O

"l #$%&
! !
) +1+
) #3%&
1,1 ,
+ 0.- 1 , /
!



! 3 4
.2
3 56 * 67
* *Hx 8) +9
8+ 9.
8 9*6* 4** *Hx 8+/ 9
3 %
L)+ 3 8 9*6*
8+/ 9 !
8 9.2 <=
!
| <=
.2
) +
! 8-0!-><0
56 *6 7

'8 9*6*

*/ ok 8<=90

*#*

8) 9

4 *



-><0 ? .2

4( 4 !
A4 2
) ! <= 31
L)
* 3 )
) -0* * 3 4
2%&@,9
+00#6 2%8&@, ) + +/ 1
C2
|
! 8
-0 C2 3
) |
2 M) -%#&B

) + 8+%#6 ! -%#&B

.C

.2 -%#H&B

)5

. C * 6H&B ) +



+/ .

%). 2

E+

. +%#6
! -%#
-%#&B
%:,* +/
!
, * * *, / +
@ *
.2 !
. -0*
4, 2

2%&@

! -> <0

56 *67

W)






-><0






......................................................................................................................... 4
.............................................................................................................. 44

F 25090 () e e e ettt ettt %

00.96) oottt et ettt ettt e ettt ettt ee e ettt et ee e %
DOH ST oo ettt ettt et ettt et ettt r et e e &
%.#.% - 3 e et "
VoAt <= ot
%.:) * g * < TR OT PPN %"
06..962 ) K ———————————————— %J

%.:.%.% , E ! T %J

%.:.%.# <4 0 4 et e H

%..#) * e ————— #;



Q0.0 .00 e #"

%.: . #.# 4 ( 4 B 209 ... e — $
%.:.#.: 8 9*6*+ 4 *:* *H* 8) 9., #
%.6 2 3 USRS :6
%.6.% - 0 8- 00, s e :6
%.6.%.% PP 5
00.6.00. 8 | e e e e e e amn e e e na e e e e aneeeeeannes @
00.6.90.0 1 e e e et r e e et e e e e e st e e e et e e e anneeaeeananeaeaas 6%
00.6.90.6 i e e r e e enna e nee e e e anaes 6#
%.6.# - > 0 8-><09 ... e 6;
%.6.: ? B /9 e s 6"
+ 2-0#(8 O*6*+ 4 *:* *Hx 0 ) e "
0 L i e ——————— e ;;
#.%.% ) + * e e ne e @
#%.#, )t e &&

#.%.: ) o ———— &J



B0, e e e @
o e e e e e —e— e @J
g T @J
HHH BI*6*+ 4 ** *H* 8+/ 9 "$
HHH#H.% D*6*, *H* R G, e e "$.
HHH#H#2 8 ** O "%
#HH#H. 8 9*6*+ 4 ** i "0%
. e "0
D =~ e s "H#
e e "
B ) e e "
#HH.@ , B, D i e "6
HH" S "6
##JO0 * 3* 1 = 1 "
B 00 O 4 e "

HA9%-><0



HAYOH 2 e ———————

FAE 0. - 0 it e e e e e r e e e ra s "J
PP J#
#.:.% 89*6*+ 4 ** *H* 8+/9 J#
HH -4 e J#
#.:...C ) e —————————————— J;
#...%, 8, D i e J;
PP J;
#.o0 O B e J;
#.:.6C ) e %Yot
F.B.00 e %%#
FBH O % B e %%#
R O USRIt %:$
R S O TP UP PP TPPPPPPINt %
N () UPURISURROS %:@



#.6.%2 56 *67

#.6.#

K .
2.%.#.% - * *
Q. HH> +* 4 (> 4
H E
4
+ 8+ /9 +
5 T
L R
LH **x [8

L H.% @I@K*

........................................................... %6"



LA @I@KY 8 4

Lo BAORSI SKF8@I@K* ¢

................................................................................................................... %@&
T T PSRRI %@"
L e e ——————— %@J
L USROS %"$
) s e e e ann——e e aar e e e e %"$
1356 BT s e %"$
e @ e e e %"%
O OO OUPR %"%
RSP %"#
2 PP PPPPPPPPI %"
1. &.% i e ene e %"
L %"
L&IBB BT s e %"
LD s e ——————— %"
O SO PRPUTPRPRTPIS %"&
@ e ——————— %J$






%.%(
%.#( D + <= e %6
%.:( <= 3 PR P PP TUPRP %&
%.6( -4 E8 Q. i %@
%.;( s #@
%.&( 1 !
............................................................................................................................. 66
%.@(L-s M e %
%."(2 ? * e i
#.9%(< >0 e J%
#H(< ? e, J%
#.(, ! . E' ) 4t e, J@
#.6( ; E )+ BN, e, %%:
#.(, M E' )+ P/ \\ %%:
#.&( @ + *) et et eee e e e e e e anees %:&

#.@( ? ) e, %:%



90.90( -4 e #
%.#(, 8 9 8 9 ;
T (RSP @
%.6(0 =89!),8/ 8,9 i J
%.;(0 ) -89 ) Bl %%
%.&( e, #$
%.@( P #%
%."( 4 #:
%.J( e #&
00.968( e #J
%.%%( 20, . e %
%.%%H#( ) USRI
%.%:(-0 s &
00.906(12 O i e ane e e e e e e e arar e e e anreeeeas :J
%.%;(

O TP O PP PPPPPPP 6%
%.%&( > et e e e e e e nees 6:
%.%@( - YP Qe 6@
%.%"() ? ?



%.%J( ? * 4 e, .6
#.9%( ) F e, &
##( )+ 89 8 /(: @29 8/9 8 /(:>9.:J
#.:( ) + 8 9

T T &$
#.6( ) + 3

A - T (RSP &%
#,(-0 * * 4 ) +.

............................................................................................................................................. &
#&(89,C-08:; +39 % %> <0 @ %)

8/9 x> <0 *) 5647 +/ ........... &;
#.@( < -0 * C2

3 F e ——————————————————— &"
#( ) + ) TS @$
#.J( ) + ) JE TP OO @#
#.%3%( ) + 1) ) PP @6
e O T TP Q@@
#.9%0#( * A e ) "@
#.%:( >0 +/ 8 #<IBBD +39. i J
#9%6( * - ) e e J6
#.%;(, )+ J&
#.%8&( x 3 0 ) +

@ B e e e e et eieeeeeeeeeeaetteaeaaeatattttt——————————————aaaaaaaaeeees JJ
#.%@( x 3* -0 ) +



) 8 9 B Do ettt %$%
#.9%J( * 3% - 04 C2) +
@ oot ———— ettt e eeeeeeeeetaaaaaa—eaaaa et e ———————— %S$H#
#H#$( * 3 -0 C2) +
@ .o et et ——e e e e et %%$:
# #%( * 3% 0 -%H&B ) +
@ D oo et —————— e ee e r e —————— %$;
#.4#( * 3* -0 -0o#&B
@ D oo et —————— e ee e ——————— %$&
#4( * 3% 0 “H&B ) +
@ oo et —eeeeeeeeeeeeeettet et —.————————ttttnnaaaaeeaeeaeeaatare———— %$@
#.4#6( x 3% -0 “%H&B ) +
@ oot et —eeeeeeeeeeeeeettet e ... .————————ttttnnaaaaaeaeeaeeratrree———— %%$"
##( x 3* -0 2068@,
@ @ oo ———— e et e———aaeeeer et —————— %$J
#H&( < 3 * C2
-%H&B ) + ettt ettt ettt ettt %6%%
#.#Q@( * 3% . 0 4 ) +
@ @ e e ————————————— %%
HH( x 3* -0 4 ) +
@ @ oo ——— e %%&
#.4#( * 3% 04 ) +
@ . oo et —————— e e e e e e e ettt —————————————————————— %% @
#..$( * 3% -0 4 ) +
@ . e ————— e %9%"
#.:%(- 0 * 3% 4 +96#6

@ @3 s %#$



#.#(-0 +00#6 ) + +/ 8 9 ) 8 9.

........................................................................................................................................... %#%
#.::(-0 * 3% 4 +%#6

@ . e ————————————— 1111111ttt et ettt e e e e e e e e e e eeaenra e e e e rreees Yottt
#.:6( * 3% - 0 -%#&B
(S (o PP PPPPPPPPPPPPPPTP %#6
#.25( * 3% -04 -%#H&B ) +
(@RS Y%#;
#.&(890 -%#&B) + +/ 8 9)

8 9 8 9.8/9 * * SYOHEB. i %#&

#.:.0( * 3% -04 -%#H&B ) +
@ . et ——— 4444444 bbbttt — et e e e aae s bbb bbb e e e e %H@
#.Z"(< 3 *

C2 -%#&B) + PP PPPPPPPPPPPR %#J
#.:( - 0* 4 )t %:%
#.63( - O* 4 )t ——— Y%:#
#.6%( :; +3 -><0 B %:6
#.64( -><0 *) % e %:;

#6:(R * S 6.#') + 89 *
8/9 * e ———————— %:"
#.66( * ? *

@ ) T %6%$
#.6;(-0 89 * 8/9 * Y+ %6%
#.6&( * S * @

) + F e —————— %6:
#.6@(0 * S %;$'.89< * ) +

+/ .8/9 * ) + +/ .89
| s e —ae e %66



#6"( *
#.6J( 2

1 %(

L #(

(0 E+

.6(0 4
Li(

. &(

@( %*>0
L -
-.J( R*

1.%%$(0 4

1.9%%(0 4

*

13 =

PP, %"

e %"J



6*

6*

%*

%*

4 *

4 *

*#*

*#*

*4

*4

*-%

*-%



)/

0B

Cc2

Uor+ AXHY 8
+
)
%* 4* *4
#* ok x %
6* Kk
# o ox x %
Op*+ 4 kg kg
8 9*6*+ 4**
) /
H* % %
4%k x %
*
0 * 3*
C

9*

*#16*
9*

*#*

#16*

6*

*6*

*6*



#$ % &

&(&
)
2
!
8 9.)
4 #,1$5$
&(&. 2
.2 (
8 9 8
9! 8 9!
! 8R9
)
! O%* 4 * *4 *ok
2
I D
W )&+, 4 Ex
4

.2
8) 9
4
8 9l
9l 8
* 8 9 8%T69.
8<=9 |
8#! .1 &9. R
) 8@9.
) !
. ) *l
.2)
2 3 )



isopentenyl pyrophosphate

|

geranyl pyrophosphate

OH / \

CH;0.
o

CH30 (CHz-CH=C—CH2)nH

OH s

ubiquinone.
\J
OH
\l/\/\r\/Y\/\(\/ |
phytol of chlorophyll
HO

el (

dimethylallyl pyrophosphate

CH,0H

A=0
0—
Il
o

HO,

steroid hormone

carotenoid

sterol



&(& -



3

8@! JT%%9.

) ar+.)



O

/JJ\ SCoA

Acetyl-CoA
l Acetyl-CoA thiolase

0 o

.

Acetacetyl-CoA
HMG-CoA synthase

0 OH g
Howsm

HMG-CoA

l HMG-CoA reductase

IV 0 oP
/U\>\/\ Mevalonate-3-kinase /“\ '!}
HO OH T e T ity T

Mevalonate

) Mevalonate-3-phosphate
Mevalonate-5-kinase e

phosphate-5-kKinase

0 OH
# ﬁ 0 P
|
HO 0—P-0 x N
HO™ op

Mevelonate-5-phosphate (')

Mevalonate-3, 5-biphosphate

Phosphomevalonate Mevalonate-5-phosphate
kinase decarboxylase
Mevalonate-3,5-biphosphate

decarboxylase

H {.':
Mevalonate pyroph osph ate lsqpentenyt phusphate

Mevalonate pyrophosphate Isopentenyl phosphate kinase
decarboxylase

Isopentenyl pyrnphalphain )\\/\
GF’P - =~"ppp

Isopentenyl pyrophosphate Dimethylallyl pyrophosphate
(IPP) (DMAPP)

Coar )+ ) + (
8J9.



2 <= ! |
) |
3 ) I 4 x  ox % *G* 8§-9 *
I Kok
)" &(O+ 8#! 6! &9.
)
<= %JJI$H . 2
) %: * | I
-)
! ! !
4 8&! %#! %:9.
- <=
) !
<= : 6
!
Op* 4 *
4
|
<= 8%#T%69. ! !
+ % ' H

.) ! 8%:! %;9.



