It is important to acknowledge, however, that all of the melanin
monomers are known to have fluctuations depending on the solvent and/or pH, but
generally maintain the spectral trends plotted in *+,-'&( .. (Ito and Nicol, 1974; Murphy
and Schlutz, 1985; Tran et al., 2006; Gauden et al., 2009; Wakamatsu et al., 2009). The
values reported herein for the DHICA and DHI monomers are taken from spectra in
NaOH (Tran et al., 2006) and deaerated water (Murphy and Schlutz, 1985), respectively,
while the BZ and DHBTCA monomers are taken from spectra in HCl (Wakamatsu et al.,
2009).

Mixtures of eumelanin and pheomelanin are produced in various ratios
throughout natural mammalian melanosomes (Ito, 2003; Wakamatsu et al., 2006;
Wakamatsu et al., 2007) and epidemiological data has observed increased incidences of
skin and ocular cancers for increased relative concentrations of pheomelanin (Vincensi et
al., 1998; Wenczl et al., 1998b; Hu et al., 2008). In the context of these observations, a
significant effort has been directed towards understanding the functional significance of
increased incidences of pheomelanin. To date, however, there is data that both supports

(Vincensi et al., 1998; Wenczl et al., 1998a; Wenczl et al., 1998b; Takeuchi et al., 2004;
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