0
0 | o
)1\ .+ H Y To-p—o
cog® |

H o

Pyruvate D-glyceraldehyde-3-phosphate
1-Deoxv-D-xylulose-5-phosphate synthase
(DX5)
OH

(o)
Oz, /“‘wcl_g_cla

[

OH 0° 1-Deoxy-D-xylulos g-J-phosphate
1-Deoxy-D-xylulose-5-phosphate reductoisomerase
{IspC)
HO, CIJ
Tp—p—o®

OH GH  &F 2-C-MethylD-erythritol 4 phosphate

i 2-C-Methyl-D-ervthritol-4-phosphate cytidyltransferase

{IspD)
i
.
H
%, g i N =
r 0—P—0—P—0 g
aOH  OH ,:',C' 5'3 4-Diphosphocytidyl-2-C-methyl-D-erythritol
HO OH
4-Diphosphocytidyl-2-C-methyl-D-ervthritol kinase
(IspE)
NH.
D = N
Po—P—0, o a ( La
O G O R : :
(LH H PLI (fj 4-Diphosphocyiidyl-2-C-methyl-D-erythntol-2-phosphate
HO OH
2-C-Methyl-D-ervthritol-2.4-cyclodiphosphate synthase
(1spE)
1=
HyCo AP0 0
- /"--.._D/ "‘DS
HO  OH 2-C-MMethyl-D-erythritol-2 4-cyelodiphosphate
i (E)-4-Hydroxy-3-methylbut-2-enyl pyrophosphate synthase
{1spG)
" 0—F—0-—P—0°
OH éf" o (E)-4-Hydroxy-3-methylbut-2-enyl pyrophosphate
{E)-4-Hydroxy-3-methylbut-2-enyl pyrophosphate reductase
(I=pH)
o o Isopentenyl [
P . Ao dod o
le g pyrophosphate o R O
Q o 7 o o®
isomerase

Isopentenyl pyrophosphate (IPF) Dimethylallyl pyrophosphate (DMVAPF)

"&O - (



&1+ 2 3

4 * *4 *;*
!

8%&T%"9.

8, *-9 )"

8% @! #%! ##9.

1$%&

%*

<=1

#*

#y O HA

()

| <=
4* *A *’* |
8 A A
)
/%9 4 8 /&9
-k

+

8%@! %J! #$9.

Rk 4

*#* *

#A #A

%*



A. I /\_g

-_jt
TPP S Pyruvate COOH
B. oP
OPP K/OH
COs o = |
A
N%K DOXP
*S;S
OPP OH
H\N/]\/OF’
0
D-Glyceraldehyde-3-phosphate
|
R Oy ?H C.
N%/\/OP (”J
¥ o 0—P—0-p
o
HQ, T‘J
OPP Aﬂo >—0
L OH OH O
OH MEP
J\)wop
@]
OH
DOXP
&(1' % Jy+2 )

8% @9.

OH



(!

o

8:$! :%9. 2

6*

A

&(0(*(0 8%@! #"1 #J9.

) +.1 )

, 3&

. &
*#* * * *#*
S ) &3 +( 2
H#A 3 8#:T#09.
-&( " . 1&
3 <=
* * *#!6*
#A 8#&! #@9
3
4 *:* ok 8+/

, 2& '

8-

**+

3
-+
9.2
)" &3 +.
9.2 3
-+
3 *
)



&(3' %
8#:| #@9.

NHs
0
0-P—0 SN
P 0 0
i, o K”<(\O—I|:|’—O—Fl’—0 L A
| | gt b
ADP OH OH o o
CDP-MEP
HO OH
NH,
o N
Y 0 s =
—pP = N
_-“O \4/_(\) 0 \\ W 0
[ o—p-0-. 7
| _ o
OH OH 0 0 (8]
; OH OH
CMP
HO  OH MEcPP

") +(



3! ! 2
<=
&(*
2 ,
<= 3 * !
* | * *
) &0+ . 3 8 9l
#*  **86* o**86* 4* 9%6 2*
*@* = 8:#T7:69.0
= ) 8:; 9
! % " 4 &
3 1),
8:&T:J9. )
*6* I3
3 86$T6#9. > *
) - 86:9.
2 3 <= 1) |
8, 9! 3

3 * 866! 6;9. ) !

! ) 86&9. 2

3 5%!:*



8:T:@9.

)

8:69. )

U*

&(1+ 8;$T;:9. 2

)

8%J! :J! 6" 6J9.



-1$

&(*'45 #

8;"9.

<3

%

%
%

%




&(*

6 4




&(0' -./$

(

3 1;*86* 4* 9%6 2* 3 5%L* 7 *@* |
-/ N
I 0J$$$J"
* *6* | 3
, I3 3 3
!
+/ [ |
OH
- 8 PN
N e
P s
T \/\/\\OH \( F{ OH
O OH 0 OH
Fosmidomycin FR900098




% 4

% 4




&(0 )" +

) + * )
I
) * 3 *
!
> ! %J&$ .2 *
8 #9, /
* ] |
| )
* G 8 !
| | 9! | | E
8 + 4< <+ 9! 4
8,<9! 8> 9 ! 4 2
8:J9.
2 ) / 8)/9 *
( 4 * *
* c ! 4 * 4



) 3 ! * G

5 7! SH *# 7! S5r % 67 56 *6 7 )" &(9+. 2

#7008 % 0§ & -

: < #!
E * ) &(+.)
, 4
8 * L 96  BEMT )
8 >09 56 *6 7
St #7 ) 4 56 *6 7
5. %67 |
8&Y6T&:9.
4 "
4 8&609.
: 4 5: %6 7

5. *6 7 8&;9.



&(9'

A. Single non-heme iron \Fe/

B. [2Fe-2S] ) “wre” DFer”

(Cys)S'
e e
C. [3Fe-4S] S/le !
Ls/ “5(Cys)
F S(Cys
(Cys)S”
(Cys)S.
2k ,/F = S
D. [4Fe-4S] Sfpeﬁf(c)fs)
— | —Fe,
Fl;!/ "s(C
— (Cys)

8&&9.



SH

=
/' ‘\“" SH
RS SR

S
k. S R B ot SR
/Fe_ﬁ 7 Fe\ \Fé “Fe \\Fe“--.
RS 9 8 SR rRs” s . SR
o \ S— Faf pH=95
e 57
Fo—|— Fed+, e
RS~S e Fé& G S 8
5 \SFI \ Flm;}(FB}/\’IJEH
Rs~” ""‘-S|f 1
4
&S " (
8%9 5 7! 8#9 5# *# 7189 5. *6 7! 869 5 *7 89

56 *6 7. 8&@9.



4 4 4
A% 4 , 4 8 HAE:A
"9 * 4 !
"&(; 4
A% A# S#H *#7 '$ A% 5:*67 A% A#
4 * 56 *67 I A# A * * 8+ )9
56 *6 7 .- 4 I
2 4 *
4 | , S#H *#7 +
! 0 .0 4
SH#H *#7 !
4 * 4 !

*$.&$R A$.6:R )" &(<+8&'T@$9.

- 0 8- 09! - > 0 8-> <09!



© 8=0 8=1p
L g 1+
4 ‘ EE-'-; e ‘
¥ guip ¥ c.5
1+ 0




2 8 AQ
P # 2
) 4 3
* 3 A
S# 7 A * 3
P %E#
A
P %E# .2 5 %7
3 #.;AE #.oA 8
P . E#
4 3 56 *67 A
P;. <
#.;AE #,A 3
P;.2 56 *67
PS$
BAE #A L C 56 *6 7
P %E# FAE A
4 *
67° ” P 6

A# A 4

SH *H T A

P$. 2

%A

P #
#A AQl P JE#!

A2 56 *6 7

P %E#. ) AE A

#A

P JE#!

P %E# E# .2
P 6!

P JE#. 2 * 56 *

#A P$



*A8 P 69!

8@NT@: 9.

&(3

8;J! @%9.



= [Fe(Cys)4]2+f3+

1+/2+

—_— [2Fe-2S]
e [2Fe—28]M2+ (Rieske)
[3Fe-45]"""
[4Fe-4s]™""

[4Fe-4S]"™" (HiIPIP)

500.300.100I—100I—300.—500I—700
Potential (mV vs. NHE)

&(<' 4 (
8889  (



&3

8:J9

S5#

#7715 *67!56 *67

SH *#7

5" *@ 7

56 *67

56 *6 7

56

*6 7*

SH#

i

56

*6 7

56

*6 7

56

*6 7

56

*6 7

S#

BT

56

*6 TES# *#7

>0

56

*6 7

)0

S#

i

) 0

56

*6 7

4 (

56

*6 7

S#

BT




5. *6 7 #A

“hg&:! @6! @;9. 2

4

* ! &6#
* %"$N HE

) &(&=+8@@' @"9.

+

56 *67

3 56 *67

4 4

%$%0! .2

@ #A

8@&! @@9. 2

#A

4 *



o HB
0. (His101)
L H OH
=
HO=" COO g Fe

~

p O
oLy oo

__‘c—CHa

HO




4( 4 56 *6 7 3
4 4.) * 20
56 67 A 4* 8@JT"%9.
2 20 4
)" &(&&H(
56 *6 7 A -0
!
-0 56*7 * .2 56 *6 7 A
o .2
4 | 4 2
4 I
4! 5 6*67 " |
20 8@JT"%9. - 0! ? l><0 4
* * 56 *6 7 A
+ )% .2 56 *6 7

* 8"#" 9.



+
[Fe,SaP [FesSa*
S5(Cys)
/ S{Cys}
(Cys)S T7F (His) (Cys)S
1 -
Fo) B | e 2E e th)\ 5/ (H'S? S
:{C}'S']S"'; Ej / S{C‘fsl é/ Fd d {Cys}s 1 c s
"7 sioys) » :_/ —S(Oysf (OY9IS ¢
\ /
S‘{Cys )“‘—-—(Pro) S(Cys)— (Pro)
5-
“5—Trx
[Fe,S.P* [FesSa**
S(Cys) S(Cys)
ys}S (His) Cys
{pm S/f S(Cysé A il {Pm S/f / S
(CYS}S | (Cys}SUS—uTrx Fdred {Cys}s L#__,S{Cyg} (Cys)8—S8 —‘[’rx
_—IPrag) I{
" &(&&I $ n %(

8'$9  (



LY , O-
) ! -l 56 *6 7 3 3
# Xk ok *#16* 8- 9 8 O*6r+ 4 **
i 8+/ 9 <= )" &(0+. 2
8#"l #J! "69. !
.2
# : = ?
) ¥ )
* | |
8" "&9. 2 )
: 4 -
56 *67 *A , 4 .2
o 2
4 . +)* 56 *67 A
#oo- .2 4
4 +/ ) &(&*+.
- 0! 8+l ,<0 9 -><0

* 4 86@! "@' ™9.



0
0 o0 O\ i
i | 0-p-0- ) HO— P—g_ 0
o © N ‘o H HO ’JP\O
5 !
OH ~OH — L @ 0
e OH O 5
—E232 gl oo J
S—Fe O /| /Fe 07_ S—Fe o
/ | F S / | 232
Fé——s S Fe——-5 o
/e 78 /:e 7 /e 78
S——F¢ S—Fe st—r¢
[4Fe-45]2* [4Fe-4S]2* [4Fe-45]2*
+g2°
% 0
s i
P-o._
e ~""opp HO—. HO =4
HMBPP " .
OH H o4 HMBPP \‘—ﬁo 0

avil
Fé—rs g

[ fe|—s HD e o ‘ —E232
/ e|l—s 0

0
SE—F¢ “r—E232 |
94 O S—Fe/
[AFe-4S]
[4Fe-45]2*
" &&M$ 6(

86@9.

+g
7 o

Fé S HO
e— “r—E232
/ / 4
S—F¢
[4Fe-45]3*



&(1

8- 09

> mn
* [
* 3 2 *
) D 8- 09!
8-><09 7 2
/[ + >
1 2 1
( , (-
- 8- 09 !
O % J66. -0
) 3
-0
[ I 4*
.2 T Il
! 8 P %E#9 8 V %E #9
4 .2
.20
3

-0 8"J! J$9.



*11

&(0(&

*

)

&(&0+ 2

8J%9.

-0



£-value

2.2 2.1 2.0 1.9 18
£ T T T 1 I 1 I T
20-70K
[2Fe-25]
5—10K
J [3Fe-45]
5-20K
[4Fe-45]"
5-20K
[4Fe-45]*"
| 1 | | | 1 I | I
0.30 0.32 0.34 0.36

Magnetic field (T)

" &(&0' $% (
8J%9.



> ? @&

8/

-P* /g

-qPQ Uls

*oP*Q Uls

J*%$ +3 8=*

$9

9

)"

&(&1+ 2

!
P * %E#

(

8%9

P A %E#.

8#9

8:9

869



8;9

L-P sP 8:9

8 X9 8 X9. 2
o 889
X XAX s@s
X
!
X X -
> P8A QP s -

@ +39 558 9 !
" Els 8%6$9
P$.@%6E/s 89606
P & &H&YWFY GP J.#@6Y%FY ™

Z BCHI * |



— +V E = +%g.BB,

AE = geBBO

_— T
(..........................

V2. E =-Y29.BB,

B=0 B=B,

"&&1 ? (



3. n

&(&3



(b) AXIAL (c) AXIAL (d) RHOMBIC

(a) ISOTROPIC

B SR 4, g, #0,# G,

Iy

=Gy :gz

9

JAILYAIH3EA

NOILJHOS
o Sy NOILdE0SaV

MAGNETIC FIELD

&(&3'

$%

(

8J#9



) -0
.2
2
L- 2 @? A5B
2 ) #, A%
# , A%
/ $
O

)

)" (&(&9+

&(9

-0

8%#9



+7209B(By+B,,.)

/\

A
A +1/Eg B(BD-BJGC)

\ Y '%QB(BD-BIGG)
Y

"I//EgB(B{}—I-BIﬂc)

/\

L &(R9 @ (



&(9'!

)
%! # %E#!%
%: %E#
%6! %); %! %E#
%@ JE#
%J %E#
% YE#
E#
@ E#
@; E#
Q@ %E#H
@J!' "% E#
%H@ E#
B! % & @QE#
” E#
@ %E#
J @E#
&% E#
&!&; ‘E#
J;1J@ E#
% %E#




-0 3 1
.C I
* : -0
8 * #$3*,$$ +3G  @*%" 29
) !
.2 ) &9+
I * I 3
.-><0
8J:9.
2 -><0 -0 >0
.) ><0
3 -0 >0 !
C+
+ : P %E#
)P %E# + 4 (
+P U/ * UNHA) 8%:9
U G
2 O 8

\%$ +39! O 8%*%; +39



* 8%*%$ +39. -0

L Pl%!L yP$! -><0 (L PS$IL ,
Pl %.2 ! -0 -><0
" &(&: .
2 4 (
-8 9P U/ * Ul HA ) 8%69
-> <0 ! -0
4 1 ! >
/.
.-><0
! .2 > <0 1
s
8 E#9 # > ) 6")
><0 . 4 @ YP%E# -><0 4 )
> <0 ! O 81 9
.2 I 1

8J:1J69.



; -hA/4
e 87 f
* 729508y, ENDOR
'I 1"'."'!/‘:&‘
+Vai L £ +hA/4
= ; "éganB EPR
} =
'=. + 72808, ¥ +has
VAl {
3 " EPR
' ENDOR
‘fzgﬂﬁaﬂ' +*l/
'%gnﬁns““ L i L J 'hA.M‘
Electron  Nuclear Electron-Nuclear
Zeeman  Zeeman Hyperfine
&(&:' AB A B(
8369  (



. 46 " 42-

? *
2
3 4.2 2
4
%%J! %#%! %#;2! %#j_ < 2
4 ? 8J;! J&9.
? *
.t
.
*
? ”
2 4
8Mo!
? )" &(&; + .2
2 *

66

#A

@ | %J‘)/o| %J@)



A. Electrical monopole interaction

A

E| "t E A
s 1
I=1/2
EA - E S —
N

|
" &(&;' 4C
4C

B. Electric quadrupole interaction

ml
=312 AEQ

—l-+l/2
=12, _I_I_+1,2

C. Magnetic dipole interaction

©

8J&9

m,
+3/2

+1/2
-1/2

=312

-1/2
+1/2



8L-89

)" &(&; + .

A% )

)" &(&; + .

A 80,2

#A_ 2

8J@9. 2

)

&(:+(



&' D

<4
6A

#A

8J;9.

E

F

%

‘E#

‘E#

Y%E#

*8<!>9

*8<I>9

L-s8 E9

$..%%.$
%.$*#.$
$.:%6.:

$..*%.;
1 %.$
$..*%.;

1$5*.&
0. *#.:
#.$*.%

%.:*:.$
#.$*.$
#.$% #

" %.;

M8 E9
$.$*$.%

$.$*$.%
*$.H#5+5.%9

$.5,*3$.6;
$H4$*S.;
$.6$*3$.&%

$..$*$.6%$

$.9%;*$.#;
$.%%5*$.#;

$."%0.$
$.8%*3.@%
%.%*%.:

$.:*$.6;




& 4c S

8J@9.
5 7A A ‘E# $.:# $.:
5 7% A # $.@% - H#
S5# *# 7% |# A $ $.H@ $.&
S# *# 7% Al A WE#H $.0:1 $.& 3.8 #.@
5: %7 % | A Y%E# $.#@ $.&:
5. %7 3 a "E Apt A # $.6&! $.:# %.6@'$.:#
56 *6 7% |a "E Abl# * | %E# $.:1%." %.:#! %."J
56 *6 7% |#a ™E b $ $.6# %. %
56 *6 7 |a ™E Apl# A YE# $.6! $.#J %.$:1$.™

4 * aTbh



MP $£@ E

&(&< 4 ? *
S# #7 A
A2 B *HT A 4
MP$:$ E 3
E * 3 #A o)
MP $.#@
A L0 5: *6 7 $
E A D MP$6& E
.2 *4 3 56 *67 A D
A MP$6 E
56 *6 7 #A MP$
#.;AE #.A .2 56 *67 %A
HAE #A MP$.&# E

MP $.@#

5: *6 74

MP$.:#

3 #.;AE #.A
M P $.#J E
#.;AE #.A
6; E
MP$6J E

e A ge@!J"9.



B

&(&<' 4C

_ Absorption

T T T T T T T 1

[2Fe-25]% % E ¢

Al
.|; y
- , Fe2* R
[2Fe2S] ‘ Fe [/ % ‘f
'u"‘ WO ;
[3Fe-4S]* “\. '/'
.I EB!— "
...—--v—"\-—-v-.#-—-\.\ i EZ 5+ /’.--‘w——"-
[3Fe-4S]° ’—‘FEM

oy ' Gy
[4Fe- 4513*1'? } Fese P00, | by

-
1 4 + % 2
A ¥
+ 3 "
at A& T

+ gt
+ +4 =+
- - +
+ 1"_‘ b : B
5
+a
— Fea25+ i ey, —]
[4Fe-48]2 1Nl

- A sl /,w»um~
[4Fe-45]"* '1 FeZ5 |

Velocity (mm/s)

8&@! J" JJ9

(



#$ %* ') +1# ,0 * % #
*(& !
) +! 1/ 3 <= 3
#+ AE # 8 OFG* 4Rk K
8+/ 9 8) 9 8 9

&( 08:$! :%! %$$! %$%9.
2

E 4 4

>89+E 4 E 41
86@! %$#9 (2 3
3 8 ! !

9!

%.J; d % 8%%3! %$:9.
> 4% 4 x4
%% .6 d
3 8%$69. 1 ) +!
31 3
) ( 6(% &.:(%8

R 4

)
E 4!
9 3 8 *
L)+
&.&d % &N,
) +
$.@d
*% *%
)
)
%$$! %$69.
) +! 3



Tt MGGMSGLR
Ec M
¥p M
Ve M
Mt MAEVEVGP VAQGYASGEV
Pf DIHEEDGDHK NDVEINQKRN EQNCKSENDE KNENARDEPNK
Ba M
RAa MV
At YNRKGFGHKE ETLKIMNREY TSDILETLKT NGYTYSWGDV
H41
Tt RL---—-—- RRE RRLADTVVFS QAAFRMGLTV-
Ec  ———-——- D-- ---GAILIFS EAKSRDLTV-
¥Yp -—————- D-- ---GSILIFS EARSRNLTML
Ve  ———-——- D-- ---DNIVIFS EAKERSLTV-
Mt —————— DPP PP-GAVVVFS GADERGLQV-
PE --————- D-- ---GHILIYS IAKKKKLIE-
Ba ----- LDILD KIDSGTVIFT RAKEKGLTT-
BRa  ————m————- --EGDTVIIR S ALRKKGLKV-
At ———--—————- --KDDVVILP [JFIGAGVDEMY VLNDKKVQI-
E126
Tt EGYWILLI Y[EEAPERTTIL VAVHTHVG--
Ec RGEESILIE- YSNPEG- -GMYLVES--
¥Yp KGKEAILIE- YSNENG- -GMYLVES--
Ve  KHMEVVLIE- YASDTG- -GMYLVEK--
Mt  RGDTVVFIE- LEVAPRST-- —--LLVQT--
Pf ENYDITLIe- YNEAPHC--- --THIVEN--
Ba EGYHVIYIE- VEIAPDI--- --VHLIER--
Aa EGYFVVLVE- LEYLRACNG— -KGIVVET--
At CGEYTSVIHE- ASFAGKYIIV KNMKEANYVC
167 1168
Q166
Tt  VEVPDPER-- ——-—-—-——-- w LSVD DTLATIATLK
E¢  --VKNEEK-- ——————-—- LS LSVD DTSDVIDALR
Yp --VKDENN-- ————-—-—- c LSVD DTSAVIDALN
Ve  AKVKDPSN-- - —————-—- 1H LSVD ETADVIDELR
Mt  --LPEGTQ-- --———-—--—- LS LALD ETADVIDALR
Pf --FPLNKK-- ——---—-- LF LSMD DCALIVQKLK
Ba --IPTDK--- -——-—-—-—- IL QW DVQHIMEDIQ
Aa  KHER-———-= ———————o ve EE FFKEVVGEIA
At KFKYAISKGF DPDNDLVKVG KG ETEEIGRLLE
Tt D EWVKRIAPK- VEAFLJLTSP
Ec D EHVRALAEQ— AEVV SK
¥p D E.'VRNLAND- ADIV SK
Ve D DHVRILAEQ— VD ESK
Mt D R;LQSMVGE— CDVV' I!SC
Pf 8 T LNKICTK- CDLTI{VESS
Ba E EEVAKQADV— ADLTI P
Ba T ESVKKLAPE- VDVMIMIcCGK
At T DIYELVEEK IDIML{GVEGW
*(&' >
.21 6
9 G RI< G I
G/!'5 G ! G
 %%$%e "$e

VHTEAKRYAK

VHMEVARASR

VHMEVARASR

VHMEVARASR

VHAEAARFAA

VHVYVQMKAK

THDLIEAKKA

VHEAVCQLTR

VWNTVEKHKK
—————————— KDPRLADPRT
—————————— --PDDVWKLT
—————————— --PDDVWQLN
—————————— --PEDVVSLQ
—————————— --PADVAALN
—————————— --VNDVDKLN
—————————— --ADDLKTLE
—————————— --LEDIGEAL
DYILGGQYDG SSSTKEEFME
KRFPKLVVPS R--—---—- K
KRFPKIVGPR K-------- D
TRFPKIVGPR K-------- D
RVFPKIQGPR K---—----- D
ARFPTLGQPP S--—------ E
NKFPHIETIP S-------- G
KKFPTAEF-- H-------—- K
LWVKEVKV-- I-------- N
TTMMRKYGVE NVSGHFISFN
LAQSL---VG RAYRLERPEE
LAQRM---GK RAFLIDDAKD
LVQRM---GK PAYLIDSAAD
LAEKL---GT PGYLIDCPQD
LAQRS---GT PAYLIDGEDD
SSQIR---NV PAVLLNTVHD
VSQEI--AGT KAYRVADVSE
ISKEL---NP NTYHIETAEE
ISEAR---GI PSYWIDSEKR

#
G-!
G |
!



4 3 ) +8%S$:9.

) $ T
2 ) +8 | &#%#HI @;
: : < ~%#&!
+06#6! +6%! 2%68@! #E, SHH@ D))+
3 2,
) ,
" x& 8 ) 9
56 *6 7 8. ( , ook, rmrmh ks
8%$69.
2 * ) +
) 13 f g hEU 8 %! #
9 8 .%$ N4augNg  5:*67
: ,%# J& ,%J@ 8,%:! ,J&! %.J: 9)"
3
) 4
2 ) +
) 3 -%#& 4 .2
! +6%! +06#6! #it)!
SHE@ 8+61 +9#6! #HW! St 9.C 3
I : #$ N
% # 3 )" *(0+.)
0J* %$* %% %$* %%* Yot

*

*(*+ .

%)@



8 9 ,%J8 9 )
8 9 8 9

8%%$&! %$@9.

2 * -
* ) + 5:%67 |
-0 *
o)t ! 56 *
674-0 4 56 *6 7 )Y *3+ L)
8%$:9.
? 3 ) +
56 %67 .2
#.;AE #,A 3 4 * 3 #AE A
2 #A L BMPS$6# E L- P %#% EQ A 8MP
$@ E L gP$"9J E9 *
C A 8BMP$" E L- gP%J@ E9 4
* l:>E<. 2
+/ * 3
* W MP$&6 E!
+/ 8%$"! %$J9.
: 3 * )+ +1
56 67 .2 +/
56 *6 7 4 4 |

4 4 )" *(1+ . 2



)$-

)$-'0"+ )
+



!

)+
8%$&9.

IspH
A. aeolicus i
( ey AT




T167

E126

"X - #
#4 $$)$- ' 0G ;+(



8 -0o#&! +%#6! +6%  2%&@9
.2

8%%%! %%%9.

+/ )
A I
) + * * 3
3 4
4 -0 56 *67 A ) *(3+
+/ * *
)+ )" B+ .
2 I
*)! * #%@:! #.$%:! %.JI@. 2
20! + ) 8"'$!"'@! %$:! %%#H9. 2 -0 !
8 4 +9 ! 3
* * 8+ )9 56 *6 74
+) 4 3 ) +1 20! + )
+)
#$'. C ) +! 20! + ) #$
%S$' 2 +)* 201+ )
56 *67 A



10K 70K

1 L 1 M 1 L 1 i 1 " 1

300 320 340 360 380 300 320 340

Field (mT) Field (mT)
n *(3! $% , ) n
#(
8956 *674 * 3 .8/ 9 ¥

* 3 8 9 @ * 3 8 9. 8%%:9.



) + -0 20!

% 4
) ! !
-0 * *
-0
* + )%
:%*_> <0
$.%@ +3.2
+/ !
x4
#yx * I 4
.61.) 6 4
* 8%%$:9. / +|,<0-
+/1 H »e
*<
-%#&B ) +
W)
56* *@7*+ *e
) ! Y4 -
) +

AN *
3 -><0
% )" *(9+

,%

&.& 1. x> <0
56* #+7*+

6 +3 ) K9+ 2

+/
c2) + 56+ %@7
<2
+1 ,<0-
+/ 1

. C W)

8 % +39 8%% 9.



00011

1

00911

00811

00071

-1.0 0.5 0 0.5 1.0
v—v("'P) (MHz)

" %9') + 8 $% )03 6# +
(O)+$ # @-%
#4 $$(
8%%$:9.

00zl

B ~WW%G
WWWM\WMG

%MMWMG
MMG
MWMG

It S dng S Y
N T e
Mﬁ
MG
T T T\ e
T T T
i N i N
MG
MG
T N N e
.\_‘MG
WMG
W\'\MOG

0.5 1.0

-1.0 -0.5 0
v - v{*H) (MHz)

0% @-.% 3 "



2 I [
4 *
8JJ! %3$@9.
0 -%#H& ! B 8JJ! %$@9.
2%&@ > R . 2%8&@, 2%&@
#e Jle 8%%&! %%%9. , 3 -0o#H& ! -%#H&B  2%&@,
+/ 5: %67
2 4 4 3 +/
4
2 Cc2
8%%%09. - 0
8 *))9 +/ o
-%#&  -%#&B! C2) + #.9%#S!  #.53#!
%.J&)" *(+ 8%$: 4 *-><0 -%H& ) + G* %7
+/ %.@ +3 M $" 43 M
+/ 1 4 8%9669.
2 %&@ 3 4
4 .2 %H&



) 8:"9  +/

(+6%! +@6! +%#6! ##;! #H#&! >HHQ@

#8J.)

3 I 4
+00#6. ) 4
o +%#HE>! #)
>SHHE@B +6%! +@6! +%#6
I +6%> +@6> 8%%$&9.
) + ! +6#  +YoH6
-0 +6# | +6# | +%#6  +%#H6
+1 * * G
+6# %)
.C +6# * * !
56 *6 7 A )
)
+6#
[ +%#6  +%#6 C +/
o ! 5 6 *67 A i *)
+06#6 | ) +%#6
.2 +%#6  H ) +



/\ WT/H42F/H124F
FeS-l

H42A, [4Fe-4S]*

Radical species

E126A/E126Q
N FeS-lll
i | i | i | i
-300 325 350 TH" 400
Field (mT)
*( $% 8

#4 $%(
$ 4 +6# | %$'.



+/ )
) +. <
)" G ) +/ 4 4
56 *6 7 A 3 2%&@.2
4
.2 4 -YoH&
# .6 ) 8%%%9. 2
+/ .2
I 4 -0 | +/
s %) 4 Fyr ok
-0 * * @ x ) +
+/ + ) !
* * . ) I %:’*
-> <0 “H& ) + 5 * % 7xr | H
4 8%$:! %%& 9.
/ *
)" *<+ 8%%@! %%"9. +/ |
! 56 *6 7 #A
+/

) 2%&@ 8 9



HMBPP

PPO
o

TR

0
OH |
o0— P\., /ﬁj‘i‘a
g0k

DMAPP
-~ " OPP

+HY

S
A cee

*('$ #4 (
89%%%39.




j* +l e

56 *6 7 %A .2

+/ 4 i*
3 - Vo8&
.2 +/
k o 3 +)* 56 %7
K .
) -) 4
.2
x C2)+ ) ! %)) 8%%:!
%%&9. 2
%HEB ) +.)
%HEB 1 ¥)) ! 4 /

L2 + )% 56 * 674 !



PPO PPO
N , o

, PPO
HMBPP - - g Gy
T167-OH r/:Th\H T167-OH r,==“\H fﬁfyﬁi\
R W S T B ;f_ﬁ;> T167-OH ]
£ e : € +
H s&—Fe*" - & e f T Foem—G | 2%
!| LJ e HT|FE! __¢.H5¢Fw~
s |— .
s P57 Ls—l? s

FE_

-Hgol

PPO PPO
DMAPP T B o
- O0PP T =TT
muai Hz0...
+ S |2+ : — .
a S iEFe*"! e s-"—FiEFe""i
| e | g

L], Wi
il o
_,__'_',-_o,_-'"",_,-o-'_'\\/‘\ DPP FE FE

IPP

*(<'$ #4 (
8% % @9.



*)!

*

20.

B))

/

8 %9 4

")

H

)

.2

)

N)!



HMBPP Fesil oo RSl
OPP _‘_))=/_ >_f
E126-OH
o 2+ Ho-L/ | 1+ 7o 3+

\F S F S Fe 5
e +e e
Ng—Dpe | — s—L Fe . g ISry
| | -H,0
S—|—Fe S—|—Fe pep—re
~
“Fe—s “Fe—s Fe—S
hydroxy complex n-complex 113-complex
+ @ % H+
DMAPP PP
OPP >_/-0PP
B 7/
>_/_ 2+ Fe s »
Fe S N N
\S \Fe S Fe
OR
Sc|—Fe_ SR
Fe S
"oH&='$ #4 (

86@9.



8%%#! %%:9. )

6"$!$$$

0*2/ 8%#%$9. 2

) &(+ ! 3
2
) +
4
P$.%; W9. ?
* *Hx 8
) +
.2
) + 3
4
8

.) #$%6

#
8%6H%9. ) #$%6 4
2/ 8 0*2/9 %J$!$$$
* <=
4
3
) H&&+. +] 3
8), s P $.#% W 9 8),
* ) + 8 9*6*
9*6* *:* *#*
+/ .2
!
-)
8 %$J! %#H#9. /

))9!



. ><0 5 * %2.7

) + & +3./

, .2 ok
), s $.6; W 8%#09.
) +.)
* k #
g  x 9 ), s J.%W.
2 %8, +| ,<0-

) + 8 ** 9 8%#:! %#69.



A. Substrate analogue

rfL%%ffm“DPP
SH

IC 50=0.21 uM

B. Alkyne diphosphate

J\UPP

IC 50 = 6.7 pM

C. Pyridine diphosphate

=4 OPP

T
N

IC 50 =38 uM

*(8&' # (

OPP
NH,
IC 50 =0.15 uM

_—ADPP

IC 50 = 0.45 uM

OPP

IC 50=9.1 pM



71

) D ) +
+/ )
). 2 *) ! *
) + +/ - 0* * 3
))-) ) 4 3 +)* 56 *
674 .><0 2 4
N)-) ) + [
+90#6
+/ .2%&@ 8 9
. -0t &
# 6 * ] - O* *
3*
R, ) -0 * * ) +
-00#&B +/ 1
) + ) &=+ !
| _ 0* *
R. -><0 ? 4 N)

-%o#&B



*(* 4 4

#
=1*% g8 , 1,9.)!
+/ - 8 1 , ! 29
8+ I 9. 4 80
2 I 9. 0-, <8 I<+9! 8> F !
9 * 8.1 ! <9.+* > A *%$
-+ 8 ! 9.,
8 ! 9.- @ 8J@*J"e9 c-/0 8 !
>  , ) 1 1).2 ! o,
@8 9 :@e+, s > <+
e . + 6%.2 6
! 4 4
8, 1 .1 11)9 4 Je> ¥ e+
R , . 8+ 1,9 4
.2 $.6; W
8 9l
#* .2 *
3



Lt " 142 -1

+/ ! ) +! 3 8%#;! Y%o#&9.
,-Lg 1 M
Q TiCly, CH,Cl,
7 -80°C, 90 min NNa
2-Methyl-2-vinyloxirane HO

(E)-4-Chloro-2-methylbut-2-en-1-ol

Tris(tetra-n-butylammonium) O O
hydrogen pyrophosphate . g o g:_- O— y)i O@
i} | |
MeCN, 25°C, 2 hrs o
0 o° 0

(E)-4-Hydroxy-3-methylbut-2-enyl diphosphate

2, 68#" 1%,;% ! %&; d19 o1 ot o#
*$  *I$N, * ! I "6.$
# W 4 $.6% 1 + 4, # 2 4 J$
;1% >+,.C 4
.2 4 6 #$ 1
< 62 4
8 E 4 %( % EO9., 21,
8 E4 %6 E9 ' <e.

! 8 9*6* *#* *#* *%*
>0
% >0 8, ,>1 6%$ +39(;.&# 8 | DP "#G %.;"! %+9! 6.%&3P ".#! #+9! :."J 8! #+9!

%.8&6 8DP %.&$! :+9.



8:.%: ! %6.% 9 # 1

3 % 1 >+ 6<+. 2
4 4:;3C="8#1:3 !+ A9 3
2 %;$ 1 4 +
@... 2 3 8 ** 9
Lt "1l
28 * * 9 8@ | $.# $ 9 63%d1
> #,.% 8 9*6*  *H#* *H* *0p* 8%.#%% 9
#:$ dl > * .2 #
.2 *
1+ #< <C-=;$C="8%I6 !
>+ 9 #5 1 # >+ gH< .2
#$ 1 #, >+ 6+,< :! 3 3 8 9*%*
4 *H* *H* o *G* 8+/ 9.

“>08 4<!6$$ +39(;.;#8 !DP&J! %+9!6..JBDP @.#! #+9!:." 8 #+9! %.;@'8+9.

#

2 A ) 2E ! &
.+ F 8F * !
I 9.2 4 2 )+

+0%0#6  -%#&B *



) A 4 .2 4

82%&@,

6#N, 6;
<, :@N, # .2

8%%$$ EI19

I <

> 1%$ % <6!%$ %

& :@N,

9 :@N,.2
SSW %
) )+
< g55$.6%5.& $.%
8C2 9
< £33

# . *'$N,.

*6.;

-%0#&B9

#l #$e

E18

8#:$

.2
Lo 1)19.
9.2 2
=1*%
1/
@N, L |
*'$N,.
8#%$ I 4 13
 %$$ 9.,
8#:$ 9.2 ;
SW % | . 8
%1 <,
8C2 9
9
I !
155$



2 %% $ 2 *+1%$$ >,! +"%
8 ol I : &$e $.; ES$.

! %#H&I&$: 4 #$ 6N, 8/ =1*

@% 121-6;20 !/ | 1) .9.2

D &;N, * $

%#&!&S: 4 $ .2 4 8 9

8 9 $#d 8 9

x> H#A 12 3
8% %$de ;$$ 39 % 2 *+ %33 >, 1 +"$8 9.
) + ! *o- 6N,.

7
2 /
#'$ FP #&J:$ ™ ™8

9 mP %JIJBS ™ g 9 8%H#H@9.

8
3 *
8%#"9. % +, *
) 8%! %$! #3! :$! 6% ;$ W9
%$ +,.2 4
%.# +, 6., e .2
&.; 3 1%:.% I # ro

#, .2 %



# .2 %$$ W

9# " H -

%H&B  2%&@,
8F  F*%$ -

) + 8%% W 3 :

#$$ W 3 $.;
4 , $$ %
C =.2 3
*$N,.
1! ;
)+8 $ 2 *+, 1 %% >,! +
+/
&$:
4

) +

&SN, *
&t
0.
I+ ".$9
J$
+%#6 -%0#&B
4
* ) +. 2
" .$9! ! 4
.2
.2
9



* -#*

*#*

1,9, )+ 8 9
#:N, &N, 8 9
#N,. 2 *
*
4
(*>-
x 3% 3
"(*&* 8 *2 1 1y!1 12=9
4 3 ) +8
+/ -3
%%  %(%S$ 8
#N,. 2 4 | S W!
2 Z H
* 3
- #

- 3 -0

) + ! +/ !

4
4 *%16* 8-NnP * %6; R9! 8-NnP *#;# R9 !
8-NnP *#;; R9! < 8-NnP *#"J R9! 8-NnP * :#;



R9! 3 8-NnP *:;$ R9

$W.2

8 +-9 *#$$ R.) +
.2 * 4

*@6$ R E , 868 R +-9.2

! %$*#;, R $$W

3 .-0

P E 8%A 4 88 E#;.&J:9784*-99

8-NnP *6:: R9

#:N,

8%:9



Syringes

Mixing chamber ,
—— Aging loop

——EPR tube in cold isopentane

(& >



5 (

2 ") )

) + 3 -> <0.
cC =.2 * ) @ * *
) +8 9 4 .2 4
*%$ * * 3 .
* * )+ +/
#, ><0 .2 )L
-> <0 * @ % -%#&B
) +8 9 +/ .2
.2 -><0 3
*& . -><0 > 1 F 2
I+ > ! - N1
* 82 *C ! I >0,
46
2 4 56 *6 7 C2) +
) + 8 9 3 ? <4 3
4 ) + +/ 0 4
3 : )
o)t ) ?
-0 3 8:% 9

. 2 N)!

C2

@



* @*  _0o#&B ) +8

+/
5 > X * | @ *
3 8 9 4 2 4
*%$
* 3 . 8 *)9
+/ .2 ? 3
:$ 4 . *(*
> + 1
8 109 12 1
* 82 *C ! I >9,
(
,C-0 =* /|  -=
8/ / , I/ 9 -0*6%%J*+
* : <4 ) - 0 J$$
)2, ;$: 6.,*:$$
: 0@
) ( J."& +3G
%$$ +3 $.& 2.
B - 0*
-0 %%

8%$ | < gl # >, < 4% +,9.2



56 *67

. F.

8%#J! %:$9.



&' @-.% (
) + : | 89
89

< * * 56 *6 7 A %.@ $.4

+/
-%#&BB A 56 *6 7* $.8& $.%J
+/
-%#&BB A 56 *6 74 $.@&& $.6J:
+/

* A 56 *6 7 #.& $.6#
8 9
0 A) 56 *6 7" $.J6 $.&@
< * * 56 *6 74 $.& $."
+/
-%#&BB A 56 *67* $.@&& $.6J:
+/

. P




*(0

*(X(

% >0 )"

1%

%

=LY

*9.

*(*(19. 2

)

*(&1 +

+/

+/

*(&0+. 2

>0

+/

) +

<C-=

+/

)

142 -1

>*

*&1 + .

$C=" 8
3 3
%l6l* 4
#oe. C @&e
4
8 *(*(0
) *(&1+. 2 * -
‘&

) +



[rel]

0.3

Hz0 i a o} 0
d /\o—r‘!—o—lr‘t—oe
fis B é,e o=
Dioxane e
b .V o
1 i_lt.z( | 45
5| 'Ii 3‘ I [ppm]
! *(&'oI &# @4% #4 $$ )' *» 2 1==4# +(

N



" %&1 - $6 #(
89) + .8/9) +



C2 ! -%#&B 2%&@,

C2! -%#&B

*(&
) + #N,. 2

! -%0#&B

2 * 3* 80 B9

) + )" ( *(&3+. 2
I

2%8&@,) + $ 2 *+, 1 %%$$

#:N,. 2 *
2% &@, $e Cc2

-0
-3
%(% 8 9 %(%$ 8
3
3



—— WT
- ---T167C

Mol. Ellip. x10°

| ! I ! | ! | f | ! 1
200 220 240 260 280 300
Wavelenght (nm)

" X&3 # (
« . (-%#&B. (2%&@..



*O' 2 ; 26 ;. 71G # (
0 4 @.; W &S W l#W 3 %%*
6 W +/ % .

) &+ G )K4+ ; 7G )K4 & &+

C2 6 %.#J]3$.3@| &;.J]%3$.% $.$#15.9%:
2%&@, #" $.:.J]$.56 | %&%.6];:.@ $.$%#]5.$5%"
-%#&B &

(A



.0B 4

) (&<

8 P %E#9

")

%

56 *6 74

@$'

)"

*(*:_l_ .

*4

)

)

)"

)"

)"

*0+ .

*(&<

*(&;+ .

*(&9

*(&<

\

" *(*:+ .

+/

K& L)

#.3$:;

' *(*:_l_

%."6!

#.2%0@&! #.$$"

.2

4

+)*

) +
#.35" #.$%&

)

0B

@$%

#.$$. 2

56 *67

)"

*(3+.

%.JJ%

*))-

A

%



22 218 21 205 2 1.95 22 218 21 205 2 1.95
=17 * @ * L +* T ° T ¥ T ! L I L ' I '
46ms

N
1s
40 e
70 J\f_— 8 J\v/’_
R
2176 2.080
200 L / 2,006
2.008 60 /
200 1.99
500 /\ / -
1s J\f_—- 3min N‘J\\F’
70K/ 20 dB
L | L | L | " | L L | 1 X 1 L |
300 310 320 il 330 340 350300 310 320 mT 330 340
*(&9' > 8 % #
* ) + +/ %(%
(%& W ) + I %& W +/ .
.2 "OX(*9 .



27 21 21 2.05 2 1.95 22 2145 241 2.05 P 1.95
a I I I I ¥, 1 . 1 b I 1 I I ¥ 1 ¥ 1 s I
46ms
s, J\.\h 15
e A= A
——"'_‘70 J\F 2 min /¥’—J\//'
6
1(1) e,
| J\___J\[_,
2176 J\\[— %080
so0 7 1 /2.006
2008 (200 [ 1991
70K/ 20dB /
N 1 L 1 | M 1 ] 1 1 | 1
300 310 320 ey 330 340 300 310 320 mT 330 340
"X&'4 > $% #
=G(
* ) + +/ %(%$ ( %&;
W ! %.&;, +/ .
/ .2 xR



)
2

2

2

70K/ 20dB

—

22 215 21

*(&:' $%
+2 $$) + -483) +(
C2)
(%&; W I
! ) +
(:%J o I D)
)

+1.)

205 2

1.95 19
g-value
# #4 $3
+  +/
%.&; +/ .
) $ .
6.6J 6.6J .
) +
3



2035 —

1 min

7K 20dB

400

300

% ,



24 22 2 1.8 24 22 2 1.8
1 I 1 1 T 2 1 T
1.854
20ms /
13 min
T'&__/J\/__\___‘
[100
30
zw_/——J\[ .
L'/J\/' |
_2__/\,_J\/M_/___ 7K/ 20 dB
1 N 1 1 L 1
300 mT 350 300 mT 350
*(*=' 4 > $% 8 #




8>3

) x 3 -%H&B ) +
#.9%:6! #.3%;,  %.J@%
@s ) (& T
.2 -0 !
* % “%H&B  -%# &
+/ )G * -%#H&B ) +
) )" *(09+( 2 *
* _6H&B) + ) *(*& G R *(*1
@ . 56 *6 7 A
89# $
) * 3% 4 2%&@, -0
@$’ ) *(*3+ . 2
2%8@ ) +
2 *) #.%@# #.$%
%.JJ& #.)
) #.$"$! #.3%&  %.JI%
/ 2%8@,! : ) *(0+
+ 8%(%:9 0 B 4 )
6 ! -0

C2 -%#&B) + @' ) *(*3+



70 K/ 20dB
1 1 1 1 L 1 L 1 1 1 "
300 310 320 330 340 350 300
mT
*(*&' > $
= G(
* ) + +/
W! Dl @$IW.
/ .2

220 215 210 205 200 195 1.90

220 215 210 205 200

195 1.9

1 ' | i I o 1 5 I ' I Ll I

Reduced - /l
4.6 ms

I 2 1

%

310



22 218 21 206 2 1.95 22 218 21 206 2 1.95

T T T T T T T T T T T T —T T T T T T T T T T T

46 ms S

.

20 . .
500
1 min
1s
2134 3
“ 6

/
70K/ 20 dB s

™~ 1.971

| L | L 1 1 | L 1 L 1 i |

300 310 320 3 330 340 350300 310 320 1 330 340 350

" *(**' 4 > $% &*gE
=G(
)+ +/ %(%$ .,
%$#.#" W ! T+ %,

/ .2 "OR(Q



1.8

] ! | J | ! | "
As such

1'%1 Reduced
SRR A Y Rp 1Y

w—-"“—"“w

1 min
———/\\/’v~/\/fw_—_6

e

30
500
1s
45
NW\'W—Z-‘ ‘_—_/V\A%\/\A
_____/\M
1hr
W
7K/ 20dB
| N 1 L | L l
300 mT 350 400 300 mT 350
*(*0" > $ % &*9E #
- G(
.2 "K(*Q

400



22 2 1.8

. 5 ~A ' ' Assuéh

Reduced

100

7K/ 20dB
300 mT 350 | 400 300 mT 350 | 400
*(*1' 4 > $% &9E #
el
.2 "*(*9 .



22 218 21 4208 2 195 19 24 22 2 1.8

’ such

46ms 2.032—
Reduced

M’—’—/\r_‘

2 1.991 ‘
70K/ 20 dB / 7 K/ 20 dB
00 310 320 mT 380 340 350 300 r;,,Tsso | 400
*(*3'4 > $% &9:
o= 06(

(, @;W! " I +/ % .



56 *6 7 A

AS$S$ ( $
x
.2 "9 > -#&B |
) * 3 ) *(*& "ok C
3 4
) 4
4
2 e -0
3 f g -0
2 c23 5 6 *67 "
) Y9+
4 %A A,
56 *6 7 A ! ! *
56 *6 7° )" *(*9 + .2 #
3 -%#&B
) 56 *6 7 A )
x 4 RO+ ) « % g



Spin

[ & D. 5 -
10 E. coli E126Q Single turnover . & i E126Q Multiple turnover
° g
A
0.8 - A
08 A A ¢ ®e
@
@
0.6 - A
A *
@ L
o6 A @
0.4 - * (7]
* 0.4 *
0.2 * A,
g
e ow Y ‘:AA A Ada A L "

0046 & oo o *o e @

™ Bl T Ty Ty M= = Gade S T & e h T il e T

0.01 0.1 1 10 100 000 0.01 0.1 LA 10 100

Incubation time (s) Incubation time (s)
*(*9- . >
&*9E # (
C2 I %), 2 C2 8 *)9!
56 *6 7 A -%#&B L),
-%#H&B 4




E#9

I )
+ I +%#6 -% #&B
3 2 *+, 1 %3$$
*(x *(0
#:N, &N, .2 +%#6
&& e 6.7 e #N, &N, !
80 B9 -0
* ) +8
o+ )
8 9 %% %(%$
0B 3
.0B . C
+/
I G T 8 P
6.&&" .."6!



*(1 2G G # ) *3L (
0 4 '#W 3 %0&*
6$$ W +/
) #+ )J+ ) &+ ‘G )K4+ ;. 7G )K4 8 &+
C2 ; %.:&] $.%: :$.;] %:.6 $.5:]15.$%"
+0o#6 6; $BI]$ B | W'&]W6&I|  $.$535;]5.$5$6
-9%#&B 6:
*(3' 2G G # ) 93L (
0 4 l#W 3 %&*
6$$ W +/

C2

1% ]%.6"

6

&.$; ] %#.&J

$.9%#]$.$:

+%#6

$.4#& ] $.5%

%;.86 ] %.&

@ $.3%0@ ] $.9

6$%0

-%0#&B




% 8 9 ) 9.2

@' *) !
+)* B56%7 A .C * x4
o4 ") P 96EH#. 2
P E# I 4
2 -0 |
@$" HS@ #.35&  %.JI% )
x 3 c2 3 ny
)ro4 ) )" H&9 " H(&H( 2
"$
2 %) 0B
#N| 4 $@6E
N D) @' @$ !
@ R R 3
!
| *$ )
c2 3! 0B * +O5#6
+ )" *(0&+.
2 ! 6.88" .6l )
@' 2
& . #.3@J #.5$6  %.J"]
@k

@$' * +00#06 ) )" *(0*+ 2



% ’
9%6#6 W .
$
>
/
I+
(*'I :GI( oo
* : . |
V646 W |
" 06
)



$% ’
> ! %:.;
:G( .
*(*;I4" : |' o
) %::.; W !



% ,



$%
>
(0=' 4 o



6 7%

")

56 *6 7 WA

")

*(00+. 2

%%

3*

56 *



n *(o&' $% > y #&*1"
) " = G(
, %#: W ! e %.: .
/ .2 " *0;



(0% $% #&*1" # #A$S) +  $$

) +(
#6$."W ) +8 9 =
:$ .6 ) @) @W.
+%#6 +/ :$



" %00 $% > , #&*1"
) e



8>3 )

-0 -%#&B
)
! ! @3$’
#%%@! #.$$:  %.J&6 *(01 " %03+, 2 -0 )))!
o ox “H#&B  -Y%H&
+/ A G * -%#&B
) )" *(09+. -%#&B *)))
* * _#&B )" *(09+. 2
56 *67 A @' "ox(0: .
-%#&B ) + !

C2) +



% &*9E

+/ %SW.

" *0; .



*(03'4
)
(, ,
%& .
6." "
MW o
! >
.2 i
:: &*9E #
+/ %.&
*(0;



*09')+%  &9E # )y #4$$)  +2

$$) + -48%) +()+ &*9E(
%$: W ) +8 9
$ ) S W.

-0o#&B +/ &



&*9E #
$% 1

>

*(0:'4 6



$ 6.8 ! %)

")

C2 3 56 *67

4 %A A

*56 *6 7

) * 4

) C2

AR

)"

56 *6 7
c2 3!
%)
56 *6 7
2 #
-H&B
56 *6 7 A
*0:+ .C 56 *6 7



*(0;" . >
8 &9E # ) "
Cc2 I %), 2 Cc2 8 *))9!
56 *6 7 A -%#&B ! ).



7("

) 4 ) + I 4 1 -0
56 *6 7~ #$ %" 4
)" *(0<+.2 -0 *6% R.
.2
*6%.J R )" 1=+, / 56 67 A-0
P# 2



*(0<' $%



*(1=" $% , #
P %."J:. 2
I P% - P *6%.J; R. + 89 8%:9



2 56 *
* * ) +
+/ 1 @ *.> < @ %
8 9
*(1&+2 %) -><0

E#
we " (1M 2
*9 .2

56 *6 7

:AE A

-%0#&B +/

A

67

-><0

56 *67

8

%A

%

%
.2

P :.%: +3!

#.;AE #,A

69. C

#9. -><0



*(1&' 036# - @-% "R G(

%.@ @ * * ) + 0o+

#; 02 3 . 8 ol
8 I 9., ( 6. "6 *:6."6 +3!
"$ ! P"$$ 10 #$ %$$ "$ * #$$

CcC = > 1.



*1*$ - @-%



*(gv 3 g " (

YA + )a# + )a# + )a# +
" g)" Ovg A %#.$ A ##.$ A#@.; A#S.;
")t Oy AS.: A#J, A#" A#J.6
" o) M4+ “#Q.$ 59 *&.$ *H#H@
")t TBM *# *$ * 5. * .

P8 sA A 9E.




2
| @* )+
?
.0 * ?
! I
%# E
#AE A g #AQ D
E
L-s P %.J: E
I @ >E<. 2 *
)" *(10 *+

8 P $9 56 *67

'0 * )+

»

#A

#(

M P

MP$:@ E

)" *(13

) +
%(%"

*(10 &+

$.6: E

9.

MP $.J$

#A

.2

D

L-

B P

s P $.J6



*(10'N 40 1G # ()+
)+ #4 $5(
2 4

-3 8 9%%%6 89 $J' 89 +/ "%



) DY ?
3 s ) %10 &+ .2
#AE #A 8 *MP$6;, E L- 8 P %.:;9 * 3
*MPS$:" E L- sP*$."™ E9
3 .2 8 9
* 3 'L- sP %.## E! MP$.&6 E
.2 * #A
* 4 4 +/ .2 * ?
Y K10 *+ ./ 3 % *
8 P$956 *67 #A
? * @ ) +
%(% )y *(11+ . * 3
8 9 x* 3 #AD HA ) -0
) + ! ? | 56 %67
)" *(13 9.

#AE A



(11



*(13' $% )+ )+
) +8  9%USW  ##



2 +/ *) | ox
3 8 9! +/ $
3 *
'
66e .2
* )+ +/
P$ 2 ! !
3
3 +/ *(1: +
* ) + +/ )"
box(1:
* 3
E L- sP3$@; E.2
$.6; E L- B P %.:;
314 PECAL
I *
4P *#6 2! P *#6 2! 3P *#$2.C
4P #6 2! P##2 3P #$2.2
/ 3 * *
56 *6 7% P %E#.

:AE A

E

6.4
*(19+. <
56 *6 7 #A
$e 2
9.2
%(%. 2
MP $.:&
oA+ . 2
#.;AE #A
:AE A
3 * 3



*(19'"

40
#4 $%(

*

.-3 8

56 *6
9 $.&

7#A

* 56 *67
+/ "%

A



#

*(1:' 2

40
#4 $$( ) +
(

9.) /

#

&3=G() +.
#4 $$() +

#.,A



*(1;' "

+/

4C

+/ .



+/

56

C2) +

*6 7:A

%S’

*) -0

-%0#&B

)

*(1<+.



*(1<'

" 4C

+/ .



*(1 _

B.*1.1C /
) + 56 *6 7
E ) -0

! 56

) %13+, 2 7

Y 56 *6 7 A

MP $.6$*$.6; E L- s P %.$%# E

#.;AE #..A
) ) +! !
#.;AE #A I #A I A
#A
!
2
» 8 &O*& 9 &*
4 4
$."6*$."J

8209 8  &(O(*(* 98"#9) ) +

1l 4 1
) +
*6 7#A 5. %67 A
* 3

8@@9.

) et r3
#iA A

* <
*
#A 56 *6 7 #A
<
E * E
E 8@&9.
4 ( 4



56 *6 7 #A

#A ) *(:+

#A

56 *67

+/

) +.2 *

%), 2 * 4

#.$$"  #.$3.

8"$! "1 "@! %:%9. <

8 P :E#9

) + +/

H#HA |

+/ .

8%%0%$9.

) + +/ 1
8 P %E#9
o ) 8 <=
| #.5%#:!
8+ )9 56 *6 7
+)*

+ 9.2 8#.$%:! %.J3J:

6.&&"

#.2%@&!

%.J:"9

N ¢



/[ -><0 ?

%), > <0
")
9 #.;AE #.A
* 3 :AE A 2
+)* 56 %67 A 20 + +)
56 *6 7 AP %E#  8%:# %:9. 2
BLP 4 * 9
! 4
*(92 %
%." +3 " w 4 .2
") )+
#.;AE #.A * 3 :AE A I
56 *67 A
20. ) )+ A L) 200
|
8 #9,
2 !
8 P %E#9 #.5'$! #.59& %.J3%
2 ! )!

L P%:.; +3

+)



*(:' 4C #
D & 4829  829] 3829 O.
8E9 | 8E9
* $ 5 #A%L | $.66 %.#: #
56 *6 7 #A # $.J% %.J: %
A $.:@ $.J6 %
* $ 5 #AZ $.6: %.:: #
56 *6 7 #A # $.& % . H#H# %
A $.:" *$. %
*) %E# 5 #AZ | $.6: %.:; *#6 *#6 *#$ %
56 *6 74 5 % | $.& $.@: At | A A#S %
* %E# 5 #AZ %
56 *67 YA 5 #7 %
P

.P



56 *67 A ! 56 *6 7 Ax .2
! 6.& .)
%A )
* 4 )
3 ) 0
) + * +/
56 *6 7 .2
L ) I I
) *
I I 4
+/ .2
! 5 6 *67 A L) 200+ ) !
8-00-><0 ? 9 ) +
+)* 56 *67 A 20.) 20
.- +l ,<0- c2) +

56* %@7x4 |

-> <0 -%#& ) + 5%  W7*+/ 8%%69. 0



2 c2) +

56 *67
k# 4 8%:69. 4 > <0
+/
) $
) ) +
-00#&! +%0#H6 2%&@
*
!
) -0* * 3% 4
2%&@,9
+06#6 + 2%&@, 8 + )+
!
) )" <+ 2%&@
+/ .2 3
.2
! 4
2

2%&@

+/ 1

+/

+/

C2

")

3

.C

2

6.#; 8

+/

%: %

) + 8+%#6 | -06H#&B

.C
-0
.2
-)
2%&@ ! -%6#&
H .
9.
.C



1 C = +%#6

2 -%#&B 8 9 !
8 )9 -0
C2 3 .2 %) *
* -%#&B ) + .2
* 3 56 67 A % .C *
-%#H&B ) + ) ! .2
0B 56 *67 A 56 *
6 7/
C2) + 8 *)9l * -%#&B ) + )
8%9%:9.2 %)) -%#&B
< 3* ) +
! ") )" *(*9 *(0; 9
8 " (*&=9.2
) !
*) ) .2 4
56 *67 A .2 -%o#&!
+/ 1



+/1 !

) +

-> <0

C2

n *(< 9

+6#
+*
C2
56 *6 7
+/
!
.2 *
@ C2) +
)
OHE ) +
4
) + * *

-%H&B ) + 3

.2 NH&

.2 56 *67
4

3* ) +

+/ )

@ % -%#&B +/

S
*%7+/ H

8%%:9. 2



N)
< 3*
)
%),
-><0

) +

")

" xh

-%0#&B

)

-%0#&B

C2

%: %
1



#$ %0

0(&
4 I
4
4
2 4
1 8- P *#$ R9
A#J$ R9. <
.2
! 4 3.2
0

"#

B*

2

4
4 2
2 !
-3 4
L #* 8%:;9.
B* | 4)))!
8- HP A%%$ R9
.2
0 5#*#7 8- Hp
0
+ 1
) 0
B+ 4l !

1 8%::! 9%:&9.



8%:@9. -
4
] >| 4
2 3 4
| D |
.2
4
* |
#$$"! 4 .2
4 4
$ I | #) C 12 -
- 4 * 4
8%:@9. ) 4 8- HP *$$
*, 8- HP*o$ RO > +8- HP*#'$ RO )% &+ .) - % 4
) - I'h
u! ( h* U* .2/ * 4
8 I * 9. U*
> +
4 .2 4 *, 4 U*

* 8%:"9.

R9



* A#> +A a | * A#> AA 8%9

) [ > + U= -
U* u* + )" 0(&+
h* h* P
U* + p !
h* . / U* .2 h*
p* * * 4 P2 U *
+ P h* p*
4.2 ! 4
* * o+ ) !
4 > + + E> A
4 *> A 2.)
4 8%:"9. 0
- D - > +
U* + p h* p* ;
51 v 5 52
> |/ 4 )
3 4 8- P *%$$ RO > A 8-HP *#'$ RO
> + 8- Hp*"$ RI.) % *
) 4 ! > 8* 9
G# *# 7 >/ 8* 9 56 *6 7

*

2 > 849 > > 849 > / 2



0&'$

8%:"9.

8/ 9



>/

# *%

56 *6 7!

4

#

AA#

8%:J9.

*  8%:J9.

A> +A+ A

4. 2 > +

8#9



o*$
8%0:J9.



0(* 4 7

2 E+ /, 4 3
3
* 8- HP *066$ R9
4
2 3
3 8,09 8%6%! %6%9.
#HaA 4 A, FFE #H+AA
2 4 4
I I+ 1 +/ +
4
3
B 7
' %@ ! S5# *#
4
4
2 ! ‘6 |
I @# ! 56 *6 7
A
-)

Y4 -67# +

4 8- "P*$$ R9 4 , X *

+  #8-HP *6%6 R9)% O+

! < #
/
A, *+A,[F+ 8:9
4 !
)" O(0+.
* 4 B 7*
+4 ;%
! + s 4
7
+ [/, *
4.
56 *6 7 .+
C+
6
4 +

+ /! O



0(0'4 -67#



56 *6 7

56 *6 7

0(0 #

LI +D)

I

I
T+

|

56 *6 7

.2

8%6#9.

)#

= = gl

+ #

8+ 9

), %.".J".%9

+

#)= #|= 3189

’ ***’/. )

* 4+ ,8%#% 9

.2 56 *67

8%6:9. 2 +/

8%669.

.C +/ , X

#.$%:! %.JJ%
, *+. C

%.J:"



*+ _O

56 *6 7 R *

@x > <0 + o+

+/ 56 *67
-)

| *x % [ 8%:#! %66 TY6&9.

)" 0(1+.) 4

56 *6 7 A + !

#3$," %.J:: %."&:
*%,6 R
P %.J.@ *00:%
* 4

*#$ R. 2

3
’*+
8R2,9
56 *6 7 A
4 * #AE A
.2
!
+ / 3
+1 4

#5# %.J:: %@

*6$

56 *6 7

56 *6 7

#.$::

8%%#9.

$R.



oL'% , # 4 " 4 #(
8%696#9.



2 * 4+ |
* !
4 +
4 ! |
+ 4
# ) * |
H#H* 4
%* .2 4
8 + 9 442
B} B x|
67 + +/ .2
4 56 *6 7 +
f g + P .2 56 *67
! +, , XEx .2
+ P | 4 2
4 1, *+
I+ 4 #* >
!
8%6@9.
2
+ +

+/.2 56 *67 *A +/ 56 *6 7 wh " 0(3



)

3 , * k. 2
3!
56 *6 74 3 .)
)" o - ,
2 , *+
56 *6 74 .2 -0
4 3 + , K4
+ )%
20!) ) +! 56 *6 7 A
2 56 *
6 774 , *+ 8"$! "@! %%$:! %6;9.
4 * 4
4 .2 S5# *# 7
.2 + I
* % E# 2 +
* 4 )
3 *

E+ 4



0(3'$ # (
8%6:9.



009'$ # (
8%6:9.



o(1

). 2

)- )

). 2



0(3 4

0-<8

9.

4
!
1yl 11 9
8+ 1,9 4
$.6; W
.2
3
8+
80 2 ! 9
1
I'<+9! 8 F ! 9
B *%$
)

*



71 YO #A4NNE2, /1-

+ 3 8%6"9.
7 9&9D!
@* 3 @* 8J.&$ !
6&.& 9 %%$ %@.6 8 ##"' 9
4 4 I J$N, %@ !
#;, &$e > <+.2 4 4
# .2 E
I &$*@% ..
%% % +, #$ + .2

4 : %%$$ .2



4 : %:$ % .2

4 +, + Qo*#! 4 : #$$
.2
! @$ .2 4 3
4 %%$e 8E9
#$e 8E9 .2
%
.2
! .2
3 3 *
7 9&9D! o M -
@'@ * 8™ 1%#% 9
%!6* 4 #J$ 8#.$ 9 T7* 4
5, 8#.63 9 4 © %le* 4

* %& .2



# ;o %l6* 4 ! .2
3 #* ! %
7 LE-15&5D!9&9D! ! -1 13! - H#211111#% 2-
* % * 863 ! #$% 9 8% &% 16.$$ 9
6 .2 @'@K* 8 *
4 98&# !$.@%$$ 9 %" 6
2 &

$ . 2 #; % +,



) % +,.2
%3$3$ % +)! %;$ + #<. 2
8" +  u<E <+! 6(%G %#HS +4<E <+! %(%G "$ +i<E <+! %(6! %$$

<+9. 2 8:% 9 %E%$

x>0 8 4<! :$$ +39( 6.@% 8 4<9! 6.;:*6.8# 8! %+ +< .¥Ol 6.# 8 F P 6! #+!
+, << #.@@ 8 F P @! 6+! ,+09! #..9%*#.6# 8 6+! <+ 9! %.;.7*%.@6!8+. ,+ 4+ =

<+ u#+ :9!%.:6*%. 6" 8"+! + 4+ 9! %..$3FP &+3! &+ ,+ 9.



7 . #A411111%#2

, 3/ 8@:.$ '$ $J@% 9 3
8:% I#3% 9 8 9 >+ .8. .I$:;$ 9
) . 83.; 9
.2 +, 8#%e9 +$
) #$e +, . 2
+, 8.1 % !I'$; | $# ! $.% $.$#, 9 3

8R(q 4 .#6$ 9.2 !
8%%e! #:e  :$e9. - I+ D

>+ .8 1%%$$ 9! 3 3 > 0.



%> 0 8&%$ +3! <! 4 P.&& 9(6.@68
6.@# !, +<< . %916.6% 8! DP #£.&@! #.$%! % +! +><9G :.#: 8# +G 4« "9l #£J" 8 #
+G +491 #.@: 8 DP @.#J' # +! +9G #.;: 8 | DP %6.##! @.;:! % +! ,#<9G #.:% 8! DP

%6.%&! @.:#! % +14,P<9G %.&; 8 ! DP @.:6! # +! ,+49G %.;J 8 ! DP @.6&! # +! ,49G

%.:" 8 ID P@..!'#+!,+49G %..% 8 ID P@.%!'# +! #9G %.#& BP &.6#! :
+l .+ .0,
7
+ + *
1 8 !
C 9
2 8% 2 E+, ! %$$
>, +@.&9. 2 : @
"$e $.; ES$.; !
%#&!&S$: 4 #$ 6N , 8/ =1*@$ 12l -6;
20 !/ , 1).0.2 $.# d 8 9
+ * > H#Ax * *
2 3 8 $e  %$3e9 /8% 2 +,!
%$d >,!:$$ 3 +@.&9.2 3 %tte
. + |
B > ! , 8 A#

>0, 3 O%tte -



2 /
8%#@0. #'$ 8mP6#@:$ % "y
77
0 3 *
8%#"9. % +, *
) 8$! %$! #$! :$! 63! $ W 9
%$ +,.2 4
$.& +, 6.e .2
&.: 3 1%:.% | # [
#: .2 % 1'S$.;
! &$N, # .2 %3$$
$ 2 &t
!
78B.*1.1C "
+ 4 56 *6 7

8 9 3 8 ;9 . 8%%4



9 > + 8%%4 9 .2 *

! &35S ; $#
d 8 9.2 $ *
*003$ .2
79%
+ H !
2 3 $.@ !
% .2 3 4 %; *
3 $.@ -4
$ x ) R*R
7:("
2 -0 + I 4
4
* ) 8-NnP *%#; R9! #* 4*1 6*
8-NnP *%6; RO9! 8-NnP *## R9! *H*
8-NnP *#;; R9! < 8-NnP *#"J R9! 8-NnP *:#; R9! 3 8-NnP
*;$ R9 8-NnP *6;: R9
$W. 2 ' #N, ! E,
4 .2 3
.2 * 4

! *&#% R E , 86#% R +-9.2



1:$$ W -0 3
7< (
C-0 =x | -=
8/ / , 1/ 1 9 -0*6%%J*+
* . <4 ) - 0 J$%
)2, ;$: 6.;*:$3$
Q@ '
) ( J.."& +3G
%%$$ +3 $.& 2.
B - O*
-0 %$
8%$ , < sl #t >, < %% +,9.2
56 *6 7 . C
!
)
.2
.2 . . F. +

8%#J! %:$9.



0(9 %

8 1 #411111%# 2

3 3 % >0 ) 0(+. 2

’/***’/_

@; )" 0G+ .

8 B.xL1C "

8.%

R*R 8 " O(<+( +

4 @; 6;% 8 0(<



¢ & @4% 4 ) .2 9== 4# +(

L) L3



o('

- $6



4 ! 3 8;$ 2 E+,1%%$$ >, +@.&9.

2 @; 6:$ 8 " 0(< +(
87( "
) 4 + -0
56 *6 7 A #35@" %.J;  %."& “6H%  *#J:
R )" 0(&=+ 5: %67 A
P #.%$#J. / * -0
P#. 2 3 I I



0(<'PN



0@&='% |,



0(&&' %

4 T7#



o(: -

C + 4 I
#56 *6 7
4 6 :
56 *6 7
3 8\#9 : 2
6%3 )" (0(< - + +
) 4 + 3 )" 0(1+ E+
4 )" 0(&&+ 6 | *06;6 R!
6 2
+ #. 2 4 +
Z * H 2
Z H* 6 -0 2 P%'&

*#3$ *%$$ R

E+ 4.2 4 3



+/ E +,
) I+ 3 4
+ 8R 9! 8 9
8 9 4 8 9.)
+ #
8+ ERE 9.C
EEO92R ! 5# 7
4 8%6J9. ) R
S# *#7 .2
S# *# 7 56 *6 7
.R S# *# 7
.C 5 *# 7
0 5#*#7 4)))
.2
+ | +/,.2
3 80 2 ! 9
C +
, 4






#$ %1

* T
.2
57! 5# *# 7! 5 *67
I + + ! 56 *67
<=
.+
R
1(& #
2 56 *67 ) +
? * ) +
56 *6 7 A
- O* * 3% 4
) +
) +
*
*
")
L% [

* 8+)9 56 *

* 4+

+/

6 7:A

56 *6 7

+/

[* +.

!

+/

)

L)t



-> <0

+)*

56 *6 7

%A

?

56 *67

!

A

A

%:

3 (20)

.2

56 *6 7

“%H&B ) +

;@ *_> <O

8 N9

.- 0*

A

%:



/
8+%0#6! -%0#&  2%&@9

L +%H6  2%8@, ) +

.2
+/
2 -%#&
-)
-%#&B 3 .2
56 *67 A 2
;@ *_> <0 ’)
* * -%#&B
4
)+ ) <=
E
4 C2)+ )
2

%#& !

c2 3! 0B

.2 +9%#6

. 2%8&@ 3

56 *67

Cc2

%A



")
")

c2 3 9#&B
.C “OH&
+6#
.C
0H& |
3 c2 UHEBE ) +
(2
8+ 9
+ *
56 *6 7 2 *
56 *6 7
4



56 *67



%.

%$.

%%.

%#.

%:.

%

# L#  %Q . #$%$6. ) (0
1 O<(#J:T:$J.
8 ", % ! . #3$%. 44
.2 I @"T"6.
Q I'$ - . %JJ@. , ) . * (%@"'T
%@"J.
! 4 1 %5 I 4 8 ! % . #3$%$3%. ) (2
>
< (%:%@#T%:%@@.
G # ! G .%J&@. / - I
FI 1 (HHHTHE@.
% 4 G 4 | $ ! I #.%JJ..)
( i

F*<3(;%@T;#6.
! Q 14 - . #$%%. < - -

) / 2 1. / - * ("@TJJ.
4 #4 . #$%%. - 3

[ 3=3%:%T%6:.
N Q4 IG $ 2?0 QP . #3$%6. - >

i 8 9 30(6%&%T6%&".
- @ ! 14 6 '@ Q$. #%%:.
.1 *,
N Q ! - I G ! QG '8 6Q !'4 #4 . #$%6.
) 2 4 4
3
.F &<9%3$;; T%P&:.
8 ! 4 ! ! - 1?2 4# | . 9%JJ". 2

44
, 3(#HH#%TH:..
% 4 . %JJJ. 2 *

I . > 0 &9;&;T;@6.



%6. - ! I ! 8 ! 1?2 4# . %JJ@. 2

> <U%$ESSTYS&S;.
%;. Q( I # G(! . %J'@. 0
< / ) . ) -
1 . , . %3JT%:J.
%&. ? 4 11 G!? 16 Q!R - .#%$%J.) 3
% = Op* 4 * *4 *;* I
3 - . 1 0 0"@JT"@.
%@. 8 ! ! - 1 % "L #$%6. /
* . 1 9&
%". 14 I'$ - . H#3$.. G %* 4* *4  **
(r * ! [ 8 9
1*(%%6$T%%6J.
%J. 8 Q !Q # .#3$%@.) / 2
: 2 ; ((T%:.
#$. # Q" ! - I 6 I % 4 . HEBH. )
%* 4* *4  ** .- F/ -/ *0<(666&T66;@.
#%. G ! 4 IG G I- I # . #$$S. 6*8 ;S*
9*#* * * * #* * * * *6* #* *
* * *6* | 3
.2 1 1@ TOS&.
##t. % " 18 Q I 4 ! I # G G!
8! 1?2 4# . %JJJ. , ;S* *
(1 3 6*
** * .> <Y %% @;"T%%@&:.
#. # 18 Q ! I # I # ! M
4 8 1?2 4# | l % "L HESS. (
| / 6* *#'* * * #* #* *
* * #16* I <:(#6"&T#6J$.
#6. G ! S4 1G G 18 # I- L # #3383,
( 6*8 ,S* 9* #* * * *
#* 6*8 ,S* 9*#* * * *
.2 1 18(#I# THIH".
#. 4 ! ! 4 IG | I 6 14 4 I # ! !

8 1% " 1# 8@ .#$$. / (,



#&.

#@.

#J.

:%.

6* *#* * * * >
&=%4J%@:TJ%@".
T # 1% H 18 Q I# ! M
4! 1?2 44 | ! 8 . #$$S$. / (
|/ #* 4 6*
*H* ook .o < (%$EHATUI&@.
% 1" Q! | 4 e 40 @ ! - '@ QS$.
HEPH. #* k% *#16*
3 * . F
/o, * ("&&@T"&@#.
I G G | 18 Q !'# 4 | 1Q #
#$$%. - ) ) #* * * * *G*
) / .F/ &;0(#6%%T#6%&.
G G !- 4 | '# 4 1% L # - !
# ! ! -@ ! . #3$H. 3
-! 3 *
-1 30*(6:#T6:&.
e G ! 4 18 Q ! '# 4 !
Q # . #$$%.1 /! #* A *6*
-l 1<(:@T63$.
8 4 | 4 ! . R I - ! 6 !
% Uy W 4 ! 14 > % 4 . #%$%. )
( 8 O*g* 4 *:* *
#* 81 /E) +9 56 T67
-1 31&%%; T%#S$.
$ ! rwo $X$ ! ! @ ! !
% X W 4 . HEB&. - 4 6*
4 44 *
/ O*(&":T&J;.
4 Q! # !'# %!'8 R !8 P 6 ! - I'G $
#$$". T
%* 4* *4  *x v , 1 &; (:H#HST; #.
# N 'Q %G! 6 @ ! 4- . #3%%. + *2
) n
%* 4* *4  ** 849 %* 4* = kx

0 849.F/ &9:$:T:%#.



e 5 8R! 5 % ! RIR # ! - . #3$%:. )

%* 4* *4 *;* O 6*
FI * (Y&IAET%E&I:&.
& G ! ! ! # . %JJ". !
%* 4* *4 *;*
.2 1 0@I%: T@I%&.
@. 4 4 G IG . #$%6. %* 4*
*]  xex v : 3 (%@%T%";.
?2 Q! Q | AT 18 Q !8 ! 1Q # !
! #G . #$%6. ) > * %* 4* 4 kx
) / . Ot
> , 30(J"$TI"&.
J Q # !8 Q ! ! 18 L# 4 |
T ! 4 17? Q !! #G ! - %JJJ.
) > ) /
*3(%;@:T%;@&.
63. 8 4 1#0 #8 | 4 1'$ | 14 ! " @ % !
%0 "I 1% " IG Q'™ 4 | I- " . #$%%.
) + 2 ) ( r. ) -
3H@J:%T@J:;.
6%. G 18 4 ! 14 % 1'% 4 I #0O #3 !
4 | 8 GO #Q !'" 4 '6 4 - "
#3$%6. ( + ! ) > *
-3 ) . , ) - S0(##:; TH#:J.
6#. ! 4 | @ ! "Q ! - . 78S 4
3 ! 5 ! 3
*_ *G* |/ ’ 1 &A@:@T@:J.
6:. 4 # G# ! 4 I 5 I ! N 1% " |
8 I # 8@ ! - " . H#$$"
, 3 . ) ) - >
) / . : 0(J%T%%$%.
66. 4 G Q!'% @! !! % " ! 8 '# 8@ !
I- " . #$$&. ) ) ! -3 > *
) / 2
2 . , ) - 13(%$&ITYI@6.
6;. 4 $ M 14 @ I'Q ! ! 8 !

4 G# 1" 4 . " H$%:.) 3 % /3 3 *



2 o1 .- F< : *=&(Q%$& " TY%S@J.
6& @ G ! G ! @ . #$%:. -
N 1 / ;1 (%66JT%6;6.
6@. 8 8 I. . #3%6. / : ) ) +( !
L) 56 *6 7 ) ) / :
) - 30(6#J6T6:%$.
6". ! ' % % 18 Q !4 4 ! ! L #
4\ # - ' Q # 1 G $6 . H#$S$.. !
. , 1.(@:;T@:"
6J. ! 14 $ ! ! 14 4
-$ ! 18 Q 'Q # G $6 . #$$6. *
) .F) &;<(I$%TIS".
5?2 8 ! Q . #3$%;. ( 4
2 00(6%JT6#".
%. 4 G !G R ''# '@ G e R ''# G G
#$S;. / ) "
99(%;#JT%:;:;.
#. Q 4 '8 I . #3$%6. .> 0
: 1#;, T#E,.
%5 % # I % % . #3$@. -4 ! *
/ 1(;%@T;#..
6. 5 $G I/ 8 #! GQ '8 R ! " I 4 . '$
#1$ ! 6 . #$%$. ) < 3 24
< 00H{@$T@6.
. R 1?7 % Y & 1% % ! 8 . #$%&.
-  (@JTIS.
& # 4 ! $4 . %JJJ. 4 %* 4* *4 xox
-/
1 11;(%%;T%%J.
@. G 8 !IG Q- . #$3%.

I ) o) -(2 */
2

/ / * (6$"T6%;.



* v 2 00@";T@J%.
J. Q- - 9% | - 1 Q 4G . #$3%. ! !
/ ) . 0/ 1 (H6@T#"%.
&$. %JI@J.> ) * .- F/ <0(6#@T6:$.
&w. 4 Q '6 Q !6 Q ! 4 14T I $Z R!
4 | % . %JJ@. S5# *# 7 #A
4 ./ 8 9 09%::@6T%::"$.
&t Q !6 Q! 4% I @! ! Q . #3$@. 4 *
4 * 56 *67 5# *#7
>0. > &=Y#$IHTHSI@.
&. G - Q 'G 4 I#  # ! a# ! # 14T
%J'#. S (
* > < (%PI&T%%S$S.
&6. G 4 ! 44 ! # . %J"6.) vo* *
Fl o, *3<(:%6;T:%:;%.
&. $ -8 G 4 ! # '# Q . %J"J. ,
6 ! : ! : FI
*QL(#S:" THS:J..
&&. 4 G(Q . %JJ6. ) * I - ) ,
cC !> 11!
&@. # . %J@. ) * , (> H !
* (& T&;J.
&". % - . #3$#. -3 .0 / & (HHWTHO&.
&J. " ! I . %JJ".
* I . %#@T%&S.
) 0 4,
@%. Q % 4 ! % C%JIH. 2 - *2 + 4
/ 4 .0 19#@@T:$:.
@%. #ooOHS$S.) * ( ! F1)
: 3(#T%;.
@#. # 'R Q4T ! G . %JJ". *

> )
FI *0 (H&:$TH&: @.



@6.

@;.

@&.

@@.

"%.

"#.

@ ! I I g " % . #HEBH. )
T L, <,
[ 9#JITHO@:.
% # ! - .%J".) * -
* FIl *O=(#:#"TH::..
a# I - Q! I G 4 ! # . %J". < -0
3 Kk,
*3; (%%%$&T %% %% %.
a# I G I G 4 ! # 14T . %J":. S
-0 ( 3
56 *6 7 .S ;= (6&@6T6&@".
# IG 4 ! - . %JJ&. * I 31
* ., O <9#:..;T#.@6.
I # 1G 4 ! # - . %JJ6. ,
2 * > /| . F /I *0:(6:@T6;%.
8 4 I Q 4G . #$%6. 4 ( 4 0 (
0 , 3 > * 56 *6 7, , . 0
< (#6JTH#&6.
8 4 16 % 'Q 6@! 16 - o> 14 8
T $ 'Q 4G l# # . #$S;. , 3 *
56 *67 , 4 2 40 ()
, F &*: (J&YoHTI&HG.
- I % 16 - > " 14 8 ' T 3 ! #
#3$@. 4 ( 4
> 11; (J#HTI&.
Q 6@! I8 4 14 8 ' T % 'Q 4G '# #
#$$:. - : )
56 *6 7 , 4 (2 4 0 F &*3(%%6&T%%6@.
% !6 ! ! ! Q '# 4 ' T  $
G - I'Q 4G . %JJ". 0 5 6*67 ,
0 4 (2 4 0 . 8 9
6&#$.
5- 1# # 18 Q '!'GO P!Q # !- . #$5@.
* 56 T67 - 3 6

- . -1 3, &H@ITH"..

0: (6&%#T



% 1Q # | P . #$%# -8) 9*- 4

6 et 3;9(:6;#T:6;@.
"&. 4 18 $ ! N ! 18 4 14> !
I 1'% 4 . #%$3%;,.)
( 8 o*6* 4 *:* *H* 8 -9
56 *6 7 . F A &X%:%T%:@.
"@. /8 !l @ ! 5- 18 Q !Q # !'# 4 - . #$%$.
) 8 +*6* 4*:* *#*
8 -E) 9 * * ok : . F
&0%(%6;$IT%6;#$.
E " P 18 G % 6!.[ Qe " 1 !
! Q !. '6 4 . #3$%;. *0
0 , 5 6*67-3 ) 8 -9.F
[ 1% (HHHSTHHH"
“J.$ 6 .%J. 2 )
2 &Q;6"T;&$.

J$. # 8% .#$%$&. -0
2 66%;T66:6.

J%. % [ T N4 70 T E *
* * 3 ./ 2
&Q;@#T,@".
J#. 6 $ I E Q . H$$S. - 0
. /| , .
J.. 6 ! Q ! # 4 . #$%;.
T (- 8-> <09
8---9./ / Il *
0 &30(%:@%$T%:J6.
J6. @- ! $ I'E Q! .#$%$%. -- -><0
/! , .
J. 4 IE Q! . #$%3. @ 9
/! ! .
J& 6T $ . #3%#. | S 0 *
0 ! .0t , 90; (%;T6:.
J@. . HS%H. ) * u 3

+ ) *=3(%:JT%6@.



J. 4 $ I - -$ I'Q 1'% Q- . %J"$. )
S + ¥ ) - F1/
&=Y#"ITHJI&.
JJ. 44 ' Q 6@( ! 4G I # # ' Q 4G . HISH.
0 S5# T#7 #A
-1 < HT:&.
%$$. I- ! % 1 # % 1G G !'# 4 '8
18 Q ! 1Q # .HSSH. 1/ 3 #
* * * *6* _/ 1
30*(6:@T66$.
%$%.% V# 6\ G ! % G ! ! - !
! 8 . HESH. (
) +81 /9 .o <q(%%:;"T%%&:.
%$#./ R 1 1 ] R !l'$ .#%$%$J.0 )+,
44 ( + F &0&JJ:%T
JJ:.
%%.. /8 !l @ !'# - 18 - 1 # 4 I- . HS%H#. 1
0 ) C *2
8 9*6*+ 4 *:* x 0 o
8 9 3&6";T6"6J.
%%$6. 6\ I'G Q!? oo % '# ! ! @ !
18 I # 4 ! Q !'% ! - ! !
8 I % . #$$6. ) + (r
Y v oo, ) , .F , &*A%H 6 @TYH";;.
%$;. '8 G !'8 8 2 R | ! 8 Gl !
16 4 . #3%H#. T
) +.> 0(%$6#.
%%$&. 6\ 1% "ol ! ! 8 Q 16 4 . #$3%J.
) +-3 )
o . ., ) - 1, @:&T;@;J.
%$@ % 18 Q %O %!- P 18 1/ 8 ! G !
# 4 1@ Q# - I, Q # | P . HEP". 8 9*6*
4*:* * *#* | 3 *
F &0{%@H$&TU@H$@.
%$". 4 I Q G ! Q !0 ¥ 10Q !
! @ ' % : ! / ' % 4 I' N
T . #$$J. ) / - ()R S



) 56 *6 7 #A ,

1/ F &0&%:%"6T%:%";.
%3$J. I Q G g8 Q ! @ I % 4
G '$ - ' T N ! 4 . #3$%%. / )
(S ) / 56 *6 7,
1/E) +-3 . , ) - 3H(%%J@&T%%I@J.
%%3%.6 ! ! 8 1 % "o Q ! 16 4 . #$%S.
) + 4 * . >
&=:(%$@@T%$"%.
%%%. 16\ ! ! 8 16 4 . #3$%#. ,
) + 0 0 H+ 4
: F 1&9%TJ.

%%#4 G I - I # ! $ 'Q 4G ' # %

#$35%. -0

.- F/ *0; (#,&&TH,@@.

%%:.8 8 18 G ! IQ Q! 16 4 1. . #$%#.

0 ) ) +, w -0 , ) . F

: &0X%%##; T%%#:6.
%%6.! Q!'8 G ! G % !'?7 R . . #$%:. )

/ ( 4 )+, wo,

) - (& HHT&H,.

%%;. 8 '/ R D # 11§ | #3%%. ) +*, 3
0 () / /

) ., ) - 3H(%#:$6T%#:$@.

%%&8 8 '8 G !'l R T@ Q# ! Q' @ 4Q ! . . #3%$.
/ ! ro) +. >
&=(6;##T6;#@.

%%@. R ! 8 P o# 118 . #3%%. )+t -3

* . <
1 &Q;J%#HT;J%;.
%%".% " 1?2 " 1 $ I# IG Q!! % 16\ !
! 8 ! ! . H#$$:.. 2 44
( 3 )
) + .o &=%%;"&T%;J%.
%%J.8 # . . #$%; C

%#$.8 # . . #$%;



%WH%. Q - 1" 2 1# I Q - 1t 2 #
0 ( - , ! 0 ( - :
) ) ) ) ( ;6%:63.

Yottt 18 G !18 8 IQ Q! 8 ! I, 16
#$%:. rro2 ) / 56 *6 7
)+, ) - 3* (#%%" " T#%#%.

%#.. 8 G !8 8 @ Q#? R 1?7 R I, . #$%$. )

6 6%, * ) + 81 /9( - 0 !
! F &0M(&@%IT&@#@.

%#6. 18 G ! 8 ! 12 R I. 16 4
) / ) T -3 )+ F
&09@IHET@JI:#.

Yo#t;. # ! 'Q Q!G G! N ! $ !

I % "L HESH. *
: * 8 9*%* 4y

#* 6% .2 1 10("J#IT"J:..
%#&. %J™. 2 . < 9Y(#%%.
%H@. 44 . %I@&.

3 * /

#,6.

%#". " 88 .%J™. 0 4
-3 &3;(:;;@T:&6.

%#J. # ! $ . %J"#. > !

* o] 9;,0(#6; TH@ @.

%:$. # 8 . #EP"/ -0 .0,

%:%. 4 Q4 M . %J3J".) T

. , 0 &:1&=2% * (%;@:T%&%6.
%:#. 4 18 @ !'- G$ ''# % . #$$6.9 -><0
) Vv , ) 0 + 0 . F
: &9 ("@"T"@J.
%:. 4 Q4 @ ! ! - Il . %JJ;.
H ) * ’ ( > + ] 1 . )

: 01(6:6@T6:;J.

. #$%6.

4

. #3%6.

* (#6"'T



%:6. $6 ! 64 16

L. #$%:. /| * 2, 0
)y T -3 /A 31(&6:JT&68&%.
%:;. 8 ! %G . #$%:. -
E> A 4 4 /A
* | &*: (I6T%%:.
%:&. P . %JJ&. / 4
* -1 0;: (%T&.
%:@.! " 1 # Q ! 12 Q ! 8
4 : , 3 890
/% E- , 4
&<£"6:T"$.
%:". @% 14 4 - QG IP N
G Q!'!# 4 - P [ P I
- / , 3 2
[ 8/ 9
*< (;%6;T;%;@.
%J. - QG !# # 18 - P ! %G
- / > + *
> 4 FI, *<=(#%J";TJ;.
%6%$. G G !'4 Q!'$ G ! %G . #$%%. ,
> &=:(#J"%TH#I"&.
%6%. G 18 $4 18 I Q !- Q !
411 Q . #S%S. 4

&=:(%%$;$T%%$;;.

%6#. 5 14 6Q !-
* * 8 9
&:=(%JI6THS:.
%6. # % IG Q!
6

*> * 2 4

0066. # @ 14 6Q !
, 0 , >

L# % . #$S.

I %G . %JJ6. 2 +
Q ! % | 4
56 *6 7

+

/ 8 9

'@

) +

%

. #3$".

0

I

6#$

**3 (#;: TH&%.

%

1(%#"@; T%#H™,;.

. #3$@.



%6;. - 4 G I # % ! 4- ' Q 4G
+
56 *6 7 .-
1 3&M(H&TH&".
%6&. - ! I'Q I # % . #$%., 3 56 T67
-0
57 3 * 3 .41 30; ("%T"6.
%6@.@ 8 % 4Q .#$%#.0 4 (
! - 01(%$&T%S$J.
%6". @ G4! - 4 18 % . %J@. @*
3 . F
: *9* (;%:T;%:;.
%J. G !l Q!/ E !l Q .#%%.R - +#
+ 0 . F

&<Z;%&$T;%&;.

/



